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THERMOPHYSICAL PROPERTIES O F  OXYGEN FROM THE FREEZING 

LIQUID LINE TO 600 R FOR PRESSURES TO 5000 PSIA" 

Robert  D. McCarty and Lloyd A. Weber 

Tables of thermophysical propert ies  of oxygen a r e  presented 
for  tempera tures  f rom the melting line to 600 R for  p r e s s u r e s  to 
5000 psia. The tables include, entropy, enthalpy, internal  energy, 
density, volume, speed of sound, specific heat,  thermal  conductivity, 
viscosity, thermal  diffusivity, Prandt l  number and the dielectr ic  
constant for  79 isobars .  Also included in the isobaric  tables a r e  
quantities of special  utility in hea t  t ransfer  calculations: (aP/aV)T,  
(3P 12 TID, V(aH/aV),, v(aP/au),,, -v(aP/av),, 1 /v (av /aT) , .  

In addition to the isobaric  tables, tables for  the saturated vapor 
and liquid a r e  given which include a l l  of the above propert ies ,  plus 
the surface tension. Tables for  the P - T  of the freezing liquid, index 
of refraction and the derived Joule-Thomson inversion curve a r e  also 
presented. The specific heat  of the saturated liquid i s  given in g ra -  
phical form. A temperature-entropy char t  and a Mollier d iagram 
are also included. 

Key Words: Density; dielectr ic  constant; enthalpy; entropy; 
equation of s tate;  fixed points; heat  t ransfer  coefficients; index 
of refraction; Joule-Thomson; latent heat; melting point; Prandt l  
number;  oxygen; specific heat; speed of sound; surface tension; 
t he rma l  conductivity; thermal  diffusivity; vapor p re s su re ;  viscosity; 
volume. 

::: This work ca r r i ed  out at  the National Bureau of Standards, supported by 
the NASA-MSC contract  T-1813A. 



1. Introduction 

During the l a s t  ten  years  the importance of oxygen in the space program has 

grown steadily. Along with the growth in application of oxygen has  come the need for  more  

data on oxygen of a wider scope and grea ter  variety. The purpose of this docurnefit is to 

assemble,under a single cover, data on many of the propert ies  of oxygen commonly used 

for  engineering calculations, over  a s  wide a tempera ture  and p re s su re  range as possible, 

and present  these data in a f o r m  which i s  convenient to the engineer. All of the data 

presented h e r e  have been cri t ical ly evaluated and represent  the "best values" for that 

part icular  property at  this  time. 

Additional tables of propert ies ,  l ike those in appendix E, but with smal le r  in- 

c rements  of tempera ture  and p r e s s u r e  and tables in SI Units a r e  available in mic ro -  

fiche form. A l a r g e r  s ize  of the T-S cha r t  and the Mollier d iagram on pages 20 an2 2 1  

a r e  available. A computer p rog ram to calculate the various propert ies  i s  also available. 

Inquiries should be addressed to the National Bureau of Standards, Cryogenic Data 

Center ,  Boulder, Colorado 80302. 

2. Thermodynamic and Related Proper t ies  

2. 1 P-V-T Surface 

The P-V-T sur face  described by Weber (1970) was used to calculate all  the 

thermodynamic and related propert ies .  The tables given h e r e  a r e  e s  sentia:ily the same  

a s  those given in an ea r l i e r  report ,  Weber (1968), with the exception of the cr i t ica l  regign, 

which has  been modified to take advantage of m o r e  recent  experimental  information, The 

tables given h e r e  contain additional propert ies  not tabulated in the ea r l i e r  report .  The 

P-V-T surface given by Weber has  also been extrapolated f rom 300 K to 340 K. The 

lo s s  of accuracy due to the extrapolation i s  estimated to be negligible. F o r  a detailed 

description of the P-V-T surface,  s e e  Weber (1970). Except for  the cr i t ica l  region, 

the uncertainty in tabulated specific volumes i s  estimated to be l e s s  than 0. lye. 

2 .2  Derived Thermodynamic Proper t ies  

The enthalpy (H), speed of sound (W), and the internal  energy (U) were  calculated 

direct ly f rom the equations taken f r o m  Weber (1970) and should be identical to those of 

Weber when the proper  unit conversion i s  applied. To co r rec t  an e r r o r  in 'vVeber7s ea r i l e r  

work a slight adjustment was made to the entropy (S) calculation, i. e. , 0. 1043 J/g mol-I-: 

was added to al l  values. 



2. 3 Related Propert ies 

A number of parameters such as the specific heat  input \ v ( ~ H / ~ v )  1 a r e  of use 
P 

to the engineer,, Several of the more  useful quantities of this kind have been tabulated here 

fo r  the convenience of the user. These quantities have been derived f rom Weber's data 

in the i~r iowing manner: 

Specific heat input (commonly symbolized by 8 ) 

Energy derivative (commonly symbolized by + ) - 

Isothermal bulk modulus (commonly symbolized by a ) 

Volume expansivity (commonly symbolized by p )  



2.4 Heat Capacities 

The heat capacities, C C Csat which appear in this document are taken from va p' 
Weber (1970). Figure 1 shows heat capacities along the liquid line. 

100 150 200 250 

TEMPERATURE, R 

Figure 1. Heat capacities of oxygen along the saturated liquid ]line. 

Except for the cri t ical  region, the uncertainty in the tabulated specific heats is estimated 

to be no greater than 2%. At the cri t ical  point, the specific heats a re  anomalous, 

therefore no estimate of accuracy may be made. 



3. Transpor t  P rope r t i e s  

3.1 The rma l  Conductivity 

The t he rma l  conductivity of a fluid m a y  be separated into th ree  additive par t s ,  

v here  xo (T) is  the di!ute gas contribution, T) i s  the excess  o r  dense gas contribu- 

tlon, and T) i s  the enhancement in  the region nea r  the cr i t ica l  point. Hanley (1971) 

calculated the dilute gas  contribution using a potential function. Hanley's values 

a r e  represented h e r e  by 

where k c  i s  in VJJcm-K, T i s  in degrees  K, and the A.'s were  determined by a l e a s t  
- 

squares  f i t t o  Hanley's calculated values. 

- 

Table I. L e a s t  squares  es t imates  of pa rame te r s  A. in equation (6) .~c  
1 

The maximum deviation betlnreen Hanley's l ova lues  and values calculated f r o m  

equarion ( 6 )  over the tempera ture  range of 50 to  400 K i s  O.lD/o,  the maximum deviation 

for t empera tures  above T i s  0.0170; however, the uncertainty of the dilute gas values is 
C 

estimated to  be 2%. Equation (6) should not be used for  tempera tures  below 50 K o r  above 
400 K,  
2:: The nuniber of digits given for  these and other  pa rame te r s  appearing in this technical 

note a r e  necessa ry  for  ar i thmetic  consistency. 



The data of Ziebland and Burton (1955) were  chosen a s  the basis  for  the excess 

function hE (0 ,  T). The tempera ture  dependence of x , ( ~ ,  T )  i s  not significant in  Ziebland's 

data; therefore,  T )  was taken to be a function of p only and i s  represented b y  

3 
where 1 i s  in W/cm-K, p i s  in g / c m  , and the B. 's  (given in Table 2) were  determined 

by a l ea s t  squares  fit of Ziebland's data to equation (7). F igure  2 shows the differences 

between the experimental  data and values calculated f r o m  equation (7 ) .  

Table 2. Leas t  squares  es t imates  of pa rame te r s  B. in equation (7).  
1 

Figure  2. Deviation between the rma l  conductivity for  O2 f r o m  
equation (7) and Ziebland and Burton (1955). 

A correlat ion of the "Thermophysical Proper t ies  of Liquid Air and its 

Components", by A. A. Vasserman and V. A. Rabinovich (1968) also uses the "excess 

function" method of correlat ing the the rma l  conductivity and viscosity of oxygen, Ln 

the case  of t he rma l  conductivity,a comparison of our  resu l t s  with those appearing in the 

Vasserman correlat ion shows good agreement between the two "excess functions," 

5 



Ths  enhancement of the thermal  conductivity in the cr i t ica l  region i s  injected 

into the tables in appendices A and B by the l c ( p ,  T) t e r m  in equation (5). The anomalous 

behavior of the thermal  conductivity was studied in detail  by Sengers (1962) on CO and 
2 

\vas confirmed for  H by Roder and Diller (1970). The experimental measurements  by 
2 

Ziebland and Burton (1955) were  not made close enough to the cr i t ica l  point to exhibit the 

typical c r i t ica l  behavior. We have estimated the enhancement for  oxygen by the technique 

grven in the hydrogen paper;  that is, l C ( p ,  T )  i s  made proportional to the r i s e  in a 

corresponding increment of Cp. The increase  i s  approximately 1070 of l o ( T )  + (p,  T )  E 
a; 1 - 2  Tc and about 170 of the same  s u m  a t  1 .6  Tc. The enhancement i s  taken to be 

cegligible at  densities above a density of about 1. 7 pc.  Very close to the cr i t ica l  point 

the so-calked scaling laws apply. The range of applicability of the scaling laws has been 

indicated by Sengers and Keyes (1971) for  C02. We approximate the scaling laws in the 

vicinity of the cr i t ica l  point by gradually changing the power dependence of the Cp incre-  

ment f r o m  1 .0  to  the required 0.6. The nature of the scaled enhancement is shown for  

severa l  isotherms in figure 3. It  depends crucial ly on the accuracy of the surface of Cp. - 

8.1 0.2 0.3 0.4 0.5 0.6 0.7 

DENSITY, /cm3 
Figure  3. Enhancement of the 0, thermal  conductivity in 

the cr i t ica l  region 

The uncertainty of the the rma l  conductivity tabulated in appendix E i s  estimated to be 

about 5v9 except in the cr i t ica l  region where the uncertainty could be much grea ter .  

6 



3.2 Viscosity 

The viscosity of a fluid may  be separated into two distinct pa r t s  which are 

additive, 

where n, (T) i s  the dilute gas contribution and q, ( p a  T )  i s  the excess o r  dense gas coa- 

tribution. Unlike the rma l  conductivity, the viscosity does not exhibit an enhancement 

in  the c r i t i ca l  region. 

Using a potential function, Hanley (1971) calculated the dilute gas contribution7,(T). 

Since these  calculations a r e  slow in their  original  f o r m  they a r e  represented h e r e  by 

9 

qo (T)  = 1 C i l i  

i= 1 

where Q, i s  in  g /cm-s ,  T i s  in Kelvin, and the Cils were  determined by a Peast 

squares  f i t  to  Hanley's values. 

Table 3. Leas t  squares  es t imates  of pa rame te r s  C. in equation (91, 
1 

C1 = 8.3447128902 x 

C, = -6.4319584704 x l o e 9  
C, = 1.3385840412 x 10"O 

C, = -1.3283970709 x 10-I' 

C, = 7.4604203289 x 10-I= 

C, = -2.5398419748 x 10'17 

C, = 5.2077731498 x l o e a  
C, = -5.9258985472 x 

C, = 2.8773126492 x lo-'' 

The maximum deviation between Hanleyls no values and values calculated f r o m  equation 

(9) over  the tempera ture  range 50 to 400 K i s  0. 1%. The maximum deviation in no for  

tempera tures  f r o m  T to 400 K i s  0. 01%; however, the uncertainty in  the dilute gas  value 
C 

i s  est imated to be C 2%. Equation (9) should not be used for  tempera tures  below SO K or  

above 400 K. The tempera ture  dependence of the ?&pa T )  t e r m  in equation (8) i s  not slgni- 

ficant and i s  neglected here. F o r  all  the fluids studied to date, the excess function far 

viscosity exhibits a s h a r p  transi t ion in  slope a t  a density of about two t imes the cr i t ica l  

density. This behavior makes  i t  difficult to r ep resen t  the ent ire  excess  curve by a 

single mathematical  function. F o r  this reason, the excess curve for  the vis cosiky 

i s  represented by two functions which a r e  constrained to a common value of q a", density of 

0.932 g/cm3. F o r  densities of 0.932 and above, the excess function i s  represented by 

7 



where the density (p) i s  in  g /cm3 and qE i s  in  g /cm-s.  F o r  densities of 0.932 

g /cm3 and below the excess function i s  represented by 

where the density ( p )  i s  in  g /cm3 and q, i s  in  g /cm-s. 

Table 4. Leas t  squares  es t imates  of pa rame te r s  D. in equation (11). 
1 

- 

The data of Grevendonk, e t  a1 (1968), were  used to es t imate  the pa rame te r s  for  

- equation (iO], No known experimental data for  the viscosity of oxygen exist  at  low 

densities; therefore, the pa rame te r s  for  the low density range, equation ( l l) ,  a r e  

based on one experimental point a t  the t ransi t ion density of 0.932 g / c m 3  and values 

calculated from the Enskog theory. 

Vasserman and Rabinovich (1968) also spl i t  the viscosity excess function into a 

high density range and a low density range using separa te  functions for  each range of 

density-, A comparison of equations (10) and (1 1) with the Vasserman correlat ion indicates 

about a 5% difference in the high density range and about a 20% difference in  the low 

density range. Vasserman and Rabinovich (1968) chose to use a corresponding s ta tes  

approach to generate the needed low density data fo r  the excess function. On the basis  of 

past  experience with other  fluids, i t  i s  believed that the theoret ical  calculations used 

he re  a r e  more  accurate than a corresponding s ta tes  calculation. The uncertainty of the 

"ibbulations in appendix E i s  est imated to be no g rea t e r  than 10%. 

4. Surface Tension 

Very litt le experimental data for  the sur face  tension of oxygen a r e  to be found in 

the world l i terature.  No experimental  data were  found for  tempera tures  above 90 K. 

The functional f o r m  proposed by Guggenheim (1945), 



represents the experimental data satisfactorily, where y i s  the surface tension of the 

saturated liquid in dyne /cm; yo = 38.461 dyne/cm was estimated by a least  sqirares 

fit of the experimental data of Baly and Donan (1902) and of Reilly and Furukawa (1955); 

T = 154.576 K and T i s  the temperature in degrees Kelvin. 
C 

Using equation (12) as a means of comparing the two experimental sources of 

data, the two sources of data used in the least  squares fit of equation (12) were found 

to disagree by about 1%. This i s  probably a good indication of the uncertainty of the data 

for temperatures below 90 K. At the cri t ical  temperature, Equation (12) is constrained 

to a value of zero. However, between the cri t ical  temperature and 9 0  K, experience 

with other fluids shows deviations of * 570,  especially for temperatures a.bove TIT = 0. 3 ,  
C 

The values of surface tension which appear in Appendix D were calcuLatcd 

f rom Equation (12). 

5 .  Dielectric Constant 

The dielectric constant of a fluid may be calculated from the Clausius-Mossotti 

equation: 

where E i s  the dielectric constant, p i s  the density,and p i s  the specific polarization, - 
a property of the substance having dimensions of specific volume. Recent measurements 

of the dielectric constant by Younglove (1971), indicate that for oxygen the specific polari- - 

zation i s  a weak function of density and i s  nearly independent of temperature, F a r  

the calculations hereathe equation: - 

was used,where p i s  the specific polarization in cm3/ g and p is the density in the 

units of g /cm3. 

The uncertainty of the tabulated values of dielectric constant i s  estimated to be 

0.01%. 

6. Lndex of Refraction 

There i s  very little experimental data on the index of refraction for oxygen. 

High precision measurements have been made on the low pressure  gas, by Ladenburg and 

Wolfsohn (1932), and on the saturated liquid at temperatures below the normal boiling 

point (90. 18 K) by Johns and Wilhelm (1937). The interpolation formula and graph 

9 



w n i ~ h  LolEows a r e  a r e su l t  of applying correlat ion techniques, which have been successful  

or? other  fluids,to the existing experimental  data on oxygen, Childs and Diller (1970) and 

Diller (1971). 

The re i rac t ive  index of a non-polar fluid depends mainly on the wavelength of 

the incident radiation and to a l e s s e r  extent on the density of the fluid. The dependence 

on tempera ture  a t  fixed densi t ies  is usually sma l l  enough to be neglected. In  addition, 

t h e  dependence on wavelength can  usually be t rea ted  independently of the dependence on 

d e n ~ i ? ~  The Gauchy dispersion formula: 

accurately represents  the dependence of r (specific refract ion) for  many low p res su re  
A 

gases ,  bn the case  of oxygen, t he re  a r e  insufficient refract ive index data f r o m  which to 

determine the dependence of rm on density. However, making use of measurements  of 

the dielectr ic  constant of oxygen, Younglove (1971), the dependence of rm on density for  

oxygen i s  est imated to be 

r, ( p )  = Ac + BE p + C . 
8 

(16) 

Except for  the mits ,Equation (16) i s  in  fac t  the s a m e  a s  Equation (14) f r o m  the previous 

section, The justification for  applying the identical equation to predict  rm ( p )  i s  taken 

f r o m  the success  of this procedure for  hydrogen where da ta  do exist. Truncating 

Equation 155 and combining i t  with Equation (1 6) resu l t s  i n  

where 

,k = 3.,955, B = 0. 328, C = -39. 6 and = 0.9292 x 10". 
E E E 

The specific refract ion (r  ) i s  in cm3 /mol, density is in mol/cm3, and the wavelength 
A 

( A  2 i s  in 8.  Values of the index of refract ion in  Table 5 have been calculated f r o m  

Equations (2 7) and (18). 

where n is the index of refract ion and p and r a r e  the s a m e  a s  in  equation (17). 
17 



Table 5. Index of refract ion of saturated liquid 
oxygen a t  three wavelengths. 

Wavelength 4358 A 5461 A 6939 A 
Tempera ture ,  K m n n 

F igure  4 shows the estimated variation of r with wavelength and density. 
A 

0 Johns and Withelm, 1937, 
p = 0.03572 mol /crn3 

4.2 - Calculated, equation (17) 

- 
0 
E Low pressure gas 
\ 

m 
E 
cL) - 4.0 
-4 
I 

3.8 
4 5000 6000 

A ,  i 
Figure  4. Specific refract ion of oxygen a s  a function of density 

and wavelength. Points  appearing on the graph a r e  
experimental  points for  the liquid. 



7. The rma l  Diffusivity 

The the rma l  diffusivity of a fluid i s  defined a s  

where =is the the rma l  diffusivity, i s  the thermal  conductivity,and C i s  the specific 
P 

heat  a t  constant pressure .  The tabulations of t he rma l  diffusivity in appendices D and E 

have been calculated using the above equation and the p ,  X and C in  the tables. The un- 
P 

certainty of a i s  est imated to be 570, except in  the cr i t ica l  region. 

8. Prandt l  Number 

The Prandt l  number i s  frequently used in  engineering calculations and is defined 

- .where P r  i s  the Prandt l  number,  C i s . the  specific heat  a t  constant p re s su re ,  q i s  the 
P 

viscosity, and X is the thermal  conductivity. The tabulations of the Prandt l  number i n  

appendices A krld B have been calculated f r o m  equation (20) using values of q, 1 and 

- C i s o m  the adjacent en t r ies  i n  the tables. Since Pr is a function of both q and 1,the 
P 

l acer ta in ty  in P r  could be as much a s  15%. 

9. Joule-Thomson Inversion Curve 

The Joule-Thomson coefficient for  a fluid is defined a s  

J = ( a ~ l a ~ ) ,  . (22 

The locus of points where J = 0 is called the Joule-Thomson inversion curve. Weber 

(19'70) calculated the inversion curve, a s  predicted by h is  experimental  measurements  

of P - V - T ,  using the relationship: 

T ( aP /aT)p  = p ( a p l a ~ ) ~  * ( 2%) 



Table 6. Joule -Thornson inversion curve. 

Tempera ture  P r e s s u r e  Density 

K R a tm p s i a  g mol/cms ;b,'l? 

Based on a 170 uncertainty in  the derivat ives i n  equation ( 2 2 ) ,  the uncertainty in the 

inversion p r e s s u r e  at the highest p r e s s u r e  i s  3.8 atmospheres and 1.8 atmos2heres at 

the lowest  pressure .  

10. The Melting Line 

The  melting curve  of a fluid i s  often represented by the Simon melting equation, 

Weber (1970) combined h i s  own experimental  data with those of Mills and Grill y (19 553 - 

and using a triple-point tempera ture  of Tt = 54. 3507 K and a triple-point vapor p re s su re  

of Pt = 0.00150, the c = 1.769 and Po = 2637.2 a tm were  determined by a leasi: squares  - 

fit. The maximum deviation between calculated and Weber's (1970) experimental  

p r e s s u r e  i s  0.09%. Weber ts  p r e s s u r e  range is f r o m  13 to 160 atmospheres.  The 

maximum deviation between calculated and experimental  p r e s s u r e s  f r o m  Mills and 

Gril ly (1955) i s  9. 770. Mills and Gri l ly 's  p r e s s u r e  range i s  f r o m  370 to 3465 a t ~ a o s p h e r c s ,  



Table 7. Melting line for oxygen. 

Temperature 
K R atm 

Pressure  
ps i a  

11. Summary 

The purpose of the previous sections has been to describe how the calculations 

are  performed in assembling the tables in appendices D and E and to document the 

references used in preparing this document. Since most of the material  i s  taken from 

weber (19 701, i t  seemed unwise to repeat here  the equations and formulas given in that 

docilment. If the reader i s  interested in the details of how these calculations a re  

performed, he should consult Weberl s original paper, as a much more  detailed pre- 

sentation i s  given there than would be appropriate here. 

Ln addition, we have t r ied to  assess  uncertainties in the data where possible. 

These assessments a r e  given in the text of each section. Finally, the number of digits 

in the tables of Appendices D and E should in  no way be construed to be indicative of 

t h e  accuracy of a quantity. Most of the properties in the tabulations range in value over 

several  orders of magnitude, making i t  necessary to print more  digits than i s  needed at 

one end of the range. 
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Appendix A, L i s t  of Symbols and Units 

The calculation of the tables and propert ies  presented h e r e  was performed in 

many different sys tems of units, and converted to engineering units a t  the very  end of the 

calculations; therefore the r eade r  is cautioned to pay par t icu lar  attention to the units when 

consulting individual sections of this document. All conversion factors  have been t akea 

f r o m  the National Aeronautics and Space Administration Report  Number SP-7012 

(Mechtly 19 64). 
3 

R = gas constant, 0.335835 ft - psia/lbm- R 

P = pressure ,  p s i a  
3 

V = mola r  volume, f t  /lbm 

T = absolute temperature,  degrees Rankine 

= density, lbm/ft  
3 

C = specific heat  at  constant p re s su re ,  BTU/lbm-R 
P 

C v  = specific hea t  at  constant volume, BTU/lbm-R 

Csat = specific hea t  of the saturated liquid BTU/lbm-R 

S = entropy, BTU/lbm-R 

H = enthalpy, BTU/lbm 

U = internal  energy BTU/lbm 

W = speed of sound, f t / s  

( B P / ~ T ) ~  = i sochore  derivative, ps ia /R 
3 

(aP/aV)T = i so therm derivative, f t  -psia/lbm 

v ( ~ H / ~ V ) ~  = specific heat  input, B T U / ~ ~ ,  

v(aP/aU),  = energy derivative, ps ia  f t 3 / ~ ~ u  

V(aP/aV)T = i so thermal  bulk modulus, ps ia  

1 / v ( ~ V / ~ T ) ~  = volume expansivity, 1 /R  

n = index of refraction, dimensionless 
3 

r = specific refraction, f t  /lb, 

Pr = Prandt l  number, dimensionless 
3 p = specific polarizability, f t  /lbm 

J = Joule-Thomson coefficient 

1 = t he rma l  conductivity, BTU/ft-hr-R 

q = viscosity, lbm/ft-s 

E = dielectr ic  constant, dimensionless 

y = surface tension, lbf / in  

A = wave length, angstrom 

ac = t he rma l  diffusivity, f t L / h r  





Appendix 3, Fixed Points  

Cr i t ica l  Point 

PC = 731.4 p s i a  (49.77 a tm)  
3 3 

P C  
= 27.23 lbm/ft  (0.01363 g m o l / c m  ) 

Tc = 278.237 R (154.576 K )  

Normal  Boiling Point  

P = 14.696 ps i a  (1  a tm)  

Tr ip le  Point 

P = 0.0220 ps i a  (0.00150 a tm)  
-4 3 

pgas 
= 6.72 x 10 lbm/ft3 (3.36 x los7  g m o l / c m  ) 

3 3 
hiquid 

= 81.57 lbm/ft (0. 04083 g m o l / c m  ) 

Appendix C, Conversion F a c t o r s  

Tempera ture  

P r e s s u r e  

Specific Volume 

Internal  Energy, Enthalpy 

Entropy, Specific Heat  

The rma l  Conductivity 

Viscosi ty 

Speed of Sound 

1 . 8 R = l K  - 
14.695949 ps i a  = 1 a t m =  1. 01325 ~ 1 1 5 ~ r \ i , r n  2 

0.0005005957 ft3/lbm = 1 crn31g rnai - 

*O. 0134446 BTU/lbm = 1 J / g  m07 
- 

0.0074692 BTU/lbm R = 1 S / g  mol-K 

0.0578176 BTU/ft-hr-R = 1 rn?N/cm-K 

0.067196897 lbm/ft-s = 1 g/cm-s 

3.2808 f t / s  = 1 m / s  

Molecular Weight 31.9988 

Surface Tension 0.5710147 x lbf / in  = 1 dyae/crn 

(1 dyne = l o e 5  N )  

* Thermochemica l  BTU, in earlier work 

Weber ( 1968) used  the :[nternationai 

Steam Table BTU. 



Ki3S Technical Note 384, 1971 

Figure 5. Temperature entropy chart  for  oxygen. 
2 0 





Appendix D, Saturation Properties 

THERIiOOl 

PDESS VOLUIiE 

P S I A  CU F T l L B  

0 ~ 3 2 2  0.01226 
01022 1489,18164 

0.023 0.01226 
0 -023  1449.59365 

0.032 0.01231 
0 032 1060.61898 

G-044 0b01236  
0 344 785.65664 

C 054 0..01240 
0.059 568.86371 

0.080 0.01245 
0 ~ 0 8 0  446.33940 

0.105 0.01250 
0.105 341.94396 

O ~ i 3 9  0.,01255 
0,139 2 5 4 ~ 6 4 6 0 0  

0 * 1 B I  0 ~ 0 1 2 6 0  
Ob i81  2Obn81780 

0.234 0.01264 
0.234 163.12627 

'NAI i IC  PROPERTIES OF COEr . I S T I N G  GASEOUS 4NO L I P  U I O  OXYGEN 

ENTROPY 

BTUILB-R 

0.50122 
1.56510 

0.50191 
1.56369 

0.50995 
1.54742 

0.51782 
1.53106 

0.52555 
1.51697 

0.53313 
1.50271 

0.54056 
1.48906 

0.54786 
1.47599 

0.55503 
1.46347 

0.56207 
1.45147 

0.56899 
1.43996 

0.57579 
1.42893 

0.58248 
1.41835 

0.58906 
1.40819 

0.59553 
1.39843 

0.60191 
1.38907 

0.60818 
1.3I007 

0.61436 
1.37141 

0.62045 
1.36309 

ISOTHERH ISOCHORE 
D E R I Y b T I V E  D E R I V A T I V E  

CU F T - P S I P I L B  P S I A I R  

INTERNAL ENTHALPY 
ENERGY 
aTu/LB BTUILB 

cv  
BTU I 

0.266 
0.155 

0.266 
0.155 

0.264 
0.155 

0.263 
0.155 

0.261 
0.155 

0.259 
0.155 

0.257 
0.155 

0.256 
0.155 

0.254 
0.155 

0.252 
0.156 

0.251 
0.156 

0.249 
0.156 

0.248 
0.156 

0.246 
0.156 

0.245 
0.156 

Ci. VELOCITY 
OF SOUNO 

LB -R FT/SEC 

0.398 3804 
0.218 4 6 1  

0.390 3802 
0.216 462 

0.398 3779 
0.218 466 

0.390 3756 
0.216 4 7 1  

0.390 3733 
0.218 475 

0.398 3710 
0.218 480 

0.398 3686 
0.218 404 

0.398 3662 
0.218 409 

0.398 3638 
0.218 493 

0.390 3614 
0.218 498 

0.398 3589 
0.218 502 

0.398 3564 
0.218 506 

0.398 3539 
0.218 510 

0.398 3514 
0.218 514  

0.398 3489 
0.219 518 

0.398 3463 
0.219 522 

0.399 3437 
0.219 526 

0.399 3411  
0.219 530 

0.399 3385 
0.220 534  

0.399 3358 
0.220 538 

0.399 3332 
0.220 5 4 1  

0.400 3305 
0.221 545 

0.400 3278 
0.221 548 

0.400 3251  
0.222 552 

0.401 3223 
0.222 555 

0.401 3196 
0.223 559 

0.401 3168 
0.223 562 

0.402 3140 
0.224 565 

0.402 3112 
0.225 568 

0.403 3083 
0.226 5 7 1  

SURFACE 
TENSION 

LWIN x 



THEZHODYNAHIC PROPERTIES OF COEXISTING GASEOUS LND L I Q U I D  OXYGEN 

TEMPERATURE OENSITV V(DH/DVlp V(OP/OUIV -V(DP/DVIT  - ( D V / D T l d V  THERHPL V ISCOSITY THERMAL 
CONDUCTIVITY O I F F U S I V I T Y  

DEG. R L B l C U  F T  BTU/LB PSIA-CU F T l a T U  P S I A  OEG. R BTU/FT-HR-R LB/FT-SEC SQ F T l H R  
X 1 0 5  

D I E L E C T I ? I C  
C O N S T A N T  



TEMP 

D E i .  R 

t i 6  
1 5 6  

258 
2 5 6  

i a o  
1 6 0  

1 6 2  
lbZ 

164 
3.64 

1 6 6  
to6 

1 6 8  
b b 8  

1 7 0  
i: 0 - " 2 
I 7  2 

- L74 
1 7 4  

1 7 6  
i T 6  

- i7 a 
1 7  8 

'90 
1 9 8  

1 8 2  
162 

kt34 
184 

i86 
:e6 

188 
$ 8 8  

19 0 
130 

1 9 2  
182 

in& 
196 

196 
196 

19 6 
198 

2113 
230 

2 0 2  
2 0 2  

2c.r 
2 0 s  

2G6 
2C 6 

20 8 
20 P 

21 0 
2*u 

292 
212 

2 x 4  
214 

PRESS 

P S I A  

1L?.GC? 
1 6 - 5 0 9  

11-3i*3 
1 i * 3 * 3  

1 2 - 8 1 1  
12.810 

1 4 . 4 2 1  
14.421 

16.183 
L6.183 

i e . iCI7  
16.1437 

2 0 , 2 0 0  
2o .200 

2 2 . 4 7 3  
22.473 

24.935 
2 6 , 9 5 5  

27 .597 
2 7 . 5 5 7  

3 0 * 4 6 7  
30.467 

33.557 
3 3 . 5 5 1  

3 6 . 8 7 5  
36.816 

40.434 
4 0 , 4 3 4  

4 4 - 2 k 3  
4 4 . 2 4 3  

4 8 1 3 l J  
4 8 . 3 1 3  

52 .854 
5 2 . 5 5 1  

57.277 
5 7 . 2 7 7  

6 2 , 1 9 1  
6 2 . 1 9 ~  

67.425 
67.415 

72.959 
72 .953 

7 8 . 8 9 3  
7 8 , 8 1 3  

B S . U L 3  
65.013 

91.563 
91.563 

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

1 0 5 , 7 5 5  
105.755 

1 1 3 . 4 Z f  
1 1 3 . 4 7 i  

121.483 
1 2 1 , 4 8 3  

ZZ9.952 
1 2 9 . 9 5 2  

1 3 8 . ~ 3 4 1  
1 3 8 . 8 4 1  

THEP.UOC 

VOLUUE 

CU F T l L B  

5 * 0 1 3 8 3  
5 .09383 

0.01389 
+ - 5 4 1 0 5  

0 - 0 1 3 9 6  
4 .06078 

0- 0 1 4 0 3  
3 .64202 

0 - 0 1 4 1 0  
3 .27566 

Oe01417 
2.95409 

0.01424 
2 .67094 

0 - 0 1 4 3 1  
2 .42087 

0 .01438 
2.19936 

0 .51446 
2 .00260 

0 .01453 
L.82735 

0. 0 l 4 6 i  
1 .6 i f086 

0 .01469 
1 .53075 

0 .09477 
1 . 4 0 5 0 2  

0 .01485 
1 . 2 9 1 9 2  

5 .01493 
1 . 1 5 9 9 5  

0 .01502 
i . 0 3 7 8 1  

0.01510 
1 .51438 

0 .01519 
0.93869 

8 . 0 1 5 2 8  
0.66988 

0.01538 
0 .80720 

O*@1547 
0 .75000 

0 .01557 
0 . 6 9 7 7 1  

0 .01567 
0 9 6 4 9 8 2  

0 .01577 
0 .60589 

0 .01587 
0 .56553 

(1.01598 
0 .52839 

0 .01609 
0 . 4 9 4 1 5  

0 .01621 
0 .46254 

0- 0 1 6 3 3  
0 .43333 

IYNAMIC PROPERTIES OF COEY 

ISOTHERU ISOCHORE 
DERIYATIVE O E R I V P T I Y E  

CU F T - P S I A I L B  P S I A l R  

1122.25 190.5  
49.64 0.07 

1094.38  186.9 
5 0 , 0 2  0.08 

1066.84  183.4 
50.37 0.08 

1039.62  179.9  
50.71 0.09 

1012.72 176.4 
51.01 0 .ll 

986.14 173.0 
51.30 0 - 1 2  

959.87 169.7  
51.55 0.13 

933.92 1 6 6 . 3  
51.79 0.14 

908.27 1 6 3 . 1  
51.99 0.16 

882.94  159.8 
52.17 0 . i d  

857.91 156.6 
52 .31  0 - 1 9  

833.18  1 5 3 . 5  
52.43 0 . 2 1  

808.75  150.4 
52.52 0 - 2 3  

784.62 1 4 7 . 3  
52.58 0 .25  

760.78  144.2 
52.60 0.28 

737.24 141.2 
52.60 0.30 

713.99  138.3 
52.56 0 - 3 3  

691.03 1 3 5 . 3  
52.49 0 - 3 6  

668.35  132.4 
52.39 0 - 3 9  

645.96  129.5  
52.25 0 - 4 2  

623.86 126.7  
52.07 0.46 

602.04 123.9 
51.86 0.50 

580.50  1 2 1 . 1  
51.61 0.54 

559.24 118.4  
51.33 0 .58  

538.26 1 1 5 . 6  
51.00 0.63 

517.56 113.0 
50.64 0.67 

497.14 1 1 0 . 3  
50.24 0.73 

476.99 107.6  
49.80 0.78 

457.13  105.0  
49.32 0.84 

437.55  102.4  
4 8 - 8 1  0.90 

: I S T I N G  GASEOUS AND L 

INTERNAL ENTHALPY 
ENERGY 
BTUlLB BTUlLB 

-60.003 -59.977 
23 .631 33 .071 

-59.197 -59.167 
23.890 33 .427 

-58.389 -58.356 
24.144 33.777 

-57.581 -57.544 
24.395 34.121 

-56.772 -56.730 
24 .641 34.457 

I P U I D  OXYGEN 

ENTROPY 

BTUILB-R 

0.66735 
1 .28358 

0.69249 
1 .27829 

0.69757 
1 .27315 

0 .70259 
1 .26817 

0.70755 
1 .26332 

0.71247 
1 . 2 5 8 6 1  

0.71733 
1 .25403 

0.72215 
1 .24956 

0 .72691 
1 .24521 

0.73163 
1 .24037 

0 .73631 
1 .23683 

0 .74095 
1 .23279 

0.74554 
1.22884 

0.75010 
1 .22497 

0 .75461 
1.22118 

0 .75909 
1 .21747 

0 .76354 
1.21384 

0.76795 
1.21026 

0.77233 
1.20676 

0 .77669 
1.20331 

0.70101 
1 .19991 

8 .78530 
1 .19657 

0.70957 
1 .19327 

0.79382 
1.19002 

0.79804 
1 .10681 

0 .80224 
1 . 1 6 3 6 3  

0 .80643 
1 .10049 

0 .81053 
1 . 1 7 7 3 8  

0.81474 
1 .17429 

0.81888 
1 .17123 

C 
v 

BTU / I 

0.225 
0 .158 

0.224 
0.156 

0 . 2 2 3  
0.159 

0.222 
0.159 

0.221 
0 .159 

0.220 
0.160 

0.219 
0.160 

0.218 
0.160 

0.217 
0 .161 

0.216 
0.161 

0.215 
0.162 

0 .214 
0.162 

0 .213 
0 .163 

0.212 
0 .163 

0 . 2 1 1  
0 .164 

0.210 
0.165 

0.210 
0 .165 

0.209 
0.166 

0.208 
0.167 

0.207 
0 .167 

0.206 
0.168 

0 .206 
0.169 

0.205 
0.170 

0.204 
0 .171 

0 .203 
0.172 

0 .203 
0 .173 

0.202 
0 .173 

0 . 2 0 1  
0.174 

0 . 2 0 1  
0 .175 

0.200 
0.177 

VELOCITY SURFACE 
OF SOUND TENSION 4 

F T l S E C  L B l I N  X 1 0  

3 0 5 5  0.8037 
5 7 4  

3 0 2 6  0 .7876 
5 7 7  

2 9 9 7  0.7716 
5 8 0  

2 9 6 8  0.7557 
5 8 3  

2 9 3 9  0.7399 
5 8 5  

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

2 8 8 0  0.7083 
5 9 0  

2 8 5 0  0.6926 
5 9 3  

2 8 2 0  0.6770 
5 9 5  

2 7 9 0  0.6615 
5 9 7  

2 7 6 0  0.6460 
5 9 9  

2 7 2 9  0.6306 
6 0 1  

2 6 9 9  0.6153 
6 0 3  

2 6 6 8  0.6000 
6 0 5  

2 6 3 7  0 .5848 
6 0 7  

2 6 0 5  0.5696 
6 0 8  

2 5 7 6  0 .55&6 
6 1 0  

2 5 4 2  0.5396 
6 1 1  

2 5 1 i  0.5247 
6 1 3  

2 4 7 8  0.5098 
6 1 4  

2 4 4 6  0.4951 
6 1 5  

2 4 1 4  0 .4804 
6 1 6  

2 3 8 1  0.4658 
6 1 7  

2 3 4 8  0.4513 
6 1 8  

2 3 1 4  (1.4369 
6 1 9  

2 2 8 1  0.4225 
6 1 9  

2 2 4 7  0.4083 
6 2 0  

2 2 1 3  0.3941 
6 2 0  

2 1 7 8  0.3800 
6 2 1  

2 1 4 4  0.3661 
6 2 1  
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OEG. R  BTUIFT-HP-R L S I F T - S E C  
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THERMAL 
I F F U S I V I T Y  

SO FT,'HR 

DIELECTRIC 
CONSTANT 



rNAMIC PROPERTIES OF COEX I S T I N G  GASEOUS AND L I Q U I D  OXYGEN 

ISOTHERH ISOCHORE 
OESIVATIVE D E R I V A T I V E  

CU F T - P S I A I L B  P S I A I R  

INTERNAL ENTHALPI ENTROPY 
ENERGY 
BTu/La  BTUILB BTUILB-R 

v P 
BTU / LB -R 

0.199 0.457 
0.178 0.307 

0.199 0.461 
0.179 0.312 

0.198 0.466 
0.180 0.319 

0.197 0.471 
0.181 0.325 

0.197 0.476 
0.182 0.333 

0.196 0.482 
0.184 0.340 

0.196 0.489 
0.185 0.349 

0.195 0.496 
0.186 0.358 

0.199 0.507 
0.108 0.367 

0.199 0.512 
0.189 0.378 

0.198 0.520 
0.191 0.389 

0.198 0.536 
0 3 2  0,402 

0.197 0.548 
0.194 0.416 

0.197 0.557 
0.195 0.431 

0.196 0.571 
0.197 0.448 

0.196 0.586 
0.199 0.466 

0.196 0.603 
0.201 0.489 

0.197 0.625 
0.202 0.514 

0.197 0.650 
0.204 0.542 

0.198 0.677 
0.207 0.576 

0.196 0,709 
0.209 0.615 

0.199 0.750 
0.211 0.662 

0.200 0.789 
0.214 0.720 

0.202 0.836 
0.217 0.792 

0.203 0.923 
0.220 0.887 

0.205 1.011 
0.223 1.015 

0.200 1.157 
0.227 1.202 

0.211 1.358 
0.232 1.396 

0.217 1.672 
0.241 1.851 

VELOCITY SURFACE 
OF SOUND TENSION 

F T I S E C  L B I I N  X 13' 

2108 0.3522 
621 

2073 0.3384 
621 

2037 0.3247 
621 

2001 0.3111 
621 

1964 0.2977 
620 

1926 0.2843 
620 

1889 0.2711 
619 

1850 0.2579 
61 8 

1818 0.2449 
617 

1771 0.2320 
616 

1736 0.2193 
615 

1702 0.2067 
614 

1660 0.1942 
613 

1621 0.1818 
611 

1577 0.1696 
609 

1535 0.1576 
608 

1488 0.1457 
606 

1445 0.1341 
604 

1404 0.1225 
602 

1352 0.1112 
599 

1311 0.1001 
597 

1256 0.0892 
594 

1204 0.0786 
592 

1147 0.0682 
589 

1099 0.0580 
586 

1035 0-0482 
5 83 

986 0.0388 
579 

931 0.0297 
570 

856 0.0212 
563 

0.0000 



?MODYNAUIC PPOPERTIES OF COEXISTING GASEOUS AN0 L I Q U I D  OXYGEN 

TEMPERATURE DENSITY 

OEG. R LB/CU F T  

V(OH/OVlp V(OP/OUl,, -V(OP/OV)T - (OV/OTf /V  THERUAL V ISCOSITY THERUAL f 
CONDUCTIVITY O I F F U S I V I T Y  

BTU/LB PSIA-CU FT /BTU P S I P  OEG. R BTU/FT-HR-R 

l I E L E C T * i C  
CONSTANT 

PRANOTL 
NUHBER 



Appendix E, Isobaric Properties 

THERUODYNAUIC PROPERTIES OF O X  

TEHPERATURE VOLUME ISOTUERU 
D E R I V A T I V E  

OEi. R CU F T l L B  CU FT-PSIP /L  

INTERNAL 
ENERGY 
B T U l L B  

ENTROPY VELOCITY 
OF SOUND 

F T l S E C  

-PHASE BOUNDARY 



'ERTIES OF OXYGEN 

1 P S I A  ISOBAR 

TEMPERATURE DENSITY 

OEG. R LB/CU F T  

V ( I P / O U ) "  -v (oP/OvlT  

I A - 2 U  FT /BTU P S I A  

-(OV/OT#V THERHPL 
CONDUCTIVITY 

BEG. P BTU/FT-HR-R 

V ISCOSITY THERHAL 
I F F U S I V I T I  

SO FT /HR 

P P P N C T L  
NllMSER 

5 , 3 ' r 3 @  
5 .1522  
L . 7 4 7 9  
4 , 3 1 5 i  
i . , J h 4 7  
3 .7478  
1 .4409  
3 .3810  
' f . 7 3 8 8  
0 . 7 3 3 2  
0 .7372  
0 " 7 3 6 4  

0 .7357  
0 , 3 1 5 0  
0 . 7 3 4 1  
C.7339 
3 .2335  
0 . 7 3 3 1  
0 . i Z T 7  
3 . 1 3 2 3  
0 , 7 3 2 0  
0 , 7 3 1 7  

0 . 7 3 1 4  
0 - 7 3 1 2  
0 . I30 '3  
0 . 7 3 0 7  
0 . 7 3 0 5  
0 , 7 3 0 3  
0 . 7 3 0 1  
0 . 7 2 3 9  
1.7297 
0.7295. 

0,7?C13 
0 , 7 2 9 1  
0 . 7 2 8 9  
0 . 7 ? R i  
0 , 7 2 6 5  
0 . 7 2 4 3  
0 . 7 2 5 2  
0 , 7 2 3 0  
0 , I Z T R  
0 .7276  

0 , 7 2 7 5  
9 , 7 2 7 3  
0 .7270  
0  - 7 2 8 7  
0 , 7 2 6 4  
0 . 7 2 6 1  
0 .7259  
0 .7256  
0 , 7 2 5 4  
0 . 7 2 5 2  

3.7250 
0 . 7 2 4 9  
0 .7?07  
8 . 7 2 1 6  
3.72115 
3 .72$5  
0 . 7 2 4 4  
0 . 7 2 ~ 4  
0 , 7 ? i i 5  
0.721.5 

0 , 7 2 4 6  
0 . 7 2 6 8  
0 . 7 2 5 0  
0 . 7 7 5 2  
0 . 7 2 5 L  
0 . 7 2 5 7  
C.7260 
0 . i 2 6 4  
0 . 7 2 6 8  
9 . 7 2 7 2  

0 - r ? i 7  
C . i 2 ? 2  

TWO-PHASE BOUNDARY 



THERHODYNAMIC PROPERTIES OF OXYGEN 

5 P S I A  ISOBAR 

TinPER4TURE VOLUME 

DEG. P CU F T / L B  

ISOTHERU 
D E R I V A T I V E  

CU F T - P S I A I L  

ISOCHORE INTERNAL ENTHALPY ENTROPY 
D E R I V A T I V E  ENERGY 

8  2 S I A I R  B T U I L B  B T U I L B  BTUILB-R 

Cp VELOCITY 
OF SOUND 

L B  -R F T l S E C  



THERUOOYNAUIC PROPERTIES OF OXYGEN 

5 P S I &  ISOBAR 

TEflPEQPTUQE DENSITY VIDM/DV)p VlOP/DU>,, -VIDP/DV)T - fOV/DTtJV THERMAL V ISCOSITY THERMAL DIELECTRIC 
CONOUCTIVITY O I F F U S I V I T Y  CONSTANT 

B T U l L B  PSIA-:U F T I 8 T U  P S I A  OEG. R BTUIFT-HR-R 

PQRNOTL 
NVMBER 

OEG. R L B l C U  FT 

590 0.02527 130.13 2.116 5.00 0.0016963 0.01628 1.492 2.91903 1.00015 0.7279 
60 0 0.32485 132.50 2.113 5.00 0.0016680 0.01651 1.511 3.00574 1.00015 0 * 7 2 ~ k  

THO-PHASE 30UNOCRY 31 



THERMODYNAMIC PROPERTIES  OF JXYGEN 

T E t l P E R h T U R E  VOLUME ISOTHERM ISOCHORE INTERNAL ENTHALPY ENTROPY v Cp VELOCITY  
O E R I V A T I V E  D E R I V P T I V E  EQERGY OF SOUND 

DEG- ? C L  F T I L 3  CU F T - P S I A / L B  P S I A I R  B T U l L B  B T U I L B  BTUILB-R  BTU I L B  -R F T I S E C  

TWO-PHhSE BOUNDARY 



'ERTIES OF OXYGEN 

10  P S I A  I S O 8 4 R  

TERPERATURE DENSITY - lOV/DT TRERNAL V ISCOSITY THERH4L O1ELECTK:C 
O I F F U S I V I T Y  CONSTANT 

DEG. R BTUIFT-HR-R LB/FT-SEC SO FT/HQ 
X l o a  

PPPNOTL 
NUMBER 

DEG. R L B l C U  F T  BTUlLB PSIA-CU FT /BTU P S I 4  

TUO-PHASE 30UN044Y 



THERHODYNAMIC PROPERTIES OF OXYGEN 

14.696 P S I P  ISOBLR 

TEUPERQPURE VOLUME ISOTHERU 
D E R I V A T I V E  

CU F T - P S I A I I  

ISOCHORE 
D E R I V A T I V E  

.B D S I P I R  

C v Cp VELOCITY 
Of SOUND 

BTU I L B  -R F T I S E C  

INTERNAL 
ENERGY 
s T u / L a  

ENTHALPY ENTROPY 

BTUILB-R 

5 9 0  1 3 . 4 5 9 3 7  
6 0 0  13 .68805 

TMO-PHPSE BOUNDAR 



THERHODYNAHIC PROPERTIES OF OXYGEN 

14.696 P S I A  ISOBPR 

TEHPERATURE DENSITY 

DEG. R  LB/CU F T  

VIOHIDV),  V(OP/OU),, -VlDP/OVl,  - ( O V / D T w V  THERHPL V ISCOSITY THERtiPL DIELECPPZC 
' CONSThNI 

1.56671 

P R d N O T i  
NUMBER 

5 . 3 4 5 5  

CONDUCTIVITY O I F F U S I V I T !  
B T U l L B  PSIA-CU F T I B T U  P S I 6  DEG. R  BTUIFT-HR-R LBIFT-$EC SO FTIHIP 

x lo" 

TWO-PHASE BOUNDARY 



THERHODYNAMIC P R O P E R T I E S  OF O X Y G E N  

T E K P E R G T  1Q.E V3LUNE 

D E G *  R CU F T I L B  

I S C T H E R U  I S O C H C R E  
D E R I V P T I V E  D E I I V I T I V E  

C U  F T - P S I A I L 6  Z S I P I R  

I N T E R N A L  
ENERGY 
B T U I L B  

E N T H P L P Y  ENTROPY 

B T U I L B - R  
Cv C~ 

B T U  I L B  -R 

VEL C C I  T Y  
OF  SOUND 

F T I S E C  

SSC 6.44454 

5 9 0  L3.18648 
600 13 . r1054 

* Tho-PdASE BOUNDARY 



THERMODYNAMIC PQOPERTIES OF OXYGEN 

1 5  P S I A  ISOBAR 

TEMPERATURE DENSITY \ I(DH/DV)p V(OP/OU),, -V (OP/OV)., - ( D V I O T v V  THERWAL V ISCOSITY THERHPL D I E L E C T S I C  PRICOTL 
CONOUCTIVIT Y D I F F U S I V I T Y  CONSTRNT NUMOER 

B T U I L B  PSIA-:U F T I B T U  P S I A  DEG. R BTUIFT-HR-R 

THO-PHPSE BOUNOARY 



THERnODYNPtIIC PROPERTIES OF OXYGCN 

ISOTHERU 
D E R I V A T I V E  
:u F T - P S I P I L  

ISOCbORE 1 h l E S h P ~  
O E i l V A T I V E  ENERGY 

B ?SIA/P e r u t L 3  

ENTHPLPY 

B T U l L B  

ENTROPY C~ C p  VELOCITY 
OF SOUND 

BTU / L B  -R FT /SEC 

TWO-PHbSE BOUNDARY 



THERUOOYNAUIC PROPERTIES OF OXYGEN 

20 P S I A  ISOBAR 

TEUPERATURE DENSITY 

DEG. R L B l C U  F T  

V IDH/DVlp V lDP/OU)V -V (DPIDV)T  - (DV/OTb/V  THERMAL V ISCOSITY THERNPL D I E L E C T R I C  PRANOYL 
CONDUCTIVITY O I F F U S I V I T Y  CONSTINT  NUMBER 

BTU/LB PSIA-:U FT /BTU P S I A  OEG. R BTUlFT-HP-R LB/FT-S C SP F T l H R  
x 105 

TUO-PHASE BOUNDARY 



THERfIODYNAMIC PROPERTIES  OF OXYGEN 

TSOTHERH 
D E R I V L T I V E  

CU F T - P S I P l L  

ISOCHORE INTERNAL 
D E S I V A T I V E  ENERGY 

B P S I A l R  B T U l L B  

ENTHALPY ENTROPY VELOCITY  
OF SOUND 

F T l S E C  



THERilODYNAtiIC PROPERTIES OF OXYGEN 

Z 5  P S I A  ISOBAR 

TEMPERATURE DENSITY VIDH/OVlp V(DP/OU)V -V(OP/DV)T - 1 D V / O T Y V  THERMAL V ISCOSITY THERHPL 
CONDUCTIVITY D I F F U S I V I T  

B T U I L B  PSIA-:U F T l B T U  P S I A  DEG. R 8TUIFT-HR-R L B I F T - 5  
X 10 fC  FT'HR 

DIELECTRIC 
Y C O N S T I N T  

DEG. R LB/CU FT 

-PHASE BOUNDARY 



THERUOOYNAWIC PROPERTIES OF OXYGEN 

1EM"ERb iURE V O L U M E  ISOTHER?! ISOCHORE 
DERIVATIVE D E R I V A T I V E  

CU FT-PSIP /LB > S I A / R  

INTERNPL 
ENERGY 
B T i l l L B  

ENTHALPY ENTROPY Cv 
BTU I 

0.266 
0.264 
0.260 
G.256 
0.252 
0.248 
0.244 
0.241 
0.237 
0.234 

0.231 
0.228 
0.225 
0.223 
0.220 
0.218 
0.215 
0.215 
0.162 
0.161 
0.161 
0.160 

0.160 
0.159 
0.159 
0.159 
0.158 
0.158 
0.158 
0.158 
0.158 
0.157 

0.157 
0.157 
0.157 
0.157 
0.157 
0 157 
0.157 
0. $57 
0.157 
0.156 

0.156 
0.156 
0.156 
0.156 
0.156 
0 156 
0.156 
0.156 
0.156 
0.156 

0.156 
0. 156 
0.156 
0.156 
0.156 
0.156 
0.156 
0.156 
0.156 
0.157 

0.157 
0.157 
0.157 
0.157 
0.157 
0.157 
0.158 
0.158 
0.158 
0.158 

0.159 
0.159 

Cp VELOCITY 
OF S W N D  

LB -R F T l S E C  



THERMODYNAMIC PROPERTIES OF OXYGEN 

30 P S I P  ISOBPR 

TEMPEQPTUSE DENSITY 

OEG. R L B I C U  FT 

V(OH/DV)p V IOPIDU)V -V(OP/OV% -lOV/OTl$V THERMAL V ISCOSITY THERMAL 
CONOUCTIVITY D I F F U S I V I T I  

B T U l L B  PSIA-CU F T I B T U  P S I A  OEG. R  BTU/FT-HR-R 

OIELECTRXC 
CONSTAhil' 

PRANOTL 
NUMBER 

1 9 5  0.47815 
ZOO 0.46473 
205 0 .45212 

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

TWO-PHPSE BOUNDARY 



THERUODYNPUIC PROPERTIES OF OXYGEN 

ISOTHERU 
OERIVPTIVE 

CU FT-PSIA/L 

INTERNLL 
ENERGY 
B T U l L B  

ENTHPLPY ENTROPY VELOCITY 
OF SOUND 

F T l S E C  

* TWO-PAPS£ BOUNDARY 



THERHODYNAHIC PROPERTIES  OF OXYGEN 

3 5  P S I A  ISOBAR 

TEUPERATURE D E N S I T Y  V (OHIDV)p  V (OP/OU)V  -V (DP /OV)T  - (DV IOTk#V  THERHAL VZSCOSITY  THERHAL D I E L E C T * I C  
2 O N O U C T I V I T Y  O I F F U S I V I T Y  C O N S T P V  

B T U I L B  P S I P - C U  F T / B T U  P S I 4  OEG- R BTUIFT-HR-R  LBIFT-SJC SQ F T I H R  
x  10s 

THO-PHASE SOUNDPRY 



THERnODYNAnIC PROPERTIES OF OXYGEN 

40  - S I P  I S O B A R  

ENTROPY VELOCITY 
Cp OF SOUND 

L B  -R F T l S E C  

TEclPERl i ! lRE VOLUUE 

OEG.  R CU FT/LB 

ISOTHERH 
D E R I V A T I V E  

CU F T - P S I A I L  

ISOCHORE 
D E i I V A T I V E  

B  P S I A I R  

INTERNAL 
ENERGY 
B T U I L  B 

-83 .210 
-82 .371 
- 8 0 . 3 8 3  
-78.395 
-76 .408 
-74.419 
-72 .430 
-70 .439 
-68 .445 
- 6 6 . 4 4 9  

- 6 4 . 4 4 9  
- 6 2 . 4 4 4  
-60.434 
-58 .416 
-56 .391 
- 5 4 . 3 5 6  
-52.309 
-50.249 
-49 .519 

26.607 
27.168 
28.026 

BTUILB-R 



THERMOOYNAUIC PROPERTIES OF OXYGEN 

40 P S I A  ISOBAR 

TEMPERATURE DENSITY \ 

OEG. R L B I C U  FT 

I(OH/OV)p V(DPI0U)V  -V lOP/OV) I  - l O V I O T l # V  THERM4L V ISCOSITY THERMPL OIELECTRZC PR5NOCL 
CONOUCTIVITY O I F F U S I V I T I  CONSTANT NUMBER 

BTUILB PSIA-CU F l l B T U  P S I A  BEG. R BTUIFT-HR-R 

TWO-PHASE BOUNOARY 



T H E R U O D Y N P H I C  P R O P E R T I E S  OF O X Y G E N  

4 5  P i i n  I S O B A R  

TEMP iRPTURE VOLUME I S O T H E R M  I S O C H O R E  I N T E R N A L  E N T H A L P Y  ENTROPY v V E L O C I T Y  
D E R I V A T I V E  D E R I V A T I V E  ENERGY Cp O F S O U N O  

O E G *  R C J  F T I L B  C U  F T - P S I A I L 8  l S I A / R  B T U / L R  B T U / L B  B T U I L B - R  B T U  / L B  -R F T / S E C  



THERMODYNDHIC PQOPERTIES OF OXYGEN 

45 P S I A  ISOBAR 

TEMPERATURE DENSITY V(OH/DV)p Vi 'JP/OU)V -V lDP/OV+ - 1 0 V / D T v V  THERMAL V ISCOSITY THERN4L DIELECTRIC P P A N D T I  
CONOUCTIVXTY D I F F U S I V I T ' I  CONSTPNT NUMl3ER 

OEG. R LB/CU FT BTU/LB PSIP-CU FT /BTU P S I A  DEG. R BTU/FT-HR-R LBIFT-S-C SQ F T l h R  
x tog 

TWO-PHASE BOUNDARY 4" 



THERnODYNAl4IC PROPERTIES OF OXYGEN 

ISOTHERU 
D E R I V A T I V E  

CU F T - P S I P I L  

ISOCHORE 
D E S I V P T I V E  

. B  P S I A l R  

INTERNAL 
ENERGY 
B T U I L B  

ENTHPLPY ENTROPY Cv Cp VELOCITY 
OF SOUND 

BTU I L B  -R F T I S E C  BTUILB-R 



THERHOOINAHIC PROPERTIES OF OXYGEN 

5 0  P S I A  ISOBAR 

TEHPERATURE DENSITY 

DEG. R LB/CU FT 

- 10VIOTIJV THERUPL V ISCOSITY 
CONOUCTIVITY C 

CEG. R BTU/FT-HR-R 

THERUAL 
I I F F U S I V I T Y  

SP F T l l i R  

O I E L E C T ? I C  
CONSTANT 

TU P S I A  

THO-PHPSE BOUNDARY 



THERMOOYNAHIC P R O P E R T I E S  OF 0  XYGEN 

TEHPEPA iUPE V D L U r E  I S O T H E R M  
D E R I V P T I V E  

DEG, R C U  F l l I . 8  CU F i - P S I A I I  

I S O C H O R E  I N T E R N 4 L  E N T H A L P Y  
O E I I V A T I V E  ENERGY 

.B P S I P I R  B T U I L B  B T U I L B  

ENTROPY Cv 
BTU I : 

Cp V E L O C I T Y  
O F  SOUND 

. B  -R F T I S E C  B T U I L B - R  



THERMODYNAMIC PROPERTIES OF OXYGEN 

100 P S I 4  ISOBPR 

590 0.50670 129.18 2 -137 99.74 0.0017234 0.01656 1.516 0.14683 1.0030: 0.7336 
60 0 0.49812 131.58 2.133 99.77 0.0016934 0.01678 1.535 0.15121 1.00296 0,1339 

TWO-PHASE SOUNDPRY 
5 3 



THERUCDYNAUIC PROPERTIES OF OXYGEN 

1 5 0  P S l A  ISOBPR 

TFMPEROTURE VOLUME ISOTHERH 
D E R I V A T I V E  

DEG. P CU F T l L B  CU FT-PSIA /L  

ISCCHDRE INTERNPL 
D E R I V P T I V E  ENERGY 

.B P S I A I R  B T U l L B  

ENTHALPI ENTROPY Cv Cp VELOCITY 
OF SOUND 

BTU I L B  -R F T I S E C  BTUILB-R 

5 9 0  1 .31402 196.36 
50 0 1.33685 199.85 

* TWO-PHASE 8CUNDARY 



THERHOOYNAUIC PROPERTIES OF OXYGEN 

1 5 0  P S I A  ISOBAR 

TEUPERATURE DENSITY V(DH/OV)p V(DP/CUI,, -U (OPIDV)T -(OV/CT!#V THERHAL 
CONDUCTIVITY 

B T U I L B  PSIA-:U F T I 8 T U  P S I A  OEG. R BTU/FT-HR-R 

V ISCOSITY 
D 

LBIFT-SEC 
X 102 

THEQU4L DIELECTRIC 
I F F U S I V I T Y  CONSTANT 

SO FTlMR 

THC-PHASE BOUNODRY 



THERIIOOYNAMIC PROPERTIES OF OXYGEN 

TEWPERATURE VOLUUE 

DEG. R C b  FT/LB 

ISOTHERM 
DERIVATIVE 

CU FT-PSIA/ I  

ISOCHORE 
O E Z I V b T I V E  

.B P S I A l R  

INTERNAL 
ENERGY 
BTUlLB 

ENTHALPY ENTROPY 

BTUILB-R 

Cv c~ 
BTU I LB -R 

VELOCITY 
OF SOUND 

F T l S E C  

* TMO-PHBSE BOUNDARY 



THERWODYNAHIC PROF 'ERTTES OF OXYGEN 

200 P S I A  ISOBAR 

TEMPERATURE DENSITY 

OEG. R  L W C U  F T  

V(DM/OV)p VIDP/DUlv -V(OP/OV)T 

BTU/LB PSIA-CU FT /BTU P S I A  

- ( O V I D T Y V  THERMAL V ISCOSITY 
CONOUCTIVITY D 

DEG. R  BTUIFT-UR-R LB/FT-S C  
x 105 

THERHRL 
I F F U S I V I T  SQ FT/HF 

OIELECIRPC PSPSOII 
Y CONSIPNT NUMBER 

195 65.43720 
ZOO 64.42963 
205 63.38573 
210 62.29912 

* TWO-PHASE BOUNOPRY 



THERHODYNAUIC PROPERTICS OF OXYGEN 

i E M P E R n T U P C  VOLUHE ISOTHEXH 
D E R I V A T I V E  

CU F T - P S I A I I  

ISOCHORE 
D E R I V A T I V E  

.B P S I A I R  

INTERNAL 
ENERGY 
B T U l L B  

ENTROPY 

BTUILB-R 

Cv 
BTU / . I  

V e L o c I T Y  
OF SOUND 

F T l S E C  OEG. 9 CU F T l L R  



THERMOOYNAMIC PROPERTIES OF OXYGEN 

250 P S I A  ISOBAR 

TEMPERATURE DENSITY b V (DP/DUL -V(DP/DV),  - (DVIOTlp lV  THERndL V ISCOSITY THEPMAL D I E L E C T R I C  PRPNUTL 
CONDUCTIVITY 3 I F F U S I V I l ' Y  C O N S T l N T  NURBER 

'SIP-CU F T I B T U  P S I A  OEG. R  8TUIFT-HR-R LB/FT-SEC SP F T l H R  
X 103 

TWO-PHPSE BOUNDARY 



TtiERU09YNAUIC PXOPERTIES OF OXYGEN 

ISOTHERU 
DERIVATIVE 

CU F T - P S I L / I  

ISOCHORE 
D E R I V A T I V E  

.B P S I h I R  

I N T E R N U  
ENERGY 
BTU/LB 

ENTROPY Cv  
BTU / I 

C p  VELOCITY 
OF SOUND 

.B -R F T l S E C  



THERUOOYNAUIC PROPERTIES OF OXYGEN 

3 0 0  P S I A  I S 0 8 P R  

TEHPERATURE DENSITY VIOH/OV)p V(DP/OU)V -V(OP/OV)T - I D V / O T b / V  THERHAL V ISCOSITY THERMQL Q I E L E C T . I : C  P D A H D T L  
CONOJCTIV ITY D I F F U S I V I T Y  CONSTQNT NUYSEH 

OEG. R  LB/CU F T  B T U l L B  PSIA-CU F T l B T U  P S I 4  DEG. R  BTU/FT-HR-R L B / F T - V C  SP F T I H P  
X  t o *  

HASE BOUNDARY 



(NAUIC  PROPERTIES  OF OXYGEN 

TEUPERn lU9E VOLUWE 

DEG, 4  CU F T / L B  

ISOTHERU ISOCHORE 
D E R I V A T I V E  D E R I V A T I V E  

CU F T - P S I A I L 0  P S I A I R  

1NTERNb.L ENTHALPY ENTROPY 
ENERGY 
BTU/LB BTU/LB BTUILB-R 

C p  VELOCITY  
O F  SOUND 

.B -R FT /SEC 



THERMODYNAMIC PROPERTIES OF OXYGEN 

TEMPERATURE DENSITY V(OHIDV)p V iJP /OU)V  -V I D P I 0 V ) I  - ( O V I D T Y V  THERMAL V I S C O S I T Y  
CONOUCTIV ITY  0 

OEG. R L B I C U  F T  B T U f L B  PSIA-CU F T I B T U  P S I A  OEG. R BTUIFT-HR-R L B I F T -  
x l F C  

THERMP L 
I F F U S I V I T I  
SQ F T I H R  

590 1.78422 126.85 2.194 347.26 0.0017941 0.01729 1.580 
60 0 1.75280 129.33 2.190 347.58 0.0017595 0.01749 1.598 

* TWO-PYASE SOUNDIRY 6 3 



THERtlODYNAMIC PROPERTIES OF OXYGEN 

400 P S I A  XSIIBGR 

I E H P E i 4 - L Q E  V3LUHE ISOTHERM ISOCHORE INTEPNPL ENTHALPY ENTROPY 
C~ Cp VELOCITY D E R I V b T I V E  D E i I V P T I V E  ENERGY OF SOJND 

DEG. R CU F l l L B  CU F T - P S I A l L B  P S I P l R  B T U l L B  B T U l L B  BTUILB-R BTU I L B  -R F T l S E C  

59 0 0.46987 194.25 0.72 89.703 125.987 1.34386 0.159 0.229 1137 
60  0 0.49871 197.97 0.70 91.333 128.273 1.34770 0.159 0.229 1147 

+ TWO-PHISE BOUNDARY 64 



THERMODYNAMIC PROPERTIES OF OXYGEN 

400 P S I A  I S 0 9 A R  

TEMPERATURE DENSITY VIDH/DVlp V(r)PIOUl.J -V<OP/OUIT - (OY/OTb/V  THERMAL V ISCOSITY THERMPL 
CONDUCTIVITY O I F F U S I V I T Y  

B T U I L B  PSIL-:U FT /BTU P S I A  DEG. R  BTUIFT-HR-R LBIFT-SEC SO F T l H P  
x l o >  

PR4HCTL  
NUMBER 

195 65.73773 
ZOO 64.75751 
205 63.74552 
210 62.69666 
215 61.60461 
220 60.46135 
225 59.25648 

TWO-PHASE BOUNDARY 



TUERMOOYNAHIC PROPERTIES OF OXYGEN 

TEHPERUTURE VOLUUE ISOTHERH 
DERIVATIVE 

DEG. R CU FT/LB CU F T - P S I A / I  

I S  OCUORE 
D E Z I V A T I V E  

.a PSIA/R 

INTERNAL 
ENERGY 
B T U I L B  

ENTHPLPY ENTROPY C cp VELOCITY 
V OF SOUNO 

BTU I L B  -R FT/SEC 

Z O O  
20s 
2 1  0 
21 6 
z 2 n  
22 5 

* T W O - P H P S E  BOUNDARY 



THERMOOYNPMIC PROPERTIES OF OXYGEN 

450 P S I A  ISOBAR 

TEMPERLTURE OENSXTY VIOHIOV)p V13P/OUlV -V IDP/OVIT  - l D V I O T ) r / V  THERMAL V I S C O S I T Y  
CONOUCTIVITV 0 1  

B T U l L B  PSIA-:U F T I B T U  P S I &  OEG. R  BTUIFT-HR-R L B I F T - S  C 
X i$ 

+ TWO-PHASE BOUNOPRY 



THERUOOYNAUIC PROPERTIES OF OXYGEN 

ISOTHERH 
D E R I V A T I V E  

CU F T - P S I P I I  

ISOCHORE 
D E I I V P T I V E  

- 3  P S I P I R  

INTERNAL 
ENERGY 
a r u m  

ENTHALPY ENTROPY VELOCITY 
OF SOUND 

F T l S E C  BTUILB-R 

TWO-PHASE BOUNDARY 



THERMODYNAMIC PROPERTIES OF OXYGEN 

5 0 0  PSXA ISOBAR 

TEMPERATURE DENSITY V(OH/OV)p V(OP/DU),, -V (DP/DV)T  - ( O V / D T f / V  THERMAL V I S C O S I T Y  THERMLL 
CONDUCTIV ITY  D I F F U S I V I T I  

DEG. R L B l C U  FT  BTU/LB PSIU-:U FT /BTU P S I A  OEG. R BTUIFT-HR-R LB/FT-  

THO-PHASE BOUNDlRY 6 9 



THERMODYNAMIC PROPERTIES  OF OXYGEN 

55C PSIC I S O B A R  

TEM0ERIT.- 'EE VDLUllE ISOTHERM 
O E R I V A T I  VE 

DEi- h C U  FT/LB CU FT-PS IA /L  

ISOCHORE 
D E R I V A T I V E  

.B a S I A / R  

INTERNAL 
ENERGY 
B T U I L B  

ENTHALPV ENTROPY VELOClTY  
OF SOUND 

F T l S E C  

TU3-Pd4SE BOUNDARY 



THERMODYNAMIC PROPERTIES OF OXYGEN 

550 P S I &  ISOBAR 

TEMPERATURE DENSITY THERMAL V ISCOSITY 
:ONDUCTIVITY D 
BTU/FT-HR-R L B I F T -  

THERHhL D I E L E C T R I C  PPCNDT- 
I F F U S I V I T Y  C O N S T P M T  N U U B E R  
SQ FT/UR B T U l L B  PSIA-:U F T l B T U  P S I P  

TWO-PHASE BOUNDARY 



THERMOOYNAMI2 PROPERTIES OF OXYGEN 

500 0511 ISOBAR 

TEnPERCTURE VOLUME ISOTHERM ISOCHORE INTERNAL ENTHPLPY ENTROPY 
D E R I V A T I V E  O E S I V P T I V E  ENERGY % 

DEG. R C b  F T I L B  CU F T - P S I A I L 8  P S I A I R  B T U l L B  B T U I L B  BTUILB-R BTU / 1 

v e L o c r r v  
OF SOUND 

.B -R F T I S E C  

TWO-PHPSE BOUNDPRY 72 



THERMOOYNAt!IC PROPERTIES OF OXYGEN 

6 0 0  P S I A  ISCBAR 

TEUPERATURE DENSITY THERMAL V ISCOSITY 
:ONOUCTIVITY D 
BTU/FT-HR-R L B I F T - S  C 

x 1 0 6  

THERHlL  
I F F U S I V I T Y  

SP F T I H R  

DIELECTRIC 
CONSTPNT 

PPaNoTL  
NUYEEP 

BTUILB PSIA-CU F T l B T U  P S I 4  

TWO-PHASE BOUNOARY 73 



TEMPERATUFF. VOLUHE ISOTHERH 
D E R I V A T I V E  

DEG.  P CU F T l L B  CU F T - P S I A I L  

ISOCHORE 
D E R I V A T I V E  

.B  P S I P I R  

INTERN4L 
ENERGY 
B T U I L B  

ENTHALPY 

B T U l L B  

ENTROPY 

BTUILB-R 

Cv 
BTU I L 

C p  VELOCITY 
OF SOUND 

.B  -R F T l S E C  

TWO-PWPSE BOUNDPRY 



THERMOOYNAHIC PROPERTIES OF OXYGEN 

6 5 0  P S I A  ISO0AR 

TEMPERATURE DENSITY V(OHIOVlp  V(DPIDU),, - V ( D P / I Y V ) ~  - lDV/DT)F/V THERMAL V ISCOSITY THERN4L DIELECTRIC PRANOTL 
CONOUCTIYITY O I F F U S I V I T Y  C O N S T P N T  NUMBER 

OEG. R  L 0 l C U  F T  B T U l L B  PSIA-CU F T I B T U  P S I A  OEG. R BTUIFT-HR-R L B I F T -  
X lFC FT'wR 



THERHOOYNPHIC PROPERTIES OF OXYGEN 

7 0 0  PSI& ISOBAR 

ISOTHERU ISOCHORE I N T E R 1 4 L  
D E R I V P T I V E  O E Z I V P T I V E  EhERGl  

3 U  F T - P S I P I L E  ' S I A I R  B T U l L B  

ENTROPY VELOCITY 
OF SOUND 

F T l S E C  BTUILB-R BTU / L B  -R 

+ T M O - P Y C S E  BOUNDARY 



THERMOOYNAMIC PROPERTIES  OF OXYGEN 

700 P S I P  ISOBPR 

- ( O V / O T ) d V  THERHPL 
C O N D U C T I V I T Y  

OEG. R BTU/FT-HR-R 

V I S C O S I T Y  THERMAL 
D I F F U S I V I T  

LB/:T;+JC SQ F T I H P  

TEMPERPTURE D E N S I T Y  

DEG. R LB/CU F T  

- v  (OP /0V lT  

'U P S I A  

TWO-PHPSE BOUNOPRI 



THER60DYNPUI:  PROPERTILS  OF OXYGLN 

ISOTHC?U 
D E R I V P T I Y E  

CU F T - P S I A / L  

I jOCWORE INTERNAL ENTHALPY ENTROPY 
D E < I V P T I V E  ENERGY 

B P S I A I R  dTU/LLl B T U I L B  BTUILB-R  

C P  r; 
BTU 1 1 3  -R 

VELOCITY  
OF SOJNO 

F T I S E C  



TUERMODYNAUI: PROPESTIES  OF O X Y G i N  

7 3 1 . 3 7 9  P S I A  ISOBLR 

TEMPERATUKE D E N S I T Y  VIDH/OV)p V I D P / D U ) V  - V ( O P I D V ) ,  - ( D V / O T V V  T n E R n l L  V I S C O S I T r  TMERMPL 
CONDUCTIV ITY  D I F F U S I V I T I  

DEG. R  L B l C U  F T  R T U l L B  PSIP-:U F T l B T U  P S I A  OEG. R BTUfFT- t lR -R  L B I F T - S . C  SP FTlhR 
x  1 0 5  

DIELECT.ITC 
C O N S T P N T  



THERMODYNAHIC PROPERTIES  OF OXYGEN 

i E M P E R d T U R i  VOLUHE ISOTHERM 
D E R I V A T I V E  

DEG. R CU F T l L B  CU F T - P S I P / L  

ISOCMORE INTERKPL 
C E X I V P T I V F  ENEqGY 

B  ' S I P I R  B T U I L B  

ENTHALPY ENTROPY Cv C~ 
BTU I L B  -R 

VELOCITY  
O F  SOUND 

F T / S E C  BTUILB-R  

" T W O - P H A S E  80UNOPRY 



THERHOOYNAHIC PROPERTIES OF OXYGEN 

TEHPERATURE DENSITY 

DEG. R L B l C U  F T  

- l O V / O T v V  THERMPL V ISCOSITY 
CONDUCTIVITY 0 

OEG. R BTU/FT-HR-R LE/FT-SEC 
X 105 

THERUAL I 
I F F U S I V I T Y  

SO. F T I H R  

PRPNDTL 
NUMBE? 

5.4378 
5 . 3 3 8 4  
4.9158 
k.5358 
4.IS.40 
3 .a864 
3.6"96 
3.3603 
3.1361 
2 .4343 

2.753C 
2 .5903 
2.44411 
2.3140 
2.1978 
2.09446 
2.00311 
1 .8235 
1.d540 
1.7944 

1 .7442 
1 . 7 0 3 1  
1 .5710 
1 .6b77 
1 .6334 
1.6285 
1.6336 
1 . 6 5 0 1  
:.7C67 
1 . 7 5 3 3  

1 . 8 3 2 3  
1.92i16 
2.0317 
2.2181 
2.462C 
2 .06iL 
3.dD1h 
7 . 3 3 5 3  
2.6776 
2.C14Q 

1 .7155 
1 . 5 2 9 1  
1.3198 
1.1849 
1 .1027 
1.0432 
0.996P 
0 .9643 
0.9376 
0 . X 5 6  

0.5972 
0.6616 
0.9682 
0.6565 
0  .9463 
0 .8371 
0.8293 
0.dZ22 
0 .8159 
0 . a i 0 2  

D.8051 
0.8015 
0 .7476 
0 .7334 
0 .7597 
0 . i 5 6 3  
0 .7833 
0 .7806 
0.7732 
0 . 7 7 5 i  

0.7741 
0 ,7724 

B T U l L E  PSIA-CU F T / B l  

59 0 3.85371 
60 0 3.78185 

TWO-PHASE BOUNDARY 



THERUODYNLUIC PROPERTIES OF OXYGEN 

8 0 3  OSIA ISOBAR 

TEMPER4 I U R i  VOLUME ISOTHERM 
D E R I V A T I V E  

CU FT-PSIAIL  

ISOCHORE INTERNAL 
D E P I V A T I V E  ENERGY 

.B " S I A I R  BTUlLB 

ENTHALPI ENTROPY Cv C~ 

BTU I L B  -R 

VELOCITY 
OF  SOUND 

F T I S E C  BTUILB-R 

TUC!-DHASE BOUNDARY 



THERUOOYNAHIC PROPERTIES OF OXYGcN 

BOO P S I 4  ISOBAR 

TEUPERATURE DENSITY 

DEG. R L B l C U  F T  

V(OH/OVIp V(9P/OUlV  -V(OP/OV+ -(OV/OT)p/V THERMAL V ISCOSITY THERHIL DIELECTRIC 
CONDUCTIVITY O I F F U S I V I T V  CONSTPNT 

8TU/LB PSIA-CU F T f B T U  P S I A  DEG. R BTUIFT-HR-R 

TWO-PHASE SOUNDARY 83 



THERUODYNAUIC PROPERTIES OF OXYGEN 

:MPE94TURE VOLUHE 

CEG. R CU F T l L 8  

ISOTHERM 
D E R I V A T I V E  

CU FT-PSIA/L 

I S  OCHORE 
D E S I V A T I V E  

B P S I A I R  

INTERNAL 
ENERGY 
BTU/LB 

ENTHALPY ENTROPY C C~ 

BTU I L B  -R 

VELOCITY 
OF SOUND 

F T l S E C  BTUILB-R 



THERHODYNlHIC PROPERTIES OF OXYGEN 

TEUPERlTURE DENSITY V ( D H / D V b  

DEG. R L B l C U  F T  BTUlLB F 



THERUOOYNAUIC PROPERTIES OF OXYGEN 

QZC PSIA ISOBAR 

TEHPERBTURE VOLUHE ISOTHERU 
D E R I V A T I V E  

CU F T - P S I A I L  

ISOCHORE 
D E R I V A T I V E  

B P S I A / R  

INTERNAL 
ENERGY 
S T U l L B  

ENTHALPY ENTROPY VELOCITY 
Cp OF SOUND 

.B -R F T I S E C  

* T W O - P * X E  BOUNDARY 



THERUOOYNAMIC PROPERTIES OF OXYGEN 

820 P S I A  I S 0 8 4 R  

- ( O V / O T f j V  THERMAL V ISCOSITY THERUAL D I E L E C T R I C  PRllNDTL 
CONDUCTIVITY D I F F U S I V I T Y  CONSTPN? NUHBER 

OEG. R BTUIFT-HR-R LB/FT-SEC sa F T / H R  
X 103 

TEUPERATURE DENSITY 

OEG. R LB/CU F1 BTU/LB PSXA-CU FT/BTU P S I A  

17 5 
iao 
18 5 
190 



THERPfODYNAiiIC PROPERTIES OF OXYGEN 

TEHPERPTURE VOLUME ISOTHERU 
DERIVATIVE 

CU F T - P S I A I I  

ISOCHORE 
DE;I IVATIVE 

.B P S I A / R  

INTERNLL 
ENERGY 
BTU/LB 

ENTHALPY ENTROPY 
C~ 

BTU I L B  -R 

VELOCITY 
OF SOUND 

F T I S E C  

air o 0.10634 67.08 



THERUODYNAUIC PROPERTIES OF OXYGEN 

8 3 0  P S I l  ISOBAR 

TEUPERATURE DENSITY V(OH/DV$ V 13P/OUIV -V (DP/OV)T 

BTU/LB P51A-3U FT /BTU P S I A  

4ERtiAL V ISCOSITY THERHP,l 

+ TWO-PHASE BOUNOARY 



THERNOOVNPNIC PROPERTIES OF OXYGEN 

8 4 0  PSTA ISOBAR 

TEMPERATURE VOLUHE ISJTHERM IjOCHORE 
DERIVPTIVE OEPIUATIVE 

CU F T - P S I A I L B  P S I A I R  

INTERNPL 
ENERGY 
BTUILB 

ENTHALPI ENTROPY 
C,! 

VELOCITY ' OF SOUNO 
BTU I LB -R F T I S E C  

* TWO-PHPSE BOUNDAR 



THERHOOYNAHIC PROPERTIES OF OXYGEN 

8 4 0  P S I 6  ISOBPR 

TEMPERATURE DENSITY 

OEG. R L B l C U  FT 

V ISCOSITY 

L8r:T;Fc 
THERMAL DIELECTRIC 

D I F F U S I V I T Y  CONSTPMS 

TWO-PHASE BOUNDARY 



THERUODYNAUIC PROPERTIES OF OXYGEN 

TEMPERATURE VOLUME ISOTHERH 
DERIVATIVE 

OEG, R CU F T l L B  CU F T - P S I A I I  

ISOCHORE 
D E R I V A T I V E  

.B P S I A I R  

INTERNAL 
ENERGY 
B T U I L B  

ENTHALPY ENTROPY 

BTUILB-R 

C v C~ 
BTU I L B  -R 

VELOCITY 
OF SOUND 

F T I S E C  

' TWO-PHPSE BOUNDARY 



THERHODYNPUIC PSOPERTIES OF OXYGEN 

8 5 0  P S I 4  ISOBPR 

TEHPERATURE DENSITY b V(DPIOU)v -V(DP/DV)T - 
'SIP-CU F T l B T U  P S I P  

. (OV/OTS/V THERHAL V ISCOSITY THERHPL 
CONDUCTIVITY D I F F U S I V I T Y  

DEG. R BTUIFT-HR-R L B I F T - S 5 C  SO F T I H R  
X 1 0  

TWO-PHASE BOUNDARY 



THERUODYNPUIC PROPERTIES OF OXYGEN 

6 m C  P S I L  ISOBAR 

TEMPERATURE VOLUME ISOTHERU 
DERIVATIVE 

3EG. R C U  FT /LB CU FT-PSIA/ I  

ISOCHORE 
O E P I V A T I V E  

.8 P S I A l R  

INTERNLL 
ENERGY 
BTU/L3  

ENTHPLPY ENTROPY cp WELOCITY 
OF SOUND 

.B -R F T l S E C  BTU / I 

TWO-PHLSE BOUNDbRl 



THERMOOYNAMIC PROPERTIES OF OXYGEN 

860 P S I A  I S 0 8 4 R  

TEHPERATURE DENSITY V IDHIOV)p  V ( O P I C J U ) ~  -V IDP/DV)T  - ( O V I D T f / V  TUERMAL VISCOSLTY THERMbL 
C O N O U C T I V I T I  O I F F U S I V I T Y  

OEG. R L B I C U  F T  B T U I L B  P S I I - C U  F T I B T U  P S I A  OEG. R BTUIFT-HI -R  L B I F T - S  C  SQ F T l H R  
X 10 S 

DIELECTRIC 
' CONSTDNT 

590 4 .42677 123.00 
60 0  4 .34301 1 2 5 . 5 8  

THO-PMASE EOUNDASY 



THERHODYNAUIC PROPERTIES OF OXYGEN 

8 7 0  P S I &  ISOBAR 

iEUPER.C:UQE VOLUUE ISOTHERU ISOCHORE 
DERIVATIVE D E i I V A T I V E  

O i G *  R CU F T I L B  CU F T - P S I P I L B  P S I A I R  

INTERNAL 
ENERGY 
BTUILB 

ENTROPY VELOCITY 
OF SOUND 

F T I S E C  BTUILB-R 

7 WO-PHASE BOUNDARY 



THERtiODYNPtiIC PROPERTIES OF OXYGEN 

8 7 0  P S I 4  ISOBAR 

TEtiPERATURE DENSITY V(OH/0Vip V ( 0 P I D U I "  

B T U l L B  PSIA-CU F T / B  

THERWPL 
I F F U S I V I T Y  

SP F T I P R  





THERi4OOYNAUIC PROPERTIES  OF OXYGEN 

8 8 0  P S I A  ISOBAR 

TEMPERATURE D E N S I T Y  . ( D V / D T t / V  THERHllL V I S C C S I T Y  
C O N D U C T I V I T Y  0  1 

DEG. R  BTU/FT-HR-R 

THERMPL D I E L E C T R I C  
: F F U S I V I T I  SO. FT /HR CONSTaNT 



THERUOOYNPtiIC PROPERTIES OF OXYGEN 

0 9 0  PSIP 1508UR 

ISOTHERM 
D E R I V P T I V E  

:U F T - P S I A I L  

ISOCHORE 
D E R I V A T I V E  

B  P S I A / R  

INTERNAL ENTHALPI  
ENERGY 
B T U l L B  B T U I L B  

ENTROPY 

BTUILB-R 

VELOCITY 
OF SOUNO 

F T I S E C  

TU3-P- lQSi  BOUNDARY 



THERHODYNAMIC PROPERTIES OF OXYGEN 

8 9 0  P S I A  I S 0 0 4 R  

DXELECTRIC 
CONSTANT 

PRRNOTL 
N U M B E R  

5.4556 
5.3737 
4.4486 
4.5664 
4 - Z 2 2 b  
3.9128 
3.654: 
3 . 3 8 3 1  
3.1572 
2.9938 

TEMPERATURE D E N S I T Y  

OEG. R L B l C U  F T  

- 1 O V I D T V V  THERUAL V I S C O S I T Y  
CONDUCTIV ITY  0 

DEG. R BTUIFT-HR-R L B I F T - S  C 
x 1 0 5  

THERMAL 
I F F U S I V I T Y  

SP F T l H R  

TWO-PHASE BOUNDARY 101 



R T I E S  OF OXYGEN 

TENPERQTUSE V O L U H E  ISOTHERM 
D E R I V L T I V E  

DEG. R CU F T l L B  CU FT-PSIA IL  

ISOCHORE 
O E P I V P T I V E  

.B P S I A I R  

INTERNPL 
ENERGY 
B T U I L B  

ENTHALPY ENTROPY Cv cP 
BTU I L B  -R 

VELOCITY 
OF SOUND 

F T I S E C  



THERnOOYNAHIC PROPERTIES OF OXYGEN 

900 P S I A  ISOBAR 

TEnPERATURE DENSITY 

DEG. R LB/CU F T  

- f D V / O T v V  THERUAL V ISCOSITY 
CONOUCTIVITY 3 

OEG. R BTU/FT-HR-R LB/FT-  

THERHPL D I E L E C T R I C  
I F F U S I V I T Y  CONS TAN? 

SQ F T l H R  

TWO-PHASE BOUNDARY 



THERUOOYNANIC PROPERTIES OF OXYGEN 

910 P S i A  ISOBAR 

IEflPER4iUP.E VOLUUE ISOTHERM 
D E R I V A T I V E  

DEG. R CU F T / L B  CU F T - P S I A I L  

ISOCHORE INTERNAL ENTHALPY ENTROPY 
D E R I V A T I V E  ENERGY 

B ' S I A I R  BTU/LB B T U l L B  BTUILB-R 

VELOCITY 
OF SOUND 

F T l S E C  

" TWO-PW&SE BOUNDARY 



THERUODYNLUIC PROPERTIES OF OXYGEN 

, ( D V / O T v V  TItERMlL V ISCOSITY 
CONDUCTIVITY 0 

OEG. R BTUIFT-HR-R L B I F T - S  

THERbPL DIELECTRIC 
I I F F U S I V I T Y  C O N S T B N i  

SP F T l H R  

TEUPERATURE DENSITY 

BTU/LB PSIA-CU F T / B  

99.123 81.80270 
100 81.67261 
105 80.92893 
t i n  a o . t a i 8 8  
115 79.43112 
120 78.67629 
125 77.91700 
130 77.15280 
135 76.38323 
140 75.60774 

TWO-PYAS€ BOUNDPRY 



THERUODYNAUIC PROPERTIES OF OXYGEN 

T E W P E R P T U X E  VOLUnE ISOTHERM 
D E R I V A T I V E  

DEG. R CU F T l L B  CU F T - P S I b l L  

ISOCHORE 
O E 9 I V P T I V E  

B P S I b l R  

INTERNAL 
ENERGY 
B T U l L B  

ENTHPLPY ENTROPY F CP 

BTU I L B  -R 

VELOCITY 
OF SOUND 

F T l S E C  

T W O - P H I S €  BOUNDARY 



THERHODYNAMIC PROPERTIES  OF OXYGEN 

920 P S I 4  ISOBAR 

THERPIPL 
I F F U S I V I T  

sa F T I H P  

D I E L E C T R I C  
Y C O N S T I N T  

PRANDTL 
NUPBEP 

TEHPERATURE D E N S I T Y  V iOMIDVlp  ViDPIDU),, -V  iOP IOV)T  

DEG. R L B I C U  F T  B T U l L B  PS IP -CU F T I B T U  P S I 4  

- ( D V / O T Y V  THERHAL V I S C O S I T Y  
C O N D U C T I V I T Y  0 

OEG. R BTUIFT-HR-R  

'HASE BOUNOARY 



THERUOOYNAMIC PROPERTIES OF OXYGEN 

S 3 C  ?SIP ISOBAR 

iENPERATURE VOLUHE ISOTHERM 
DERIVATIVE 

DEG. P CU F ' I I L B  CU F T - P S I A I L  

ISOCHORE INTERh4L 
O E S I V A T I Y E  ENERGY 

8 D S I P ~ R  BTUI-3 

ENTHALPY ENTROPY VELOCITY 
OF SWNO 

F T l S E C  

TWO-PHASE BOUNDARY 



THERMOOYNAUIC PSOPERTIES OF OXYGEN 

9 3 0  P S I A  ISOBPR 

TEUPERPTURE DENSITY P 

* TWO-PHPSE BOUNOARY 



THERUODYNlHIC PXOPERTIES OF OXYGEN 

5 4 0  P S I &  I S O B P R  

T i V P E R L i U D E  VOLUUE ISOTHERH 
D E R I V A T I V E  

3EG. R CU F T I L B  CU F T - P S I b l l  

ISOCHORE 
D E S I V P T I V E  

.B P S I P I R  

INTERNPL 
ENERGY 
B T U I L B  

ENTROPY Cv c P 
BTU I L B  -R 

VELOCITY 
OF SOUND 

F T l S E C  

ENTHPLPY 



THERMODYNPMIC PROPERTIES OF OXYGEN 

940 P S I P  ISOBAR 

TEHPERPTURE DENSITY I I tOH/OVJ, V IJP /OU)V  -V (OP/OVIT - (OV/OTb/V  THERMAL V I S C O S I T Y  THERMPL D I E L E C T R I C  PRQNDKL 
CONOUCTIV ITY  O I F F U S I V I T Y  CONSTPNT N U M B E 9  

B T U l L B  PSIP-:U F T / B T U  P S I A  OEG. R BTU/FT-HR-R L B I F T - S E C  SQ F T I H R  
x 105  

TWO. -PMPSE BOUNOPRY 



THERHODYNPHIC PROPERTIES OF OXYGEN 

950 P S I A  ISOBAR 

ISOTHERH 
D E R I V A T I V E  

:U F T - P S I P I L  

ISOCHORE INTERNAL 
D E R I V A T I V E  ENERGY 

. B  P S I P I R  B T U l L B  

ENTROPY 

BTUILB-R 

Cv CP 

BTU / L S  -R 

VELOCITY 
OF SOUND 

F T l S E C  OiG. R CU F T I L B  

* TWO-PHASE BOUNDARY 



THERHOOYNAt4IC PROPERTIES OF OXYGEN 

9 5 0  P S I A  ISOBAR 

TEUPERATURE DENSITY V(OH/OVlp V(DPIOU)V 

OEG. R LBICU F T  BTU/LB PSIA-CU F T I B  

- (OV/OTb/V  THERHAL V ISCOSITY 
GONOUCTIVITY C 

OEG. R BTUIFT-HR-R 

THERHAL 
I I F F U S I V I T Y  

SQ F T I H R  

DIELECTRIC 
CONSTANT 

TYO-PHASE BOUNOARY 



THERUODYNAUIC PROPERTIES OF OXYGEN 

9 6 0  P S I 4  ISOBAR 

ISOTHERU 
DERIVATIVE 

:U F T - P S I A I L  

I S  OCHORE 
D E I I V A T I V E  

B P S I A I R  

INTERNAL 
ENERGY 
B T U I L O  

ENTROPY 

BTUILB-R 
cv Cp 
BTU I L B  -R 

VELOCITY 
OF SOUND 

F T l S E C  



THERMODYNAMIC PROPERTIES OF OXYGEN 

960 P S I 4  ISOBAR 

TEMPER4TURE DENSITY - ( O V I O T V V  THERtf4L V ISCOSITY 
CONDUCTIVITY O 

OEG. R BTUIFT-HR-R L B I F T - S  C 
n tof 

THERHAL 
I F F U S I V I T '  

SP F T l H R  

DIELECTRIC PPPNGTL 
i CONSTCNT NUPBEQ 

99.194 81.81551 
ZOO 81.69606 
105 80.95346 



THERHOOYNAHIC PROPERTIES OF OXYGEN 

973 BSIA ISORAR 

ERPERPTURE VOLUtIE ISOTHERM ISOCHORE INTERNAL 
D E R I V A T I V E  D E R I V A T I V E  ENERGY 

OEG. 1, CU F T / L B  CU FT-PSIA /LB P S I A l R  BTU/LB 

ENTHALPY ENTROPY Cp VELOCITY 
OF SOUNO 

. B  -R F T l S E C  



THERUODYNAMIC PROPERTIES OF OXYGEN 

970 P S I A  ISOBAR 

,(OV/OTf/V THERMAL V ISCOSITY 
CONDUCTIV ITY 0 

OEG. R BTU/FT-HR-R LB/FT-SEC 
x 103 

THERMAL 
I I F F U S I V I T  
SQ FTlMf i  

1EMPERATURE DENSITY VfDH/DV)p V (DP/DUIV 

OEG. R LB/CU F T  B T U l L B  PSIA-:U FT /B  

- v ( D P I O v l T  - 
TU P S I A  

590 5.00094 122.33 2.354 
60 0 4.90498 124.92 ? .348 

+ TUO-PHPSE BOUNDARY 

0.00196C8 0.01906 1.739 
0.0019147 0.01923 1.754 

lli 



THERUODYNAUIC PROPERTIES OF OXYGEN 

4 h 0  P S I A  ISOBAR 

TEMPERhTURE VOLUUE ISOTHERU 
D E R I V A T I V E  

:U F T - P S I A I L  

ISOCHORE INTERNAL 
D E I I V A T I V E  ENERGY 

.B P S I A I R  B T U I L B  

ENTHALPY ENTROPY Cv CP 

BTU I L B  -R 

VELOCITY 
OF SOUND 

F T I S E C  DEG. R CU FT/LB [ BTUILB-R 

I hO-DMPSE BOUNDARY 



THERHOOYNAUIC PROPERTIES OF OXYGEN 

TEHPERATURE DENSITY V(OUIOVlp  V (OPIOU)V  

OEG. R  L B I C U  FT B T U l L B  P S I 4 - S U  F T l B  

- ( O V I D T Y V  THERUAL V I S C O S I T Y  
CONOUCTIV ITY  0 

DEG. R  BTUIFT-HR-R 

THERUPL D I E L E C T R I C  PRLNOTL 
I I F F U S I V I T Y  CONSTINY NUNBER 
SP F T / h R  



THERUDOVNQtlIC PROPERTIES OF OXYGEN 

TEPPERalURE VOLUHE ISOTHERM 
O E R I V L T I V E  

DEi. R C U  F T l L B  CU F T - P S I I / I  

I S  OCHORE 
O E i I V A T I V E  

.B P S I A I R  

INTERNPL 
ENERGY 
BTU/LB 

ENTHALPY 

B T U l L B  

Cv 
BTU / 

0.267 
0.266 
0.262 
0.258 
0.254 
0.250 
0.246 
0.243 
0.240 
0.237 

0.234 
0.231 
0.228 
0.226 
0.223 
0.221 
0.218 
0.216 
0.214 
0.212 

0.210 
0.208 
0.206 
0.204 
0.202 
0.200 
0.198 
0.196 
0.199 
0.198 

0.196 
0.195 
0.195 
0.195 
0.195 
0.196 
0.198 
0.202 
0.209 
0.226 

0.231 
0.218 
0.200 
0.190 
0.183 
0.178 
0.175 
0.173 
0.171 
0.169 

0.168 
0.166 
0.165 
0 165 
0.164 
0. 163 
0.163 
0.162 
0.162 
0.161 

0.161 
0.160 
0. 160 
0.160 
0.160 
0.160 
0.160 
0.159 
0.159 
0.159 

0.159 
0 159 

Cp VELOCITY 
OF SOUND 

L B  -R F T I S E C  



THERHOOYNAHIC PROPERTIES OF OXYGEN 

990 P S I 1  ISOBAR 

TEMPERATURE DENSITY V(OH/OV)p V(OP/OUIV -V(OP/OV>T - (OV/OTl /V  TMERMPL V ISCOSITY THERMaL O I E I E C T Q I C  
CONOUCTIVITY D I F F U S I V T T Y  CONSTANT 

DEG. R L B l C U  F T  BTU/LB PSIA-CU F T l B T U  P S I A  OEG. R BTU/FT-HR-R 

TWO 



THERHODYNAMIC PROPERTIES OF OXYGEN 

cv 
BTU I 

0 267 
0.266 
0.262 
0.258 
0 254 
0.250 
0.246 
0.243 
0.240 
0.237 

0.234 
0.231 
0.228 
0.226 
0.223 
0.221 
0.218 
0.216 
0.214 
0.212 

0.210 
0.208 
0.206 
0.204 
0.202 
0.200 
0.198 
0.196 
0.199 
0.198 

0 -196 
0.195 
0.195 
0.194 
0.195 
0.196 
0.198 
0.201 
0.208 
0.224 

0.230 
0.219 
0.200 
0.190 
0.183 
0.179 
0 -175 
0.173 
0.171 
0.169 

0.168 
0.167 
0.166 
0.165 
0.164 
0.163 
0.163 
0.162 
0. 162 
0.161 

0.161 
0.160 
0.160 
0.160 
0.160 
0.160 
0.160 
0.159 
0.159 
0.159 

0.159 
0.159 

TEMPERATURE VOLUME ISOTHERM 
DERIVATIVE 

CU F T - P S I A I I  

ISOCHORE 
D E R I V A T I V E  

LB P S I h f R  

INTERNAL 
ENERGY 
B T U I L B  

ENTHPLPY ENTROPY VELOCITY 
OF SOUND 

F T l S E C  BTUILB-R 

TWO-PHCSE B O U M O R R l  



THERMOOYNAHIC PROPERTIES OF OXYGEN 

1 0 0 0  P S I A  ISOBAR 

TEUPERATURE DENSITY 

DEG. R L B l C U  F 1  

V IOHIDV)?  VIDPIOU).,, -VIOP/OV)T - l O V / O T V V  THERHAL V I S C O S I T Y  THEPHPL D I E L E C T R I C  
CONOUCTIV ITY  O I F F U S I V I T I  CONST2NT 

B T U l L S  PSIA-CU F T l B T U  P S I 4  DEG. R BTUIFT-HR-R L B I F T - 5  C SO F T l H R  
X  10f 

TUO-PHASE aOUNOPRY 



THERHOOYNAUIC PROPERTIES OF OXYGEN 

TENPESATURE VOLUME 

DEG, c cu w / L n  

ISOTHERM 
DERIVATIVE 

CU F T - P S I A I I  

ISOCHORE 
D E S I V P T I V E  

.B P S I A l R  

ENTHALPY 

BTUlLB 

INTERNPlL 
ENERGY 
B T U I L a  

ENTROPY 

BTUILB-R 

Cv CP 

BTU I L B  -R 

VELOCITY 
OF SOUND 

F T I S E C  

TWO-DHASE BOUNDARY 



THERtlODYNPUIC PROPERTIES OF OXYGEN 

1 0 1 0  P S I A  ISOBAR 

TEUPERATURE DENSITY - [ O V / D T v V  THERUAL V ISCOSITY 
CONDUCTIVITY 0 

OEG. R BTU/FT-HR-R LBIFT-SEC 
x l o 3  

THERUPL 
I I F F O S I V I T Y  

SP FT/HR B T U l L B  PSIA-:U F T l B T U  P S I A  

TWO-PU4SE BOUNDARY 



THERMODYNAMIC PROPERTIES OF OXYGEN 

ISOTHERH 
DERIVATIVE 

CU FT-PSIAIL  

ISOCHORE INTERNaL 
D E Z I V A T I V E  ENERGY 

B P S I A I R  E T U / L ~  

ENTHALPY ENTROPY VELOCITY 
OF SOUND 

F T l S E C  BTUILB-R 

TMO-PH4SE BOUNDARI 



THERMOOYNAIiIC PROPERTIES OF OXYGEN 

1020 P S I A  ISOaAR 

TEUPERATURE DENSITY 

OEG. R LB/CU F T  

V(OPIOU),, -V (DP/DVIT  -(OV/DT+/V THERHAL V I S C O S I T Y  THERflPL 
CONOUCTIV ITY  O I F F U S I V I T '  

PSIA-:U F T / B T U  P S I A  OEG. R BTUIFT-HR-R L B I F T - S E C  S P  F T l R R  

DIELECTKZC 
I CONSTPNT 

580 5.36840 

590 5.26221 
60 0 5.16061 

* TWO-PHASE 'dOUNDlRY 



THERMOOYNAHIC PROPERTIES OF OXYGEN 

ENTHALPY ENTROPY 

BTUILB-R 
Cv 
BTU / I 

c p  VELOCITY 
OF SOUND 

.B -R FT/SEC 

T E Y P E P A T U R E  VOLUME 

3EG. P C U  F T l L E  

ISOTHERM I jOCWORE 
D E R I V A T I V E  D E R I V A T I V E  

CU FT-PSIA /LB P S I A I R  

INTERNPL 
ENERGY 
BTU/LR 

TWO-PHPSE BOUNDARY 
128 



THERnODYNAMIC PQOPERTIES OF OXYGEN 

1030 PSIA ISOBAR 

TEMPERATURE DENSITY - (DV/DTb/V  THERMAL 
CONDUCTIV ITY  

DEG. R BTU/FT-HR-R 

V I S C O S I T Y  THERMAL 
O I F F U S I V I T 7  

LBIFT-s c sa FT/HR 
x  105 

OIELECTPIG 
C O N S T P N I  

B T U I L B  P S I A - 2 U  F T / B T U  P S I A  

590 5.31448 121.98 2.37i 1016.66 0.0019753 0.01923 
60 0 5.21174 124.58 2.365 1019.15 0.0019287 0.01940 

* THO-PHASE BOUNDARY 124 



'NAMIC PROPE R T I E S  OF O X \  ' G I N  

1 0 k 0  P S I 4  ISOBAR 

TEMPERCYURE VOLUME ISOTHERM 
D E R I V A T I V E  

:U F T - P S I A I I  

ISOCHORE 
D E i I V A T I V E  

.B P S I A I R  

INTERNAL 
ENERGY 
B T U I L J  

ENTROPY F 
BTU I 

0.267 
0.266 
C.262 
0.258 
0.254 
0.250 
0.246 
0.243 
0.240 
0.237 

0.234 
0.231 
0.228 
0.226 
0.223 
0.221 
0.218 
0.216 
0.214 
0.212 

0.210 
0.208 
0.206 
0.204 
0.202 
0.2OU 
0.198 
0.196 
0.199 
0.198 

0.196 
0.195 
0.195 
0.194 
0.195 
0.195 
0.197 
0.200 
0.205 
0.2id 

0.225 
0.221 
0.203 
0.192 
0.185 
0.180 
0.176 
0.174 
0.171 
0.170 

0.168 
0.167 
0.166 
0.165 
0.164 
0.164 
0.163 
0.162 
0.162 
0.161 

0.161 
0.161 
0.160 
0.160 
0.160 
0.160 
0.160 
0.159 
0.159 
0.159 

0.159 
0.159 

Cp VELOCITY 
OF SOUND 

L B  -R F T I S E C  

TkO-PH4SE BOUNDARY 



THERHODYNAMIC PROPERTIES OF OXYGEN 

1 0 4 0  P S I A  ISOBAR 

TEMPERATURE OENSITY V(OHIOV)p V(OP/OUIV -V(DP/O ' I IT  - ( O V / O T v V  THESUPL V ISCOSITY THERHJIL OXELECTRIC P R I N D T L  
CONDUCTIVITY O I F F U S I V I T Y  C O N S i Z N T  NUMBEO 

OEG. R LBICU FT B T U I L B  PSI4-:U F T I B T U  P S I A  OEG. R BTUIFT-HR-R 

TWO-PHPSE SOUNOARY 131 



T H E R M O D Y N U U I C  P R O P E R T I E S  OF OXYGEN 

I S O C H O R E  I N T E R N A L  ENTHALPY ENTROPY V E L O C I T Y  
OF SOUND 

F T I S E C  

T E W P E R C T U R E  VOLUMF I S O T H E R P l  
D E R I V A T I V E  

3%.  R CU F i l L B  C U  F T - P S I U I L  
D E Z I V P T I V E  ENERGY 

B PSIAIR B T u / L a  B T U  I L B  -R 

i n n  

T U O - U W h S E  BOUNDARY 



THERUODYNAHIC P R O P E 9 T I E S  OF OXYGEN 

1 0 5 0  P S I A  ISOBAR 

THERUAL 
: F F U S I V I T I  
SQ F T l H R  

O I E L E C T R I C  
* CONSTANT 

PSiiniDTL 
N U M B E R  

5.b758 
5.4143 
4.9863 
4,5014 
4,2550 
3.91632 
3.0623 
3.4093 
3.X815 
2.9763 

2.7916 
2.6260 
2.4771  
2.31.37 
2.2246 
2.l.18'1 
2.G242 
1.3412 
1.ei685 
1.8055 

1.'516 
1.7065 
I.ao?B 
I r u b l J  
1 .6209 
1.0087 
1.6050 
1.0103 
1 .6k40 
L.nT92 

1.727: 
1.7862 
1.8616 
1.9405 
2 .0691 
2.2Ot32 
2.4361* 
2.6688 
3.254b 
3 .7121 

b.2630 
3.6415 
2.2542 
1.7321 
1.4657 
1.303h 
l . l Q 9 T  
L a 1 2 5 6  
1.0715 
1 .0293 

0.9954 
0.9676 
0.9443 
C.9245 
0.9075 
0.8988 
0.8798 
0.3685 
f l . d58r  
0.6b94 

0.8414 
C.BS42 
0.5296 
0.83232 
0 .9174  
0.%122 
0.5c75 
0.e033 
0 . 1 9 9 5  
0.7561 

0. '030 
C.7002 

TU P S I A  

TWO-PHASE BOUNDARY 



THERUOOYNPUIC PROPERTIES OF OXYGEN 

TEUPERCTURE VOLUUE 

OEG. R CU F T l L B  t 

ISOTHERM ISOCHORE INTERNRL ENTHPLPY ENTROPY Cv Cp VELOCITY 
D E R I V P T I V E  D E S I V L T I V E  ENERGY OF SOUND 

;U F T - P S I P l L B  P S I P l R  B T U l L B  B T U I L B  BTUILB-R BTU I L B  -R F T I S E C  



THERHOOYNAHIC PROPERTIES OF OXYGEN 

1 1 0 0  P S I 4  ISOBAR 

TEHPERATURE DENSITY -(OV/OTt; /V TnERHIL  V ISCOSITY THERMPL OIELECTRIC P R R N t i T i  
CONOUCTIVITY D I F F U S I \ I I T Y  CONSTUNP NUBEER 

BTU/LB PSIP-CU F T l B T U  P S I A  OEG. R BTUIFT-HR-R LBIFT-5f.C SQ F T l H R  
X 1 0  

TWO-PHASE BOUNDARY 



THERUODINUHIC PROPERTIES OF OXYGEN 

1150 P S I P  1 S 0 8 1 R  

TEMPERATURE VOLUUE 

D E G *  R CU FT /LB 

ISOTHERM 
D E R I V P T I V E  

CU FT-PSIP /L  

ISOCHORE 
D E 9 I V A T I V E  

.e P S I P l R  

INTERN4L 
ENERGY 
B T u / L a  

ENTHULPY ENTROPY VELOCITY 
OF SOUND 

F T l S E C  

TUO-PHASE BOUNDPR 



THERHOOYNAHIC PQOPERTIES OF OXYGEN 

1150 P S I A  ISOBAR 

TEHPERATURE DENSITY . IOV/OT THERHPL V ISCOSITY 
'VcoNoucTIvxTY o 

DEG. R BTU/FT-HZ-R LBIFT-SfC 
X 10 

THERM4L O I E L E C T P I C  PR4NOTL 
I F F U S I V I T Y  CONZTPNY NUSBEP 

SP F T l H R  '14-:U F T I B T U  P S I A  

THO-PHASE BOUNDARY 



THERMOOYNAUIC PROPERTIES OF OXYGEN 

1200 F ' S i 3 ,  ISOBAR 

TEMPERATURE VOLLlfiE ISOTHERM ISOCHORE 
D E R I V A T I V E  O E Z I V A T I V E  

DEG. 9 CU F T l L 0  CU F T - P S I A I L B  P S I A I R  

INTERNPL 
ENERGY 
B T U I L B  

ENTHALPY ENTROPY 

BTUILB-R 

Cv CP 

BTU I L B  -R 

VELOCITY 
OF SOUND 

F T I S E C  B T U I L B  

5 8 0  0.15793 186.70 2.4 

5 3  0 0.16119 191.11 2.4 
60 0 0.16444 195.49 2.3 

" 7 HO-PHilSE BOUNOIRY 



THERMODYNAMIC PROPERTIES  OF OXYGEN 

1200 P S I A  ISOBPR 

TEHPERATURE D E N S I T Y  V IDHIOV)p  V(DPIDUl,, -V lOP/DV)T  - (DV /OTb /V  THERMAL V I S C O S I T Y  THERMAL D I E L E C T R I C  PRAHOTL 
C O N O U C T I V I T Y  D I F F U S I V I T I  S O N S T C N i  NUHBER 

DEG. R L B l C U  F T  BTU/LB PSIA-:U F T I B T U  P S I A  OEG. R BTUIFT-HR-R L B I F T - Y C  SO F T I H P  
X 10 

590 6.20367 121.09 2 .420 1185.60 0.0020174 0.01971 1.798 0.01301 irOZ731 0 .8023  
600 6.08131 123.70 2 . 4 1 4  1188.84 0.0019674 0.01987 1.812 0.01343 1.03657 0.7990 

TWO-PHASE BOUNDARY 13 9 



THERUODY 'NPUIC  PROP! 

1 2 5 0  P S I A  ISOBAR 

ISOTHERH ISOCHORE 
D E R I V A T I V E  DE?.IVATIVE 

CU F T - P S I A I L 3  P S I A / R  

INTERNAL 
ENERGY 
B T U l L 3  

ENTHALPY ENTROPY 

BTUILB-R 
Cv P 
BTU / L B  -R 

VELOCITY 
OF SOUND 

FT /SEC 

TWO-PULSE BOUNOAF 



THERtlODYN&MIC PROPERTIES OF OXYGEN 

TEWERATURE DENSITY 

DEG. R LBlCU FT 

V ISCOSITY THERM4L 
O I F F U S I V I T  

BTUlLB PSIP-CU FT /BTU P S I P  

* TWO-PHPSE BDUNOARY 



'N4MIC PROPE R T I E S  OF OXYGEN 

13OC PSIA ISOBAR 

TEMPER4TURE V O L U V E  ISOTHERM ISOCHORE 
O E R I V P T I V E  D E R I V P T I V E  

DEG- R CU F T l L B  CU F T - P S I A I L B  P S I P I R  

INTERN4L 
ENERGY 
B T U I L B  

ENTHPLPY ENTROPY 

B T U I L B  BTUILB-R 

C v  C~ 

BTU I L B  -R 

VELOCITY 
OF SOUNO 

F T f S E C  



THERUODYNPMIC PQOPERTIES OF OXYGEN 

1 3 0 0  P S I &  ISOBAR 

TEMPERATURE OENSITY V I D H I D V b  VIOP/DU)V -V IDP/DVbT - (OV/OT)+! TflE?.MIL V I S C O S I T Y  THERH4L DIELECTRIC PRANOiL  
CONDUCTIV ITY  D I F F U S I V I T Y  CONSTPN'  NUUBER 

B T U I L 9  PSIP-:U F T I B T U  P S I &  DEG. R BTUIFT-HR-R L B I F T - S  C SQ FT/HR 
x 16 OEG. R LB/CU FT  

TWO-PHASE 3OUNOARY 143 



THERUOOYN4HIC PROPEQTIES OF OXYGEN 

1 3 5 0  PSIC ISOBAR 

T E Y 3 E 2 G i U S i  VOLUnE ISOTHERH 
DERIVATIVE 

3E6,  R C U  F T l L B  CU F T - P S I A I L  

ENTHALPY ENTROPY Cv P 

BTU I L B  -R 

VELOCITY 
OF SOUND 

F T I S E C  



THERUOOYNAUIC PSOPERTIES OF OXYGEN 

1 3 5 0  P S I A  ISOBAR 

TEUPERATURE DENSITY -(OV/DT?,IV THERUAL V I S C O S I T Y  
CONDUCTIV ITY  0 

DEG. R  BTUIFT-HR-R LBIFT-SEC 
x 1 0 5  

THERPAL 
I F F U S I V I T Y  SP F T I H R  

D IELECTRZS 
C O N S T A N T  

PRPNST? 
wna:s 

TU P S I A  OEG. R  L B I C U  F T  

TWO 



THERNOOYNAUIC PROPERTIES OF OXYGEN 

L i O O  PSIP ISOBPR 

TEMPERATURE VOLUHE 

OEG. R CU F T I L B  

ISOTHERU 
D E R I V A T I V E  

C U  FT-PSIA / t  

ISOCHORE 
D E S I V A T I V E  

.B P S I A l R  

INTERNAL 
ENERGY 
B T U l L B  

ENTHALPY ENTROPY Cv CP 

BTU / L B  -R 

VELOCITY 
OF SOUND 

F T l S E C  

* TLO-PHISE BOUNDARY 



THERHOOYNAHIC PROPERTIES OF OXYGEN 

1400 P S I 4  ISOBAR 

TEHPERATURE DENSITY 

OEG. R LB/CU FT 

VIOH/OVlp VIDP/OU)V -VIDP/OVIT - lOV/OTIF/V THERMAL V ISCOSITY THERHAL DIELECTKIC 
CONDUCTIVITV C I F F U S I V I T Y  CONSTbNT 

B T U l L B  PSIA-:U FT /BTU P S I 4  OEG. R BTU/FT-HR-R 

PQPNOTL 
NUMBER 

THO-PHASE aOUNOdRY 



THERHOOYNAUIC PROPERTIES OF OXYGEN 

ISOTHERn ISOCHORE INTERNAL 
DERIVATIVE O E R I V U T I V E  ENERGY 

CU F T - P S I A I L B  P S I A I R  B T U I L B  

ENTHALPY ENTROPY Cv C~ 

BTU / L B  -R 

VELOCITY 
OF SOUND 

FT/SEC 



THERHODYNAHIC PROPERTIES OF O X Y G E N  

1450 P S I A  ISOBbR 

TEHPERATURE DENSITY THERMAL V ISCOSITY 
;ONOUCTIVITY 0 
BTU/FT-HR-R L B I F T -  

x lSC 
THERMAL 

I F F U S I V I T Y  
SQ FTIPF! 

DIELECTQTC 
C O N S T A X T  

P Q A U O T L  
NUMBER 

5.5273 
5,5,66 
5.0815 
4.5100 
r.3374 
lr.0198 
3.7335 
3.+756 
3.2430 
3.0334 

2.8b46 
2.0747 
2.5218 
2 ~ 3 P 4 6  
2.?016 
2.1517 
2.0537 
1.7668 
1,0911 
1.d230 

L.TSQ7 
1.7L49 
1 .0729 
1 . ~ 3 3 6  
1.6127 
1.5920 
1.5795 
1 - 5 7 4 3  
1.5932 
1 .6106 

1 . 6 3 2 7  
l.b727 
1.7287 
1 .7617 
1 .8339 
i .8895 
1 . 9 8 0 i  
2.3694 
2.1-124 
2.3122 

2.4179 
2 .5 i lSu  
2.1691. 
2.k71C 
2 .1885 
1 .7741 
P.5540 
1.4607 
1 .2904 
I . 2 0 5 3  

1.11.65 
1 . 3 9 5 5  
1 .0567  
1.6235 
G1qa5b 
0.9717 
C - 9 5 1 1  
0.3331 
0.9173 
G.9"4 

0.8910 
0.iBOO 
0 .3727 
C.8630 
0.85+2 
0.8Lbl l  
0.C393 
O.di3G 
0.8272 
G . Y 7 2 C  

O.JL7r 
0."'31 

PSIA-CU F T / B l  IU P S I 4  OEG. R 

TYO-PHASE BOUNDARY 



THERUOOYNAfiIC PROPERTIES OF OXYGEN 

1 5 0 0  P S I A  ISOBAR 

ISOTHERM 
OERIVATIVE 

CU FT-PSIAIL  

ISOCHORE INTERN4L 
O E R I V A T I V E  ENERGY 

.B P S I A I R  BTU/LB 

ENTHALPY ENTROPY 

BTUILB-R 

Cp VELOCITY 
OF SOUND 

LB -R F T I S E C  

cv 
BTU I B T U I L B  



THERUODYNAHIC PROPERTIES OF OXYGEN 

1 5 0 0  P S I A  ISOBAR 

TEMPERATURE DENSITY 

DEG- R  L B l C U  F T  

V(OH/DVIp V(OP/DUIV -V(DP/DV)T - (D I I /OTb/V  THERMAL V ISCOSITY TtlERUni O l E L E C r R I C  PRANOTL 
CONDUCTIVITY O I F F U S I V I T Y  CONSTINT NUYBER 

BTU/LB PSIA-cu FT/BTU PSIA DEG. R BTU/FT-HR-R LWFT-yc SO FT/H? 
x  1 0  

+ TWO-PHASE BOUNDARY 



THERHODYNANIC PROPERTIES OF OXYGEN 

TEHPERITURE VOLUME ISOTHERU ISOCHORE INTERN4L ENTHALPY ENTROPY C p  VELOCITY 
DERIVATIVE O E Q I V A T I V E  ENERGY OF SOUND 

OEG. R CU FT/LB CU F T - P S I A I L B  P S I A I R  B T U l L B  B T U l L B  BTUILB-R BTU / L B  -R F T I S E C  



THERMODYNAUIC PROPERTIES OF OXYGEN 

1 6 0 0  P S I A  ISOBAR 

TEUPERATURE DENSITY -(OV/OTb/V THERMAL V ISCOSITY THERUAL 
CONDUCTIVITY O I F F U S I V I T  

DEG. R BTU/FT-HR-R 

TYO-PHASE BOUNDARY 



THERfiODYNAMIC PROPERTIES OF OXYGEN 

T E I P E Q C T U R E  VOLUME ISOTHERM ISOCHORE INTERNAL ENTHALPY ENTROPY CV C p  VELOCITY 
D E R I V A T I V E  D E R I V A T I V E  ENERGY OF SOUND 

DEG. P CU F T f L B  CU F T - P S I A I L 0  P S I A I R  B T U l L B  B T U I L B  BTUILB-R BTU I L B  -R F T I S E C  

T U O - P 4 i S E  BOUNDARY 



THERMODYNAUIC PROPERTIES OF OXYGEN 

1700 P S I P  ISOBAR 

TEMPERATURE DENSITY Y(DH/DVlp  V (DPIOU)V  -V(DP/DV)T - (DV/OTb/V  THERMAL V I S C O S I T Y  THERMAL O I E L E C T R I i  PRANDTL 
CONDUCTIV ITY  D I F F U S I V I T Y  CONSTAMT NUUBER 

DEG. R  L B l C U  F T  B T U l L B  PSIP-:U F T l B T U  P S I A  DEG. R  BTUIFT-HR-R 

59 0  8.81590 119.18 2.576 1693.33 0,0021267 0.02114 1.927 0.00946 1.05331 0.8318 
60 0 8.63290 121.77 2.571 1698.82 0.0020692 0.02126 1.938 0.00977 1.352L8 0.8267 

* TUO-PHASE BOUNDARY 15 5 



THERHODYNAHIC PROPERTIES OF OXYGEN 

l B D O  P S I A  ISOBAR 

TEMPERATURE VOLUME 

DEG. P CU F T l L B  

ISOTHERH 
D E R I V A T I V E  

CU F T - P S I A I L  

ISOCHORE INTERNPL 
D E R I V A T I V E  ENERGY 

B P S I A / R  B T U I L B  

ENTHALPY ENTROPY Cv = P  
BTU I L B  -R 

VELOCITY 
OF SOUND 

F T I S E C  

590 O.ZO711 
60 0 0.10940 

a TWO-PHPSE BOUNOAR> 



THERHOOYNAWIC PROPERTIES OF OXYGEN 

1800 P S I A  ISOBAR 

TEHPERATURE DENSITY V(OHIDV)p V13P/DU)V -VIDP/OV)T - (DV/OTb/V  THESUAL V ISCOSITY THERUAL O I E L E C i i l I C  
CuNDUCTIV ITY O I F F U S I V I T Y  CONSTANT 

DEG. R  L B I C U  F T  B T U l L B  PSIA-2U F T l B T U  P S I A  BEG. R  BTUIFT-HR-R LBIFT-S$C SP F T t H R  
X 10 

PPAYDTL 
NUYBER 

59 0 9.33592 118.92 2.610 1797.52 0.0021459 0.02142 1.953 0.00895 L a 3 5 6 5 1  Ou8374 
60 0 9.14042 121.50 2.605 1803.43 0.0020873 0.02154 1.963 0.00929 i .3553L 0 , 8 3 1 5  

TWO-PWISE BOUNDARY 157 



THERUODYNAUIC PROPERTIES OF OXYGEN 

1900 O S I O  ISOBAR 

TEMPERPSURE VOLUUE ISOTHERH ISOCHORE 
D E R I V I T I V E  D E R I V A T I V E  

CU F T - P S I A I L B  P S I A l R  

INTERN4L ENTHALPY ENTROPY C v  C VELOCITY 
ENERGY OF SOUND 
BTUlLB B T U l L B  BTUILB-R BTU I L B  -R F T l S E C  



THERUOUYNAHIC PROPERTIES OF O X Y G E N  

1900 P S I A  ISOBPR 

TEMPERATURE DENSITY 

UEG. R LB/CU F 1  

V IOHIDV)p  V(OP/DU),, -V(OP/DV)I -(OV/UT+/V THERMAL V ISCOSITY THERMAL 
CONDUCTIVITY D I F F U S I V I T I  

B T U l L B  PSIA-CU FT /BTU P S I A  OEG. R BTUIFT-HR-R LBIFT-S$C SP FTIWR 
X 10 

DIELECTRIC 
f CONSTANT 

1.57260 

TWO-PHASE QOUNDARY 



THERUODYNAMIC PROPERTIES OF OXYGEN 

Z O O C  P S I P  ISOBLR 

T i t ' P E ? I T U P E  VOLUnE ISOTHERU ISOCHORE INTERNAL ENTHALPY ENTROPY Cv C VELOCITY 
D E R I V P T I V E  D E R I V P T I V E  ENERGY OF SOUND 

C E Z -  R CU F T I L B  CU F T - P S I P I L E  P S I A I R  B T U I L B  BTU/LB BTUILB-R BTU I L B  -R F T I S E C  

5 9 0  0.59642 
500 0.09851 

* THO-PHCSE BOUNDARY 



THERUOOYNAUIC PQOPEQTIES OF OXYGCY 

2 0 0 0  P S I 4  ISOBAR 

TEWERATURE DENSITY 

OEG. R L B l C U  F T  

- t D V / D T F / V  THERHAL V ISCOSITY 
CONDUCTIVITY C 

OEG. R BTU/FT-HR-R L B I F T -  SSC X 1 0  

THERH4L 
I I F F U S I V I T Y  

51) F T I H R  

PPANGT!  
NUMBE? 

'SIA-CU F T / B  TU P S I A  

TWO-PHASE BOUNDARY 



NAUIC PROPf I R T I E S  OF OXYGEN 

2 2 3 0  P S I A  ISOBAR 

TEMPERATURE VOLUHE 

OEG. P CU FT/LB C 

ISOTHERM 
DERIVATIVE 
U F T - P S i A I l  

INTERNAL 
ENERGY 
B T U l L B  

ENTHALPY ENTROPY 

8TU/LB BTUILB-R 

Cv Cp VELOCITY 
OF SOUND 

BTU I L B  -R FT/SEC 

* TWO-PHASE BOUNDARY 



THERHOOYNPHIC PROPERTIES OF OXYGEN 

2200 P S I 1  ISOBPR 

TEHPERPTURE DENSITY 

OEG. R L B I C U  F T  

- l D V / D T t / V  THERHAL V I S C O S I T Y  
CONOUCTIV ITY  0  

OEG. R BTUIFT-HR-R LB/FT-S  C  
x  105 

THERHAL 
I F F U S I V T T  

SQ F T l H R  

O I E L E C T R i C  PR4hOTL 
Y CONSTPNT NUhdER 

195 68.03175 
ZOO 67.21812 
205 66.39290 
210 65.55493 
215 64.70293 
220 63.83549 

TWO-PHASE BOUNDPRY 



THERMODYNAMIC PROPERTIES OF OXYGEN 

2 4 0 0  ? S I R  I S O B A R  

ISOTHERM 
D E R I V A T I V E  

CU FT-PSIA /L  

IS OCHORE 
D E i I V A T I V E  

.B  P S I A I R  

INTERN4L 
ENERGY 
B T U l L B  

ENTHPLPY ENTROPY VELOCITY 
OF SOUND 

F T l S E C  DEG. R CU F i l l - 0  BTUILB-R 

" T W O - T q L S E  BOUNDARY 



THERHODYNAMIC PROPERTIES OF OXYGEN 

2400 P S I R  ISOBAR 

TEMPERATURE DENSITY 

0 E G . R  L B I C U F T  

. (DV/DTb/V  THERMAL 
CONDUCTIV ITY  

OEG. R BTUIFT-HR-R 

V I S C O S I T Y  THERUAL 
I I F F U S I V I T '  

SQ F T / H R  

590 12.41974 118.07 2.824 2448.10 
600 12.14836 120.53 2.822 2455.77 

TWO-PHRSE BOUNDARY 



THER*OOYNLUIC PROPERTIES OF OXYGEN 

2 6 3 0  P S I 4  ISOBAR 

TEfiPERhTURE V3LUME ISOTHERli  ISOCHORE INTERNAL ENTHALPY ENTROPY cv Cp VELOCITY 
D E R I V P T I V E  D E S I V A T I V E  ENERGY OF SOUND 

DEt .  R CU F l / L B  CU F T - P S I A I L B  P S I A I R  B T U l L B  BTU/LB BTUILB-R BTU / L B  -R FT /SEC 



THERHODYNAHIC PROPERTIES OF OXYGEN 

2 6 0 0  P S I A  ISOBAR 

TEMPERATURE DENSITY VIOH/DVlp V(DP/DUI\ ,  -V(OP/OV)T - ( D V / O T V V  THERMAL V ISCOSITY THERIiIL DIELECTRIC BRLNOT, 
CONDUCTIVITY D I F F U S I V I T Y  CONSTANT NUMaE" 

BTU/LB PSIA-CU F T I B T U  P S I 9  DEG. R BTU/FT-HR-R LBIFT-SEC SQ FT /HR 
x 10s 

THO-PHASE BOUNDARY 



THERMODYNAnIC PROPERTIES OF OXYGEN 

2 8 0 0  P S I A  ISOB&R 

TEMPERCTURE VO,UHE ISOTHERM ISOCHORE INTERNAL ENTHALPY ENTROPY C~ Cp VELOCITY 
D E R I V A T I V E  D E R I V A T I V E  ENERGY OF SOUNO 

DFG. R CU F i l l . @  C U  F T - P S I A I L B  P S I A I R  B T U l L B  B T U I L B  BTUILB-R BTU I L B  -R F T l S i C  

TwO-='HGSE BOUNDARY 16 8 



THERHOOYNAHIC PROPERTIES OF OXYGEN 

2800 P S I A  ISOBAR 

TEIIPERATURE DENSITY VIOH/OV)p V(OP/OU), -V(DP/OV+ - < D V / O T v V  THERHAL V ISCOSITY THERHAL D I E L E C T R I C  P P A N D I L  
CONDUCTIVITY O I F F U S I V I T Y  GONSTPNT NUHBEt 

OEG. R LB/CU F T  BTU/LB PSIA-:U F T I B T U  P S I A  OEG. R BTUIFT-HR-R LBIFT-SEC SQ F T l k R  
x 105 

195 68.67853 173.62 10.052 65980.18 0.0022500 0.08191 10.650 0.00305 1.4n7 i6  1.8285 
ZOO 67.90186 170.16 9.842 61861.26 0.0022999 0.08007 10.036 0.00301 l . k b i 2 9  1.7659 
205 67.11659 166.63 9.642 57926.43 0.0023536 0.07824 9.479 0.00297 1.05527 1.7136 

TWO-PHASE BOUNOARY 



THERMODYNAMIC PROPERTIES OF OXYGkN 

TEMPERATURE VOLUHE ISOTHERM 
D E R I V A T I V E  

DEG. R CU F T i L B  CU FT-PSIA / I  

IS OCH ORE 
O E R I V A T I V E  

LB P S I A I R  

INTERNAL 
ENERGY 
B T U I L B  

ENTHALPY 

B T U I L B  

ENTROPY 

BTUILB-R 

C~ Cp VELOCITY 
OF SOUNO 

BTU / L B  -R F T l S E C  

TUC-PHIS€  BOUNOLRV 



THERUODYNAMIC PROPERTIES OF OXYGEN 

3 0 0 0  P S I A  ISOBAR 

TEHPERATURE DENSITY 

DEG. R  L B I C U  FT 

V(OP/OUly -VlOP/OV), - (OV/OTf jV  THERUAL V ISCOSITY THERMAL DIELECTPIC PRdMDTL 
CONDUCTIVITY O I F F U S I V I i l  CONSiRNT NUHbER 

'SIA-SU FT /BTU P S I 4  OEG. R BTUIFT-HR-R 

TWO-PHPSE BOUNDARY 



THERHOOYNAHIC PROPERTZES OF OXYGEN 

TEHPERaTVRE VOLUME ISOTHERM 
OERIVATIVE 

DEG. R GU F T I L B  CU FT-PSIAIL  

ISOCHORE 
OERIVATIVE 

B P S I A I R  

INTERNAL 
ENERGY 
BTUILB 

ENTHALPY 

BTUILB 

ENTROPY 

BTUILB-R 

cv Cp VELOCITY 
OF SOUND 

BTU / L B  -R FTISEC 

57 0 0.05625 199.47 
SIB 0-05965 204.16 

59 C 0.06103 208.80 
60 0 0.06241 213.39 

* 1UO-PHASE BOUNDARY 



TUERUODYNAUIC PROPERTIES OF OXYGtN 

3 2 6 0  P S I &  ISOBAR 

TEMPERhlDRE OENSITY VlOU/DV)p VIDP/OU)y -VIDP/DV)I  - lDV/DT)plV THERHAL V ISCOSITY 
CONDUCTIVITY 0 

BTU/LB PSIA-:U FT/BTU P S I &  DEG. R BTU/FT-HR-R LBIFT-SEC 
x 105 

THERHAL 
I I F F U S I V I T Y  

SQ F T l U R  

DIELECTRIC 
CONSTANT 

PRANDTL 
NUMBER 

5.7577 

* TWO-PhASE BOUNDARY 



THERtlOOYNAiiIC PROPERTIES OF OXYGEN 

3 4 0 0  P S I A  ISOBAR 

TEMPERATURE VOLUHE 

OEGI R  CU F T / L B  

I S O T H E l M  ISOCHORE 
D E R I V A T I V E  OE?.IVATIVE 

C U  F T - P S I P I L B  ? S I 4 / ?  

INTERNPL 
ENERGY 
B T U I L B  

ENTHALPY ENTROPY cv C~ 

BTU I L B  -R 

17 4 
TWO-PHASE BOUNDARY 



THERHOOYNAUIC PRO1 'ERTIES OF OXYGEN 

3400 P S I 4  ISOBAR 

TEUPERATURE DENSITY 

DEG. R L B I C U  FT 

V(DHIOV)p V IJP /OU)V -V(OPIOV),  

BTUlLB PSIA-CU F T I B T U  P S I A  

- ( D V I O T  THERMAL V ISCOSITY THERMAL 
D I F F U S I V I T I  

OEG. R BTUIFT-HR-R L B I F T - S - C  SQ FTIWR 
x 105 

D I E L E C T R I C  
' C O N S T l N T  

590 17.33344 
600 16.95226 

TWO-PHASE BOUNDARY 



TUERMOOYNAUIC PROPERTIES OF OXYGCN 

PSin ISOBAR 

TEHPERLTURE YOLUUE ISOTHERH 
D E R I V A T I V E  

CU F T - P S I A I L  

ISOCHORE INTERNAL ENTHALPI ENTROPY C" =P 

BTU I L B  -R 

VELOCITY 
OF SOUNO 

F T I S E C  
D E R I V P T I V E  ENERGY 

B " S I b I R  B T U I L B  BTUILB-R 

" TUO-PHCSE BOUNDARY 



THERHODYNPRIC PROPERTIES OF OXYGEN 

3600 P S I L  ISOBAR 

TERPERLTURE OENSITY V(OH/DV)p V 10P/OU)V -V (OP/DV)l - lOV/DT?jV 
( 

DEG. R L W C U  F T  BTU/LB P S I A - W  FT/BTU P S I A  DEG. R 

THE 
:ONOUC 
BTU/F 

D I E L E C T R I C  
CONSTANT 

" Y A N C T L  
hlUMflER 

590 18.26171 123.74 3.103 3978.49 0.0022493 
600 17.86131 125.79 3.098 3972.33 0.0021853 

THO-PHASE BOUNDARY 177 



THERUODY NAUIC PROPERTIES OF OXYGrN 

3 8 0 0  P S I P  ISOBAR 

ISOTHERU ISOCHORE 
DERIVATIVE D E R I V A T I V E  

CU F T - P S I A I L B  > S T A I R  

INTERNPL ENTHACPY ENTROPY 
ENERGY 
B T U ~ L B  BTUILB BTUILB-R 

cv  CP 

BTU / L B  -R 

VELOCITY 
OF SOUND 

FT/SEC 

T I C - P H A S E  BOUNOA 



THERHODYNAHIC PROPERTIES OF O X Y G E N  

3 8 0 0  P S I A  ISOBAR 

TENPERATURE DENSITY I I I D H I D V I p  V1DPlOU)V -V (DP/DVl+  - ( O V / D T ~ V  THCRHAL V I S C O S I T Y  THERURL O I E L 1 3 I ' 1 L  
CONDUCTIV ITY  O I F F l J S X V I i Y  C 3 N S T S h l T  

BTU/LB PSIA-CU FT /BTU P S I A  OEG. R  BTUIFT-HR-R L B I F T - S i c  S Q  F T l H P  
x 105 

TYO-PHASE BOUNDARY 



THERMOOYNAUIC PROPERTIES OF OXYGEN 

4 0 0 0  U S I P  I S O B A R  

IE?%PERAIURE VlLUUE ISOTHERM 
D E R I V A T I V E  

DEG, R CU F T / L B  CU F T - P S I A I L  

ISOCHDRE INTERNPL 
O E R I V A T I V E  ENERGY 

B P S I b l R  B T U l L B  

ENTHALPY ENTROPY C v  CP 

BTU / L B  -R 

VELOCITY 
OF SOUND 

F T l S E C  



THERMOOYNAMIC PRDPERTIES OF OXYGEN 

TEMPERATURE OENSITY ViDH/OV)p ViDPIDU),, -V(OP/OV+ - (OV/OTS/V  THERMAL V ISCOSITY THERHPL OIELECTRIC PRPNOTL 
CONOUCTIVITY D I F F U S I V I T Y  CONSTRNT NUWEE9 

OEG. R L B l C U  F T  BTU/LB PSIA-CU F T I B T U  P S I A  OEG. R BTUIFT-HR-R LBIFT-SEC SQ F T I H R  
x 105 

590 20.05573 126.80 3.208 4580.00 0.0022292 0.02761 2.524 0.00487 1.12404 5.9301 
600 19.61984 128.82 3.198 4567.81 0.0G21661 0.02757 2.518 0.00504 1.12124 0.3175 

THO-PHASE BOUNDARY 181 



THERHOD' (NAMIC PROPERTIES OF OXYGEN 

k 5 0 0  PSI& ISOBAR 

TEMPERATURE VOLUUE ISOTHERM 
D E R I V I T I V E  

OEG. I2 CU F T / L B  CU F T - P S I A I L  

ISOCIIORE 
D E R I V L T I V E  

. 8  P S I A / R  

INTERNAL ENTHPLPY ENTROPY 
ENERGY 
B T U l L B  B T U l L B  BTUILB-R 
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