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Equations are obtained and used to calculate a table of propane thermodynamic 
properties in the saturated state. 

Propane is used as a low-boiling point working fluid in cooling equipment and as a raw 
material in the petrochemical industry. It is a promising fuel for use in internal combus- 
tion engines. When propane is used the toxic product content (carbon monoxide, nitrogen ox- 
ides, etc.) of combustion products is 5-10 times lower [I] than in gasoline or diesel fuel 
exhaust. 

In calculating thermal machinery cycles and technological processes which employ propane, 
it is:necessary to have access to reliable data on the material's thermodynamic properties. 

The present s~udy will systematize and critically evaluate experimental data on satu- 
rated vapor pressure, density, specific heat, heat of evaporation, enthalpy and entropy, then 
use this data to derive equations and a table of propane thermodynamic properties on the boil- 
ing and condensation lines, 

The fundamental physical constants of propane (CsHs) are as follows: mass of a kmole ~= 
44.0962 kg/mole~ critical parameters: temperature Tcr = 369.90~ pressure Pcr= 4.241 MPa; 
density Per = 220.0 kg/m3; normal boiling point Tnbp = 231.05~ triple point parameters Ttr = 
84.45~ [3]; Ptr = 3 "I0-I~ MPa; gas constant R = 188.55 J/(kg-deg). 

Saturated vapor pressure was calculated with the equation 

lgp  = A q- B IT  -~ CT -~ DT 2 + E T  s + KT  ~, (1) 

which  d e s c r i b e s  t h e  e x p e r i m e n t a l  v a l u e s  o f  [2 -5 ]  f o r  p r o p a n e  s a t u r a t e d  v a p o r  p r e s s u r e  f rom 150-  
3700K with a maximum deviation of • The absolute pressure p is expressed in units of 
105 Pa, and absolute temperature in ~ 

The equation constants were computer-detezanined, using the least squares and successive 
approximation techniques: A = 5.143623; B = --1206.7102; C = 0.097372-10-2; D =--0.839770-i0-~; 
E = 0.203010.i0-s! K =--0.01654584.10 -8 �9 

Density of saturated (boiling) liquid. The equation obtained 

4 

P' = Per + (rc  (2) 
i = 1  

r e p r o d u c e s  t h e  r e s u l t s  o f  [6 -9 ]  on d e n s i t y  o f  t h e  b o i l i n g  l i q u i d  0 '  as  a f u n c t i o n  o f  t e m p e r -  
a t u r e  ( 0 ' ,  kg/mn;  T, *K) w i t h  a maximum r e l a t i v e  e r r o r  o f  • 

The c o n s t a n t s  o f  Eq. (2) were  c o m p u t e r - d e t e r m i n e d  u s i n g  t h e  method o f  l e a s t  s q u a r e s :  ax = 
43 .3168 ;  aa  = 9.936061 a3 = - 1 . 7 5 8 1 3 ;  a4 = 0 . 1 5 9 2 0 ; T e r  = 219 .98  kg/m s .  

Density of dry saturated vapor. Since there are no experimental data available on den- 
sity of the dry saturated vapor up to 283~ p was found from the Clapeyron--Clausius equa- 

tion 

r = T P" p ' d T  " 

R e s u l t s  o f  c a l c u l a t i n g  O" t h e n  c o i n c i d e d  w i t h  t he  r e l i a b l e  d a t a  o f  [ 4 ,6 ]  w i t h i n  l i m i t s  o f  e x -  
p e r i m e n t a l  u n c e r t a i n t y .  

The f u n d a m e n t a l  s t a t e  p a r a m e t e r s  on t h e  l i q u i d - v a p o r  e q u i l i b r i u m  l i n e  a r e  a s  f o l l o w s :  
p r e s s u r e  a t  t he  c r i t i c a l  p o i n t ,  c a l c u l a t e d  w i t h  Eq. (1) f o r  t h e  s a t u r a t e d  v a p o r ,  4 . 2 4 1 M P a ;  
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TABLE i. 

T,~ !p, IosPa I o" 
F 

Propane Thermal Properties on Saturation Line 

150 
155 
160 
165 
170 
175 
'180 
185 
190 
195 
200 
205 
210 

215 
220 
225 
23O 
235 
240 
245 
250 
255 
260 
265 
270 
275 
280 
285 
290 

p~ n" h" r, s I 

295 
300 
305 
310 
315 
320 
325 
330 
335 
340 
345 
350 
355 
360 
355 
369,9 

kg/~  ~ 

668,13 
663,03 
657,91 
652,76 
647,58 
642,38 
637,14 
631,86 
626,55 
621,19 
615,80 
610,35 
604,85 
599,30 
593,69 
588,02 
582,28 
576,46 
570157 
564,58 
558,50 
552,32 
546,03 
539,61 
533,06 I 
526,35 
519,49 I 
512,44 
505,19 
497,70 
489,97 ] 
481,94 1 
473,58 i 
464,84 ] 
455,64 1 
445,93 ! 
435,57 
424,45 
412,35 
398,99 
383,93 
366,38 
344,78 
314,93 
219,98 

0,00991 
0,01690 
0,02775 
0,04404i 
0,0677, 
0 ,I013 
O, 1476 
0,2100 
0,2924 
0,3992 
0,5359 
0,7030 
0,9135 
1,171 
t,481 
1,581 
2,28c 
2,80~ 
3,39c~ 
4,08~ 
4,88~ 
5,791 
6,84~ 
7,95(. 
9,35] 
0,75 
2,49 
4,40 
6,53 
8,88 
~1,57 
~4,55 
!7,92 
;1,57 
15,82 
L0,62 
[6,02 
i2,08 
19,17 
17,29 
r7,04 
~8,81 
)4,3 
.~7,1 
19,98 

kJ/kg 

230,33 
240,55 
250,71 
260,82 
270,94 
281,07 
291,25 
301,48 
311.80 
322,20 
332,71 
343,32 
354,05 
364,90 
375,88 

786,31 
810,20 

738,20 
744,19 
750,05 

kl/kg 

507,87 
503,64 
499,35 

kJ/(kg �9 deg K) 

6,0872 
6,0177 
5,9538 
5,8951 
5,8412 
5,7918 
5,7465 
5,7052 
5,6674 
5,6330 
5,6016 
5,5732 
5,5474 
5,5241 
5,5030 
5,4841 
5,4670 
5,4516 
5,4377 
5,4253 
5,4141 
5,4041 
5,3950 
5,3868 
5,3794 
5,3727 
5,3665 
5,3608 
5,3556 
5,3507 
5,3452 
5,3420 
5,3378 
5,3339 
5,3300 
5,3261 
5,3221 
5,3i76 
5,3124 
5,3057 
5,2964 
5,2823 
5,2588 
5,2125 

4,9547.  

critical temperature and density: Tcr = 369,90~ and Pcr = 219.98 kg/ma. At normal physical 
pressure of p = 0.101325 MPa the boiling point calculated by Eq. (I) is 231.05~ 

Specific Heat of Boiling Liquid. The equation obtained 

6 

c; = ~ b~T ~ (4) 
i = 0  

describes the reliable data of [3, 10-12] on specific heat of the saturated liquid in the 
range 150-360~ a mean square deviation of 0.09. The constants of Eq. (4) were calculated 
by an ES-10-60 computer using the method of least squares: bo = 8.573817; bx = --1.001299. 
10-I; b2 = 11.966324 x 10-4; ba =--9.624139.10-7; b4 = 2.509253.10-g; b5 =-1.224725*I0 -11" 
be = 2.034661.i0 -I~. The heat of evaporation was calculated with the equation 

4 

r = ~ c~(~r --T) ~13- (5) 
i=I 

The constants c i were determined with data from [11-13] having an experimental uncertainty of 
• cl = 53.0733; ca = --12.2638; c3 = --1.7128; c4 = 0.0886. 

The enthalpy of the boiling liquid is given by 

h ' = h ; +  .f 4 d T +  ~ 1 dp 273.1~ 27a. L5 # --7- - ~  dT. (6)  

The q u a n t i t y  h ' o  a t  2 7 3 . 1 5 ~  was t a k e n  e q u a l  t o  5 0 0 . 0 0  K J / k g .  The e n t r o p y  o f  t h e  b o i l i n g  
l i q u i d  i s  g i v e n  by  

203 



T 

s'=s0+ S idr/r. 
2 7 3 , 1 5  ' 

The q u a n t i t y  s ' o  = 4.00 KJ/ (kg-deg  K), Cb' was c a l c u l a t e d  wi th  Eq. (4) .  

The e n tha l py  h" and en t ropy  s" of the  dry s a t u r a t e d  vapor a r e :  

h " = h '  + r ,  s " = s ' - - } -  r . . 
T 

(7) 

NOTATION 

T, absolute temperature; p, absolute pressure; O, density; h, enthalpy; s, entropy; r, 
heat of evaporation; c, specific heat; R, ideal gas constant; sub- and superscripts: ' " 
liquid and vapor parameters on saturation line; cr and tr, propane states at critical and 
triple points. 
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