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A Thermodynamic Property Formulation for 
Cyclohexane 

S. G. Penoncello,  2'3 R. T Jacobsen, 2 and A. R. H. Goodwin 2 

A Ibrmt, lation for the thermodynanlic properties of cyclohexane is presented. 
The equation is valid for single-phase and saturation states from the melting line 
to 700 K at pressures up to 80 MPa. It includes aft,  ndamental equation explicit 
in reduced Hel,nholtz energy with independent variables of reduced density and 
temperature. The functional form and coefficients of the ancillary equations were 
determined by weighted linear regression analyses of evahmted experimental 
data. An adaptive regression algorithm was t, sed to determine the final eqt,atinn. 

To ensure correct thermodynanlic behavior of the Helmholtz energy surface, the 
coefficients of the fundamental equation were determined with multiproperty 
fitting. Pressure-density-temperature I P-p-T}  and isobaric heat capacity 
[C~, P-TI  data were used to develop the fundamental equation. Saturation 
P - p - T  valt, es, calculated from the estimating functions, were used to enst, re 
thermodynamic consistency at the wlpor-liquid phase boundary. Separate 
fnnctions were used for the vapor pressure, satt, rated liquid density, satt, rated 
vapor density, ideal-gas heat capacity, and pressure on the melting curve. 
Comp~,risons between experimental dat~, and values calculated using the 
fundamental equation are given to verify the accuracy of the formulation. The 
formulation given here may be used to calculate densities within +0.1 °~,b, heat 
capacities to within +2"/0. and speed of sound to within + I%, except near the 
critical point. 
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1. I N T R O D U C T I O N  

T h e  d e s i g n  o f  e n g i n e e r i n g  s y s t e m s  r e q u i r e s  t h e  k n o w l e d g e  o f  t h e  t h e r m o -  

d y n a m i c  p r o p e r t i e s  o f  t h e  w o r k i n g  f lu ids  in t h e  s y s t e m .  In  m o d e r n  
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engineering practice it is desirable to have these properties computer- 
accessible for modeling or simulation work. This paper presents a 
preliminary thermodynamic property formulation for the fluid cyclohexane 
(C~,H~_,I on the International Temperature Scale of 1990 [1].  

Throughout this paper the word "formulation" refers to the equations 
required to calculate the thermodynamic properties of the fluid. All thermo- 
dynamic properties may be calculated by differentiating the fundamental 
equation with respect to the appropriate variables. 

The formulation presented for cyclohexane is valid in the single-phase 
regions from the melting line to 700 K with pressures to 80 MPa. Ancillary 
functions for vapor pressure, saturated liquid density, and saturated 
vapor density are provided as estimating functions for iterative computer 
programs which are used to calculate properties of cyclohexane with 
various pairs of independent variables. Saturation properties can be 
calculated with the Maxwell criterion or by simultaneous solution of the 
vapor pressure equation with the equation of state. The method of 
simultaneous solution produces independent saturation properties which 
are not thermodynamically consistent: however, the calculated saturation 
properties are within +0 .3% of the Maxwell construction values. 

2. EXPERIMENTAL DATA FOR CYCLOHEXANE 

The available experimental data for cyclohexane are summarized in 
Tables I and If. Table I lists the single-phase data for cyclohexane. Vapor 
pressure, saturation densities, melting line, ideal-gas heat capacity, second 
virial coefficient, and saturated liquid heat capacity data are given in 
Table II. Not all of the data listed were used in the determination of the 
coefficients of the fundamental equation and ancillary functions; however, 
all data were compared to values calculated with the formulation. Those 
data used in the development of the fundamental equation are indicated 
with an asterisk in Table I. 

The critical parameters are used as reducing parameters in the dimen- 
sionless fundamental equation and various ancillary functions. The selected 
critical parameters for this formulation correspond to the critical tem- 
perature reported by Hugill and McGlashan [32] and the critical pressure 
of Stryjek and Vera [68]. The selected value for the critical density was 
reported by Kobe and Lynn [69]. In the linear least-squares regression, 
the equation of state was constrained to pass through this point. The 
selected values, converted to a consistent set of units, are P~ = 4.075 MPa, 
T~ = 553.60 K, and p~ = 3.244 mol •dm 3 The triple-point temperature and 
pressure of cyclohexane are reported by Aston et al. [26] as P, = 5.388 kPa 
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Table I. Experimental Single-Phase Data for Cyclohexane" 

No. of Pressure range Temperature 
Ref. Year points ( M Pa ) range ( K ) 

P p - T d a t a  

* Bich et  al. [2]  1984 411 0.06 0.19 372 622 
* Grigor'ev et  al. [3]  1975 119 2 79 498-698 

Kerimov and Apaev [ 4 ] 1974 543 II. 1-69 293-748 
Kerimov and Apaev [5]  1973 717 0.l 69 283 748 
Kerns [6]  1972 92 0.01 2.8 423-523 
K u s s a n d T a s l i m i [ 7 ]  19711 I(1 (I.I 118 298 353 

* Rastorguev el  al. [8]  1975 136 11.1 85 298-473 
Reamer and Sage [9 ]  1957 78 0.4 69 311 511 
Sune ta / .  [111] 1987 88 0.1 85 288 323 
Stmet  al. [ I 1 ] 1988 12 (I.I 282 336 
Wisotzki and W(irflinger [ 12] 1982 33 {1.1 l l0 287 338 

Overall 1868 0.0l 118 282 748 

C ,  p - T d a t a  

Asenbaum and Wilhelm [ 13] 1982 7 8.7 9.4 283 343 
Moelwyn-Hughes and Thorpe [ 14] 1963 36 8.8 9.4 28{I 333 

Overall 43 8.7 9.4 281J-343 

C e - P -  T da ta  

McCullough et  a t  [ 15 ] 1951 4 I}.{14 (}.1}8 371-469 
Montgomery and De Vries [ 16] 1942 3 0.1 370-410 
IVlurdaev [ 17] 19811 44 5 511 323 -533 
Rastorguev et  al. [ 18] 1976 253 4.5 511 547 669 
Safir [ 19] 1978 7 11.111 299 312 
Safir and Grigor'ev [ 211] 1979 l0 4.5-111 561 641 

* Safir et  al. [21 ] 1975 1211 {I.5 50 295-541 
* Safir and Grigor'ev [22]  1976 91 11.5-4 418 675 

Spitzer and Pitzer [ 23 ] 1946 8 0.03 I1. I 384-544 
Sun et a/. [10] 1987 88 11.1 85 288 323 

Overall 628 0.{13 85 28{I-675 

w-P T(speed of soundl  data 

Kiyohara et  al. [ 24 ] 1978 I 0. I 298-298 
Sun et  al. [ 10] 1987 88 0.1 85 288-323 
Takagi [25] 1976 39 ILl 1117 283-333 

Overall 128 11.1-1117 283 333 

"Asterisk indicates data used in development of the fundamental equation. 
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Table !1. Vapor Liquid Equilibrium, IVielting Line, Isobaric Ideal-Gas Heat Capacity. 
and Second Virial Coefficient Data for Cyclohexane 

No. of Temperaturc 
Re[. Date points range ( K ) 

Vapor presstlre dala 

Aston eta/. [26] 1943 5 279 294 
Brown and Ewald [ 27 ] 19511 6 303 354 
Cruickshank and Cutler [ 28 ] 1967 311 298-354 
Dejardin [ 29 ] 1919 15 297-354 
Ewing [ 3(I ] 1974 5 288-328 
Glascr and Rnland [31 ] 1957 19 354 552 
Hugill and McGlashan [ 32 ] 1978 12 451-554 
Kay and Albert [33] 1956 4 435 550 
Kerns [6]  1974 9 323 523 
Palczewska-Tulinska et al. [ 34 ] 1983 9 300-353 
Reamer and Sage [9]  1957 7 311-511 
Rotinjanz and Nagornow [ 35 ] 1934 7 280-289 
Scatchard eta/. [ 36] 1939 6 3(13-353 
Scatchard e t a / .  [ 37 ] 1939 6 303 353 
Schmitt [38] 1934 8 3(12 354 
Shibata and Sandier [ 39 ] 1989 2 366~411 
Weclawski and Bylicki [ 40 ] 1983 15 298 349 
Willingham ct a/. [41 ] 1945 17 293 355 
Young eta/. [42] 1977 4 298-313 

Overall 186 279-554 

Saturated liquid density data 

Asenbaum and Wilhehn [43 ] 1982 7 283 343 
French [ 44 ] 1983 5 288-318 
Karvo [ 45 ] 1980 4 303-333 
Kurunaov et al. [ 46 ] 1977 9 28(I-349 
Massart [ 47 ] 1936 6 288-372 
Reamer and Sage [9]  1957 7 311 511 
Rotinjanz and Nagornow [ 35 ] 1934 21 2811-553 
Shibata and Sandier [39] 1989 2 366 411 
Sun e t , / .  [ 11 ] 1987 12 282 336 
Wilhelm eta/. [48] 1968 3 293 313 

Overall 76 2811 554 

Saturated vapor density data 

Shibata and Sandier [ 39 ] 1989 2 366J,11 
Young and Fortey [49] 1899 21 363 547 

Overall 23 363-547 
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Table I1. I ( ' o n t i m w d  ). 
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No, of Tenlperat  tire 
Rel[ Dale points  range { K ) 

Mellmg line data  

Dcffm [ 5O ] 1935 I I 281~ 328 
Sun et,tL [51 ] 1987 22 280 323 
Takagai  [25 ]  1976 7 280 333 
Wisotzki lind Wiirllinger [ 12] 1982 2 279 330 

Overall  42 279 333 

Ideal-gas C I, values 

Bcckett ¢,t a/. [52 ]  1947 14 298 15111 
Dorofeva ct aL [ 53 ] 1986 16 1 oll 151111 
M o n l g m n c r y  and De Vries [ 16 ] 1942 3 370 4111 
Spitzer arid Pitzer [ 23 ] 1947 6 384 544 

Overall  39 Ill(} 1501 

Sccond virial cofficient d;Itll 

Bich et al. [2 ]  1984 I I 373 623 
Bottomlcy and Coopes  [ 54 ] 1962 3 308 343 
Bottomley and Rcmming lon  [ 55 ] 1953 4 295 3118 
Broslow [ 56 ] 1978 4 323 -400 
Cox and Slublcy [57]  1969 1 373 
Grigor 'cv et aL [ 58 ] 1983 I(} 473 698 
Hajjar ct aL [59]  1969 II 317 473 
Karvo  [45]  19811 4 3113 333 
Lambert  c ta / .  [611] 1949 12 324 4114 
Rowlinson [61 ] 1969 5 327 4115 
Waclbrc, eck [ 62 ] 1955 9 315 348 

Ovcrall  74 295 698 

Sillurilted liquid Cp illld (._', dltlil 

_8_ _9_ Ast on l'l aL [ 26 ] I (-'e } 1943 4 -, ,-, ~t "~ 
__o ._ .  Dejardin [29]  ICp) 1919 4 -,t~6 V"~ 

Moe lwyn-Hughes  and Thorpe  [ 14 ] I Cp I 1963 4 298 328 
Parks  et aL [63 ]  ICr l  19311 5 283 291 
R ueh rwein and H uffmiln [ 64 ] { C e I 1943 7 282 3111 
Vesley eta/ .  [ 65 ] { CI, } 1979 3 298 318 
Wilhehn ¢ta/. [ 48 ] { (.'p I 1968 3 293- 313 
Wilhehn el al. [ 48 ] I C, I 1968 3 293 313 

Overall  33 _8_" ''~ 328 

Saturated liquid speed-c,f-sound data 

N a l h a r t d N a r a i n  [66]  1982 2 293 3113 
N a t h a n d  Dixit [67 ]  1984 2 298 3118 

Overall  4 293 3118 

x4o 16 2-15 
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and T, = 279.47 K. The molecular weight of cyclohexane is 
84.1608g.mol  ~ and the universal gas constant used in this work is 
8.31434 J.  mol I . K - I  

3. ANCILLARY F U N C T I O N S  FOR C Y C L O H E X A N E  

Ancillary functions for the vapor pressure, saturated liquid density, 
and saturated vapor density have been developed. The vapor pressure and 
orthobaric density equations were determined by linear least-square fits to 
selected data. The ftmctional form of the vapor pressure equation used in 
this work is given by 

In = ( N j O w N , _ O I S T N 3 0 3 S T N 4 0 7 w N s O  m'5 ) ( l )  

where 0 = 1 - T/T~. The experimental data selected for the development of 
this equation span the temperature range fl'om 293 to 553 K. The coef- 
ficients of Eq. ( 1 ) determined from these data are listed in Table Ill. 

The saturated liquid density, p', of cyclohexane can be represented by 

pt 
- -  - 1 = NtO j3 + N,( )  2 3 + N3073 + N4020'3 (2) 
Pc 

where O = ! - T/T~. The data used in the determination of the coefficients 
and functional form of this equation cover the temperature range from 293 
to 511 K. The coefficients of Eq. (21 are listed in Table 1II. 

There are very few data for the saturated vapor phase of cyclohexane. 
Therefore, pseudodata were calculated from the triple point to the critical 
point. In the range from the triple point to 450 K, the saturated vapor den- 
sity was determined by simultaneously solving the vapor pressure equation 
with a previously developed virial equation of state for cyclohexane. In the 
range from 450 K to the critical point, the critical liquid volume fraction 
method of Van Poolen et al. [70] was used. The estimated saturated vapor 
density p" can be represented by, 

(p" '~ 
In f ~ / =  Nt( )  I + N20"-3 + N30S 3 + N40S X + NsO "-2'~ (3) 

where 0 = 1 - T/T~. and the coefficients are given in Table III. 
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Table 111. Coefficients of the Ancillary Functions 
for Cyclohexane 

Vapor pressure equation, E q .  ( I } 

N~ = - 7 . 0 1 3 0 7 6 8 4 0  

N ,  = 1 . 6 0 5 9 9 5 4 1 4  

N~ = - 2 . 1 4 5 1 7 4 1 4 1  

N4  = - 1 6 . 2 1 2 1 8 4 4 { )  

N~ = 6 9 . 7 7 1 0 3 3 1 0  

Saturated liquid density equation, E q .  ( 2 )  

N I  = 1 . 7 4 4 9 8 7 5 2 7  

N ,  = 0 . 6 8 0 9 8 0 5 9 0 9  

N~  = ( I . 4 9 9 4 6 4 4 9 3 9  

N.a = - 0 . 8 9 1 6 3 2 5 1 3 8  

Saturated vapor density equation. E q .  { 3 )  

N ~ = 0 . 4 6 5 7 7 9 4 6 5 6  

N ,  = - 8 . 4 0 7 2 6 7 1 1 4  

N~ = 6 . 3 5 1 0 4 1 4 4 9  

N 4  = - 2 5 . 8 1 5 1 2 7 7 3  

N5  = - 6 5 . 1 3 8 6 4 5 8 1  

The solid-liquid equilibrittm curve was represented with an equation 
determined by Wisotzki and Wfirflinger [ 12]. This equation is reported as 

- - - -  - 1 (4) 

where a =  383.4 MPa J, c=1 .41 ,  and T~,=279 .7K.  

4. THE F U N D A M E N T A L  EQUATION FOR CYCLOHEXANE 

The functional form of the fundamental equation used for this 
formulation was developed by Jacobsen et al. [71] .  This equation is a 
potential function explicit in dimensionless Helmholtz energy with reduced 
density and reciprocal reduced temperature as the independent variables. 
The form of this equation is 

where t~ = p/p¢, r = T~/T, and ~t = A/RT.  The superscript zero signifies the 
ideal-gas contribution and the overbar indicates the real-fluid contribution. 

The ideal-gas Helmholtz function is given by 

j{l( (~, dr + dr 6) 
RT~ R ~or R Jr,, r- -R Jr,, r 
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T a b l e  IV. Coefficients of the Ideal-Gas Isobaric 
Heat Capacity Equation for Cyclohexane, Eq. (7} 

N~ = - 5 6 2 1 4 0 8 8  

N ,  = 9 . 3 6 8 3 2 7 2 1 1  

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

N4 = - 0 . 0 0 0 0 0 3 6 3 5 2 4 6 7 5 5  

N5 = 2 3 . 7 6 6 5 8 9 4 0  

,V~ = 2 0 0 0  

where i~o=p,,/p~ and r o =  T~/To. The value of p .  is calculated as the 
ideal-gas density at T . = 2 7 9 . 4 7  K, tile triple-point temperature ,  and 
P,, = 0.101325 MPa.  The values of  H I  ~, and S~ were arbitrari ly determined 
such that the values of enthalpy and ent ropy were zero for saturated liquid 
at the triple-point temperature.  The resulting values for this da tum state 

O O are H .  = 33884.8 J • mol - i and S o = 96.612 J • tool - i . K - J 
In order  to evaluate Eq. (6), an equat ion for the ideal-gas isobaric heat 

capaci ty C" is required. For  our  work,  the function 
P 

R = T  - -3+N~+N~T+ 4T-+N~ 17) 
- " " ( e " -  1 )2 

was used. In Eq. (7), u = N~,/T. We arbitrari ly assigned N¢, a value of 2000. 
The data used to determine the remaining coefficients cover  a range fi'om 
298 to 1500 K. The coefficients of Eq. (7), determined by a least-squares fit 
to the data,  are given in Table IV. 

The real-fluid compressibil i ty contr ibut ion to the fundamental  equat ion 
is given by 

tit 

~(6, r) = ~ Nk 6'~r jk exp(_},~/~.) (8) 
k = l  

where the Nk values are the coefficients of  the fundamental  equat ion and 
;, is a constant  which has a value of zero when / k is zero, or one when /k 
is greater than zero. The values of  ix., Jk, and /k are arbi trary;  however,  it 
is generally expected that  ik is an integer, Jk is a real number ,  and /~ is 
an integer greater than or equal to zero. The values of  N~., ik, Jk, and /k 
determined for cyclohexane are given in Table  V. 

The least-squares a lgori thm used to determine the Nk values of  Eq. (8) 
is a linear stepwise regression incorporat ing a search procedure based on 
statistical parameters  moni tored  during the fitting procedure.  This algo- 
r i thm was developed by Wagner  [72]  and further modified for equat ions 
of  state by de Reuck and Armst rong  [73] .  It is capable  of s imultaneously 
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Table V. Coefficients and Exponents of the Fundamental Equation Ibr 
Cyclohexane. Eq. ( 8 ) 

527 

k i j ! N 

1 I 0.0 0 0.8425412659 
2 I 1.5 0 -3.138388327 
3 1 2.5 0 1.67907263 I 
4 2 1.5 0 - 0.153819249{) 
5 3 1.0 0 0.1984911143 
6 3 2.5 0 - 0.1445325940 
7 7 2.0 0 0.3746346428 × I 0 - 
8 1 5.0 2 - 0.6427428062 
9 1 6.0 2 0.2280757615 

It) 2 5.5 2 - 1.86811681)2 
11 3 3.1) 2 - 1.028243711 
12 3 7.0 2 0.5821457418 
13 5 6.0 2 - 0.2558911520 
14 8 6.5 2 11.1276844113 x 10 -~ 
15 IO 5.5 2 -0.5158613166x 10 -" 
16 3 I 1.0 4 0.6334794755 × 10 - 
17 4 I 1.0 4 -0.6014686589 x 10 
18 6 0.5 0 0.1861479616 × 10 -~ 
19 6 3.0 1.) 1.).1745721652 x I0 -~ 
20 I 0.5 3 0.4439056828 
21 I 1.1.) 3 - 1.).6264920642 
22 2 4.0 2 2.132589969 
23 2 4.0 6 -0.3620300991 x I0 -" 
24 4 1.5 2 11.2534453992 
25 4 2.0 4 I).1669144715 x 10 - 
26 8 0.5 2 0.3985052291 x 10--" 

f i t t ing seve ra l  d a t a  forms.  F o r  c y c l o h e x a n e ,  the  f inal  f u n d a m e n t a l  e q u a t i o n  

was  d e t e r m i n e d  by  s i m u l t a n e o u s l y  f i t t ing  se lec ted  P-p-T d a t a ,  c a l c u l a t e d  

i s o c h o r i c  h e a t  c a p a c i t y  d a t a ,  a n d  s a t u r a t i o n  p s e u d o d a t a  for the  M a x w e l l  

c r i t e r i on .  T h e  Cp-P-T d a t a  a n d  a p r e l i m i n a r y  e q u a t i o n  of  s t a t e  were  used  

to e s t i m a t e  va lues  o f  C,.-p-T for  use  in the  l i n e a r  l e a s t - s q u a r e s  r e g r e s s i o n  

p r o c e d u r e  used  to d e v e l o p  the  f u n d a m e n t a l  e q u a t i o n .  T h e  t r a n s f o r m a t i o n  

of  Cp-P-T d a t a  i n to  C,.-p-T d a t a  was  d o n e  p r i o r  to  e a c h  r e g r e s s i o n  u s ing  

the  m o s t  r ecen t ly  c o r r e l a t e d  e q u a t i o n  o f  s ta te .  

A n  in i t ia l  b a n k  o f  75 c o m b i n a t i o n s  o f  the  e x p o n e n t s  it-, j r ,  a n d  /k 

lb r  Eq. (8)  were  se lec ted  as  in i t ia l  i n p u t  i n f o r m a t i o n  to the  r e g r e s s i o n  

a l g o r i t h m .  T h e  s t a t i s t i ca l  s e a r c h  p r o c e d u r e  se lec ted  o n l y  t h o s e  t e r m s  

d e e m e d  s t a t i s t i ca l ly  s ign i f i can t  in the  r e p r e s e n t a t i o n  o f  the  t h e r m o d y n a m i c  

sur face  w i t h  the  g iven  i n p u t  d a t a  sets. T h e  final  f u n d a m e n t a l  e q u a t i o n  for  

c y c l o h e x a n e  c o n t a i n e d  26 te rms.  
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The  accu racy  of  the f u n d a m e n t a l  e q u a t i o n  was d e t e r m i n e d  by stat is t i-  

cal c o m p a r i s o n s  of  p r o p e r t y  values  ca lcu la tcd  with  the e q u a t i o n  of  s ta te  to 

expe r imen ta l  data .  T h e  stat is t ics used in these c o m p a r i s o n s  are  the abso lu t e  

ave rage  dev ia t ion  ( A A D I ,  the bias ( B I A S h  the s t anda rd  dev ia t ion  ( S D V k  

and the r o o t - m e a n - s q u a r e  dev ia t ion  ( R M S ) .  These  stat is t ics are  based on 

percent  dev ia t ion  in any p rope r ty  ),', def ined as 

(Xa.., - .L.,,~.) 
% A X :  1 0 0  "A'~'~,,~,~ " / (9) 

Us ing  this def in i t ion ,  the stat is t ics a b o v e  are  de l ined  as 

1 '_2' 
A A D  = -  } I%JA',I 110) 

I = 1  

] " 

B I A S = -  V ( % A A , I  (111 
It t ~ l  

" BIAS 1-~- J -~ S D V  = 1 5" I % A X , -  (12) 
H - -  ] "m' 

i = 1  

R M S =  - I (131 
I I ~ =  I 

T h e  results of  the stat is t ical  c o m p a r i s o n s  are shown  in T a b l e  Vl. T h e  

overa l l  s tat is t ics lot" all r epor t ed  expe r imen t a l  da ta  are  shown.  In the 

deve lop lnen t  of  the f tmdamen ta l  e q u a t i o n ,  a subset  of  the c o m p l e t e  P - p  T 
da ta  set was used. The  s tat is t ical  c o m p a r i s o n s  Ibr only  these fitted da t a  are  

also shown  in Tab l e  VI. N o  C , - p  T, n" P 7". or  second  vir ial  da t a  were  

used in the d e t e r m i n a t i o n  o f  the fu ,adamental  equa t ion .  T h e  Cp P T da ta  

Table VI. Statistical Comparisons of Property Values Calculated with the 
Equation of State Ibr Cyclohexane to I-~xperimcntal Data" 

Dcviatic, n Number Max ADD> 
Data type in of poirtts AAD BIAS SDV RNIS AAD lO", 

Filled P p T p 295 11.066 -11.008 0299 {I.298 -4.276 II 
All P p T p 1868 11.226 -(I.007 11,547 11.547 -7.325 II 
C, p T C, 47 2.3111 1.460 3.105 3.396 9.904 7 
('p 1' T ('p 662 2.398 1.675 2.566 3.1162 -9.812 44 
w P T w 136 1.105 -0.165 1.392 1.396 -4.819 [I 
Second virial ~' B 74 11.088 -0.079 11.1197 0.125 -0.354 0 

" See text Ibr abbreviations. 
~' Second virial values are based on differences I dm ~. tool 1) rather than percent deviation. 
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(transformed into C,. p T data) we,'c used, except in the critical region. 
The number of data points that exhibit an AAD greater than 10% are 
indicated in the last column of Table Vl. 

5. CONCLUSION 

We estimate that the fundamental equation has an uncertainty of 
-t-0.1% in density, + 2 . 5 %  in heat capacity, and _+ 1% in speed of sound 
and that calculated enthalpy and ent ,opy values have uncertainties of 
_+ I% fl'om the melting line to 700 K at pressures up to 80 MPa. 

The fundamental equation is not valid m the critical region. This 
region is bounded by isotherms +_5% o1" T~. and isochores + 2 5 %  of p~. 
For cyclohexane, the critical region is bounded by 256 < T< < 581 K and 
2.4 < p~ <4.1 tool. dm 

The saturation values can be calculated from the fundamental equation 
by invoking the Maxwell equal-area principle. The simultaneous solution of 
the vapor pressure equation with the equation of state produces results that 
are within __+0.3 % of the Maxwell construction over the entire saturation 
line. Therefore, either method is viable for the dete,-mination of saturation 
properties based upon the probable uncertainties of the measured and 
calculated wdues used to define these states in the least-squares fit. As 
mentioned previously, the Maxwell construction is the preferred method 
fo," determination of" sattt,atio,1 properties which are thermodynamically 
consistent. 
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