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CHAPTER I

INTRODUCTION

The: Ga' Proccssor' :\ 'sociation (GP1\) is a cooperative research organization

sponsored by a consortium of companic 111 the energy sector. The GPA conducts

research in thc thermodynamics and physical properties areas. specifically on gases. light

lwdrocmbon', and process solvents for thc recovery and puritication of natural gas.

liquefied petroleum g3S (LPG) and on sub titute gas (1).

Sponsoring companies receive multiple cconomic benefits from cooperativc

research. By diVIding the cost of research among se\er~ll group. each pQrticipating

organizntinn is able to acquire \aluable research for a fraction of the cost of performing.

the research inte:rnally or by contract measurement. 1\ common databasc for many

industrial p3rlnCrS also prcvents the need for llluitiple reproductions 01' the same research.

since internal research in companies usually remains proprietary and is not shared with

the re:st of industry. Thc money s,1\cd on rescJrch c<ln he In\'estccl 111 other areas. helping

panicipallng companies compete more etTcctin:ly in the: dynamiC glohal CCOI101ll~.

The cooperatiw database is a\'nilable to help produce morc accurate and crticient

cqu ipment desIgn. rile cconom ic bencfi ts from i111 flr0\"Ccl dcsi gn in ind ustr) can he

staggering. nOI only yielding lower capital costs, but also redUCing operating I:osts for the

lifetime or the designed equipment. The data can also he applil:d to hertel' simulate
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~xisling equIpment f r Us 111 debottknecking and eftlci oc: impro\'cm ot, The

cooperatl \" dara can also serve to upplemeot intelllal research and also sen'e as

cal ibration data for such research

BENEFIT OF E THALP\:' DATA

.-\ccuralc design of process equipment is no it'ss lkm a requirement. Improper

deSign or equipment wi II lead. al best. 10 over-expenditure 0 I' capital dollars and incrca 'ed

operating costs, Over time. a corporation will no longa be in a compclJtive position and

\\ill have to reevaluate the design of its equipment. On the other hand. improper design

can I ad to faulty equipment, causing process shutdowns or n'en incidents,

Accurate enthalpy data are necessary when performing energy balanCeS on

equipmenl units or processes, Many equations e'\ist to predict enthalp: lor different

group- of nuids at different temperatures, pressures, phases and mixtures, Unfortunately,

no equation exists to accurately predict the enthalpy of any IlllicL or mixture or Jllllds. at

an: process conditions. Experimental enthalpy data me rt:quired to evaluate these

equations, and to provide morc c:\<lcl data. when needed. than what the models i1re abk to

proVide,

The GPA maintains an c:\tensive compilation of thermodynamic dala. lI1cluding

t'nthalp~' departure data in a dawbase, The GPA commissioned Project 921. Enthalpy

Dat<lbase De\'e!opment and tvfainlenance. to compile. cva]uule and maintain experimental

enthalpy. heat of <;olution and isothermal cnthalp> departure data for "lIle fluids and

rni,'\turc..: of interest to (he ga processing industry. In this context. the database is used to

primaril: to: I) c\:lluate enthalpy prediction metll<.llis and computer modl'ls. 2) develop
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ne\\ or systm-sp"cific corr lations and 3) provide experimental measurements for direct

application in proces engineering cal ulations.

Direct comparisons of the current enthalpy data in the datahase to the \'alues in the

literatur (2) would be ideal. Unfortunately. data has been compiled over several

decades. Different techniC]ue were employed to d termine the enthalpy departure

entries. SIllC the experimental data were based on different reference slates.

Cons quenlly. it IS no longer pratical to compare the enlhalpy departure data in the

databa e to the literature \alue

RESEARCH OBJECTIVES

Three main objectives "vere establi hed for this work'

1. Use the Peng-Robinson Equation of State to evaluate

a) smgle-phase pure and multicomponent data in the GPA database. and

b) t"vo-phase pure and multi component data in the (iPA database.

") E\'aluate the modified form of Park-Gascm-Rohinson (1) equation as it applies III

enthalpy departure datC'l

3. Develop a l1lwcL more useful, reponing method Jor dzlta evaluations.

Unfortunatel). l.b was not completed in the present work clue to a lac\.- or

information in the datahJse This ,,\ill be discussed in more detail ill Chapter III

THESIS OVERVIEW

The thesis is Olganized into six chapters. Chapter II describes the equations of

stale used to e\'aluatc the (iP.-\ database. This chapter begins with the Peng-Rohinson
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equation of state. then covers the Park-Gascm-Robinson equation of sW,te. Chapt~r II

also co"ers infomlation cone ming thl;? required physical properties and solhvare uSed to

campi te the evaluation

Chapter III e:-.:plains the methodology used to \aIuate the enthalpy departure data,

Three main tool for e\aluating enthalpy data arc co\'ered: I) direct comparison to the

orlgin;:J1 rd'crenc 2) equation-or-stat' e\aluations :1nd ~) graphical '\'illuation of

enthalpy data, Thi ChilPlef <1150 gi\'es some example cases f how to employ the three

tools Itsted above,

Chapter IV describes the need for de"iatlon plots, This chapkr begins with the

conventiomll methods of plotting deviations as functions or either temperature or

pre sure, Later. the chapter covers the evolution of the proposed three-Jimenslonal

temperature-pre sure-de"iation plots us d throughout this work,

Chapter V covers the results of the GPA enthalpy database e\'aluatiolJ First, the

chaptcr e:-.:plains th' results from the Pcng-Robinson cquati(111 of slate, I'hen. the results

from the Park-Gasem-Robinson equation of slate arc presented, The chapter finishes

\\'jth a comparison between the t\\'O equations,

finally, Chapter VI summarIzes the conclusions for this study and

recommendations for future \\OrK



-

CHAPT R IJ

EQ ATIOt OF STATE £1 THALPY

DEPARTLiRE lOOEL EVALUATIOJ S

The content of this chapter addresses five main goals:

• Explanation of enthalpy departure calculations for this \\'orl-;, The information for this

objecti\'c was Iirst presenkd by Rastogi (4), It is di\'ided into three sections: the

enthalpy equati n. ideal gas enthalpy determination and enthalpy depat1un: function

estimation,

• Explain 'Ahy the Peng-Robinson (PR) equation of state (EOS) was selected for the

enthalpy valuation of th' Gas Processors Association database,

• D scribe the PR lOS and the enthalpy departure function for thi' equation of state,

• Describe the ParJ-:-Gasem-R.obinSl)n (PGR) lOS and its enthalpy departun: function.

• Pro\ ide an ovenic\\ of the necessary tools to perform an analy is or the enthalpy data

using the abon: equations of state.

THE Ei\THALPY EQ ATIO;\

According to the pl18se rule. for a homogeneous substance of constant

composition. fixing the \<llues of t\\O intensive properties estahlishes its state. Therefore.

the molar or specific enthalpy or a substance may be cxpressed as af/merion of two other

5
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tate variables. The t\\·o state \'ariabJes are chosen a_ temperature and pressure.

Therefor.

H = H( T.p)

The enthalpy of a compound can be c,:pres >d as a summation of three quantities ()):

(2.1 )

WHERE

H(T.p)

H(T.p) - H(T.p")

H(T.p")- H(T",p")

H(T".p")

enthalpy of a pure tluid or a mi,ture

enthalpy departun..: function

ideal gas c-nthalpy eli fferencc

enthalpyal the reference state

f-{( T", pI') is the enthalpy of formation of the compound from the elements at T" and

p". or the reference state chosen for enthalpy calculations. The quantity

[H(f.p") - H(T" ./)") I is the dill'renee in the enthalpy ufthe compound ill the ideal gas

stale al the temperature or interest ancl the retCrence stale of T". I!I( T. p) - H( r.II") I is

called the enthalpy departure function ,ll1U is the difference In the enthalpy of the

compound at the temperature-pressure condition 01' interest and the enthalpy of the

compound in the ideal gas state at the same temperature. For notational convenience. the

enthalpy departure function and the iueal \las enthalpy d j frcrenee wi II. hereal ter. be

denoted as H - H" and }-f". respectively. Enthalpy departures are also termed as

residual enthalpics. and symbolicall> denolc.:cI as 11 '1 .

6
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IDEAL GAS ENTHALPY DETERMINATIOI'i

The idea] gas enthalpy function 1S calculated u Ing an e.\act rdati 11 of typ~ given

belo\\ .

f f" ::: J'C"£IT
I'

(2.3 )

where N° is the ideal gas enthalpy. C;: the ideal gas heat capacity at constant pressur~.

44 and the Thermodynamic Research Center (TRC) Data Project (6. 7) thl..: t: equation

[n the United St:llCS. and for substances of interest to the energy sector. the parameters

and T the absolute temperature The choice of the flillctiDlwl fllnn of heat capacity in

(2.4)c; :::a+hT+cT" +dT'+...

most correlations is of a polynomial type (6.7).

((f, b. c. d . ...) in most cases are regressed from C;: data of the API Research Project

are deri\ ed using cOl1\enlional least-squares method. minimizing the sum of the square:>

of eithLr the absolute dC:\'iations or percentage deviations \\ith respect Itl reported (';:

data. The reference base llsed \VeL 0 Btu/lb at U "R for the cnthalp:' cornput~llions - the

same as those used for the API Re. earch Project 44 whk's (6.7)

Heat capacity correlations of the polynomial form arc. hy rar. the most popular

means of computing ideal gas enthalpy values. This is because they are reasonably

accurate and afford ,Ill casy means or ideal gas enthalples computation by \vay of"

anaiytical integrution. The accuracy at" the equations can be illlpro\cd by increasing the

number of constants in the correlation

7
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A drawback of the polynomial [oml of heat capacity orrelati ns is that e\' n

though greater accuracy in fitting of the indi\'idual prop rty may b achieved. it is at the

expense of being thermodynamically inconsistent (). This is s because actual heat

capacity behavior j- not constrained to follo\\' any particular polynomial.

Some of the more laborate choices for heat capacity carr lations have the f I'm

(9. 10) shown below:

c;: = a + he':\p( -ciT") (2.5)

This lorm is derived from th oretical cons.iderations. but it is not readily amenable to

integratlon. i.e. a series expansion or a numerical integration procedure is required.

However. the predicted values of C;: are more accurate than those c[liculaled from the

polynomial equation with four constants (9)

More complex equations for calculating the ideal gas heat capacity and enthalpy

ha\'t~ been proposed (8). These equations are morc rigorous in form since they arc

derived based on statistical mechanical r rmulae for the heat capacity of an ideal gas

(8-10). Comparison with existing heat capacity correlations shows thaI these equations

are more accurate for most cases.

ENTHALPY DEPARTURE FUNCTIO ESTIMAnON

The enthalpy departure function. [H( T. 17) - J-!( T. pi')]. IS obtained from the

pressurC-\'OILlme-temperature ( pIT) properties of the fluid under study. An equation .J[

stat tEOS) capable of describing the ([n-[) beha\ior of the nuid offers the most

eflicient means for determining enthalpy departure functiolls.
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For a pressure- xplicit EO . th departure function for the Helmholtz energy. reI..

is developed tlTst using the appropriate fundamental property relations. Then. all the

other departur function arc readily obtained (5), as shown belo\\':

..l - .r

S-S"

H-H"

U-U"

'f( RT\ \'- fJ - _;1ir - RT In -"
\' \'

f,

'~( (1) J R}. \'-~ -- If + Rln-"
iT \' \'" ,

( .-J - •. /") + T ( S - S" ) + RT( Z - 1)

( .-J - A") T T( S - S" )

(2.6)

(2,7)

(2.8)

(2.9)

G-G U = (A-A") + RT(Z-I) (2.10)

It is v..-orthwhile to note here that the departure functions ( H - f-r) and (U - U")

do not depend upon the value of the chosen reference state p" (or V") whi Ie ( A - A").

(S - S"). and (C - G" ) depend upon fJ" (or If" ).

For the specific EOS. the right-hand side expressions or the above equations have

to be c\'aluated. i\ detailed dcri\'atiol1 of the enthalpy departure function using the Peng-

Robinson equation of state is gi\'cn clsc\\here (-I)

SELECTION OF AN EVALUATION METHOD

The advantages and shortcornings of the PR I:OS 101' enthalpy evaluation are

presented in this section. Complete Iiterature overviews of enthalpy prediction methods

can be found elsewhere (4.1-1).

9
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Adachi (15) compl ted a reasonably comprehensi\e study invoh'ing the

comparative 'apabililies of el ven cubic equations of tate for paraffins ranging. from

methane to decane, The PR EO (7) yielded lo\\'cr de\'iations for enthalpy departure

\'alue' than the chmidt and Wenzel. (16), oave-Redlich-Kwong (17) and Harmens and

Knapp (18) equations of state. The PR EO predictions \\'ere similar to th se of K.umar

and Starling (19). However. the equation of state 01" Adachi et al. (20) yielded best

enthnlpy departure prediction reo utt '

In 1984. Daubert (2) used the PR EOS for enthalpy departure predictions and

comparisons \vith select d enthalpy values in the GPA databank. The database has cen

much gro\\1h and maintenance since that time, Daubert's evaluation no 1 nger i.

comprehensive to all the systems in the GPA databank. Ho\vever. Daubert showed the

PR EOS predicted enthalpy departures very well for light hydrocarbons and gases. As

the molecular weight increased. the accuracy decreased. pecifically for pentanc and

heavier components

Although the equation sho\\~ limitations for hC~l\'i~'r hydrocarbons. thc PR LOS

still has several ad\'anlages (4)

• Capable of handling multiphase natural gas systems over a wide range of temperature

and pressure conditions.

• Generalized and applicable to l1lulticomponcnt systems with established mixing rules,

• Reasonably accurate with acceptable computational speed,

The shortcomings of the PR LOS are easily dealt \\'ith in the evaluation, The

pre ent work is more concerned \\ith the c!C\ialion or data r('!ative to data \\'ithin the same

\0
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system, The relatiye de\'iation between pOints becomes of greater importance than

\\'hether the PR EO can predict precisely enthalpy departur s yer a range of

The PR EO \\'as 1I ed in this study is as t"ollo\\'s (21):

temperatures and pressures.

(2.13)

(2.11 )

(2.12)
RT

b = O,07780-c
p,

( I<T)C
a, = 0.45724 '

p,

PENG-ROBINSO:\ EQUATION OF STATE

(1. \ 4)

m = 0.37464 + 1.54226{u - U.26992(J)~ (2.15)

The mixing rules employed are:

(I = "" "" - .,. (/. L~-,-, 1/

( j

(2.16)

b=''''':.:::h~i...J I I'/
(2.17)

{/=o"a (2.18 )

a = (u (I r' (1 - (" ')
1/ II II i '/ ,

(2,19)

II

....



-

1( )b - - h +-
1/ - -, /I hJl (2,20)

\\'herc e" is an adjustable. empirically-determined "hinary intcraction parameter" \\'hich

chara terizes the interaction bet\veen comp nent iand compl. nent j.

Enthalpy Departure Function for the PR EOS

The enthalpy departure function [H(T.p) - H(T.pO)] as applied to the PR EO IS:

with

o [( Tela)/ ] [\' -OA14h]H - H =Cl e a - '-- 2 _h In +- pI' - RT
dT I' +- 2..+ 14h

(2.21 )

(2,22)

To extend Equations (2.21) and (2.22) to multicomponent systems, mlXll1g rules are

applied, Using Equations (2,19) and (2.20). enthalpy departure equations for the PR EOS

are easily obtained.

[

r'II:::: v T_(ljl
o J=I,=1 I I' 'I \'-O,-l14h .

I/--J-! = In[-----]+P\,-R7
:2 2h \'+-2,-lI-lh

with

l -0.5111 T I,', - 0.5111 ,T II' 1
I ,., . rJy = {l '- - -----,----

'I 1/ T, (l +- 117 (I - Tn')) T (I +- 111 (I _TIJ
')) I

(I I rJ. t/ I rl I J

(2.23)

(2,24)

A detailed derivation lor the PR enthalpy departure has been outlined by Rastogi

(4)

12
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;\IODIFIED PARK-GASE;\J- J{OB1\ 0 . EQUATION OF STATE

Recently. Ro\\' (1'+) proposed a modification to the equati n of state pr posed by

Parl-: (3), The Park-Gasem-Robinson (PGR) ~quation \\'as based on th generalized van

der Waals partition function for chain-lil-:e molecule. The PGR equation of tale used an

e.'~pression for the free \'olul1le of hard sph res in the repulsive term and an augmented

generalized cubic equation of state attrJctive terms. A square-\\ell potential \-vas used to

dcscri be the attracti \e en rgy belween 'egments of mokculcs, Ro\\' modi tied the PGR to

pro\'ide simplicity and flexibility as well as more accurate prediction capability. he

modified PGR equation of state is

(2.25)

\vhere

F = 0) (~-) 1 ~ + 0), (,~I + r/). (~) ;, -r' (tJ (-~) "

, I 2'1' ' \ 2T)' 21" " 2T

and r = 0,7402, ~I = -L ~2 = 1.9. V r = \'/\*. T = J'lT*. am.! L:'-I' (1)1' u)" uJ,. and (Ill are

ul1i\'crsal constants.

The enthalpy lkparture function as applied to the P(jR FO,' is:

[ II dO) ]If - If' = RT 7. - 1-1 c,' -' n
\/ tiT,

where

13
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and

21', +/1

-+11' - /1=

IT] Q, I', - f3, r- - - -In ,--"--I

2 U, I'__ ,

l(da) =
dT

°1 (r J' : (r 'J 3(:); (r J'; ~- - + (v, - + -- -
1 2 2T - 2T :2 2T

T

( T'J=+2(u -
,I 2T

(Y + I) (2.30)

REQUIRED PURE FLUID PROPERTIES

Both the PR Jnd PGR EOSs require pure component propc:rties as input variahles

for the enthalpy departure model. Both equations use the critical temperature, 1;. critical

pressure, Pc' and acentric factoL (I), MoJecular \veiglJts of the substances are necessary

to report enthalpy departures on a unit mass basis. The PGR also required the

characteristic temperature, T*, and volume, v*, and the degrees of freedom parameters, c,

The pure Jluid \alues of 7:. ()" and (.) lIsed arc those giVl'll by Daubert (2),

I i()\\'c\CL the pure iluid properties for ci, -2-pcntL'IlC, clh~·lcycl()hc.'\ane. cis-c1ccalin, trans-

decalin. tetralin, and hexadecane \-\:ere taken from Reid d 31. (5). These values are IISlcd

JI1 'lab1c 1. The values ofT*. v* and c werc obtainecl from Row (14). and are listed in

table 2.

14
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Table 1.

Pure Fluid Critical Propertie U ed in Evaluations

1\0. Compound Formula Molecular Pressure Temp. Aecntl'ic

\Vcight (psia) (F)

i\:kthane CH~ 16.0·r 666.-1 -116.67 0.010-1
; Ethane C~H(, "' .070 706.5 89.91 0.0979J
~ Propane C;!-Ix 4-1.097 616.0 106.06 0.1 -2_J

4 iso-butane C)i l () 58.113 527.9 27-1A6 0.1 -J.L

) Butane C1H IO 58.]13 5506 305.62 0.1995
6 Isopentane C)-I,~ 72.150 490A 369.10 0.2280
7 Pentane CsH I1 72.150 488.6 385.8 0.2514

[leptane C7H I6 100.104 396.8 512.7 0.349-+
9 Octane CsH ,s 114.231 360.7 564.22 0."'977

10 Iso-octane CsH 1S 11-1.131 "' 72.-1 519.-16 0.3035
11 J-!e\.ad~cane C IfJJ-[;~ 226.4-18 205.7 830.9"' 0.7-120

]2 CycJohexane CuH,~ 8..+.161 590.8 5"'6.60 0.2096
13 Metlly Ieyclohexane C7HI~ 98.188 503.5 570.27 0.2"'5g
l4 Etlly1cyclohexane CSHI6 112.116 439..+ 636.50 0.2-130

15 Propene C,!-I6 42.08l 668.6 197.17 0.1356
16 cis-2-Pentene C,H II1 70.135 529.05 397.13 0.2400

17 Benzene C)l" 78.11-1 710A - -'1 'I; 0.2093))_._-

18 Toluene C-Hs 92.141 595.5 605.57 0.2633
19 Ethylbenzene CxlI 11I 106.167 52:).0 651.2<) 0.3027
20 Tetralin ClI1HI~ 132.10() 509. C

) 834.50 0.3030
21 cis-Dcca1in (II,H;, 138.254 -155.6 804.30 0.2300
;; trans-Decalin C1IIII 1X 138.254 -155.6 782.30 0.2700

I~ Cubon monoxide CO 2R.OI0 507.5 -220.43 0.0484_J

24 Carbon dioxidt: CO, 44.010 1071.0 87.91 0.2667
1- Hydrogen Sultide H,S 3-1.080 1300.0 212.45 0.0948-)

26 Sulfur dioxide SO, 6-1.060 1143.0 315.80 02548
27 Carbonyl SulJide COS 60.070 852.'17 215.33 0.0990

28 Hydrogen H, 2.0159 188.1 -399.90 -0.1202
29 ! itrogen N, 28.01"'-1 -193. ) -n2.51 0.0372
30 Water 1-1,0 18.0153 3198.8 705. J6 0.3443
3J Helium He 4.0026 32.99 --150.31 0.0000

15
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Table 2.

Pure Fluid Parameters for the Park-Casem-Robinson

Equation of State

1\0. Compound T* y* c

(K) (cmJ/mol)

Methane g1.217 20.413 1.0000
J Ethane 116.67 27809 1.34-9-.,

Propane 137.74 37.75'2 1.4821.)

9 Octane 180.89 79.4-+9 2.5204
12 CyclohexJ.nc 189.76 50.-+-+8 1.9383
17 Benzene 196.03 -+-+ 800 1.8007
18 Toluene 203.28 55.991 1.9281
22 trans- Decal in 207.06 12"7J 2.4176

16
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EQ{;.-\TIOi\' OF TATE SOFT\\'ARE

The enthalpy depo.rture models for the PR [OS \\-as incorporated into the 'GEO .,

program by Ra togi (~)_ GEO is therm dynamic solt\\'are package for calculating

\olul11etric. phase t:quilibriulll and calorimetric pr perties (22), The soft\\arc has the

capability to handle multip1' systems imultaneoush-, To yalidate the enthalpy

dep::lrtures generated by GEOS. Rastogi compared his results \\'ith similar pr dictions by

the ASPEN PLU ™ simulator. Gooel agreement was found betw en the enthalpy \'alues

reported by GEOS and ASPE PLU, TM, Some minor changes \vere mad to the input

and output of GEOS soft\\'are, Many te t cases were run to confirm the integrity or the

sofhvare_

The PGR EO was a1 0 incorporat d into GCOS for enthalpy departure data_

Comparing the result for methane produced by Ro\.'.' (]~) validated these data.

The program inputs needed to perform the enthalpy departure predictions and to

ma~e comparisons with the experimental cnthalpics included: I,he pure lluid critical

propenies. temperature. pressure. reed composition. c.\perimental enthalpy departures as

reported in the GPA database. and the Optil)(1 to calculate \'arm or liquid enthalpy In the

enthalpy departure predictions. the :-raw ability" of" the PR EOS was employed, 111 that,

the mi:\Jlw rules with no interaction pJramelcrs were used {(' = 0)- ~

17



CHAPTER III

METHODOLOGY OF El THALPY DATA SCREE I G

This chapter is contains an outline of th tools needed to interpret the results or

the e\'aluation completed on the Gas Proces ors As ociation (GPA) databank, '1'\\'0

example cases are also presented. The utilized tools are as 1'ollo\vs

• Direct checks of the conectness of the GPA enthalpy database. Typical ch cks are

titles of references. reference numbers. names of components and weight fractions.

although this list is not totally inclusive of all search criteria,

• ecessary screening cri teria for the equation of state evaluation of the database

• Graphical method to aid in the equation-of-state criteria.

The e:\ample cases are as follows:

• Liquid cycJohexan ,and

• Vapor benzene (0.406) + pentane (0.597)

DIRECT EVALUATIO OF ENTHALPY DEPARTURE DATA

Many item \\ere \'erifie I against the original references for e\'ery enthalpy data

set in the GPA database. Figure J sho\\'s an xample of the enthalpy data screens ln the

CPA database, The screen at the top of the page contains informatiun on the data set. ft

includes the composition or thl.' (lila. the reference for the data set. temperature and

18
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Figure 1. Example Enthalpy Departure Dat~l Screens from the CPA Database
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pressure range of thc data and the number of points. .-\11 this information C3n be

compared to the original source. The creen at the bottom of the page contains the

specific infomlation for each indivtdual point. All infornw.tton can be checked against

the original reference. except for the enthalpy departure \·alue.

'. e\eral errors \vere located during this process. lost errors \\'ere likely

typographical. Tables 3.4 and 5 outline the rrors found during the initinl direct heck of

the <.btabank to the original references All errors Ii ted in the follo\ving tables, which

\\ere possible to resolve, have been corrected in the datnbase.

DATA SCREENING USING EQUATIONS OF STATE

The GPA converted all the enthalpy data one of 1\\'0 reference state in order to

eliminate variation in the reponed data. In 1974, Cochran and Lenoir (23) devised

techniques for data conversion to two reference states (23): the ideal gas state at 0 K, and

the elemental states at 25°C. This helps make the data consistent: howcver, it makes

direct point-by-point checks of the enthalpy values with thc original rclerences almost

impossible. An equ8lion of state had to be empll)yed tn order to do a point-by-point

check. All references L1sed in the GP/\ enthalpy departure datahase arc listed in Appendix

A.

The Peng-Robillson enthalpy model \\as chosen for the evaluation. Reasons for

choosing this model \\ere discLl sed in Chapter 11. Approximately lifteen thousand single

phase data points \\ere screened. In order to screen the data. a list of criteria had to be

20



Tabl 3.

Errors Located During Direct Evaluation of Enthalpy Data for Pure Fluids

TO. Error

l. Th following
itation:

368
375

numbers w re found to ha'c no citati n assn iated

For the n-heptane sy tem:
Reference 556 is not corre t, change to 666.

ror the iso-Pentane ystem
Thi sy tem is actually n-Pentane

4. For the Methylcyclohcxanc sy tem
Reference 675 is incorrect.. The correct reference c uld nol be located.

ince this reteren e onl: contains t\\'(J data puints. the suggest d action is
to remove this syst m from th' database.
Refer nee 375 has no citation. The citation e uld not be located. Inee
this reference only contains one data poin. the suggested action is to
remove this sy tem from the database.

For reference 667:
Add the following boldface \Nord tn the titk

CPA cxperi nental Enthalpy Values ..

6. For reference 68"1:
hange the page number from pg. 461 to 476.

Correct the titl from Enthalpies to Enthalpy.

7. For reference 686:
Add the follo\ving boldface \-vords t the title:

Thermodynami' Properties or Pure IIyclr gen ulfiuc and
Mixtures Containing Hydrogen Sulfide \\'jlh Melhane....

g. For references 579. 580. 581. 584 and 663'
Change the -ource from "ProC'cdings of r\ PI" 10 "Proce dings - Di\'ision
of Refining". this i. the titk of the jOllrn~t1 and the American Petroleum
Institute (.-\.Pl) is the publisht:r

~l
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Table ~.

Errors Located During Direct Evaluation of Enthalpy Data for Binary ixtur

No. Error

1. Reference 368 has no associated citation in the databa e.

') For the Methane + Propane system:
Referenc 666 and 680 ne d to b chang d to 667
Reference 368 has no citation. This ystem contains only one data point,
the suggested action is to remove it from the database.

3. In the following systems, iso-Pentane should be changed to n-Pentane
iso-Pentane + Cyclohexane
iso-Pentane + trans-Decalin
iso-Pentane + 1,2,3.4-Tetrahydronaphthalene
iso-Pentane + Benzene
iso-Pentane + n-Hexadecane
iso-Pentane + n-Octane
iso-Pentane + cis-2-Pentene

4. For the iso-Pentane + Cyclohexane sy t m:
Reference 673 is not correct, change to 677

5. For the Propane + n- Pentane system
Chang n-Pentane to iso-Pentane

6. ror the Methane + iso-Butene system:
Reference 670 is incorr ct. The correct reference was nol located. Since
the system contains only two data points. the suggested action is to remove
it from the database

7. The following references could not h checked
For the Methane + Propane system

370
For the Ethane + Propane system:

671



-

Table 5.

Errors Located Durinu Direct Evaluation of Enthalpy
Data for Multicomponent fixtures

o. Error

1. For the iso-Pentane + Cyclohe:\ane + Benzene system:
Change i o-Pentane to n-Pentan
Reference 684 is incorrect. change to 683

') The following references have not been verified:
For the Methane + thane + Propane system:

-74

671
For the iso-Pentane Cyclohe:\ane + Benzene sy tem:

665 - Private Communication
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de\elopcd. The criteria had to identify data points \\host' differ ~nces between reported

and prl' lieted deviation were larger than expected within a data set. Table 6 shows the

criteria de\"t~loped by Rastogi (...q and used in this e\·aluation.

When using an equation of tate to pI' dict enthalpy. the research r needs to be

a\vare of some potential pitfalls. p cial attention ne dl'J to be paid at the ritical point.

near the pha e envelope and at areas in hi:=>h temperature and high pressure. This \...-ork

typically saw large deviations in those ar as. Without reliable predi tions. the data could

only be flagged. No detennination could be made \\'hether this data were outliers or good

data. The data distribution is important to help better identit\ these art:as where the

equation of state has potential problems.

GRAPHICAL EVALUATION OF ENTHALPY DEPARTURE DATA

The graphical method of evaluating the deviation of the enth:.llpy data complements the

equation or state screening. By presenting the data on graphs. trends where the equation

of state may b failing were easier to identify. Data l1e~lr the phase envelope became

clear. as \\'cll as data near the criticai paim. All the prohlem areas where pitfalls may

exist became clear. thus helping in imerpretatioll of the equation-of-statc rredictiolJs.

Developmcnt of the threc-dimen iona! enthalpy c1c\iatiull grarh is discLlssed in detail ill

Chapter IV.

After applying all three tools. a good intcrprdatillll of the <lccmacy of the d<l!a can

be accomplished. HO\\C\Tf. the analy.'is is still an intcrpretation. This rcquires placing

suspect data into t\\O categories: fbggcd data and (lutlicr:--.

24



No.

1.

Table 6.

Criteria Used for the Equation of State Data Screening

Criteria

Data-entry errors not noted by inspection.

Data points exhibiting deviations in calculalL'd enthalpy departure values that
arc greater [han tv,,'ice the root-mean-squared error (Rl\[SE) lor the entire data
set. Near-critical data pOInts were gi\'en special attention

Data points showing an abrupt change in the deyiatillil sign.

Data values sho\\'ing gross systematic error: these are identified by the
disagreement in the deviations among reported data sc:ts tor the same system
at identical or similar conditions.
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The nagged data ar~ points initially identitied by th four crit ria listed in Table 6.

If the data happens to be in a region identified a a pitfall for the equation of state. then

\\heth~r the data is correct or not may not be able 10 b> determined. AI. a groups of data

identilied by the criteria which sho\\ a progressive trend in de\'iation also \\ill need to

remain Oagged,

Outliers are data identified by the four criteria that clearly exhibit j) break from the

nonn for the system. Any points with over three times the root-mean-square-error are

candidates for outliers. Also. singular data points showing a Jarg . abrupt change in

deviation sign \vithin an isotherm or isobar are also good candidates for Olltliers.

Examples of the methodology described above are covered in the next section,

EXAMPLES OF ENTHALPY DATA SCREENl TC METHODOLOGY

'I\vo cases \vere selected for examples: 1) liquid cyclohexane and 2) vapor

benzene + pentane \vith mole fractions of 0.400 and 0.:')C)..j.. resrectivcly, These \\\()

systems \\ere selected because they show distinctly 1110 't or the pitlalls encountered when

using an equation-c f- 't'Lte evaluation.

Liquid Cyclohcxane

The first step in screening the data is to perform a direct comparison of the system

with the original reference No errors \vere found \\hcn the: liquid cyclohexanc system

\Vas checKL'd against the original references for the items 011 the 1\1,.'0 data screens sh(mn

in Figlll'e I.
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The second step is to perform the equation-of-state c\aluation. The output from

this evaluation is shown in Table 7. To facilitate an evaluation. th data are sorted by

reference. then pressure and lastly by temp'rature. The data record column corresponds

to the data label number gi\' n each record in the;; GP database.

[n order to evaluate the data set. some b nchmarks are needed. The root-mean-

quare-error (RJ\1SE) for the liquid cyclohexane system is 3.0 BTU/lb. Any data point

e:\cecding t\\0 times the RMS E \vill be tlagged for further inspection.

The bolded points in Table 7 \\ere marked as flagged data or outliers. Data record

56 at 181°F and 15.40 p ia for reference 584 sho\\'5 a deviation ( f -4.7 BTU/lb. This is

\vithin 2xRMSE, but shows an abrupt change in deviation sign from all the other points at

the 154 psia isobar. Its deviation is 6 BTUllb from the nearest point in the isobar. clearly

sho\ving this point is a potential outlier. A few data points sho\v deviation of greater than

2xRMSE. These data records include 54. 150. 148 and 78 lor reference 584 and data

records 6. 20. 27. 134 and 150 for r ference 677. Of these. onlv record 78 at 512.l or and

100un psia exceeds 3xRMSE with :l deviation of 10.7 BI'll/lb. making it a potenti:ll

outl ier

The third stage of the evaluation is to plot the deviations of the data records as

functions of to temperature and pressure. figur..::2 sho\\'s this de\'iation plot. The

uevelupment of this figure is disclIssed in detail in Ch:lpter IV.

The figure reveals the true situations of the data in qucstion. Point 56 at 181°F

and 15.-t0 psia is represented as the bluc data point on figure 2. Not only docs no other

data point in the 15.4 psia isobar show negati\e deviation. no point below 240°F at all
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Table 7.

Output for Peng-Robin on Equation of tat f r Enthalpy
Data of Liquid yclohexane
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Table 7. (Continued)

Output for Peng-Robinson Equation of 'tate for Enthalpy
Data of Liquid Cyclohexane
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1 .000
1 .O()O
1. 000
1 . 000
j • (jl) I)

1 . ,) (J 0
] .non
L . r) (I i)

L . (I (j (l

1 . :; I) ()

1. ()(;(j

1. ')(JO
1 . ') 'j CJ
1. (j 'I (;

1.000
] . Ji) (I

1.000
1.000

_., I

· ,-1 rj

.83
-? . ~2

:lb
· '-,-I

· ',1

-)

1 . 51
- 1 . g oj

.llil
- 7

.06
-.08

-1.07
-1. Fi 11

•. ')-5
.57

I .55
-9.40

1.65
-1 .2 'i
-2.00
-2.21

.55
-~4

.26
1.00
1. 1 1
2.22
1.S0

.81

.72

.dry

.82

- . ~ ~~

- . ~) -i
-2 . ..j i

-'6.53
-'9.19

-6.37

-7.66
-10.10

2.314~

- . -"']-';

-1. 63-19
, . SOi)]

- I j?) r_~

6.5695

7.5107
9.3229
., . -;;'.;:.
6.3834
8.7337

~ , 1 .
4- • 1 ...-,

: J ~ -
• 'J"'; _

- I tj ~ -.

L . -/ :;,r)-'

- . " j ~ .

.... ,.1.. l

-1.1233
- 2. ,) 07 j

-:'.9157
-:'./719
10.7038
-1.7791

1.3353
2.)72 3
3. -1299

.6233
- 3596

-1.292'
-1.3605
-2.5385
-1.608i3
-1.1052

-.9634
-1.2.909
-1.0920

- '. -{oJ?

-. n L:'
. () 7 ,j ~

-I':.J,)"J

,775:'

-90.5893
-82.9771

-91.3166
-86.2663

-U6.2:':'6
-134.23:0

-11-1 . 703~
-109.73";:;'
-lC4.093i

-96.59-13
-136.6233
-130.4079
-123.6157
-115.8718
-103.1962
-109.6791
-105.'36-17
-101.7277
-152.0701
-1,,6.9851
-141.6767
-136.15%
-130.1927
-123.8605
-116.8385
-108.7088
-137.2052
-134.3614
-137.1909
-134.3920
-131.43'1<-
-128.2712
-124.82 6
-]21.508S
-117.4241
-112.6P82
-lJ7.1r,-'~

-134.4200
-131.5879
-128.5029

-121.90E::]
-113.0633
<13.7187
-:'03.5";93
-:'01. ,E '~2

.- 96.6305

-98.1000
-92.3000

-~:~3.900G

-:':'~.OOOJ

-~C'3. :'000
-1)6.000 ')

-0;'.500 ')
-135.5000
-128.4000
-121.7000
-1 U 1000
-113.9000
-107.9000
-107.2000
-103.8000
-155.5000
-149.3000
-142.3000
-135.8000
-129.9000
-122.5000
-114.3000
-107.1000
-136.1000
-133.4000
-136.0000
-133.3000
-130.6000
-121.8000
-124.9000
-121.6000
-1:'8.7000
-114. soar]
-13::.8000
-133.1000
-130.4000
-127.5000
-12";.7000
-12:' . S fj 0 (j

-11'3.700r)
-114.3000
-111.3')00
-100.5GO(J
-103.2000

-97.7000
-95.0000

-::l::'. -1'JOO
-,-;2. 0'),)

.J 00 .J)

400.0]
.J)"1.00
4J r).CC
4 {) lj . C) Ij

.J CJ. 0 ')
. f) 0 . Of)

400.00
.; GC, . (, CJ

500.00

700.00
700.00
E:J. C j
:1:~1 J~

588.00
588.00

~(;C'. ,'0]
800.00
800.00
=Joe.co

1000.00
1000.CO
1000.00
1000.00
1000.00
2.200.00
:'200.00
:'200.00
1400.00
1-100.00
1400.00
1.00.00
1400.00
1400.00
1400.00
1400.00

100.00
100.00
200.00
200.00
21~O.O)

200.00
200.00
300.00
3::JC.OO
300.00

~.; J .7')

~-:3.50

: 2 -; JCi

3'0.00
3~J.~O

30S.30
";-';7 30
512.10

.. r
~j ••

:;)P. I)

:;-~ "- . 2 I)

15:'.70
2 i)l .. 'J
2:::'0. d')
300.00
3)0.00
399.10
~48.;j0

.jCjC,.50

300.00
320.00
3)0.00
320.00
3 -; (;. 10
3Gri.00
3,-'0. no
J '-10. -I'~l

.j'-'O. ~'O

-po.'')

3.~Cl.'~I(J

=: ~ (: . [~I (I

>~I). ()i)

:; ... (, . (G
~ -: C; . r, 0
.: _~ C. ~ 0
:: .~ " . :- 0

530.00
540.00
3 '1: . ':"J

500.00
~. ) -:; . ': ~

520.00
530.00

,
...i.. 1.-:

20
27

;:;7
.),

6

- ,
- >

78

~r

·c

96

:13
112
109
lJ3
107

1 () 5
12.6
183

'97

134
150
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Table 7. ( ontinued)

Output for Peng-Robinson Equation of State for Enthalpy
Data of Liquid Cyclohe:xanc

:1 :;'.L:
\3TU/L~;

. 'I
L .'"

7'
77

6r
6'7'1
677
677
677
677
67/
677
677
6n
6n
677
677
6n
67/

77
6n

77
677
677
6n
6n

77
-n
n

'n
7'1

en

1.JOD
1. 000
1.000
1.000
1 .000
1. 000
1.000
1.000
1.000
1.000
1.000
l. 000
1.000
1.000
1 .000
:.000
l . 000
::'.000
1.000
:'.000
1.000
l.OOO
1.000
1.000
1.000
] . 000
1.000
1. 000
1 .OUO
1.00D

1. S3
_. =: i:i

1.01
1 1-1

.55

.20

L . ,1 1
'Id

-.{J~

-. ,12
-.,:,2

..,~

.'

-2.88
-4.26
-5.64

13
- 33

-1.68
-2.82

1 .01
1 . 3i)
1 .5
1.10
1. 84
2. 13
2.01
2.62
/' 1 4

: •~ J (

~ - - - -_ . : 'J ...l ..,

- _ :J; I

r r , ~, ,

-2.2·336

-_.12/~)

IHiS
3391

1.63'7-3
2.7352

-_ 3:.~·:

-1 197.2
-1 .:'1-::-
-.61' .j

-.21 r'
1 ')3:JJ
2 . ::, 'J 1 .;
,1 . 21 g~

-2.6391
-2.::'853
-3.0135

-2.02()=,
-2.G-1C~

-13::' 6765
-128.9':;15
-126.C'6:-':;
-123.03:'-:
-119.7922
-1l6.3::'03
-112.51/-1
-108.3_77
-103.5620
-97.9 86
-94.7812
-91.155-1

-105.858-1
-101.3609

-98.9122
-96.30-18

-:36.1596
-:'33.3225
-131.4205
-128. 946~
-126.3886
-123.7391
-120.98:,3
-118.1135
-115.1081
-111.9515
-108.6234
-105.1016
-103.2608
-101 Y2C,

-_::".OOJ-:;
<2~ 5('OJ

<18.6000
<::'5.0000
- ::;000

-108.1000
-10'; 6000
-100.9000

-9 .0000
-96.6000

-106.0000
-101.7000
-100.6000
-99.1000

-134.8000
-132.1000
-129.4000
-126.3000
-12~.1000

-121.1000
-113.6000
-115.1000
-112.7000
-110.4000
-108.0000
-105.2('00
-103.7000
-102.2000

:. 'l,~ - .....__' J, I,,)

800. ~O

s -;:~ .

1-100.00

300.0J
3::;C. C,)

:lJO.CJ
'JOO.OO
3)O.C('
30C.c)G
300.00
300.00

:ODO.OO
1000.00
1000.00
1000.00
1.:) UO. OU
::'-100.00
1400.00
l..JOJ.e')
1400.00
1400.00
l-lOO.OO
1400.00
11:'C. ("j

L~OO.'::!j

:>JCJC.OtJ
: ,; I.J. 'J)

~ .: IJ . :I:}
J Q() )0

3CC.ClJ
32 C. i~ ()

S2C . '.:)

42'~~.OO

"\ ~).J

:, J'~ ..J)

':30.1:'0
:,.: .:•. (ItJ

S j .~.. I~ 0
5;?:;.00
5:~(.()CJ

5,1 c. 00

34~.00

:) ') ( . ;; I)

':._ I')

- '.' .',)
c.;, . I~ 'j

:>'3 (; . :):)
400.00
42(..00

-, , ~

-1-; _' J

lOS

1 -

154
: 6~
1 ,5~

l~, J

1 3 1
13')

i-51
lEe
15:;
:19
1'1
:~9

11~

1 'J 9
1 )~

107
1 ') .'

l03
:'..16
125
1:)2

=~ -, .: ,', [; -, ~ , ~ ) .OOOOOE-+GO
.OOOOOE+OO
.OOOOOE-+OO

o(j 0 C! a~~ + (, (,
000 jOE:-7(J(J

I] 00 GCJ E: -+ 'J I !

:-:~: :?, ~.. J.:·.K

_.(,~::,,:, :'':'fJ/10 .::_"'.D
" _ J'j

:. t"".' :. . '36
US
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pressures for the data sho\\' negati\'C' de\iation. Clearly. data record 56 for ref rence 58-1-

is an outl ier

i\exl. look at the data records e\:ceeding ~"Rt-.'ISE. cxcluding data record 78 for

no\\". These data point are in green on Figure 2. [\'en though these data exceed

2/R\lSE. a definite trend in deviation can be seen as the data goes to high temperature

ZInd 11.)\\' pressure for this data set. This rise in deviation is probably caused from

limitations in the equation of tate. \vhich gives poor predictions in the critic,,1 region

(T" ::: 5-1-0' F. p" :::: 590 p ia for cyclohex.an ). Unfortunately. they al '0 may be caused by

a systematic ('nor in the experimental data. '0 conclusions 1'01' these data are made and

the data remain nagged.

Finally. look at point 78 at 512.1°F and lOOO.O psia. This point shows deviation

exceeding J,< RMSE. j a other data point along the 1000.0 psi::l isobar shows deviations

exceedinl! :2xRMSE Even though ome data in the same tempcfatun:: r"nge exceeds

:2 <Rt'd. '1-. the pressure must drop 300 psia before thl'se points are re<lched. This J<lta

point GII1 hl' quid;!y identilied as nn outlier

Vapor Benzcne(O ...W6) + Pentane(0.59-l)

:\gain. the c\'aluation begins \\ ith a direct comrarisllll or the syslt:m to the

original rererl'nce. The.' system \\as originally round to he illcorrtTl. ,\s listcJ ill Table 4.

the system \\JS originally identified as isopcntanc. \Vhen the rt:kn:llcc \\as checked. It

\\'as round this datJ \\as actually for benzene + penlane No other errors \\cre Il)lInci

31



r

@
;::J 00
Ii) co

g -[)
It)

... ...
.~

.~ <:to I<:t
C::l

~Q)

~
('l

c>
B- e>

C::l
~

~ ~
G,

~
<1:

I..)

~ l'
~

-;:"~

%
~

, -:& '%

""'% '1:£,%"<e.
"" b""

... :

-

.,p~

f:::" Reference 584, projection
o Reference 677, projection

.... Deviation,

., • Flagged, Criteria 2
• Outlier, Criteria 2
• Outlier, Criteria 3

,

Figure 2. Enthalpy Departure Deviations for Liquid Cyclohexane,

Generated by the Peng-Robinson Equation of State
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Ne':t the equation-of-state evaluation is performed. The output from this

e\'aluation is sho\vTI in Table 8. The data are sorted by reference. then pressure and lastly

by temperature as for liquid c)'clohe.\anc. The data record column correspond' to the

data label number given each record in the GPA database.

rn order to evaluate the data set some benchmarks are needed. The root-mean-

square-error (RMSE) for the liquid cyciohexane system is 7,0 BTU/lb. Any daw point

exceeding two times the RMSE will be flagged.

The bolded points in Table 8 were marked as flagged data or outliers. Data

records 129 for reference 584. along with data records 97.69.70.71. 72,173 and 174 for

reference 681 all show deviations over 2xRMSE. Data record 73. 74, 85. 86, 168 and

177 for reference 681 all show deviations exceeding 3xRMSE. All these data records are

flagged and need to be checked graphically to see if any should be considered outlier.

Figure 3 shows this deviation plot.

The figure re eals all the data points 111 question reside in the same area or

temperature and pressure. These data points are shown in green on Figure 3. A deviation

trend can be easily seen on this plot. Looking at the entire data set, the lower hound or

the data seems to be following along a phase envelope. The cqLlation or stale may be

predicting the phase change from vapor to two-phase a litlle early. Or, the samples may

have heen tlashing. during data collc-ction. Vapor-liquid-equilibrium data would help

clarify the pha. e envelope location. With the data being at what may be the top of the

..,~

.J.J

-



Table 8.

Output for Peng-Robinson Equation of tate for nthalpy
Data of Vapor Benzene(OA06) + Pentane(O.59~)

D.~.T,:I. TEfvJ? PRr:SS :-::L) H CALC DEV ~DEV LIN ?-EF
(F) ( PSIA) (3':'U/:'3j (3:U/L3) (BTU/LB}

22 ~59.80 700.:;0 -·8.6062 -78.2250 10.3812 -11.72 .000 S81
21 <164.30 700.JO -85.190~ -76.3253 3 3647 -10.41 .000 581
23 -169.60 700. ,:0 -7~.609~ -73.6321 5.9770 -7.51 .000 581
, - nS.10 700.:J -67.9546 -65.4016 2.5530 -3.76 .000 581"'..,
70 205.50 25.00 -3.7409 -2.0613 1.0796 -..J 4.90 .000 584
69 2.19.30 25.2J -5.9142 -1.8650 L 0492 -6:3.47 .000 584
68 301.40 25.00 -7.7920 -1.6676 6 124..J -78.60 .000 584
6-: 3-19.50 25.CO -6.-1j53 -1.5126 4 . 9832 -76.71 .000 584
66 39'3.50 25.0J -7.3899 -1.3760 6.5139 -82.56 .000 584
6,; 448.00 25.00 -4.9954 -1.2557 3.7397 -74.86 .000 584
63 499.310 25.00 -7.4490 -1.1452 6.3038 -84.63 .000 584
57 548.60 25.00 -7.0012 -1.0536 5.9476 -34.95 .000 584
62 598.20 25.00 -7.7283 -.9705 6.7578 -87.44 .000 58 L]

71 648.00 25.00 -6.1316 -.8958 5.2358 -35.39 .000 584
61 692.90 2S.00 -4.3230 -.8348 3.4882 -30.69 .000 584
10 66.30 200.00 -20.1367 -13.6716 6.4651 -32.11 .000 584
16 386.50 200.00 -20.1914 -12.9138 7.2776 -36.04 .000 584
25 402.40 200.00 -21.4534 -12.3755 .0779 -42.31 .000 584
14 449.40 200.00 -19.3291 -11.0221 8.8070 -44.41 .000 584
13 SOO.70 200.00 -19.3855 -9.8303 9.5552 -49.29 .000 584
31 547.20 200.00 -16.6099 -8.9324 7.6775 -46.22 .000 584
11 596.90 200.00 -17.5684 -8.1144 9.4540 -53.81 .000 584
36 401.00 300.00 -27.3479 -20.7402 6.6077 -24.16 .000 584
35 403.80 300.00 -26.1597 -20.5305 5.6292 -21.52 .000 584 C'34 408.00 300.00 -26.4839 -20.2306 6.2533 -:' j. 61 .000 584

=~15 449.20 300.00 -23.4243 -17.7677 5.6566 -.' ~ . 15 .000 'J84 ~'
32 501.00 300.00 -23.8494 -15.4785 8.370' -)5.10 .000 584

~49 550.20 300. e'o -~3 . .j060 -13.7990 C).6070 -·;1.05 .000 584
53 424.60 400.GO -33.1541 -29.0119 4.1422 -12.49 .000 S8il C
52 450.30 400. CO -31.9014 -25.9398 5.9616 -18.69 .000 'J84
51 500.S0 400.~O -27.2764 -21.90 3 ').372 ] -19.69 .000 S84
42 54 (3. SO 400.00 -26.6445 -19.2123 7.022 -,'7.89 .000 584
50 S97.30 400.(10 -25.70:9 -17.1043 3.5976 -33.45 .000 584

5 Li46.60 500.CJ -43.7625 -38.5038 5.2S87 -12.02 .000 'J84
4 -152.00 500.GO --14.6941 -37.0826 7.6115 -1'/ . 03 .000 534
2 n3.00 500.CJ -4Q.I006 -32.2471 7.8535 -19.58 .01)0 584

41 49 7 .80 500.::0 -33.60~0 -29.6966 3.907<1 -11.63 .000 584
93 474.10 600.00 -.JS.:L18 -45.9073 -.0955 .21 .000 584
94 n J 50 600.:::'J -42. j058 -43.9475 - i . 007 7- . 4 .J .000 584
87 -198. ,; 0 600. 'JJ -33.1311 -39.0397 - . 9086 2.38 .OOG 584
38 548.40 600.f~0 -30.4878 -31.6205 -l.1327 3.72 .000 S84
74 595.90 6JO.(;'J -27.9344 -27.2979 .6865 -2.45 .000 584
96 649.60 600.CO -25.8987 -23.7808 2.1179 .. d . 18 .000 584
95 692.20 6,JO. e.O -2S.'8889 -21.5913 3.4976 -.3.94 .001) 584
89 432.10 660.CO -52.0037 -47.4902 -1. SJ3S -;.68 .000 S84

119 <191.50 560.CG -47.6809 -48.5501 -.;j69;~ 1. 82 .000 584
90 :;)2. 7 0 60C} . ,:.,) -43.5779 -44.7955 -:'.2176 2.79 .000 584
96 550. -10 660.(:0 -36.1189 -35.6162 .5027 -1.39 .000 584

129 481.20 800.00 -84.5193 -67.4228 17.0965 -20.23 .000 584
:23 .; :J 1 . 3C :31_<, . '_ j -·7~.o~33 -64.~~C7 10.::'2':; <3.66 .Ot)t) :'3';
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Table 8. (Continued)

Output for Pcng-Robinson Equation of tate for Enthalpy
Data of Vapor Benzene(OA06) + Pentane(O.594)

n'''i'''' Ts~"';? ??::ss f-:(L) H c.:;:..c ::;:: 'J 'o"v i.../:-.I REt'U.-. ~ .-.

,-, :P3F·.) (3Tli/L3) (BTU/L3) (BTU/LB)\ r I

::'2' ~0~.3C
:>lif' 1"'""1 -67.36/2 -62.016-1 ).350'3 _7 .. .j .000 53,)..J J.J • _ ~

126 5 ~ :.. 3 I) 800.0) -56.5367 -55.6102 .~765 -1.73 .000 58.J
12 ;) :-5CI.)j 3')0.':'0 --11.-1927 -46.552') · 0l-107 -1.98 .000 584
1 " ~ S9~·. -;r:i 3)0 ..}J -39.6206 -38.2'; 3;: ~.37c3 -3.';7 .000 584_LL

sa 480.3) ~OOD.OC -90.5359 -78.7705 ~~. 7OS~ -13.00 .000 584
9'~ 5..1 3 . 60 ~OOO.OO -62.8013 -62.9621 - . 160B .26 .000 584

~J) 593.71J 1000.)0 --19.9204 -49.8872 .)332 -.07 .000 584
:::'J1- 6.c3.:30 1000.00 --14.0149 -41.9533 ~.Q616 - 4 .68 .000 584
1.12 6S.2.20 1000.00 -39.6890 -37.1061 ~.S829 -6.51 .000 584
109 5G1.20 1400.00 -92.358t; -87. ];42 5.0142 -5.43 .000 584
llD 549.~0 1400.00 -80.0532 -79.803? .2500 - . 31 .000 584
~1~ 593.';0 14(JO.00 -69.3452 -68.4698 .8754 -l .26 .000 584
:'16 649.20 141)0.00 -59.2566 -57.9371 1.26 5 -2. 14 .000 584
1:'.. 3 693.90 141)0.00 -53.9438 -50.9319 3.01: -5.58 .000 584

4 ~ 3~Q.OO 200.00 -16.3000 -14.8173 1.4827 -9.10 .000 681
43 360.00 200.00 -15.5000 -13.9279 1.5721 -10.14 .000 681
<i2 380.:)0 200.00 -14.5000 -13.1478 1.3522 -9.33 .000 681
34 400.00 200.00 -13.1000 -12.4539 .6461 -4.93 .000 681
40 410.00 200.00 -12.9000 -12.1367 .7633 -5.92 .000 riSl
49 UO.OO 200.00 -12.6000 -11.8336 .7664 -6.08 .000 681
38 430.00 200.00 -12.0000 -11.5450 · ~ 5SO -3.79 .000 681
37 440.00 200.00 -11.5000 -11.2697 .2303 -2.00 .000 681

6 450.00 200.00 -l1.2000 -11.0067 .1933 -1.73 .000 681

"55 460.00 200.00 -10.7000 -10.75-19 -. )5.;:1 .51 .000 681 C'
20 ';70. i)0 2')C. CO -10.2000 -10.5135 - . 31 35 3.07 .000 681 I

1

39 481) . )1) 200.GO - 000 -10.2818 -. 3'H~ 3.86 .000 681
3S 4 9CI . )0 2,)0.OC -9.5000 -10.0592 -.r)r)'12 5.89 .000 f) 8 1

~oJ 1 SOC .00 200.00 -9.4000 -9.8450 - ..; ·15'; 4.'13 O()O fi 8 1
6~ 520.nO 200.08 -7.9000 -9.43% -1.~)396 19.49 .000 681
6-1 540. ::0 2')0.')0 -7.5000 -9.0621 -~.",(,?l L{).83 .000 681
63 " o. r~;l 200.'-)0 -6.7000 -8.7097 -2. FJj2 29.99 .000 681~

62 ,)8G. )0 2 1)0.00 -6.0000 -8.378·1 -2.3734 39.64 .000 681
61 60(i. rJIj 200.no -5.5000 -8.067'; -1..;)>')7-1 ..j 6. ;';8 .000 G81
6·) 620.':;0 2'JC. 0 -S.2000 -7.7743 -;.. 574 '19.51 .000 '181
59 640.)0 20G . 0 -5.2000 -7.4j74 -2.2'=174 44.18 . (WO 81
5 I) 660. ),=, 2') (j . 0 -4.9000 -7.2353 -L.3353 ,;"7.')6 .01)1) 81
5·; GSG. ')C' 200. 0 -4.3000 -6.9363 -.!..0d6-3 62.4 a .01)0 681
'6 70C.')::: 21)0. 0 -4.0000 -6.7508 '-:2.750::: 63.77 .000 "'81
:' ? 380. JG 3')0. 0 -23.3000 -22.5019 .7jfL - 3.43 .000 fi81
Jl '1 iJC . ':,c. 3')0. 0 -21.3000 -20.3156 -1 ~ , .' -2.27 .000 681· •.J .... -.:

co '. ~ 1() . ,j C, 3%. J -2().9000 -20.0917 · .-j r~ 83 --1. ;:7 .000 681-'~

2~ 420 . 'F, 3')0. (; -20.3000 -19.4311 .8689 -~ , 28 .000 riBl
1 j 430. ):J 380. 0 -19.4000 -18.8213 .'j'87 -i. ?-:3 .000 68]
] ~ -140. Jj 3)(. 0 -1:3.6000 -18.25:'2 · 3..1 4-3 3S .0 ()O 681
13 450.0(, ])0. (j -13.0001) -17.72o~ .2 7 36 -1. =,2 .000 681
1 ~ 46(J.,jr, 3')0. 1-:; -17.2000 -17.232:'> - . ;) 325 19 . IJ i) I) c~81

} I;) .J7D.,)1) 3')C. ~ -:6.5;OG -16.7671 -.2671 1 G2 .000 ,,81
10 .J3 '} . (.I (I 3 J f~, • C -15.9')00 -16.3279 - 27j 2.h9 .OOG 681

:' _; "J r, , -1(' 3 J =. ~; -is.OOO-:: -l5.91.l9 ~-:'j 6.08 .0)1) ,,81
3 :-,1"; II

. 3·E. ,
- l,j;;; . c - ,.- . - , - ~ . .O)tj 63:~ - .. - _...J • :, ~ CJ:J _ 0 -1 I.
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Table 8. (Continued)

Output for Peng-Robinson Equation of tate for Enthalpy
Data of Vapor Benzene(O.406) + Pentane(0.594)

REF

.000 681

.000 681

.000 681

.000 681

.000 681

.000 681

.000 681

.000 681

.000 681

.000 681

.000 681

.000 681

.000 681

.000 681

.000 681

.000 68)

.000 681

.000 681

.000 681

.000 681

.000 681

.000 681

.000 681

.000 681

.000 81

.000 681

.0(10 681

.000 681

. OOC' 681

.000 681

.ana 681

.0('0 681

.U00 681

.(JOO G8J

.Oeil) 681

.ourj 681

.0(,0 681

.000 681

.00(j 681

.0ClO 81

.000 681

.0(jO 681

.Ou(j 68:

.000 681

.OGO 681

. -]I)(j 681

.GOO 68l

.oeo 631
<Jf.CJ 63;

L l

_Q.~L2

~ 6.68

,. DE'.'

,~ --.
_L.

29. 3~'

116. OS
-1.48
-4.20
- 3.18
-2.36
-1.63

. 44
3.16
5.63
9.25

12.50
16.37
16.88
21.23
27.10
37 . ~ 0
40.26
47. J 3
5: . 22
5'j. 26
::, 9. 1 1
-1.84
-1.87

.05
1 .80
3.76
6.34
8 .. 7

8.35
Si.05

13.98
17.93
n.~6

2'1.75
-J.39
-1.4 C

1.76
3.69
6.54
-; . 1 'j

-5.5;)

-i6~2

-,; .2 J
.F!

-2.J:::5S
-2.01'9
-2.'10:'9
-2.939(1
-3.9140

.4721
1.3023

.9288

.6538

.4299
- . 1') 90
-. '7397

-1.2443
-1.9142
-2.4369
-2.9145
-2.8354
-3.2692
-3.7946
-4.6009
-4.6704
-0;.9961
-5.0704
-5.3875
- 5 . 1 :: ~ ,1

.76"..2

.717.)
-.018<1
- .5.2 '1

-l.lSW'
-J.8210
- L . '~!, 8 F;
-L. 2/'1-,'
-2.~~~..Jl

-2. r -;'1 b

- ~ . 495·1
-4.1:"JJ
-4.SI-2:,

13.5F~jj

2.412j

1.76t:8
.6:;: .;

-.·iVH:
-1.36' :'
-2.LJ');
-2.3:'0c'

2 .0f? 6:

;; C.l\LC
(3TU/L3)

-.~ J . 7: ::, 7

-14.7858
-14.1179
-13.5049
-12.9390
-12.4140
-31.4279
-29.6977
-28.2712
-27.0462
-25.9701
-25.0090
-24.1397
-23.3443
-22.6142
-21.9369
-20.7145
-19.6354
-18.6692
-17.7946
-17.0009
-16.270~

-15.5961
-14.9704
-14.3875
-13.8424
-40.6388
-37.5827
-35.3184
-33.4924
-31.9585
-30. 270
-29.4486
-27.4297
-25.736:
-24.2776
-22.9957
-21.8531
-20.8225
-50.3332
-44.46%
-4-~.009E

-38.4695
-36.4367
-J.:J. /308
-52.8139
-O.59d2
-69.1167
-54.5877
-';7.7105

r ::)

-12. :000
-12.1000
-11.0000
-l-J.()C~OO

-3.5000
-31.9000
-31.0000
-29.2000
-27 .7000
-26.4000
-24.9000
-23.4000
-22.1000
-20.7000
-19.5000
-17.8000
-16.8000
-15.4000
-14.0000
-12.4000
-11.6000
-10.6000

-9.9000
-9.0000
-8.7000

-41.4000
-3'3.3000
-35.3000
-32.9000
-30.'3000
-2::; .3000
-2-;.1000
-2~,. 2000
-2;.6000
-2).3000
-:3.5000
-1".7000
-16.3000
-5.(.1000
-4j.)OOCJ
-~(J. ::'JO(;
-37.1000
-3';.2000
-32 . .JCOU
- 5:' . 3(,0 1...

-C;·.1GO(;
-32.7000
:-" COO

-~I. CO]6 CJ. (I.J
(j ~).,..~,

30 C.0':
300.0C
300.0C
3J0.W
300.00
400.0C
400.00
400.00
400.00
400.00
400.00
400.00
400.00
400.00
400.00
400.00
400.00
400.00
400.00
400.00
400.00
400.00
400.00
400.00
400.00
500.00
500.00
500.00
500.00
500.00
500.0C!
5:)0.00
S00.CO
500.0G
500.GO
500. G':)

50C.00
500.CO
560.00
560.0')
S'iO.GJ
S6e.GO
56C.00
SoO.GO
S··5.G'J
5"5.0J
6 O.OJ
6 O,OJ

520. ,')(!

2 540.00
3 soc.ao

D~~~ ~~M? ??~SS ~(L)

(~) (?srJ'..) (B~U/L3) :3TU/LB)

1 ~ 1

16-:- ';50.00
17S 46C.00
130 4 -; C. CI C

1 600.00
32 41e.OO
3: ~20.00

3C: ':30.0C
:29 ~40. ·'JC
2t ~SO.OO

23 '1"'0.00
27 no.co
12 /i80.00
26 490 00
17 500.00
24 520.00
33 540.00
22 560.00
19 58000
18 600.00
48 620.00

132 640.00
141 660.00
148 680.00
149 700.00
15~ 4';0.00
155 450.00
156 460.00
lSi 00.00
~5c ~80.00

159 4 G.OO
160 500.00
l=;:;' 52C.OO
:3, 5~~·.00

:3: :.6['.00
151 S80.0C
133 60e.OO
134 620.00
130 450.00
13(: 460.00
139 .;7000
14(J 48C.00
14: 4%.00
142 50C.00
_,;,; 450.00
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Table 8. (Continued)

Output for Peng-Robinson Equation of State for Enthalpy
Data of Vapor Benzene(OA06) + Pentane(O.59.t)

DATA TEHt' t'Ri:.SS ~ (L) H CALC DEV ~DEV LIN REf
( f) ( psr.:'\) (BTU/LB) (3TU/LB) (BTU/LS)

182 490.00 600.00 -39.1000 -40.9516 -l.3516 4. 7~ .000 681
193 500.00 600.00 -36.5000 -38.7103 -2 .2103 6.06 .000 681
184 520.00 600.00 -32.6000 -35.2426 -2. 6426 8 . 11 .000 681
~78 540.,JO 600.DO - 9.6000 -32.5807 '"> 9807 10.07 .000 681-L..

186 560.00 600.00 -27.0000 -30.4110 -3. 4110 12.63 .000 681
187 580.00 600.00 -25.1000 -28.5768 -34768 13.85 .000 681
188 600.00 600.00 -22.9000 -26.9892 -4.0892 17.86 .000 681
189 620.00 600.00 -21.2000 -25.5865 -4.3865 20.69 .000 681
190 640.00 600.00 -19.7000 -24.3373 -4.6373 23.54 .000 681
191 660.00 600.00 -17.9000 -23.2062 -5.3062 29.64 .000 681
192 680.00 600.00 -16.2000 -22.1744 -5.97 4 36.88 .000 681
185 700.00 600.00 -15.0000 -21.2321 -6.2321 41.55 .000 681
177 450.00 660.00 -90.8000 -55.1947 35.6053 -39.21 .000 681
168 460.00 660.00 -80.8000 -52.4030 28.3970 -35.14 .000 681
162 470.00 660.00 -62.2000 -49.9066 12.2 34 -19.76 .000 681

~1170 480.00 660.00 -52.8000 -47.7518 5.0482 -9.56 .000 681
171 490.00 660.00 -47.8000 -49.1586 -1.3586 2.84 .000 681

~

172 500.00 660.00 -44.5000 -45.5973 -1.0973 2.47 .000 681
173 450.00 700.00 -95.5000 -76.5177 18.9823 -19.88 .000 681
174 460.00 700.00 -88.8000 -73.4005 15.3995 -17.34 .000 681 41

175 470.00 700.00 -79.2000 -69.0917 10.1083 -12.76 .000 681 t,
176 480.00 700.00 -65.2000 -63.4973 1.7027 -2.61 .000 681 III I
103 490.00 700.00 -55.4000 -55.8733 -.4733 .85 .000 681 2183 500.00 700.00 -51.3000 -50.9397 .3603 -.70 .000 681 C'

68 520.00 700.00 -43.3000 -44.5819 -1.281~ 2.96 .000 681 It'
47 540.00 700.00 -38.0000 -40.3361 -2.3361 6.15 .000 81

,
1

143 560.00 700.00 -33.7000 -37.1374 -3.07:' 10.20 .000 681
~84 580.00 700.00 -30.2000 -34.5636 -4.3636 14.45 .000 681

85 460.00 800.00 -94.5000 -71.2961 23.2039 -24.55 .000 681 C
86 470.00 800.00 -90.4000 -69. 1105 21.2895 -23.55 .000 681
97 480.00 800.00 -85.0000 -66.6432 18.3568 -21.60 .000 681
88 490.00 80C.00 -7"'.0000 -63.9614 l?0386 -15.84 .0f)l) Gal
82 500.00 80(:.01) -66.1000 -6l.2184 4 .88: r -7.39 .000 (,8 :

0 520.00 800.(0 -53.8000 -55.5303 -1.7303 3.n .000 ,81
9: 540.00 800.GO -46.3000 -49.0219 -2.7219 5.88 .000 '~81

92 560.00 8JO.::;0 -40.4000 -44.4321 -4.032_ 9.98 .Ouo (,81

93 580.00 8JO.OO -36.0000 -40.9177 -~.'"177 13.66 .ouo (,,81
94 600.00 aoo.co -32.6000 -38.0747 -5.4747 16.79 . 0 I):) 681
95 620.JO 80C.CO -2 .8000 -35.6873 -5.8873 19.76 .000 81
96 640.00 300.C0 -2'1.2000 -33.6407 -6.440"; 23.68 . 0 I):) 68'..
67 60.')0 30C.')0 -25.0008 -31.8447 -6.8~·17 27.38 .000 t, 8 ~

81 680.00 800.00 -23.0000 -30.2434 -7.2 3 ·1 31 . .j 9 .000 68:
87 700.:)0 80C. '":0 -2'...7000 -28.8113 -7.Ll"3 32.77 .GOG 68 :
74 450.00 1000.00 -99.9000 -76.9127 22.9873 -23.01 .000 681
73 460.00 1000.00 -97.0000 -75.5070 21.4930 -22.16 000 681
72 470.00 1000.00 -94.0000 -74.0321 19.9679 -21.24 .000 681
71 480.00 1000.00 -90.8000 -72.4826 18.3174 -20.17 .000 681
70 490.00 1000.00 -86.9000 -70.8564 16.0436 -18.46 .000 681
69 500.00 1000.00 -83.4000 -69.1580 14.2420 -17.08 .000 681
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Table 8. (Continued)

Output for Peng-Robinson Equation of State for Enthalpy
Data of Vapor Benzene(OA06) + Pentane(O.59~)

liS
116
11:
113
12~

l2~

11~

121
105

99
119
101
102
113
104

9&
106
107
108
109
110
:ell
112

IS,]?
i P l.;)

:'120.00
540.00
S60.00
~.jO.'JO

600.00
628.00
r~o.co

G60.00
dO. 00
700.00
~50.00

"J60.00
470.00
~80.00

490.00
500.00
520.00
540.00
560.00
580.00
600.00
620.00
640.00
660.00
680.00
700.00

P~~3S

(3L/~3j

1000. 'J:;
1000.00
100).;::;
lOO).)J
1000.0J
1000.00
1000.'J0
1000.00
1000.00
1000.00
1400.00
1400.00
1400.00
1400.00
1400.00
1400.00
1400.00
1400.00
1400.00
1400.00
1400.00
1400.00
1400.00
1400.,)0
1400.')0
1400.'JO

(3Tu/~a)

-'2.5fJ0C
-62.6000
-:i-l. ;:'YJC
-.;": . :~ 'JGO
-..;3.1000
-';;).0');)0
- 37.2')00
-34.2000
-32.0000
-30.0000

-103.8000
-101.9000
-99.7000
-97.7000
-95.1000
-92.7000
-87.9000
-83.9000
-79.0000
-73.3000
-66.9000
-61.1000
-56.2000
-S2.1000
-48.2000
-4':.7000

Po C;;LC
(BTU/i...B)

-6S.600e
-61.9839
-58.5276
-53.93~3

-49.6337
-46.1007
-43.1213
-40.5706
-38.3395
-36.3571
-94.0997
-92.7342
-91.3467
-89.9349
-88.4968
-87.0304
-84.0115
-80.8839
-77.6731
-72.9554
-68.0959
-63.6606
-59.6747
-5 .1161
-52.9401
-50.0971

)~'j

E.9J·;;;
.616i.

--1.3276
-0.13-13
-6.5337
-6.1007
-5.9273
-6.3706
-6.3395
-6.3571

9.7003
9. l658
8.3533
7.7651
6.6032
5.6696
3.ggS5
3.0161
1.3269

.34";6
-:'.~959

-2.5606

-~.0161

-·1.7·101
-5.3971

-9.52
-.98
:.98

12.83
15. 16
15.25
15. _3
18.63
19.81
21.19
-9.35
-8.99
-8.38
-7.95
- 6. 4
- 6.12
- 4 .42
-3.59
-1.68

- .47
1.79
4.19
6.18
7.71
(j.El]

1;:. In

- "1_ l.

.00('

.000

.000

.000

.000

.000

.000

.000

.000

.000

. 00(1

.000

.000

.000

.OOC)

.000

.000

.000

.000

.000

.000

.ooe

.000

.000

.001..

.000

681
681
681
681
681
681
681
681
681
681
681
681
681
681
681
.;81
681
681
»81
681
681
681
681
681
681
':'81

C(1,2), 0(1,2)
=:(1) E(N)

.OOOOOE+OO

.OOOOOE+OO

.OOOOOEI-OO

.00000£::+00

.OOOOOE+OO

.OOOOOE.+OO
.0000(lf:+0Ij

.0000 VIPf·1 (rC/·10LSj = .OO,JO

:<'fv~.3 ::
3: .L.. .3

6.9920 DT:J/ It /.)\:)
::'.883C'

4.6567
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i
phase em·clopc. the mixture may be n ar it critical pint. . Iso. equation of state h w

potential problems in th riti 'al ar a. v rth les . the data point In qu 'tion cann t be

\'crified or rcjected. and must remain nagged.

The e two exam pi 5 cl arl)' how the importance of u'ing all three to Is: I) direct

omparl on to riginal daw ts,:2) quation-of-state e\'aluation and 3) graphical

•

evaluation. The data plot· made the separation bet\\een !lagged and outliers easier t

determine. Unfortunately', \\ithout being abl to check ~nlhalpy data dir ctly with to the

original references, th e\'aluation is ubject to interpretation,
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Reference 581 , projection
Reference 584, projection
Reference 681, projection
Deviation
Flagged, Criteria 2
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Figure 3. Enthalpy Departure Deviations for Vapor Benzene(O.406) + n-Pentane(O.594),

Generated by the Peng-Robinson Equation of State
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CHAPTER IV

DEVELOPMENT OF THREE DIME SIO AL

ENTHALPY DEVIATION GRAPH

The purpose of thi chapter is to gi ve some background on the development of <1

novel method for deviation plotting. The necessity for this plot is described, then the

different types of plots are discussed. The chapter is broken into four sections:

• Reasons for graphical representation of data. lncluded is also what information needs

to be included on the data plot.

• O\uview of a previous graphical method using two-dimensional data plots.

• Discussion of the three-dimensional surface plots.

• Discussion of the three-dimensional data plots.

Advantages and disadvantages of each type of plot are listed in the corresponding

section.

NEED FOR GRAPHICAL EVALUATION OF ENTHALPY DATA

The four main criteria for evaluating enthalpy data discussed in Table 6 can

sometimes be difficult to interpret. In Chapter Ill. I:igure 3 showed how trends in

deviatlon :Ire very clear in a plot. The points exceeding .., xRMSE miJY have been

determined to be outliers if such a plot was not de\eloped. The graph aids in the

·H

-
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int rpretation of the output from the enthalpy pr diction model. Greater accuracy

resulting from a clear view of the data under e\'aluation is the goal of the enthalpy plots,

The graph should conform to sewral constraints, It should be easy to understand

and read, The plot should distinguish betw n different references for the same system

and give the reader a clear picture f the temperature and pr~ssllr range of the enthalpy

data. The deviation of the enthalpy data should be clearly represented to allow for easy

sighting of trends. and poi nts \,,,'here deviations abruptly change

This graphical representation should also be display d for the user of the database,

This will empower users to make their own judgment calls on data point \\'ithollt

needing the actual evaluation results tables,

PREVIOUS GRAPHICAL METHOD

As a starting point for development of the n w graphical method. the old

graphical method needed to be evaluated, The main critcri )n. \\'hich needed to be seen

clearly on a graph. was twice the root-mean-squarcd-crror (2 xRMSE), A simple plot or

enthalpy deviation as a function of either temperature or pressure with the zero deviation

line and the 2xRMSE lines. positive and negati\'c. clearly labeled was suflicient. Figure

4 shows the deviation for liquid cyclohexane plotted as a function of pressure, while

Figure 5 is plotted as a function of temperature, The point e:\ceeding 2xRMSE clearly

show up on both graphs, The point showing an abrupt change in deviation sign also

shows up clearly, In addition. the temperature and pressure ranges of the data are

evident. On Figure 5. trends in temperature clearly show up, The de\'iation begins

positive. turns to\\'ard negati\'e then shoots to high positive \'alucs, with the deviation

42



10.00

_ Flagged. riteria 2 Twice the Root- ean- quared-Error
12.00 -1---------------------------1

_ Outlier. riteria 3

_ Outlier. Criteria 2

,
w

•
•'"• •

Reference 677

Referen e 584
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.!:J

~....
CO
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~.;; 4.00
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0
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-2.00u.l

-4.00
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Figure 4. Peng-Robinson Equation of tate Enthalpy Departure Deviations
for Liquid Cyclohexane as a Function of Pressure
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Figure 5. Peng-Robinson Equation of State Enthalpy Departure Deviations
for Liquid Cyclobexane as a Function of Temperature
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c:xceeding .2 x RNI E around '+.50'~F. Ho\ve\·er. the trends in deviation n the pressur

graph are n t so cl ar. The deviation changes po iti\'~ to negativ along the arne isobar.

'ielding no u ful tr nd information. The temperature range al ng am' lobar or th

pressure rang along any isotherm cannot b en at all. Thi' make the determination

1

between outlier and data following th natural trend in de\'iation fr m the equation of

stat difficult. and a user cannot quickly d termine wh the I' uftici nt data exi t in the

ne'dect range of temperature and pressur .

While tr nds ar difficult to determine, t\ 0 graphs are needed for one data

evaluation. A third graph of temperature versus pI' ssure just to sho\v the sc pc of the

data would be even more inconveni 111. For a user t pull up t\Vo or three figures from

within the database \\ould not be convenient. Iso it \\'ould be thr e times the lab I' to

lncorporate three figure into the database it elf. In order to see the trends of both

temperature and pre ure together along with the scope of the data. a three dimensional

graph is needed.

THREE DIME SIONAL SURFACE PLOT

The IiI' t attempt to see the trends and the scope of the data was with (\ threc-

dimensional surface plot. Figure 6 shows a plot of the liquid cyclohexanc data with

temperature and pre. sur on the x-y plane. Deviation is rlolted along the z-axis. Figure

6 trie to r present what happens to the enthalpy departure deviation as a function of

temperature and pre 'ure. This figure 5ho\\5 the dC\'iation starting out a littk positive on

the 10\\ temperalllre range. moving to\\'ard zero in the middle. then deviation increasing

dramatically :It higher temperature.. with 'pikes along the pressure range at
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hi gher temperatures. The greatest de\·iation from the experimental data occurs at the

high temperature, low pressure area. This is due to the liquid is nearing the two-pha e

regIon.

This general surface representation of the cyclohe.\ane enthalpy departur data

seems 1l .. efuL but is easy to misinterpret. It can ea ily lead to false conclusLons. Figure 7

shows the same surface plot with the data for the enthalpy c1epnrture c1e\·iation overlaid.

There are three main areas of interest on this figure. First, the area of high temperature,

moderate pressure shows a huge spike in deviation. This spike is caused by one point.

while all the surrounding points show relatively smaller deviations. The spike i not

representative of tbe data set. instead it represents one point \\hich has been identified as

an outlier compared to the surrounding points. The second area of interest is higb

pressure and temperature. This area shows a large deviation spike when none of the data

is shown to be increasing significantly compared to the surrounding points. The third

area occurs at 10\\ temperature and moderate pressure. This area contains no elata, but the

surfa e shows an increa e in deviation compared to the surroul1ding 'Irca. This increase

in de\·iation mayor may not be correct, since no data are recorded in this area ror thi

sy tCIl1. Along 'Alth these phenomena. tbe surface extrapolates errors more than double

the maximum error of the c1ata.

The smoothing function of the surface plot creates the phenomena c1etai led above.

Figure 7 L1ses 3D cub.ic spline smoothing (interpolation) to create the surrace plol.

A surface plot initially seems to be a good choice for analyzing deviations.

Unfortunately. wit.hout well-behaved data blanketing the entire range of the dat.a set, too
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much interpolation and e~trapolalion occur by the graphing software. The advantage of

pressure on one figure is beneficial. so the three dimen ional attribute should be retained

in the final version of the enthalpy plot.

THREE DIMENSIONAL DATA PLOT

\\·hilc the surface plot has its shortcomings. the ability to sec th temperature and

pressure ranges together is important. The question remained on 110\\ to combine the

simplicity of a two-dimensional plot with the power of seeing thL temperature and

pressure range simultaneously. In order to complete this task, a three-dimensional plot

\vas de\·eloped \vith a two-dimensional plot overlaid on the zero-deviation plane. A flat

grid at I.ero deviation was inserted on the deviation plot. This grill is the temperature

pressure plol. The data were plotted so allY user could qUIckly scan the graph and

determine the temperature and pressure ranges with ease. Since the plot is two

dimensional, easy determination f the coordinates of the point is not complicated by

addll1g three-dimensional space on a sheet of paper.

In order to . ee trends in deviation along the temperature and pressure rangc~

simultaneously, a three-dimensional plot is needed. To clo this. the deviations were

plotted on the same graph. \\ith deviation plotted on the z-axis. DOlled drop-down lines

were then lIsed 10 connect the c!e\'iution pOint to the corresponding point on the

temperature-pressure plol. The drop-down lines help the uscr quickly identil)' thc

corresponding projection of the deviatiun plot onto the temperature-pressure plane. N \v

the figure has each point represented twice, once in a two-dimcn ional temperature

pressure plot, then a~am \\·ith a corresponding point sho\\ing the enthalpy departure
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de\iatlon. The length of the drop line represents the amollnt of de\·iation. This helps

etiminalc; the problem of a three-dimensional graph on a sheet of paper. Finally, color

facilitates quick reading of the tIgure. Black represents data consIdered to be what is

typically e'\pected. or normal. for the system. Other colors represent pllints of interest

\\hich fall under one orthe four criteria discussed in Chapter Ill.

Figure 2 in Chapter III is the final version of the new method of plotting for liquid

c\clohc'\cll1e The data point showing an abrupt change in deviation shows up clearly.

:\Iso. one point in the high temperature, moderate pressure range sh ws signilicant

deviation from any of the surrounding points. and is oul. ide the 2xRMSE. This point is

also identified as an outlier. The cluster of data points in the high temperature and low

pressure ran:::,-e also show deviation over 2xRMSE. bllt this data are folkl\ving a trend.

The temperature is increasing along a narrow band of pressure, and the deviation is

steadiJ: Increasing. unlike lhe data point around the same temperature and at higher

pressure. Thc::se data 1'0110\\ a trend and are 1lagged. On the t\'vo-dimell ional plots, the

point at -lOa psia w,\. called an outlier: it is no\\" seen to be part 01 a trend

Other lIseful information crops up frorn this graph. [n the mid-range temperatures

co\·ering the entire pressure range. the Peng-Robinson equation oj' state agrees "veil with

the e'\perimental duta. Several isobars arc seen easily. \'vhich 'lgree with Fi\2.urc 4. The

data concentrates in the higher temperature region. but covers a wider pressure range at

lo\\er temperalllrcs. Tht.: change from positive to negative anc! back to positive deViations

is clearl: sc'en on this figure. which corresponds \vith Figure 5.

Flgurc ::'. ha~ the ac!\antages of Figures 3 anc! 4. and adds in the nc\\ ad\antagc of

the temperature-pressure plot [t also has the auvantage of Q surface plot where trends can
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be easily identified. and outliers tand ut. At the ame tim. the three-dimensional

representation remams easy to understand u ing colors and drop lines. This type of plot

pro\'ed to be crucial throughout the data evaluation
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CHAPTER V

RESULTS OF THE GPA DATA EV ALll.-\TION

The purpose of this chapter is to present the results of the Pt:'ng-Robinson and Par1\.-

Gasem-Robinson data evaluations. Comparisons betm~en the two models are detailed,

Complete listings of the suspect data points. are given in Appendix BfaI' Peng-Robinson

and Appendix C for Park-Gasc-m-Robinsol1.

RESULTS OF THE PE G-ROBINSON ENTHALPY EVALUATION

Table 9 sho\\'s the overall R['vISE for ench phase stllclicd for the pure. binary and

ll1uilicomponent systems, The overall deviation for all the lata sets is about 6.0 8T lib.

There \\ cre ten systems of requiring closer analysis, showing IUvlSE for the data set over

:;/Rt-.'ISf:: Table 10 presents these data Below lists the findings of lhe analysis of each

of these data sets

I'he phase listings in Table 9 have some nomenclature used in the GPA database.

for clarification. liquid-liqllld-vapor data is near the bubble point. and liquid-vapor-vapor

data is near the de\\' point.



Table 9.

OveraJL RMSE for the GPA Enthalpy Database sing the
Peng-nobinson Equation of State

No. Group Phase RM E
(81' lIb)

1. Pure Liquid -L:!2

2. Pure Vapor 5.0'+

-, Pure Liquid-Liquid- Vapor 8.2'+J.

4. Pure Liquid-Vapor- Vapor 648

5. Binary Liquid 5.76

6. Blnary Vapor 6.n

7. Binary Liquid-Liquid- Vapor 7.65

8. Binary Liquid-Vapor- Vupor 5.61

9. Multicomponent Liquid 5.37

10 [\'1 uIticoll1 ponen l Vapor 7._,6

11. i'vI ul t icomplment Liquic!-I.iquid- V,,!,or 4.01

12. Multicomponent Liquicl- Vapor- Vapor 1.28
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Table 10.

Systems With Over Three Times the Total R. 1 'E for Enthalpy Data
U ing the Peng-Robinson Equation of State

No. Component Mole Phase RMSE l o.
Fraction (BTU/lb) Pts.

l. Benzene 1.000 Liquid-Liquid- Vapor 36.32 10

I Ethane 0.724 Liquid 22."8 26_.
Propane 0.276

..,
f'vlcthane 0.500 Liquid 37.39 ~OJ.

Toluene 0.500

4 Carbon Monoxide 0.250 Vapor 18.29 58
l-I\'c!ro o en 0.750. 0

). Carbon Monoxide 0.500 Vapor 246~ 57
Hydrogen 0.500

6. Pentane 0.197 Vapor 44.33 56
1.2.3.4- 0.803
Tetrahydronaphlhalene ·iI

7. Benzene 0.406 Liquid-Liquid-Vapor 38.79 14
Pcntane 0.594

R. i'vkth,JJ1c 0.4761 l.iquid- Vapor- Vappr 25.1 ()
Carbon Dioxide 0.5239

9 Toluene 0.1031 Vapor 40.31 61
f Iyurogen Sul1ide 0.3037
Methane 0.4946
Methy Icyc loh~xaTle 0.0986

10. Toluene O. J 03 I Liq uid- Li quid- Va par I 13.3R 5
Hyctrog n Sultide 0.3037
i'v1ethane 0.49~6

~·1cthylcyc lohexane 0.0986
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• Four of these data sets of conCen1 have Ie s than fifteen data points in the data et. No

conclusi \'e tatements are made for these data s ts. ince there is not en ugh data to

concretely represent any certain region.

• The liquid ethane + propane data set \.... lth mole fra tions of 0 7:2-.+ and 0.176,

respectiv Iy has one delta point cau Lng th entir data set to sho\\' 11 tremendous

amount of error (deviation of 10-.+ BTU/lb), With the e:-;clusion of this data point. the

R, lSE drops to 9.3 BTU/lb,

• The liquid mcthane (0.500) + toluene (0.500) ystem shows a consistently high

de\'iation among most of the data points. This system was also run on ASPEN

PLUST"I to confirm the predicted enthalpy values, ASPEN PLUSn, \\'as In good

agreeml:nt with GEOS. The results on this data set are inconclusin:,

• The t\\·o carbon monoxide + hydrogen systems show high deviatIons at extremely low

temperatures, but the majority of the points are \vithin expected deviatlon.

• The \apor pentane + 1.2.3.4-tetrahydronaphthalene system has sC\'l:ral data point

\\hich hould be cOl1sidcrecl suspect. Figure 8 ~ho\vs the results of this data set.

There _cems to be a curv 'd line where the dc\'iatioll greatly increases, This may be

the re. ult of the equation or state predicting the phase cnvclnrc roorly. or data points

taken \\ithin the t\\o-pha'e region. No vapor-liquid-equilibrium data \vas available in

the database for the system. therefore, his data is suspect until vapor-liquid-

equilibriulll data IS compared to the results to tjnd the phase envelope.
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• The \apor mu]ticomponent system Ii ted in Table 10 shows a steady increase in

deviation a the pre ure and temperature increa es. Thi is likely to be a

shortcoming of the PI{ EOS as thc syst m becamc increasingly non-ideal.

Overall. the PR EOS performed \\·ell for the studied enthalpy data. Results of all

flagged and outlier data point· :ue located in App~ndi\: 8.

RESl'LTS OF THE PARK-GA 'EI-ROBl SO ENTHALPY EVALUATIO 1

The pUTpOS of this section i to compare the ability or the P IR enthalpy model to

the PRo Table II sho\vs the results of the twenty pure component systems studied using

the PGR compared to thc PRo The PR performs can istcmly better than the PGR in the

liquid region. On the other hand, the PGR performs DLtter in the vapor regi n. Both

equations seem to have similar problem close to the phase 'Il\elopc. The overall RM E

from the absolute difference in point-by-point de\·iation (Dc\·iatlonl'i( - Deviationl'(;R) is

5.8 BTU/lb. In general. the PR equation predicts enthalpies greater in valuc :11 low

temperatures than the PCiR equation. /-low·ever. al higher temperatures, the PCfR EOS

predicts enthalpies greater in value. Figure 9 Shll\VS a typical comparison hetween the

predicti\·c capabilities of the t\ 0 equations. A complete Jistlng 01" all llaggcJ points

re ognizcd by the Park-Cia em-Robinson EOS is located in Appendix C

EXAMPLE CASE COMPARI. G THE PR EOS TO THE PGR EOS FOR
ENTHALPY PREDICTIONS

Thi purpos~ 01" this section is to cvaluate the ditTcrcncc<: bLl\\CCn the predictivc

cap::lbilillCS of the two equations of state. Liquid cyclohexanc has been usee! as an



--
Table II.

Results of the Park-Gasem-Robinson EOS Compared to the Peng-
Robinson EOS for the CPA Enthalpy D~lta

i\o. Component Phase PR PGR PR-PGR
R\'ISE RMSE RMSE

(BTU/lb) (BTll/lb) (BTU/lb)

I. Benzene Liquid -L76 7.19 3.-17

J Bcnzene Vapor 7.33 7.-16 8.03

~ [-3cnzene Liq uid- Liquid- Vapor 36.31 35._5 2.16.1.

-+. Benzene Liquid-Vapor-Vapor 3.92 1022 893

). C\clohc\:ane Liquid 3.01 7.70 739 ~
6. I-:thane Liquid 2.56 3.95 3.11 ~

~

Ethane Vapor 839 5.-15 6A3
t

7. ~

8. ~\:klhane Liquid 1.82 1.90 2.03

9. Methane Vapor 3.4.:+ 3.-/0 I OJ I

10 Octane Liquid 2.3-1 -160 3.55

II. ()ctan", Vapor 6."17 (1.97 6 18 '~

'~

"
12. Octane Liquid- Liquid- Vapor -I. 1() 6-19 2 ·17

13. Propane Liquid 5.71 I! .20 6.50

1-1 Propane Vapor 7 GO 1).92 5.19

15. folucne Liquid JJ5 -U8 2.S<')

J6 Toluene Vapor 2.-19 2.92 2.47

17
tralls-l)eca II n Liquid -I I I J (J.7'2 19.40

18 trans-Decalin Vapor -146 7. (;-1 3.61

19 tran-;-f)ecalln Liquid-Liquid- Vapor 6. C) 3 3 (Jl 629

20 trans- DL'C~t11 n r. iqulcl· Vapor- Vapor 10.72 15.9-1 5 .:18
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Table 12.

Po sible Outliers for Liquid Cyclohexane from the PR
and PGR Equation of State

Data Temperature Pressure Deviation Outlicr(O)/ Ref.
Point (OF) (p ia) (BTU/lb) Flagged(F)

Criteria'"

Peng-Robinson Equation of State

56 181.8 15.4 -4.6949 03 58.:1-
54 471.2 400.0 8.5207 F2 584

150 519.0 588.0 7,1385 r2 584
148 531.1 588.0 9.5701 f2 584
78 512.1 1000.0 10.7038 02 584

~6 500.0 500.0 6.5695 f2 677
~,20 520.0 588.0 7.5107 F2 677

27 -30.0 588.0 9.3229 F2 677 t
134 530.0 700.0 6.3834 F2 677

..
150 540.0 700,0 8.7337 F2 677 t'

~

Park-Casem-Robinson Equation of State '~l
~,

l

56 181.8 15.4 -17.2237 F2 584
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e::\ampJe case: throughout this \\ork and \\'ill sen'e a a suitable: xampk here. Table 12

lists the tlagged and outlier data identifi d by both equations for liquid cyclohexane.

Using the PR EO e:ight data points are Ilagged nnd t\\O points are ' nsidere:d

outliers. Data point 78 \\as determined to be an outlier because it e."Ceeds 3,RMSE.

while outlier data point 56 sho\\ed an abrupt change in de\'iation sign. All other tlagged

data (~:\ceeded the: 2>- RiVl E mark. but is concentrated \\'ithin n trend. These data are

ploued on Figure 2.

On the other hand, the PGR EOS only sho\\s one flagged data point. Point 56.

considered to sho'\\" an abrupt change in deviation sign according to the PR EOS. the PGR

EOS only flags this data point for exceeding 2xRiVlSE. The dcyiation plotted for the

PGR EOS is hovill in Figure 10.

The overall de\'iation difference plays a major role in the number of nagged data

point for the data set. The PR EOS report less than one-third the deyiatioll of the PGR

at 10\\ temperatures for liquid cyelohexane, The greater deviation or thc PCilZ causes the

o\'crall RivlSE to increase. Since the PGR EOS ill1!ll'o\cS in prediction capabilities at

higher temperature. lhe higher RMSE masks the !lagged data rrom the PR I-::OS, The

outlier now falls belo\\ the 2xRMSE threshold

61



1

•

'C'~

~

Reference 584, projection
Reference 677, projection
Deviation
Flagged, Criteria 2

6

o.,...

...~~....~.. ..
•. A•••.~
.~~

=

~

%
~

~ ~
, '9-,

~ 'q;,

-<2,.

@
;J p

~
aC

§ P
~

.~
p.'"

~
0

0 P
4J l'

~ p

B- e>?

0 0
ri;;>-, --:

~ 0

~ \f)

J1 '"';'

=tv

Figure 10. Enthalpy Departure Deviations for Liquid Cyclohexane, Generated

by the Park-Gasem-Robinson Equation of State

, '''-..6



•

CH. PTEH VI.

SUMMARY

The enthalpy data contCIined within th Gas Processors Association Database were

evaluated for reliability. Enthalpy departure deviations from the Peng-R binson quation

of tate \\ere L1sed to compare to experimental values. Also. the modified Park-Gascm-

Robinson equation of state proposed by Row (14) was evaluated for twenty systems.

Lastly, this work developed a ne\v graphical method to assist enthalpy c\aluations

PENG-ROBINSON Al"D PARK-GASEM-ROBI SON EQUATIO S OF STATE

The PR EOS sho\\l:d an average deviation 01':2 to 5 Btu/lb for the entire cIatah<lnk

It gan: slightly better predictinns 1'01' cllkancs than ror cyclic COIllPOllllds. I\lso. thc PI{

model \\as dkctin.' in handling the multi ompoJ1cnl natural gas systelll"; contained

\\'ithin the database. This \\ork tagged less than one percent or the wtal data as llagged

data. or \\ hich ollly a slllall percentage \\as outl icrs.

The perR [OS showed comparahle accuracy to the PR [OS The PR predicted

larger enthalpy \'alucs 111 the 10\\ temperature regions or the studied data sets, At higher

temperatures. the PR model typically predicted lom2r values 01' enthalpy depclrlure Ihan

the PGR model. Since the PR EOS '.\as able to predict enthalpy \'alues closer to thl'

e~~pcril1lental \alues 011 J\cragc. more dala points \\crc flagged for exceeding 2 ~R1\lSL
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An expanded study of the PGR EO hould be completed for the GPA enthnlpy departure

databns. Preliminary evaluation hows the equation has merit. and ma\' to be a useful

addition to the literature for enthalpy d parture prediction.

GRA.PHICAL EVALUATIO 'OF El THALPY DEPART ORE DATA

Equations of state evaluation' of enthalpy data alone are not sufficient for

accurate 3nalysi' of a database, Direct comparis n of the e:\perimcntal references is

required. Only a small number of data sets \\' re found to contain errors using this

methou. HOWe\eL arors in the composition of 3 system have a major impact 011 the

utility of' the data. Dirl'ct comparison of as much information within a database should he

completed before beginning an equation-of-state evaluation,

Threc-dimensional plotting of enthalpy data proved to be criti al 111 obtaining an

accurnte evaluation. \vhen used in conjunction with direct comparisons and equations of

state, I\lnjor shortcll l11ings 01 the equatinns of Slate clearly show up l)n the graphs,

Trcnds in cxcessi\c dc\'iatioll coml11only appear ne<1I' thc phasL' Cn\'l~lllpe. around the

critical region and as the system c,\ceeded the critical point into non-ideal regions nl" high

temperature and pre~sure The two-dimensional temperature-pressure riot cont<tined on

the c!c\j,ltion plots gi\\,: a quid n.::krence tool to dctLTll1ine \\hether any system cuntaills

surticient data in the regilln of the u,;ers" interest. The dC\'lation rIots also proved Llsct'LiI

when comparJng t\\O models agnIllst ench other, The plots quiCKly 1"C\'eakd the

templ'rature trend mentIoned ab \e

The d '\iation plots along with the tables contained in Appencli\es Band C should

be incluued in thL' (JP,\ c1Z1whank, These t\\O tools \\ould enable thc end u:;er to c\aluatc
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quickly the credibility of any daw syst m. nother useful femllre to add to th deviation

plots \\ould be the location of the critical point when applicable

c\'eral data set \\ithin the GPA enthalpy database pro\'ided a limited amount of

data o\'er a wide range of temperature and pressur 'uch data set could easily be

identified u ing the dc\iation plots and should be target 'd for addition of new data within

the temperature and pressur alI-ead: outlined by tht:se data sets, In addition. any new

data collected by the Gas Processors Association hould be included. \\'hen applicable. t

the scope of the database,
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APPENDIX A

LITERATURE REFERENCES IN THE CPA E 'THALPY DATABASE
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This appendix provides a listing of the literature reference numbers along with

their corresponding literature some s for all the enthnlpy data in the GPA Enthalpy

DatabZlse

358. Pitzer. K. S.. "The Thermodynamics of n-Heptane Zlnd 2.2.4-Trimethylpentane.

!ncluding Ileat Capacitie·. Heats of Fusion and V::J.porization. nnd Entropies." J

Am. Chem. Soc. 62. 1224 (1940).

AIChE Journal 11,492 (1965).

56'+. Yarborough. L. and W. C. Edmlster. "Calorim tric Determination of the

Isothermal Pres me Effect on the Enthalpy of the Propane-Benzene System."

570. Shirud. V. Land J. E. Powers. "Thermodynamic Properties ora 5 Mole Percent

Propane in t\ilethane Mixture." Report to the NCiP.'\. August 1969.
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tonic. T. S. and J. 1. Smith. "Thermodynamic Properti s of Polar Substances:

Enthalpy of Hydrocarbon-Alcohol Systems." J. Chem. Eng. Data 5. 133 (1960).

"+58.

573. Dillard. D. I). W. C. Edmister. J. II. [rbar and R. 1.. Rnbinsnn. "CaILwimetric

Determinatinn of the Isothermal Effect of Pressure on the Enthalpy of Methane

and Two Methane Propane Mixtures." ArChE .Iournul. l-L 923 (1968)

574. Furtado. A. W.. D. L. Katz and 1. E. Pov·;crs. Paper presented at j 59th National

ACS meeting. Houston. Texas. Febrllar}- (1970).

578. Jones. tv!. I... D. T. Mage. R. C. Faulkner and D. L. Katz... 1casuremcnl of the

Thermodynamic Properties of Gases at Low Temperature and High Pressure-

iV[ethZlne," Chc:m. Eng. Prog. Sym .. eries. 59 (-+.+).52-60 (1963)
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APPENDIX B

SUMMARY OF POSSIBLE OUTLIERS FOR THE CPA ENTHALPY

DATABASE USING THE PH. EOS

75

; I
, .
, ,
•: )

: l
, ,
, ,

I
. I

l
" ,

c



--

The following tables contain a summary of all suspect nthalpy data in the P

databa c. These su p ct datil \'·ere identified using direct comparisons. Peng-Robinson

equation-of- tate evaluations and graphi al de\·iation plots.. cc Table 5 in Chapter III for

the four crlteria list d in the outlier/nagged column of the tabl . Each phase f r the

pure. binary and multicomponent groups are contained \\·ithin a separate table.
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Table B.l.

Summary of Possible Outliers in Enthalpy Data Using the Peng-Robinson
Equation of State for Liquid Pure Systems

System Results Data Point Results
No. Components RMSE AAD NPTS Data Temperature Pressure Deviation Outlier(O)/ Ref.

(BTU/lb) Point (OF) (psia) (BTU/lb) Flagged(F)
Criteria

I
Benzene 4.7617 4.0226 108

2 cis-2-Pentene 3.3380 2.6805 49 I 61 390.3 540.0 7.4815 F2 581
43 370.0 450.0 7.3576 F2 581
77 380.0 480.0 7.0114 F2 581

-..J
-..J

"' cis-Decalin 8.1152 7.2935 34

4 Cyclohexane 3.0055 2.1452 128 56 181.8 15.4 -4.6949 03 584
54 471.2 400.0 8.5207 F2 584

150 519.0 588.0 7.1385 F2 584
148 531.1 588.0 9.5701 F2 584
78 512.1 1000.0 10.7038 02 584

6 500.0 500.0 6.5695 F2 677
20 520.0 588.0 7.5107 F2 677
27 530.0 588.0 9.3229 F2 677

134 530.0 700.0 6.3834 F2 677
150 540.0 700.0 8.7337 F2 677
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Table 8.1. (Continued)

Summary of Possible Outliers in Enthalpy Data Using the Peng-Robinson
Equation of State for Liquid Pure Systems

System Results Data Point Results
No. Components RMSE AAD NPl'S Data Temperature Pressure Deviation Outlier(O)/ Ref.

(BTU/lb) Point (OF) (psia) (BTU/lb) Flaggcd(F)
Criteria

41 I5 Ethane 2.5562 1.8404 65 -240.0 1500.0 5.3212 F2 592
34 -240.0 2000.0 5.5985 F2 592

6 Ethylbenzene 2.1109 l.5194 ~~ I 21 170.4 290.0 4.5357 F2 687J_J

43 170.4 725.0 4.3206 F2 687
...j I 29 170.4 1450.0 4.4673 F2 687cc

3 170.4 2900.0 5.1767 F2 687

7 Ethylcyclohexane 9.1946 8.0854 21 7 548.4 290.0 19.8262 F2 687

8 iso-Octane 1.7564 1.5839 18 1 476.4 290.0 4.0395 F2 687

9 Methane l.8186 1.3763 14 22 -150.0 500.0 4.4193 F2 578

10 Methylcyclohexane 7.3090 6.4363 122

11 Heptane 7.5828 7.0643 105

12 Hexadecanc 3.9531 2.2656 81 I 17 599.9 25.0 21.2493 02 584
40 199.5 200.0 9.7797 F2 584
34 202.7 1400.0 9.4079 F2 584
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Table B.1. (Continued)

Summary of Possible Outliers in Enthalpy Data Using the Peng-Robinson
Equation of State for Liquid Pure Systems

System Results Data Point Results
No. Components RMSE AAD NPTS Data Temperature Pressure Deviation Outlier(O)/ Ref.

(BTU/lb) Point (OF) (psia) (BTU/lb) Flagged(F)
Criteria

33 ~49.7 1400.0 8.4517 F2 584
39 297.0 1400.0 8.2749 F2 584
29 354.7 1400.0 10.6417 F2 584

I
13 Nitrogen 0.9883 0.8480 7

--J
-0

14 Octane 1.3351 1.6989 154 I 14 539.8 360.0 7.9783 F2 663
15 540.0 360.0 8.2909 F2 663
24 533.6 400.0 5.0967 F2 663
26 544.5 400.0 6.0677 F2 663
94 521.5 500.0 5.0531 F2 663
95 540.8 500.0 4.8597 F2 663

15 Pentane 3.3816 2.3630 141 I 43 350.0 400.0 10.0095 F2 458
27 350.0 500.0 8.7998 F2 458

113 348.0 400.0 8.2837 F2 663
43 348.3 400.0 8.2346 F2 663
20 353.7 400.0 7.9636 F2 663
21 353.8 400.0 9.2209 F2 663
33 358.5 489.0 6.8891 F2 663
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Table B.1. (Continued)

Summary of Possible Outliers in Enthalpy Data Using the Peng-Robinson
Equation of State for Liquid Pure Systems

System Results Data Point Results
No. Components RMSE AAD NPTS Data Temperature Pressure Deviation Outlier(O)/ Ref.

(BTU/lb) Point (OF) (psia) (BTU/lb) Flagged(F)
Criteria

62 403.6 600.0 10.4127 F2 663
54 403.7 600.0 8.8214 F2 663

16 Propane 5.7067 4.3146 40 14 -250.0 2000.0 12.4343 F2 590

'.)0 17 1.2.3.4-Tetrahydronaphthalene 4.7569 3.1320 70 114 121.4 100.0 12.6825 F2 580
0

113 151.0 100.0 11.1114 F2 580
69 119.4 400.0 13.1545 F2 580
68 150.6 400.0 11.6557 F2 580
53 102.1 1400.0 15.3424 F2 580
52 198.1 1400.0 11.5906 F2 580

I
18 Toluene 3.3522 2.8967 107

19 lrans-Decalin 4.1090 3.2197 120 I 42 120.9 31.0 8.4926 F2 580
50 120.1 1400.0 8.7842 F2 580
17 600.0 150.0 -8.9445 F2 582
33 580.0 1000.0 -8.5542 F2 582
34 600.0 1000.0 -9.7345 F2 582
35 620.0 1000.0 -12.3563 F2 582
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Table B.2.

Summary of Possible Outliers in Enthalpy Data Using the Peng-Robinson
Equation of State for Vapor Pure Systems

System Results Data Point Results
No. Components RMSE AAD NPTS Data Temperature Pressure Deviation Outlier(O)/ Ref.

(BTU/lb) Point (OF) (psia) (BTU/lb) Flaggcd(F)
Criteria

1 Benzene 7.3328 3.3219 239 13 553.6 750.0 20.8375 F2 581
18 559.1 1000.0 29.3631 F2 584
19 581.1 1000.0 24.4511 F2 584

1 600.7 1000.0 15.4910 F2 584
26 554.0 750.0 19.8556 F2 679

oc I 13 556.0 750.0 16.5718 F2 679
17 554.0 800.0 25.2648 F2 679
12 556.0 800.0 24.3117 F2 679
15 558.0 800.0 23.5570 F2 679
16 560.0 800.0 22.1110 F2 679
20 565.0 800.0 18.9975 F2 679
41 570.0 800.0 14.7080 F2 679
69 554.0 1000.0 30.3679 F2 679
61 556.0 1000.0 30.2878 F2 679
43 558.0 1000.0 29.7148 F2 679
36 560.0 1000.0 29.0492 F2 679
59 565.0 1000.0 28.1194 F2 679
38 570.0 1000.0 27.3411 F2 679
39 600.0 1000.0 15.8191 F2 679
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Table B.2. (Continued)

Summary of Possible Outliers in Enthalpy Data Using the Peng-Robinson
Equation of State for Vapor Pure Systems

System Results Data Point Results
No. Components RMSE AAD NPl'S Data Temperature Pressure Deviation Outlier(O)/ Ref.

(BTU/lb) Point (OF) (psia) (BTU/lb) Flagged(F)
Criteria

} cis-2-Pentene 7.3182 4.1317 193 20 399.3 570.0 20.6786 F2 581
43 402.7 570.0 )6.3074 F2 581
55 397.1 600.0 19.1010 F2 581

175 405.0 650.0 14.9364 F2 581
170 401.8 700.0 14.8750 F2 581

00 I 111 395.0 519.0 57.6186 02 678
N 78 400.0 570.0 21.6098 F2 678

98 400.0 600.0 22.8936 F2 678
89 400.0 650.0 18.7753 F2 678
96 400.0 700.0 17.7088 F2 678
15 440.0 700.0 -4.0056 F3 678
9 400.0 800.0 14.9310 F2 678

3 cis-Dccalin 3.8:231 3.2303 30 I 18 580.0 100.0 7.7811 F2 582
19 600.0 100.0 8.7590 F2 582

4 Cyc10hexane 5.1·r:~0 3.2080 176 I 69 671.9 15.4 ·12.3765 F2 584
93 561.2 700.0 23.6151 F2 584

104 547.6 1000.0 17.5430 F2 584
83 597.6 1000.0 11.0438 F2 584

147 560.0 700.0 24.8114 F2 677

....... , ,. ~.- .....
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Table 8.2. (Continued)

Summary of Possible Outliers in Enthalpy Data Using the Peng-Robinson
Equation of State for Vapor Pure Systems

System Results Data Point Results
No. Components RMSE AAD NPTS Data Temperature Pressure Deviation Outlier(O)/ Ref.

(BTU/lb) Point (OF) (psia) (BTU/lb) Flagged(F)
Criteria

158 560.0 800.0 23.1992 F2 677
157 580.0 800.0 12.4698 F2 677
117 560.0 1000.0 16.4378 F2 677
114 580.0 1000.0 14.0838 F2 677
113 600.0 1000.0 11.5697 F2 677

JO
w

5 Ethane 8.3893 3.8567 28 I 63 120.0 1000.0 32.2626 F2 592
22 120.0 1500.0 25.9186 F2 592

I
6 Ethylbenzene 0.8803 0.8380 12

7 Hydrogen Sulfide 4.8911 1.2326 59 I .,
260.3 1885.5 15.0377 F2 686_1

17 260.3 2030.6 18.9828 F2 686
20 260.3 2175.6 19.8789 F2 686
23 260.3 2900.8 16.2360 F2 686

8 Methane 3.4403 2.7445 25 I 29 -100.0 1000.0 46.2843 F2 578
1 -100.0 1500.0 29.1146 F2 578
2 -100.0 2000.0 10.5423 F2 578
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Table 8.2. (Continued)

Summary of Possible Outliers in Enthalpy Data Using the Peng-Robinson
Equation of State for Vapor Pure Systems

System Results Data Point Results
No. Components RMSE AAD NPTS Data Temperature Pressure Deviation Outlier(O)/ Ref.

(BTU/lb) Point (OF) (psia) (BTU/lb) Flagged(F)
Criteria

9 Methylcyclohexane 7.2707 6.0449 46 I 26 600.0 600.0 17.4771 F2 592
29 600.0 800.0 18.9053 F2 592
15 600.0 1000.0 16.6455 F2 592

10 Heptane 4.6910 3.4127 -7 I 20 550.0 600.0 15.0070 F2 556)-
00

8 550.0 800.0 14.1671 F2 556-J'..

50 550.0 1000.0 10.6736 F2 556

I
11 Hexadecane 4.5638 4.3312 20

12 Nitrogen 2.9495 1.7421 48 54 -210.0 800.0 10.4796 F2 587
49 -210.0 1000.0 12.3342 F2 587
12 -210.0 1500.0 8.7725 F2 587

13 Octane 6.9678 5.3806 81 I 1 570.0 400.0 18.3817 F2 586
28 568.9 400.0 19.7051 F2 663
96 570.3 500.0 15.4536 F2 663
97 570.8 500.0 14.7698 F2 663
98 579.6 500.0 14.0383 F2 663

115 579.9 500.0 15.6976 F2 663
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Table B.2. (Continued)

Summary of Possible Outliers in Enthalpy Data Using the Peng-Robinson
Equation of State for Vapor Pure Systems

System Results Data Point Results
No. Components RMSE AAD NPTS Data Temperature Pressure Deviation Outlicr(O)/ Ref.

(BTU/lb) Point (OF) (psia) (BTU/lb) Flagged(F)
Criteria

14 Pentane 6.8273 3.3127 249 14 400.0 700.0 29.4751 F2 458
12 400.0 800.0 21.2468 F2 458

189 390.0 500.0 20.4747 F2 585
181 390.0 600.0 36.7474 F2 585
58 400.0 600.0 32.7295 F2 585

00 I 26 420.0 600.0 15.4658 F2 585Vl

3 390.0 800.0 32.1633 F2 585
4 400.0 800.0 30.2798 F2 585
5 420.0 800.0 26.9701 F2 585
6 440.0 800.0 18.8211 F2 585

80 390.0 1000.0 23.9496 F2 585
81 400.0 1000.0 23.0371 F2 585
96 420.0 1000.0 19.3407 F2 585
59 390.0 1400.0 14.8191 F2 585

145 402.5 1400.0 14.5475 F2 663

15 Propane 7.5998 4.5539 21 I 6 200.0 500.0 17.9754 F2 364
47 250.0 1000.0 21.5360 F2 590
12 250.0 1500.0 16.6295 F2 590

~



Table B.2. (Continued)

Summary of Possible Outliers in Enthalpy Data Using the Peng-Robinson
Equation of State for Vapor Pure Systems

1

No. Components
System Results

RMSE
(BTU/lb)

AAD NPTS I Data Temperature
Point (OF)

Data Point Results
Pressure Deviation Outlicr(O)/

(psia) (BTU/lb) Flagged(F)
Criteria

Ref.

16 1.2,3.4-Tetrahydronaphthalene 1.6075 1.3453 34 I 77
1

I
17 Toluene 2.4930 2.1473 38

00
18 trans-Decal in 4.4592 3.8927 33 I 460\

499.2
650.0

597.3

40.0
150.0

31.0

-2.9592
3.3228

10.1636

03
F2

F2

580
675

580



Table 8.3.

Summary of Possible Outliers in Enthalpy Data Using the Peng-Robinson
Equation of State for Liquid-Liquid-Vapor Pure Systems

1

No. Components
System Results

RMSE
(BTU/lb)

AAD NPTS IData
Point

Data Point Results
Temperature Pressure Deviation Outlier(O)/

(OF) (psia) (BTU/lb) Flagged(F)
Criteria

Ref.

Benzene 36.3162 23.9860 10

2 cis-2-Pentene 4.1128 3.7479 19

3 cis-Decalin 1.2361 0.9066 10
00
-....J

4 Cyclohexane 6.4900 4.9966 5

5 Hexadecane 1.6455 1.6455

6 Octane 4.0969 3.7988
..,
.J

7 Pentane 8.6163 8.6163

8 1.2.3.4-Tetrahydronaphthalene 4.7253 4.2663 20

9 trans-Decalin 6.9317 6.6483 4



Table B.4.

Summary of Possible Outliers in Enthalpy Data Using the Peng-Robinson
Equation of State for Liquid-Vapor-Vapor Pure Systems

No. Components
System Results

RMSE
(BTU/lb)

AAD NPTS I Data
Point

Temperature
(OF)

Data Point Results
Pressure Deviation Outlier(O)/

(psia) (BTU/lb) Flagged(F)
Criteria

Ref.

Benzene 3.9245 3.2698

2 cis-2-Pentene 5.1448 3.7043

3 cis-Decalin 6.7289 6.5163
':xl
:)0

4 Cyclohexane 4.5686 4.0437

5 Hydrogen Sulfide 4.0542 3.4692

6 Hexadecane 14.0233 14.0233

7 Pentane 2.7851 2.6121

8 1.2.3.4-Tetrahydronaphthalene 6.3465 5.7292

9 trans-Decalin 10.7236 10.3206

4

17

2

5

2

4

2

17



Table B.S.

Summary of Possible Outliers in Enthalpy Data Using the Peng-Robinson
Equation of State for Liquid Binary Systems

System Results Data Point Results
No. Components Mole RMSE AAD NPTS Data Temperature Pressure Deviation Outlicr(O)/ Ref.

Fraction (BTU/Ib) Point (OF) (psia) (BTU/lb) Flagged(F)
Criteria

I
Benzene' 0.419 9.0025 7.7841 60
Hexadecnne 0.581

2 Benzene 0.670 12.3542 10.8984 66 I 440.0 200.0 -18.1091 03 682
llexadecanc 0.330 41 440.0 1400.0 -18.9464 03 682

00
\0 3 Benzene 0.814 11.2995 10.0184 64

Hexadecane 0.186

4 Benzene 0.920 9.5417 8.5897 65 48 600.0 800.0 15.8467 F2 682
Hexadecanc 0.080

5 Benzene 0.963 6.8484 6.1184 83 165 565.7 800.0 17.8940 F2 580
Hexadecane 0.037

6 Benzene 0.271 3.4420 2.4856 96 73 532.7 400.0 9.0514 F2 581
Octane 0.729 74 538.7 400.0 10.9949 F2 581

59 546.6 500.0 7.0132 F2 581
49 551.7 500.0 7.4742 F2 581
44 556.9 500.0 9.6673 F2 581
Sg 555.9 600.0 6.9570 F2 581

·~



Table 8.5 (Continued).

Summary of Possible Outliers in Enthalpy Data llsing the Peng-Robinson
Equation of State for Liquid Binary Systems

System Results Data Point Results
No. Components Mole RMSE AAD NPTS Data Temperature Pressure Deviation Outlier(O)/ Ref.

Fraction (BTU/lh) Point (OF) (psia) (BTU/lb) Flagged(F)
Criteria

48 565.7 600.0 7.9688 F2 SSI
7 540.0 400.0 8.6678 F2 679

7 Benzene 0.446 4.9921 4.0208 132 88 527.0 450.0 10.9677 F2 581
Octane 0.554 49 535.7 500.0 11.0514 F2 581

\,()

81 541.5 500.0 12.8398 F2 5810

51 546.9 500.0 14.3607 F2 581
55 538.7 600.0 10.4577 F2 581
71 547.8 600.0 10.8921 F2 581
63 549.9 700.0 10.0196 F2 581

R Benzene 0.676 5.7567 4.9141 103 I 94 206.3 20.0 -3.4856 03 581
Octane 0.324 122 533.1 568.0 11.8848 F2 581

121 538.6 568.0 13.0611 F2 581
120 543.2 568.0 14.2898 F2 581
III 547.2 600.0 11.6297 F2 581

9 Benzen~ 0.771 5.5339 4.4942 56 32 552.9 700.0 11.3824 F2 581
Octane 0.229

~



Table 8.5 (Continued).

Summary of Possible Outliers in Enthalpy Data Using the Peng-Robinson
Equation of State for Liquid Binary Systems

System Results Data Point Results
No. Components Mole RMSE AAD NPTS Data Temperature Pressure Deviation Outlier(O)/ Ref.

Fraction (BTU/lb) Point (OF) (psia) (BTU/lb) Flagged(F)
Criteria

10 Benzene 0.857 5.9343 4.9023 97 1157 523.7 600.0 11.1710 F2 581
Octane 0.143 156 527.7 600.0 10.9240 F2 581

149 529.3 600.0 11.6356 F2 581
101 541.3 640.0 14.0701 F2 581
100 545.0 545.0 640.0 F2 581

\0 I 99 546.8 546.8 640.0 F2 581
..

90 537.1 700.0 10.9103 F2 581
89 547.6 700.0 10.4061 F2 581

115 552.0 700.0 11.1039 F2 581
87 558.6 700.0 13.5528 F2 581

1I Benzene 0.930 4.9960 .+.2044
71 I 29 513.8 600.0 10.7138 F2 581

Octane 0.070 18 525.2 600.0 10.11 14 F2 581
105 542.3 675.0 10.4517 F2 581

12 Benzene 0.199 2.7292 2.1570 54 51 416.8 600.0 5.4947 F2 584

Pentane 0.801 13 408.1 528.0 6.2884 F2 681

13 Benzene 0.'+06 3.5187 2.8853 61 29 382.6 400.0 7.4756 F2 584
Pentane 0.594 8 429.9 600.0 8.3824 F2 584

7 434.6 600.0 8.2749 F2 584

1



Table B.5 (Continued).

Summary of Possible Outliers in Enthalpy Data Using the Peng-Robinson
Equation of State for Liquid Binary Systems

System Results Data Point Results
No. Components Mole RMSE AAD NPTS Data Temperature Pressure Deviation Outlier(O)/ Ref.

Fraction (BTUllb) Point (OF) (psia) (BTU/lb) Flagged(F)
Criteria

14 Benzene 0.600 2.5492 2.0655 93 121 360.0 1400.0 -5.5572 F2 681
Pentane 0.400 116 400.5 1000.0 -8.5984 F2 584

15 Benzene 0.814 3.4937 2.3903 64 17 152.0 15.2 -17.6115 02 584
Pentane 0.186 14 420.0 400.0 -8.4105 F2 681

'-D
N

16 Benzene 0.203 6.0463 4.6618 3
Propane 0.797

17 Benzene 0.502 3.3851 2.8227 7
Propane 0.498

18 Benzene 0.748 4.4894 4.0002 9

Propane 0.252

19 Ethane 0.500 6.4.+82 5.1015 )~_J

Hydrogen Sui fide 0.500

20 ethane 0.237 10.7390 8.6757 60 )") 117.0 716.0 -22.7331 F2 671
Propane 0.763 72 144.0 1000.0 -22.7853 F2 671

84 147.0 1000.0 -25.4662 F2 671



Table 8.5 (Continued).

Summary of Possible Outliers in Enthalpy Data Using the Peng-Robinson
Equation of State for Liquid Binary Systems

1

No. Components
System Results

Mole RMSE
Fraction (BTUllb)

AAD NPTS I Data
Point

Data Point Results
Temperature Pressure Deviation Outlier(O)/

(OF) (psia) (BTU/lb) Flagged(F)
Criteria

Ref.

21 Ethane 0.502 4.6070 3.3233
48 I 32 130.0 760.0 9.8391 F2 671

Propane 0.498 33 140.0 760.0 9.9696 F2 671
1 -280.0 2000.0 10.6005 F2 671
4 -260.0 2000.0 9.5516 F2 671

'-D
22 Ethane 0.724 22.3801 8.6756 26 9 120.0 500.0 104.1695 02 592w

Propane 0.276 14 160.0 1000.0 36.2076 F2 592
30 140.0 1000.0 22.1932 F2 671

I
23 Etllylbenzene 0.271 2.2238 2.2130 4

Octane 0.729

24 iso-Pentane 0.197 1.4693 2.2404 36
1.2.3,4- 0.803
Tetrahydronaphthalene

25 iso-Pentane 0.399 3.5446 3.3399 12

1.2.3.4- 0.601
Tetrahydronaphthalene



Table B.5 (Continued).

Summary of Possible Outliers in Enthalpy Data Using the Peng-Robinson
Equation of State for Liquid Binary Systems

System Results Data Point Results

No. Components Mole RMSE AAD NPTS Data Temperature Pressure Deviation Outlier(O)/ Ref.
Fraction (BTU/lb) Point eF) (psia) (BTU/lb) Flagged(F)

Criteria

I
26 iso-Pentane 0.893 7.6431 7.4268 32

1.2,3,4- 0.107
Tetrahydronaphtha1ene

'27 Methane 0.500 7.4381 7.2006 6

'-0 Hydrogen Sulfide 0.500
~

28 Methane 0.883 6.8794 6.8794
iso-Butene 0.117

'29 Methane 0.500 8.419 8.0292 68 44 -100.0 50.0 -19.4904 F2 667
Methylcyclohexan~ 0.500 35 -50.0 50.0 -18.0836 F2 667

1 250.0 200.0 -88.4200 02 667

30 Methane 0.'249 5.0601 3.7231 90 I 68 200.0 50.0 16.3300 02 667
Heptane 0.751 39 250.0 100.0 15.2600 02 667

55 300.0 200.0 10.3200 F2 667
15 -100.0 600.0 17.7415 02 667

I
31 Methane 0.491 6.0916 5.3929 15

Heptane 0.509

1



Table B.5 (Continued).

Summary of Possible Outliers in Enthalpy Data Using the Peng-Robinson
Equation of State for Liquid Binary Systems

System Results Data Point Results
No. Components Mole RMSE AAD NPTS Data Temperature Pressure Deviation Outlicr(O)/ Ref.

Fraction (BTU/lb) Point (OF) (psia) (BTU/lb) Flagged(F)
Criteria

I
32 Methane 0.951 8.0142 7.4368 6

Heptane 0.049

33 Methane 0.566 2.243\ 2.1730 7
Nitrogen 0.434

'.0
4,5218 3.3081 322 I 26 9.7905VI 34 Methane 0.234 -280.0 250.0 F2 370

Propane 0.766 34 -270.0 250.0 9.5702 F2 370
42 -260.0 250.0 9.1157 F2 370
27 -280.0 500.0 9.8454 F2 370
49 -270.0 500.0 9.5043 F2 370
43 -260.0 500.0 9.14\9 F2 370
28 -280.0 750.0 9.8005 F2 370
36 -270.0 750.0 9.3571 F2 370
29 -280.0 1000.0 9.6558 F2 370
25 -270.0 1000.0 9.3102 F2 370
30 -280.0 1250.0 9.5870 F2 370
38 -270.0 1250.0 9.4356 F2 370
31 -280.0 1500.0 9.8341 F2 370
39 -270.0 1500.0 9.6787 F2 370
47 -260.0 1500.0 9.3009 F2 370

-1



Table 8.5 (Continued).

Summary of Possible Outliers in Enthalpy Data Using the Peng-Robinson
Equation of State for Liquid Binary Systems

System Results Data Point Results
No. Components Mole RMSE AAD NPTS Data Temperature Pressure Deviation Outlicr(O)/ Ref.

Fraction (BTU/Ib) Point (OF) (psia) (BTU/lb) Flagged(F)
Criteria

32 -280.0 1750.0 9.7818 F2 370
40 -270.0 1750.0 9.7225 F2 370
48 -260.0 1750.0 9.3404 F2 370.,.,

-280.0 2000.0 9.6301 F2 370-'-'
41 -270.0 2000.0 9.3670 F2 370

'0

252 I0\ 35 Methane 0.494 4.3430 3.6054 57 -280.0 2000.0 8.8332 F2 370
Propane 0.506

36 Methane 0.720 2.5970 2.0572 210 83 -260.0 250.0 5.5291 F2 370
Propane 0.280 80 -280.0 500.0 5.0847 F2 370

88 -270.0 500.0 5.6449 F2 370
75 -260.0 500.0 5.3117 F2 370
81 -280.0 750.0 5.3867 F2 370
89 -270.0 750.0 5.4453 F2 370
82 -280.0 1000.0 5.5128 F2 370
90 -270.0 1000.0 5.3484 F2 370
93 -280.0 1250.0 5.6299 F2 370
84 -280.0 1500.0 5.9490 F2 370
78 -280.0 1750.0 5.6699 F2 370
86 -280.0 2000.0 5.4926 F2 370



Table 8.5 (Continued).

Summary of Possible Outliers in Enthalpy Data Using the Peng-Robinson
Equation of State for Liquid Binary Systems

System Results Data Point Results
No. Components Mole RMSE AAD NPTS Data Temperature Pressure Deviation Outlier(O)/ Ref.

Fraction (BTU/lb) Point (OF) (psia) (BTU/lb) Flagged(F)
Criteria

37 Methane D.8S3 1.9598 1.5848 190 58 -50.0 1250.0 4.4227 F2 370
Propane 0.117 210 -40.0 1250.0 4.7474 F2 370

300 -30.0 1250.0 3.9423 F2 370
27 -250.0 250.0 4.1829 F2 370

\()
38 Methane 0.948 1.5146 1.2560 166 222 -110.0 800.0 3.1463 F2 370-....l

Propane 0.052 231 -100.0 800.0 4.2946 F2 370
232 -100.0 1000.0 3.3292 F2 370

97 -90.0 1000.0 4.0987 F2 370
108 -80.0 1100.0 4.0887 F2 370

71 -70.0 1100.0 3.1982 F2 370

39 Methane 0.500 37.3908 39.3038 40 I 3 300.0 200.0 85.3299 F2 667
Toluene 0.500 4 300.0 400.0 90.1368 F2 667

77 350.0 400.0 74.2453 F2 667
100 300.0 600.0 70.7833 F2 667
75 350.0 600.0 70.1652 F2 667

I
40 P-:ntan~ 0.500 13.3086 13.0253 ')-

-)

Carbon Dioxide 0.500



Table B.5 (Continued).

Summary of Possible Outliers in Enthalpy Data Using the Peng-Robinson
Equation of State for Liquid Binary Systems

System Results Data Point Results
No. Components Mole RMSE AAD NPTS Data Temperature Pressure Deviation Outlier(O)1 Ref.

Fraction (BTU/lb) Point (OF) (psia) (BTU/lb) Flagged(F)
Criteria

I
41 Pentane 0.502 4.3619 3.5494 43

cis-2-Pentene 0.498

42 Pentane 0.197 3.3100 2.7902 97 I 81 521.4 800.0 9.5078 F2 584
Cyelohexane 0.803 31 500.0 600.0 8.3977 F2 677

'0
00 43 Pentane 0.385 1.9899 1.6129 96 I 7 376.3 300.0 6.1328 02 580

Cyc10hexane 0.615

44 Pentane 0.612 3.0603 2.5734 89 33 127.4 200.0 -4.5480 03 584
Cyc10hexane 0.388 87 161.5 600.0 3.2793 F3 584

91 208.9 600.0 -3.1527 F3 584
92 258.1 600.0 -4.0608 F3 584
93 258.9 600.0 2.7432 F3 584
94 318.4 600.0 -5.0834 F3 584
95 318.5 600.0 3.0863 F3 584
96 368.1 600.0 -1.1665 F3 584

110 368.4 600.0 4.3663 F3 584
89 418.4 600.0 6.5083 F2 584
83 -+20.0 500.0 8.9178 F2 677
82 440.0 600.0 6.4925 F2 677



Table B.5 (Continued).

Summary of Possible Outliers in Enthalpy Data Using the PengpRobinson
Equation of State for Liquid Binary Systems

System Results Data Point Results
No. Components Mole RMSE AAD NPTS Data Temperature Pressure Deviation Outlier(O)/ Ref.

Fraction (BTU/lb) Point (OF) (psia) (BTU/lb) Flagged(F)
Criteria

45 Pentane 0.793 3.2797 2.6473 82 107 368.8 500.0 6.9856 F2 584
Cyclohexane 0.207 61 389.5 500.0 8.5051 F2 584

22 400.0 500.0 9.0807 F2 677

I
46 Pentane 0.167 3.9076 3.3426 28

'-D Hexadecane 0.833
\0

47 Pentane 0.386 3.4869 2.9034 39 5 620.0 200.0 -7.5401 F2 583
Hexadecane 0.614 40 178.5 40.0 7.6949 F2 584

41 220.2 40.0 7.8274 F2 584

48 Pentane 0.587 3.3075 2.8916 41 I 68 600.0 400.0 -4000.352 01 583
Hexadecane 0.413

49 Pentane 0.794 2.9333 2.6371 60 I -, 625.1 1400.0 7.4416 02 584)L

Hexadecane 0.206

50 Pentane 0.218 2.5240 1.9750 66 108 502.0 400.0 6.0104 F2 663

Octane 0.782 121 509.9 400.0 5.7659 F2 663
46 539.9 500.0 5.6875 F2 663
26 540.0 500.0 6.2427 F2 663



Table 8.5 (Continued).

Summary of Possible Outliers in Enthalpy Data Using the Peng-Robinson
Equation of State for Liquid Binary Systems

No. Components
System Results

Mole RMSE
Fraction (BTU/Ib)

AAD NPTS I Data
Point

Data Point Results
Temperature Pressure Deviation Outlier(O)/

(OF) (psia) (BTU/lb) Flaggcd(F)
Criteria

Ref.

76 539.1 600.0 5.5874 F2 663

51 Pentane 0.392 3.0892 2.5567 52 I 25 499.1 540.0 6.7245 F2 663
Octane 0.608

0 52 Pentane 0.597 3.4675 2.8768 51 I 104 500.1 800.0 7.4262 F2 663
0

Octane 0.403

53 Pentane 0.809 1.2042 0.9414 101 99 75.0 1400.0 2.6657 F2 663
Octane 0.191

54 Pentane 0.197 7.2344 5.9318 45

1.2.3.4- 0.803
Tetrahydronaphthalene

55 Pentane 0.399 6.0644 5.3643 27
1,2.3 A- 0.601
'l'etrahydronaphthalene



Table B.5 (Continued).

Summary of Possible Outliers in Enthalpy Data Using the Peng.Robinson
Equation of State for Liquid Binary Systems

System Results Data Point Results
No. Components Mole RMSE AAD NPTS Data Temperature Pressure Deviation Outlier(O)/ Ref.

Fraction (BTU/lb) Point (OF) (psia) (BTU/Ib) Flagged(F)
Criteria

I
56 Pentane 0.588 6.1539 5.8397 38

1.2.3,4- 0.412
Tetrahydronaphthalene

57 Pentane 0.795 4.3861 4.1817 49
0 1.2.3,4- 0.205

Tetrahydronaphthalene

58 Pentane 0.893 3.19:29 2.9630 46 108 134.4 25.0 -4.5366 03 580
1.2.3 A- 0.107 129 234.8 100.0 -1.3470 F3 580
Tetrahydronaphthalene 75 377.8 400.0 -2.4592 03 580

59 Pentane 0.322 4.7420 4.3499 84 17 596.8 1400.0 9.7562 F2 580
trans-Decalin 0.678

60 Pentane 0.561 4.3132 3.5938 63 145 598.2 1000.0 9.1438 F2 580
trans-Decal in 0.439 73 460.0 800.0 7.8402 03 580

61 Pentane 0.725 3.5367 2.7934 60 85 118.9 30.0 11.7739 02 580
trans-Decal in 0.275 84 138.5 30.0 14.1595 02 580



Table B.5 (Continued).

Summary of Possible Outliers in Enthalpy Data Using the Peng-Robinson
Equation of State for Liquid Binary Systems

No. Components

System Results

Mole RMSE
Fraction (BTU/lb)

AAD NPTS I Data
Point

Data Point Results
Temperature Pressure Deviation Outlier(O)/

(OF) (psia) (BTU/lb)Flaggcd(F)
Criteria

Ref.

62 Pentane 0.884 2.6076 2.2446
trans-Decal in 0.116

63 Propane 0.430 5.2487 4.3173

iso-Pentane 0.570-
0
l'J

76 I 123

14

120.4 20.0 -3.1423 03 580



Table B.6.

Summary of Possible Outliers in Enthalpy Data Using the Peng-Robinson
Equation of State for Vapor Binary Systems

System Results Data Point Results
No. Components Mole RMSE AAD NPTS Data Temperature Pressure Deviation Outlier(O)/ Ref.

Fraction (BTU/Ib) Point (OF) (psia) (BTU/lb) Flagged(F)
Criteria

I
Benzene 0.419 6.4553 6.2928 7
l-lexadecane 0.581

! Benzene 0.670 10.3470 10.2069 9
Hexadecane 0.330-0

w

3 Benzene 0.814 9.8159 9.1052 20
Hexadecane 0.186

4 Benzene 0.920 7.8353 6.8727 69 102 384.0 20.0 16.8225 F2 580
Hexadecane 0.080 45 572.4 400.0 17.9448 F2 580

46 580.0 100.0 -4.9069 F3 682

5 Benzene 0.963 6.9639 5.5269 124 I 11 311.8 20.0 17.4593 F2 580
IIexadecane 0.037 19 331.5 20.0 15.5096 F2 580

30 350.1 40.0 16.2383 F2 580
29 366.1 40.0 15.5182 F2 580
87 397.1 70.0 15.1439 F2 580
78 536.6 70.0 -1.4286 F3 580

147 499.0 300.0 14.5658 F2 580



Table B.6. (Continued)

Summary of Possible Outliers in Enthalpy Data Using the Peng-Robinson
Equation of State for Vapor Binary Systems

System Results Data Point Results
No. Components Mole RMSE AAD NPTS Data Temperature Pressure Deviation Outlier(O)/ Ref.

Fraction (BTU/lb) Point (OF) (psia) (BTU/lb) Flagged(F)
Criteria

6 Benzene 0.271 8.3335 5.8686 90 53 572.6 500.0 19.7462 F2 581
Octane 0.729 84 570.6 600.0 22.8416 F2 581

54 576.2 600.0 20.3430 F2 581
97 580.3 600.0 21.1865 F2 581
98 586.4 600.0 20.1504 F2 581
99 593.1 600.0 19.5248 F2 581

0 I~ 96 576.2 700.0 18.8294 F2 581
2 560.0 500.0 23.6328 F2 679

7 Benzene 0.446 7.4203 5.5928
89 I 58 566.6 600.0 21.4392 F2 581

Octane 0.554 65 577.1 700.0 16.4085 F2 581
68 567.5 800.0 15.0689 F2 581
67 540.0 600.0 22.3777 F2 679
19 560.0 600.0 21.8107 F2 679
60 560.0 700.0 17.1914 F2 679

8 Benzene .0676 5.8652 4.1627 89 1136 556.9 800.0 22.4246 F2 581
Octane 0.324 162 577.8 800.0 19.8916 F2 581

142 566.9 1000.0 13.3193 F2 581
141 586.1 1000.0 13.0448 F2 581
59 560.0 800.0 16.0305 F2 679



Table B.6. (Continued)

Summary of Possible Outliers in Enthalpy Data Using the Peng-Robinson
Equation of State for Vapor Binary Systems

System Results Data Point Results
No. Components Mole RMSE AAD NPTS Data Temperature Pressure Deviation Outlier(O)/ Ref.

Fraction (BTU/lb) Point (OF) (psia) (BTU/lb) Flagged(F)
Criteria

9 Benzene 0.771 6.5131 3.7826 76 26 557.7 800.0 22.5062 F2 581
Octane 0.229 25 567.0 800.0 20.7565 F2 581

24 578.4 800.0 18.6791 F2 581
18 566.7 1000.0 18.3162 F2 581
56 587.5 1000.0 15.3782 F2 58]
90 595.3 1000.0 13.4632 F2 581

0
Vl 61 560.0 700.0 22.1023 F2 679

10 Benzene 0.857 4.9381 3.5247 103 118 566.6 1000.0 11.5771 F2 58]
Octane 0.143 69 560.0 700.0 22.0591 F2 679

61 560.0 800.0 17.5138 F2 679
38 560.0 ]000.0 14.3897 F2 679
39 580.0 ]000.0 10.8267 F2 679

1I Benzene 0.930 4.9592 2.9789
88 I 77 568.0 800.0 12.1667 F2 58]

Octane 0.070 72 576.8 1000.0 10.0337 F2 58]
17 380.0 200.0 120.6413 01 679
70 560.0 800.0 22.6437 F2 679
64 560.0 1000.0 19.4280 F2 679
63 580.0 1000.0 15.5781 F2 679
15 560.0 1400.0 10.6980 F2 679



Table B.6. (Continued)

Summary of Possible Outliers in Enthalpy Data Using the Peng-Robinson
Equation of State for Vapor Binary Systems

System Results Data Point Results
No. Components Mole RMSE AAD NPTS Data Temperature Pressure Deviation Outlier(O)/ Ref.

Fraction (BTU/lb) Point (OF) (psia) (BTU/lb) Flagged(F)
Criteria

12 Benzene 0,199 7.2138 4.4157 224 136 430.4 700.0 32.9606 F2 584
Pentane 0,801 125 440,8 700,0 27,5678 F2 584

123 440,7 800,0 16.4852 F2 584
103 420,0 600,0 2,5315 F2 681
135 430,0 600,0 14,7904 F2 681
149 420,0 700,0 34,3302 F2 681

0 I 134 700,0 32,1435 F2 6810\ 430.0
133 440.0 700.0 26.5837 F2 681
126 420,0 800,0 17.3625 F2 681
137 430,0 800,0 15.4619 F2 681
60 420,0 1000,0 21.2618 F2 681
59 430,0 1000.0 19.9664 F2 681
58 440.0 1000.0 18,2320 F2 681
57 460.0 1000,0 14.7463 F2 681

13 Benzene 0.406 6,9920 4.6567
225 I ~;~

481.2 800,0 )7,0965 F2 584
Pentane 0.59'+ 450,0 660.0 35.6053 F2 681

168 460.0 660.0 28.3970 F2 681
173 450,0 700.0 18.9823 F2 681
174 460.0 700,0 15,3995 F2 681
85 460.0 800,0 23.2039 F2 681



Table B.6. (Continued)

Summary of Possible Outliers in Enthalpy Data Using the Peng~Robinson

Equation of State for Vapor Binary Systems

System Results Data Point Results
No. Components Mole RMSE AAD NPTS Data Temperature Pressure Deviation Outlier(O)/ Ref.

Fraction (BTU/lb) Point eF) (psia) (BTU/lb) Flagged(F)
Criteria

86 470.0 800.0 21.2895 F2 681
97 480.0 800.0 18.3568 F2 681
74 450.0 1000.0 22.9873 F2 681
73 460.0 1000.0 21.4930 F2 681
72 470.0 1000.0 19.9679 F2 681
71 480.0 1000.0 18.3174 F2 681

0 I 70 490.0 1000.0 16.0436 F2 681--.I

69 500.0 1000.0 14.2420 F2 681

14 Benzene 0.600 6.0818 4.0295 248 73 510.9 1000.0 12.9883 1"2 581
Pentane 0.400 78 492.7 700.0 21.9570 F2 584

109 490.8 800.0 17.5330 F2 584
101 501.2 800.0 13.2759 F2 584
113 530.8 800.0 -19.4964 F2 584
141 490.0 700.0 17.4483 F2 681
58 490.0 800.0 26.8658 F2 681
77 500.0 800.0 22.5541 F2 681
54 510.0 800.0 16.3338 F2 681

108 490.0 1000.0 22.4490 F2 681
109 500.0 1000.0 21.0729 F2 681
110 510.0 1000.0 20.0957 F2 681



Table 8.6. (Continued)

Summal")! of Possible Outliers in Enthalpy Data Using the Peng-Robinson
Equation of State for Vapor Binary Systems

System Results Data Point Results
No. Components Mole RMSE AAD NPTS Data Temperature Pressure Deviation OutJier(O)/ Ref.

Fraction (BTU/lb) Point (OF) (psia) (BTU/lb) Flagged(F)
Criteria

III 520.0 1000.0 18.6126 F2 681

15 Benzene 0.814 6.5033 3.6848 202 61 540.6 800.0 21.7377 F2 584
Pentane 0.186 49 540.2 1000.0 13.7885 F2 584

52 520.0 700.0 33.1095 F2 681
84 520.0 800.0 29.9698 F2 681

c I 59 530.0 800.0 26.5900 F2 68100

57 540.0 800.0 18.5289 F2 681
111 520.0 1000.0 26.5014 F2 681
104 530.0 1000.0 24.6479 F2 681
105 540.0 1000.0 22.9302 F2 681
106 550.0 1000.0 19.8576 F2 681
107 560.0 1000.0 16.0234 F2 681

61 540.6 800.0 21.7377 F2 584
49 540.2 1000.0 13.7885 F2 584

I
16 Benzene 0.203 2.8726 2.2757 5

Propane 0.797

17 Benzene 0.502 1.1474 0.9343 "")

Propane 0.498



Table B.6. (Continued)

Summary of Possible Outliers in Enthalpy Data Using the Peng-Robinson
Equation of State for Vapor Binary Systems

System Results Data Point Results
No. Components Mole RMSE AAD NPTS Data Temperature Pressure Deviation Outlier(O)/ Ref.

Fraction (BTUflb) Point (OF) (psia) (BTU/Ib) Flagged(F)
Criteria

I
18 Benzene 0.748 4.7723 3.7268 2

Propane 0.252

19 Carbon Dioxide 0.0816 6.7709 4.4606 94 110 305.3 2175.6 18.3872 F2 686
Hydrogen Sulfide 0.9148 30 395.3 5801.6 13.7971 F2 686

0 3 440.3 5801.6 13.4921 F2 686-.0

4 350.3 6526.8 14.7315 F2 686
5 395.3 6526.8 J5.0100 F2 686

15 350.3 7252.0 17.4761 F2 686
7 395.3 7252.0 15.9996 F2 686
1 350.3 7977.2 19.6888 F2 686
9 395.3 7977.2 16.7931 F2 686

10 395.3 8702.4 17.3821 F2 686
11 395.3 9427.6 17.8027 F2 686

20 Carbon Dio:xide 0.5141 6.6018 5.0960 79 I 13 170.3 1740.5 15.8727 F2 686
Hydrogen Sultide 0.4859 9 170.3 1885.5 15.3081 F2 686

5 170.3 2030.6 14.0380 F2 686
26 260.3 5801.6 -13.7564 F2 686
19 350.3 8702.4 -13.2220 F2 686



Table B.6. (Continued)

Summary of Possible Outliers in Enthalpy Data Using the Peng-Robinson
Equation of State for Vapor Binary Systems

System Results Data Point Results
No. Components Mole RMSE AAD NPTS Data Temperature Pressure Deviation Outlier(O)/ Ref.

Fraction (BTU/lb) Point (OF) (psia) (BTU/lb) Flagged(F)
Criteria

21 Carbon Monoxide 0.250 18.2899 12.5012 58 64 -250.0 1000.0 -42.1434 F2 673
Hydrogen 0.750 66 -225.0 1000.0 -36.8538 F2 673

21 -200.0 1500.0 -43.7386 F2 673
16 -200.0 2000.0 -51.8797 F2 673
61 -200.0 2000.0 -57.9352 F2 673

0 II Carbon Monoxide 0.500 24.6411 15.9396
57 I 16 -200.0 1000.0 -51.9830 F2 673

Hydrogen 0.500 46 -200.0 1500.0 -59.8539 F2 673
51 -200.0 2000.0 -67.4290 F2 673
66 -200.0 2500.0 -74.2768 F2 673
65 0.0 2500.0 -49.7183 F2 673

23 Ethane 0.500 1.7641 1.2193 18 I 15 150.0 500.0 -3.5010 F2 670
Hydrogen Sulfide 0.500 21 200.0 500.0 -4.8333 F2 670

24 Ethylbenzene 0.271 10.2396 7.0751 10

Octane 0.729

25 Ethane 0.237 16.6717 12.7484 37 25 105.0 500.0 88.86 F2 671

Propane 0.763 45 110.0 500.0 100.85 F2 671
37 115.0 500.0 114.04 F2 671



Table B.6. (Continued)

Summary of Possible Outliers in Enthalpy Data Using the Peng-Robinson
Equation of State for Vapor Binary Systems

System Results Data Point Results
No. Components Mole RMSE AAD NPTS Data Temperature Pressure Deviation Outlier(O)/ Ref.

Fraction (BTU/lb) Point (OF) (psia) (BTU/lb) Flagged(F)
Criteria

26 Ethane 0.502 4.9555 2.5893 28 28 200.0 1000.0 10.5442 F2 592
Propane 0.498 41 200.0 760.0 -13.1207 F2 671

42 210.0 760.0 -18.5681 F2 671

27 Ethane 0.724 16.7203 14.1490 23 15 200.0 1000.0 45.7437 F2 592

Propane 0.276 28 220.0 1000.0 33.9209 F2 671

28 iso-Pentane 0.197 3.1339 2.6762 21 68 500.0 70.0 69.9749 02 675

1.2.3.4- 0.803 59 520.0 70.0 26.6748 02 675
Tetrahydronaphthalene

29 iso-Pentane 0.399 3.0906 2.5735 7

1.2.3.4- 0.601
Tetrahydronaphthalene

30 iso-Pentane 0.588 29660 2.3823 23 ') 460.0 70.0 5.9841 F2 675

1.2JA- 0.412 47 580.0 200.0 6.0897 F2 675
Tetrahydronaphthalene



Table 8.6. (Continued)

Summary of Possible Outliers in Enthalpy Data Using the Peng-Robinson
Equation of State for Vapor Binary Systems

System Results Data Point Results
No. Components Mole RMSE AAD NPTS Data Temperature Pressure Deviation Outlier(O)/ Ref.

Fraction (BTU/Ib) Point (OF) (psia) (BTU/lb) Flagged(F)
Criteria

31 iso-Pentane 0.795 1.9650 1.4078 29 8 480.0 200.0 5.4535 F2 675
1,2.3.4- 0.205 52 520.0 300.0 4.2171 F2 675
Tetrahydronaphthalene 53 540.0 300.0 3.9536 F2 675

32 iso-Pentane 0.893 3.6015 2.8247 72 81 340.0 70.0 9.5419 F2 675

N 1.2,3,4- 0.107 87 360.0 100.0 10.6021 F2 675
Tetrahydronaphthalene 57 400.0 200.0 10.2997 F2 675

119 440.0 300.0 7.8901 F2 675
136 460.0 400.0 7.2135 F2 675

33 Methane 0.4761 7.8789 5.9310 183 103 8.3 2175.6 -15.8687 F2 688
Carbon Dioxide 0.5~39 108 8.3 2900.8 -16.3090 F2 688

85 8.3 3626.0 -17.1341 F2 688
81 32.0 4351.2 -16.6682 F2 688
77 32.0 5076.4 -17.7080 F2 688
86 60.0 5076.4 -15.8467 F2 688
89 60.0 5801.6 -16.9586 F2 688
92 80.3 6526.8 -16.6942 F2 688
93 80.3 7252.0 -17.7613 F2 688



Table B.6. (Continued)

Summary of Possible Outliers in Enthalpy Data Using the Peng-Robinson
Equation of State for Vapor Binary Systems

System Results Data Point Results
No. Components Mole RMSE AAD NPTS Data Temperature Pressure Deviation Outlicr(O)/ Ref.

Fraction (BTU/lb) Point (OF) (psia) (BTU/lb) Flagged(F)
Criteria

34 Methane 0.500 5.3380 4.5249 40 10 50.0 1200.0 -10.7678 F2 667
Carbon Dioxide 0.500 45 100.0 2000.0 -12.0484 F2 667

35 Methane 0.500 4.0430 2.8740 77 72 0.0 2000.0 -8.2351 F2 673
Hydrogen 0.500 67 200.0 2000.0 -9.2654 F2 673

63 0.0 2500.0 -9.2618 F2 673
w I

62 200.0 2500.0 -10.7013 F2 673
61 400.0 2500.0 -8.9783 F2 673

36 Methane 0.4927 12.8426 10.8569 81 I 31 170.3 2900.8 -29.3930 F2 686
Hydrogen Sulfide 0.5073

37 Methane 0.500 5.8130 2.8208 25 24 150.0 2000.0 -23.2406 02 670
Hydrogen Sulfide 0.500 26 200.0 2000.0 -14.2757 02 670

38 Methane 0.500 ·U469 3.5675 36
Methylcyclohexane 0.500

39 Methane 0.249 4.1525 3.7645 35
Heptane 0.751



Table B.6. (Continued)

Summary of Possible Outliers in Enthalpy Data Using the Peng-Robinson
Equation of State for Vapor Binary Systems

System Results Data Point Results
No. Components Mole RMSE AAD NPTS Data Temperature Pressure Deviation Outlier(O)/ Ref.

Fraction (BTU/lb) Point (OF) (psia) (BTU/lb) Flagged(F)
Criteria

40 Methane 0.491 4.9671 3.2705 44 ?" 300.0 50.0 10.2980 F2 592--'
Heptane 0.509 12 250.0 50.0 18.2577 F2 667

3 300.0 100.0 14.1548 F2 667

41 Methane 0.951 1.6185 1.1018 79 27 150.0 200.0 7.4840 F2 592
Heptane 0.049 " 200.0 400.0 6.2458 F2 592- -'

~

51 600.0 600.0 -3.3976 F2 592~

42 Methane 0.566 4.1497 2.6359 369 19 -150.0 1000.0 24.0333 F2 591
Nitrogen 0.434 1I -250.0 1500.0 26.9957 F2 591

5 -150.0 1500.0 18.4824 F2 591
7 -250.0 2000.0 11.7263 F2 591
1 -150.0 2000.0 10.8611 F2 591

119 -150.0 750.0 10.0372 F2 667
85 -140.0 1000.0 16.8770 F2 667

108 -130.0 1000.0 9.5389 F2 667
97 -150.0 1250.0 23.4412 F2 667
91 -140.0 1250.0 19.0271 F2 667

115 -130.0 1250.0 13.2612 F2 667
100 -140.0 1500.0 15.8450 F2 667
114 -130.0 1500.0 12.5042 F2 667



Table B.6. (Continued)

Summary of Possible Outliers in Enthalpy Data Using the Peng-Robinson
Equation of State for Vapor Binary Systems

System Results Data Point Results

No. Components Mole RMSE AAD NPTS Data Temperature Pressure Deviation Outlier(O)/ Ref.
Fraction (BTU/lb) Point (OF) (psia) (BTU/lb) Flagged(F)

Criteria

40 -120.0 1500.0 9.3762 F2 667
96 -150.0 1750.0 14.9130 F2 667
89 -140.0 1750.0 12.6519 F2 667

113 -130.0 1750.0 10.8235 F2 667
116 -120.0 1750.0 8.5074 F2 667
88 -140.0 2000.0 9.9528 F2 667

'J'

43 Methane 0.234 1.8313 1.3097 102 295 200.0 1250.0 8.5762 02 370
Propane 0.766 313 210.0 1250.0 5.1975 F2 370

..,..,
200.0 1000.0 8.0312 02 590jj

44 Methane 0.494 1.0658 0.085 136 314 260.0 1250.0 -2.3500 F2 370
Propane 0.506 23 150.0 1500.0 3.5145 F2 590

45 Methane 0.720 2.4802 2.0834 175 367 300.0 1750,0 -5.0563 F2 370
Propane 0.280 318 300.0 2000.0 -5,0922 F2 370

46 Methane 0.874 3.9862 3.8102 12

Propane 0.126



Table B.6. (Continued)

Summary of Possible Outliers in Enthalpy Data Using the Peng-Robinson
Equation of State for Vapor Binary Systems

System Results Data Point Results
No. Components Mole RMSE AAD NPTS Data Temperature Pressure Deviation Outlier(O)/ Ref.

Fraction (BTU/lb) Point (OF) (psia) (BTU/lb) Flagged(F)
Criteria

I
47 Methane 0.883 3.1668 2.9494 213

Propane 0.117

48 Methane 0.948 2.8634 2.3640 250
Propane 0.052

0- 49 Methane 0.949 5.2858 4.8040 12

Propane 0.051

50 Methane 0.500 1.1436 0.8603 33 21 600.0 1500.0 3.1716 F2 592

Toluene 0.500 18 600.0 2500.0 2.5665 F2 592

51 Methylcyclohexanc 0.1067 12.5378 10.4360 63 74 305.3 2900.8 -26.6759 F2 686
Hydrogen Sulfide 0.8933 71 305.3 3626.0 -26.0562 F2 686

68 305.3 4351.2 -25.1101 F2 686

52 Pentane 0.500 6.9056 3.7893 28 I 10 150.0 100.0 30.5308 02 685
Carbon Dioxide 0.500

53 Pentane 0.502 7.2343 3.8834 116 71 391.1 600.0 30.6105 02 581
cis-2-Pentene 0..+98 73 393.1 600.0 28.5189 02 581



Table B.6. (Continued)

Summary of Possible Outliers in Enthalpy Data Using the Peng-Robinson
Equation of State for Vapor Binary Systems

System Results Data Point Results
No. Components Mole RMSE AAD NPTS Data Temperature Pressure Deviation Outlier(O)/ Ref.

Fraction (BTU/lb) Point (OF) (psia) (BTU/lb) Flagged(F)
Criteria

69 400.0 600.0 28.2908 02 581
75 407.3 600.0 18.5252 F2 581
68 393.5 800.0 14.9393 F2 581
80 400.0 600.0 24.8325 02 678
7" 400.0 700.0 14.8335 F2 678_J

-....J 54 Pentane O. 197 5.3783 3.5378 170 I 57 547.8 1000.0 17.9818 02 584
Cyclohexane 0.803 4 520.0 700.0 25.8455 02 677

59 520.0 800.0 22.0425 02 677
60 540.0 800.0 14.7556 F2 677
69 520.0 1000.0 14.5049 F2 677
70 540.0 1000.0 12.6079 F2 677

55 Pentane 0.385 4.4467 2.8629 167 I 52 528.6 1000.0 10.4595 F2 584
Cyclohexane 0.615 49 500.0 700.0 23.3782 02 677

58 520.0 700.0 10.6465 F2 677
42 500.0 800.0 22.1910 02 677
43 520.0 800.0 14.4332 02 677

146 500.0 1000.0 15.9501 02 677
I'" 520.0 1000.0 11.9588 F2 677JJ

137 680.0 1000.0 -14.9748 02 677



Table B.6. (Continued)

Summary of Possible Outliers in Entbalpy Data Using tbe Peng-Robinson
Equation of State for Vapor Binary Systems

System Results Data Point Results
No. Components Mole RMSE AAD NPTS Data Temperature Pressure Deviation Outlier(O)/ Ref.

Fraction (BTU/lb) Point (OF) (psia) (BTU/lb) Flagged(F)
Criteria

56 Pentane 0.612 5.1316 2.7591 190 73 477.0 1000.0 23.3875 02 584
Cyclohexanc 0.388 74 529.3 1000.0 12.3131 1"2 584

81 460.0 600.0 29.1611 02 677
80 640.0 600.0 -14.4014 F2 677
69 460.0 700.0 29.3265 02 677
87 480.0 700.0 11.3131 F2 677

~

I 15800 460.0 800.0 23.8209 02 677
159 48.0 800.0 17.2091 02 677
170 500.0 1000.0 14.5865 02 677

57 Pentane 0.793 5.7857 3.0371 233 89 448.5 1000.0 21.1097 02 584
Cyc10hexane 0.207 88 498.9 1000.0 12.1637 02 584

143 420.0 600.0 41.4525 02 677
142 440.0 600.0 36.4077 02 677
162 420.0 800.0 24.7883 02 677
110 440.0 800.0 19.7940 02 677
98 460.0 800.0 14.6066 F2 677
89 420.0 1000.0 21.9098 02 677
99 440.0 1000.0 17.2049 F2 677

I 12 460.0 1000.0 16.6120 F2 677
97 480.0 1000.0 13.1406 F2 677



Table B.6. (Continued)

Summary of Possible Outliers in Enthalpy Data Using the Peng-Robinson
Equation of State for Vapor Binary Systems

System Results Data Point Results
No. Components Mole RMSE AAD NPTS Data Temperature Pressure Deviation Outlier(O)/ Ref.

Fraction (BTU/Ib) Point (OF) (psia) (BTU/Ib) Flagged(F)
Criteria

I
58 Pentane O.l67 2.8947 2.8839 2

Hexadecane 0.833

59 Pentane 0.386 3.2903 2.9569 16 I 38 616.9 25.0 7.1377 F2 584
Hexadecane 0.614--

'-0
0.587 1.8288 1.5734 l660 Pentane

Hexadecane 0.413

6l Pentane 0.794 7.8628 2.2849 31 76 400.0 40.0 43.1891 02 583
Hexadecane 0.206 20 480.4 25.0 4.0880 F2 584

62 Pentane 0.218 5.9870 4.1038 80 "'"' 530.0 400.0 33.9237 02 663JJ

Octane 0.782 "'7 540.0 400.0 16.4755 F2 663J_

25 550.0 500.0 13.0082 F2 663

63 Pentane 0.392 7.6429 5.7898
61 I 75 520.0 500.0 23.3317 02 663

Octane 0.608 78 540.0 500.0 10.6075 F2 663
82 500.0 600.0 21.8134 F2 663
83 520.0 600.0 19.3372 F2 663

j



Table B.6. (Continued)

Summary of Possible Outliers in Enthalpy Data Using the Peng-Robinson
Equation of State for Vapor Binary Systems

System Results Data Point Results
No. Components Mole RMSE AAD NPTS Data Temperature Pressure Deviation Outlier(O)/ Ref.

Fraction (BTUllb) Point (OF) (psia) (BTU/lb) Flagged(F)
Criteria

64 Pentane 0.597 7.4886 5.5356 69 94 480.0 600.0 25.2826 F2 663
Octane 0.403 93 490.0 600.0 23.5731 F2 663

92 500.0 600.0 21.0826 F2 663
87 480.0 800.0 16.2600 F2 663
86 490.0 800.0 15.8911 F2 663

t~ 65 Pentane 0.809 8.5868 4.5915 74 112 75.0 600.0 57.7779 02 663~

Octane 0.191 136 460.0 800.0 20.1051 02 663

66 Pentane 0.197 44.3324 27.3293 56 71 401.0 40.0 1 J 1.5244 01 580
1.2,3.4- 0.803 70 413.9 40.0 106.1801 01 580
Tetrahydronaphthalene 69 438.0 40.0 90.5941 01 580

68 464.7 40.0 41.1105 01 580
41 480.4 70.0 91.7755 01 580
40 500.7 70.0 73.2579 01 580
39 520.5 70.0 28.7392 F2 580

145 479.0 100.0 104.9167 01 580
144 488.7 100.0 100.9410 01 580
143 495.1 100.0 96.5067 01 580
142 539.3 100.0 65.8289 01 580
141 548.9 100.0 51.2948 01 580

-~



~

Table B.6. (Continued)

Summary of Possible Outliers in Enthalpy Data Using the Peng-Robinson
Equation of State for Vapor Binary Systems

System Results Data Point Results
No. Components Mole RMSE AAD NPTS Data Temperature Pressure Deviation Outlier(O)/ Ref.

Fraction (BTU/lb) Point (OF) (psia) (BTU/lb) Flagged(F)
Criteria

14 560.0 100.0 27.9915 F2 580
103 578.7 200.0 82.6918 01 580
102 587.4 200.0 78.1315 01 580
101 598.5 200.0 72.7567 01 580
95 625.6 200.0 50.8696 01 580

N 99 639.8 200.0 22.8380 F2 580-
67 Pentane 0.399 6.0894 5.1337 39 80 676.3 25.0 12.6095 F2 580

1,2,3.4- 0.601 93 676.9 100.0 13.4365 F2 580

Tetrahydronaphthalene

68 Pentane 0.588 7.3355 7.0582 36

1.2.3.4- 0.412
Tetrahydronaphthalene

69 Pentane 0.795 5.3193 5.0269 75 75 357.6 40.0 11.2003 F2 580

1.2.3,4- 0.205 64 367.9 40.0 -3.4202 F3 580

Tetrahydronaphthalene

-~



Table 8.6. (Continued)

Summary of Possible Outliers in Enthalpy Data Using the Peng-Robinson
Equation of State for Vapor Binary Systems

System Results Data Point Results
No. Components Mole RMSE AAD NPTS Data Temperature Pressure Deviation Outlier(O)/ Ref.

Fraction (BTU/lb) Point (OF) (psia) (BTU/lb) Flaggcd(F)
Criteria

70 Pentane 0.893 8.6393 5.7521 86 89 200.2 40.0 39.3928 F3 580

1.2.3,4- 0.107 72 375.6 385.0 41. 7570 F3 580

Tetrahydronaphthalene

71 Pentane 0.322 5.6897 4.8316 45.......
tv trans-Decalin 0.678tv

72 Pentane 0.561 5.7050 4.5577 41

trans-Decalin 0.439

73 Pentane 0.725 3.7981 3.2381 78 1136 549.1 700.0 10.6160 F2 580

trans-Decal in 0.275

74 Pentane 0.884 2.4423 1.8227 88 191 349.4 100.0 5.7986 F2 580

trans-Decalin 0.116 178 356.1 100.0 6.7533 F2 580

75 Propane 0.430 9.4602 8.0236 21

iso-Pentane 0.570

1



Table B.7.

Summary of Possible Outliers in Enthalpy Data Using the Peng-Robinson
Equation of State for Liquid-Liquid-Vapor Binary Systems

~

No. Components

System Results

Mole RMSE
Fraction (BTUllb)

AAD NPTS I Data
Point

Data Point Results
Temperature Pressure Deviation Outlier(O)/

COF) (psia) (BTU/lb) Flagged(F)
Criteria

Ref.

Benzene 0.963 33990 3.3990
Hexadecane 0.037

2 Benzene 0.199 5.7067 5.3109
Pentane 0.801-

N
W

3 Benzene 0.406 38.7932 20.7128

Pentane 0.594

4 Benzene 0.600 1.5459 1.4110
Pentane 0.400

5 Benzene 0.814 4.5775 3.9474

Pentane 0.186

6 Pentane 0.500 10.6590 10.6141
Carbon Dioxide 0.500

7 Pentane 0.197 6.3749 -+.9600
Cyclohexane 0.803

6

14

5

4

".,

5



Table B.7. (Continued)

Summary of Possible Outliers in Enthalpy Data Using the Peng·Robinson
Equation of State for Liquid-Liquid-Vapor Binary Systems

No. Components
System Results

Mole RMSE
Fraction (BTU/lb)

AAD NPTS I Data
Point

Data Point Results
Temperature Pressure Deviation Outlicr(O)/

(OF) (psia) (BTU/lb) Flagged(F)
Criteria

Ref.

8 Pentane 0.385 5.2716 4.4067 6
Cyclohexane 0.615

9 Pentane 0.612 6.1035 5.2791 "-'
Cyclohexane 0.388

-
N
~ 10 Pentane 0.793 7.0507 6.7887 "-'

Cyclohexane 0.207

11 Pentane 0.218 2.3220 2.3220
Octane 0.782

1'2 P~ntanc 0.392 2.5014 '2.5014

Octane 0.608

13 Pentane 0.597 7.9990 7.9709 ')

Octane 0.403

14 Pentane 0.809 4.6240 4.4860 ')

Octane 0.191



Table B.8.

Summary of Possible Outliers in Enthalpy Data Using the Peng-Robinson
Equation of State for Liquid-Vapor-Vapor Binary Systems

No. Components
System Results

Mole RMSE
Fraction (BTU/lb)

AAD NPTS I Data
Point

Temperature
(OF)

Data Point Results
Pressure Deviation Outlier(O)/

(psia) (BTU/lb) Flagged(F)
Criteria

Ref.

Benzene 0.771 1.3090 1.2655

Octane 0.229

2 Benzene 0.199 1.9428 1.5838

Pentane 0.801-N
Vl

3 Benzene 0.406 4.3075 3.1411

Pentane 0.594

4 Benzene 0.600 1.2771 0.9144

Pentane 0.400

5 Benzene 0.814 1.8602 1.5740

Pentane 0.186

6 Carbon Dioxide 0.0816 2.6793 2.6633
Hydrogen Sulfide 0.9148

7 Methane 0.4761 25.0999 13.2976
Carbon Dioxide 0.5239

2

10

,..,
.)

9

8

.,

4



Table B.8. (Continued)

Summary of Possible Outliers in Enthalpy Data Using the Peng-Robinson
Equation of State for Liquid-Vapor-Vapor Binary Systems

No. Components
System Results

Mole RMSE AAD
Fraction (BTU/lb)

Data Point Results
NPTS I Data Temperature Pressure Deviation OutIier(O)/ Ref.

Point (OF) (psia) (BTUllb) Flagged(F)
Criteria

8 Methylcyclohcxane 0.1067 14.1756 13.4501
Hydrogen Sulfide 0.8933

9 Pentane 0.197 8.0385 7.8403

Cydohexane 0.803
~,.)

C\

10 Pentane 0.385 3.0636 2.7526

Cyclohexane 0.615

11 Pentane 0.612 2.8217 2.2961

Cyclohexane 0.388

12 Pentane 0.793 4.7804 3.9636
Cyclohexane 0.207

13 Pentane 0.218 2.8594 2.8594

Octane D.782

14 Pentane D.392 8.8448 8.1943

Octane 0.608

">

-'

7

9

7

11

-,
.J



Table B.8. (Continued)

Summary of Possible Outliers in Enthalpy Data Using the Peng~Robinson

Equation of State for Liquid-Vapor-Vapor Binary Systems

No. Components
System Results

Mole RMSE
Fraction (BTU/Ib)

AAD NPTS I Data
Point

Temperature
(OF)

Data Point Results
Pressure Deviation Outlier(O)/

(psia) (BTU/lb) Flagged(F)
Criteria

Ref.

15 Pentane 0.597 4.9672 4.5076
Octane 0.403

16 Pentane 0.809 1.7294 1.6016
Octane 0.191-N

--l

6

7



Table B.9.

Summary of Possible Outliers in Enthalpy Data Using the Peng-Robinson
Equation of State for Liquid Multicomponent Systems

System Results Data Point Results
No. Components Mole RMSE AAD NPTS Data Temperature Pressure Deviation Outlier(O)/ Ref.

Fraction (BTU/lb) Point (OF) (psia) (BTU/lb) Flaggcd(F)
Criteria

I
Carbon Dioxide 0.333 13.4593 13.2917 5
Methane 0.333
Ethane 0.334

} Hydrogen Sulfide 0.333 9.4629 9.3952 12
Ethane 0.333

!'oJ Methane 0.33400

3 Methane 0.366 6.3621 5.2984 19
Propane 0.323
Ethane 0.311

4 Methane 0.3702 3.3564 2.2764 140 35 -80.0 250.0 -18.2753 02.3 671
Propane 0.3243 172 60.0 750.0 -9.4692 02,3 671
Ethane 0.3055 71 -280.0 1000.0 6.7189 F2 671

69 -280.0 1500.0 6.7760 F2 671
67 -280.0 2000.0 6.7368 F2 671

5 Pentane 0.200 3.5976 2.8378 59 95 352.1 1400.0 -7.5581 F2 665
Cyclohc\:ane 0.202 106 399.3 1400.0 -8.8752 F2 665
Benzene 0.598 93 445.3 1400.0 -9.1773 F2 665

9: 497.1 1400.0 -7.4831 F2 665



Table B.9. (Continued)

Summary of Possible Outliers in Enthalpy Data Using the Peng-Robinson
Equation of State for Liquid Multicomponent Systems

System Results Data Point Results
No. Components Mole RMSE AAD NPTS Data Temperature Pressure Deviation Outlier(O)/ Ref.

Fraction (BTU/lb) Point (OF) (psia) (BTU/lb) Flagged(F)
Criteria

5 Pentane 0.200 3.5976 2.8378 59 95 352.1 1400.0 -7.5581 F2 665
Cyclohexane 0.202 106 399.3 1400.0 -8.8752 F2 665
Benzene 0.598 93 445.3 1400.0 -9.1773 F2 665

92 497.1 1400.0 -7.4831 F2 665

6 Pentane 0.333 2.2433 1.9002 76 I 5 460.0 1400.0 -4.8423 F2 683
Cyclohexane 0.334

I...>
'-0 Benzene 0.333

7 Pentane 0.601 2.5603 2.1061 91 63 341.3 1000.0 -7.7947 F2 665
Cyclohexane 0.199 35 420.0 500.0 5.4881 F2 683
Benzene 0.200 71 340.0 1000.0 -6.7272 F2 683

62 360.0 1000.0 -5.1425 F2 683

8 1.2.3.4- 0.333 3.0888 2.6920 87 39 580.0 400.0 6.6683 F2 684
Tetrahydronaphthalene 40 600.0 500.0 6.3785 F2 684
Benzene 0.333
Octane 0.334

9 1.2.3.4- 0.100 4.2162 3.5116 84 I 83 500.1 1400.0 -9.1516 F2 581
Tetrahydronaphthalene
Benzene 0.450
Octane 0.450



Table 8.10.

Summary of Possible Outliers in Enthalpy Data Using the Peng-Robinson
Equation of State for Vapor Multicomponent Systems

System Results Data Point Results
No. Components Mole RMSE AAD NPTS Data Temperature Pressure Deviation Outlier(O)/ Ref.

Fraction (BTU/Ib) Point (OF) (psia) (BTU/lb) Flagged(F)
Criteria

Carbon Dioxide 0.333 6.4148 5.5543 38 13 50.0 1600.0 12.7802 03 672
Methane 0.333
Ethane 0.334

2 Hydrogen Sulfide 0.333 3.7754 2.0008
27 I 17 150.0 2000.0 -11.6274 02 670

Ethane 0.333 2 200.0 2000.0 -11.9523 02 670
.--.> Methane 0.3340

3 Methane 0.366 1.9192 1.6910 12

Propanl: 0.323
Ethane 0.311

4 Methane 0.3702 1.3421 1.1888 24

Propane 0.3243
Ethane 0.3055

5 Pentane 0.200 4.9514 3.3676 1.... ') 68 559.3 700.0 -15.7143 F2 665.J_

Cyclohe:xane 0.202 105 518.5 800.0 17.5785 F2 665
Benzene 0.598 104 528.3 800.0 14.8038 F2 665

101 566.5 800.0 -13.2652 F2 665
99 521.7 1000.0 13.4729 F2 665

123 541.2 1000.0 10.6107 F2 665



'-

Table 8.10. (Continued)

Summary of Possible Outliers in Enthalpy Data Using the Peng-Robinson
Equation of State for Vapor Multicomponent Systems

System Results Data Point Results
No. Components Mole RMSE AAD NPTS Data Temperature Pressure Deviation Outlier(O)/ Ref.

Fraction (BTU/lb) Point (OF) (psia) (BTU/lb) Flagged(F)
Criteria

6 Pentane 0.333 3.7314 2.8625 139 62 501.0 660.0 9.9841 F2 581
Cyclohexane 0.334 69 511.6 800.0 13.8868 F2 581
Benzene 0.333 43 521.9 800.0 9.3465 F2 581

7 Pentane 0.601 6.4195 2.4141 152 75 462.5 800.0 15.8469 02 665
VJ Cyclohexane 0.199 64 472.8 800.0 12.9912 02 665

Benzene 0.200 72 484.1 800.0 7.5515 F2 665
85 463.0 1000.0 14.8433 02 665

Methane 0.0104 93 478.1 1000.0 11.3218 02 665

Methy1cyclohexane 0.2358 63 500.0 800.0 8.1679 F2 683

8 1.2.3.4- 0.100 4.4500 3.0763 47 40 598.5 400.0 -10.1331 F2 581

Tetrahydronaphthalene 64 593.9 450.0 -9.3305 F2 581

Benzene 0.450
Octane 0.450

9 1.2.3.4- 0.3030 3.9173 2.6664 ? ~ I 26 560.0 200.0 12.5436 03 684-)

TetrahydronaphthaIene
Benzene 0.2093

Octane 0.3977

~



Table B.IO. (Continued)

Summary of Possible Outliers in Enthalpy Data Using the Peng-Robinson
Equation of State for Vapor Multicomponent Systems

No. Components
System Results

Mole RMSE
Fraction (BTU/Ib)

AAD NPTS I Data Temperature
Point (OF)

Data Point Results
Pressure Deviation Outlier(O)/

(psia) (BTU/lb) Flagged(F)
Criteria

Ref.

VJ
\".J

12 Propane
Carbon Dioxide
Ethane
Helium
Hydrogen
iso-Butane
Methane
Butane
Pentane
Nitrogen
Propene
Water
iso- Pentane

0.0190 3.9385 3.2018
0.0029
0.0284
0.0013
0.0001
0.0092
0.8579
0.0092
0.0030
0.0159
0.0001
0.0500
0.0029

8



Table B.ll.

Summary of Possible Outliers in Enthalpy Data Using the Peng-Robinson
Equation of State for Liquid-Liquid-Vapor Multicomponent Systems

No. Components
System Results

Mole RMSE
Fraction (BTU/Ib)

AAD NPTS Data
Point

Temperature
(OF)

Data Point Results
Pressure Deviation Outlier(O)/

(psia) (BTU/Ib) Flagged(F)
Criteria

Ref.

Pentane
Cyclohexane
Benzene

2 Pentane
't. Cyclohexane

Benzene

0.601 5.7236 5.7236
0.199
0.200

0.200 2.2847 1.6700 1I
0.202
0.598



Table 8.12.

Summary of Possible Outliers in Enthalpy Data Using the Peng-Robinson
Equation of State for Liquid-Vapor-Vapor Multicomponent Systems

No. Components
System Results

Mole RMSE
Fraction (BTUllb)

AAD NPTS I Data Temperature
Point (OF)

Data Point Results
Pressure Deviation Outlier(O)1

(psia) (BTU/lb) Flagged(F)
Criteria

Ref.

.

Toluene 0.103 ] 1]3.380 111.620
Hydrogen Sulfide 0.3037
Methane 0.4946
Methylcyclohexane 0.0986

I~ 2 Pentane 0.200 0.3104 0.2937V1

Cyclohexane 0.202

Benzene 0.598

,
Pentane 0.601 0.9257 0.9095-,
Cyclohexane 0.199
Benzene 0.200

4 1.2.3.4- 0.100 2.5999 2.5999
Tetrahydronaphthalene
Benzene 0.450
Octane 0.450

5

"-'

2



APPENDIXC

SUMMARY OF POSSIBLE OUTLIERS FOR THE GPA ENTHALPY

DATABASE USING THE PGR EOS

136
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The following table contains a summary of all suspect enthalpy data located by

the Park-Gasem-Robinson equation of state in conjunction with deviation plot. e

Table 5 in Chapter III for the four criteria listed in the outlier/flagged column of the

tables. Each phase for the pure components are separated within the table.

137
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Table c.l.

Summary of Possible Outliers in Enthalpy Data Using the Park-Gasem-Robinson
Equation of State for Pure Systems

System Results Data Point Results
No. Components RMSE AAD NPTS Data Temperature Pressure Deviation Outlicr(O)/ Ref.

(BTU/lb) Point (OF) (psia) (BTU/lb) Flagged(F)
Criteria

I

.Liquid I)ata ----------------------------------------------------------------------

Benzene 7.1856 6.2547 108

2 Cyclohexane 7.6989 6.9118 128 I 56 181.8 15.4 -17.2237 F2 584
....~

00

3 Ethane 3.9497 3.3075 41 34 -240.0 2000.0 8.1000 F2 592

4 Methane 1.9014 1.6459 14

5 Octane 4.6001 3.6509 154 10 540.0 400.0 9.7429 F2 586
24 550.0 400.0 9.5340 F2 586
14 539.8 360.0 11.8900 F2 663
15 540.0 360.0 12.1898 F2 663
24 533.6 400.0 9.5303 F2 663
26 544.5 400.0 10.1648 F2 663

6 Propane 11.2019 6.4177 40 I 26 -250.0 500.0 30.6352 F2 590
27 -200.0 500.0 13.6084 F2 590
37 -250.0 1000.0 30.6003 F2 590



Table c.l. (Continued)

Summary of Possible Outliers in Enthalpy Data Using the Park-Gasem-Robinson
Equation of State for Pure Systems

No. Components

System Results
RMSE AAD

(BTUllb)

Data Point Results
NPTS I Data Temperature Pressure Deviation Outlier(O)/ Ref.

Point (OF) (psia) (BTUllb) Flagged(F)
Criteria

I

38 -200.0 1000.0 13.5243 F2 590
I -250.0 1500.0 30.6667 F2 590
9 -200.0 1500.0 13.6439 F2 590

14 -250.0 2000.0 31.8344 F2 590

- 23 -200.0 2000.0 14.5669 F2 590
I

w
\D

7 Toluene 4.1802 3.6845 107

8 trans-Decalin 19.2158 8.4317 120 78 637.5 200.0 98.3615 02 580
86 639.0 300.0 95.3819 02 580
88 644.2 300.0 95.8066 02 580
96 637.3 450.0 97.9138 02 580

I

---------------------------------------------------------------------- \!apor Data ----------------------------------------------------------------------

9 Benzene 7.4641 6.4227 239 I 57 549.4 700.0 16.1210 F2 581
16 558.7 750.0 -4.0027 F3 581
63 535.9 600.0 15.7083 F2 584
54 551.1 700.0 15.2924 F2 584

...,
554.1 714.0 19.4547 F2 584,)
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Table c.t. (Continued)

Summary of Possible Outliers in Enthalpy Data Using the Park-Gasem-Robinson
Equation of State for Pure Systems

No. Components

System Results

RMSE
(BTU/lb)

AAD NPTS I Data
Point

Data Point Results

Temperature Pressure Deviation Outlier(O)/
(OF) (psia) (BTU/Ib) Flagged(F)

Criteria

Ref.

------------------------------------------------------------ Liq uid-Liquid-Vapor Data ------------------------------------------------------------

+>-

16 Benzene

17 Octane

18 trans-Decalin

35.2466 24.5361

6.4910 6.2615

3.9207 3.4175

10 79 502.0 500.0 -69.8164 Fl 581
70 506.4 500.0 -69.2538 1"2 581
15 529.7 600.0 -47.4698 F2 581

I
3

4

------------------------------------------------------------ Liquid-Vapor-Vapo r Data ------------------------------------------------------------

I

19 Benzene

20 trans-Decalin

10.2239 9.3220

15.9376 15.2699

4

17
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