
SUl'l'S, O I1l', Figlll'<' D, "lllilai llS III<' ksl 
lillie! ill a 11<'1100\'s w lli<"il IS SIII'IIIIIIII I('d 
by III<' jll'l' ,S,SlIn' g"l l" ',llll',~ IIIlid, 'I'll<' 
l'ilallgl' 111 I"" glh III til<' 1,,'llmv, IS 
l1H'aslIl', 'd b)' liS,' 01 :t ,s lld(' win' 'lI ,d 
lHllt'lililllllJ'lL'r :tlill II", ('1',il lgl' iii ill
I ('mal VOiUllIl ' i, (';t!l 'ltiakd, S'Ull(' 
iliveslig,llors i't-I'I II'dl I h,' aL'l' urae), of 
lhe Illt'LilOd slIfrcrs IWcallst' of il ll'iaslie 
hySl('l'('sis o( lh l, h"lIows , The s('colld 
l'lIll)l)dimcllt u lilizes a fr('e p iston, Fig
tll'e 10, which slici!'s up and dowil the 
bal'rel of the cylimlric, tl compressihil
it v cell. The \'Olullle occllpied by the 
t(:SI is t1l'lCl'IlIill('d from thc position o[ 
Ihl' pislon, Bridgem all lI ,cd a piston 
\\'hi('il filtl'd Ih " I't'ssl,l harre' l so cl()se
ly as to pr, 'cl ude fillid h)'pa,~s alit! 
dd('rlllilleci pi,stoll posilion witla the 
slidewirc tcchlliqlle, Several petro
lellill compally laboratori(,s utilize 
fllrther Il}( )[lificatiolls whil'h includc 
"O"-ring or "c!H:vron" packi ilgs iJc
tween th,: pis toll and cell , JlH'asur('
l1ll'nt of pi.~ tOIl Jl<),~i ti on witll a rliled 
rod altaelH'd to ti l(' pisloll and c~ t"lId 
illg throll gh n pac 'killg gl;u lCI , trllilioll 
IIl(Hlillilig for rockillg 10 laci lil atl: III i,
ing, anci a hulls-,'yc ' pOl't for oiJserv ing 
liquid-vapor ilil crfaC'es alld cstililating 
tho v,)llIllw of ea('h phas(', Less ac
curacy is nhl:aillahle with th('se units, 
hut hi g lll)' IIsr[ul informatioll klS heen 
obtained with thclll. 

Variable volume-variable mass 

nUl'llctt (28) evol ved a method for 
obtaining P-V-T data wilhollt direct 
volume measurements, Figure 11 :Uld 
Figure 12 sho\\' a refinemcnt o[ the 
equipm en t in which thc two sanlple 
containers opcrate Hilder balanced 
pressure, In opcration, the test gas, 

_'cigure 11 . is coutained at a measured 
pressure in one chamber, VI, of a 

T 
/ 

.1<1111>1" llil',"III'C ,'('ss!'1 \\'lli,'l> is ill a 
, 'IIII'!.IIII 1"IlII"'I,JllIl'l' 1"JlIi. 'I'll(' S''\' 
(1I1d (,1 1,11111"'1 ,', ("',lI'II,llt'd ,111.1 \,;t!\",d 
"II, TllI'lI Ii" ""'"p l,, I, C'\jl,lllll('rI to 
lill 1111111 "11.,,,")('1\, til(' plt's\lIr,' III<'a\-
11I"d , Ihc ' ""'1111<1 l'h,lIIa1I1'r .I;~'1I11 !'ltl,\(,c! 
ofr :llId ('\'a"II"I('<I, alld the ('\IJ.lllsioll 
prot'('" 1<'I)(';lIc'<I " 11111111)('1' o( 1lllll 'S 
IIlItil lIl'ar-,atll)'''l'l ll'I' il' pl't'sslIrt' is ob
taill,'d, \\'llh II I<' el(ll.(ti<l1l of stalL' 
\\'rilll'I(, ill 1('1'111\ or thl' (,()III[l rcss ihili
tv Lldlll', fi,.,: 101' Ih l' 1l1'l!~IIJ ;d 11I.ISS ill 
\\,\\('1 \ '1 ,11"( litl'lI III i}()ll( \'('s,\C'Is, 

0111' "ht;lills: 
I' .. \', Z"lI,/iT ( 10 ) 
/ ',(V, I V ) Z,II , iiI' (Jl) 

TIllS (':III IH' \'(';JI't.lllgl'd I,) give 
(I" /',,) ,V \ /', /,,,) (V, \I,) V, 

Z, Z" (12) 
wlll're N is .Ill apparatus l'()II,lalll 
\\'hiell dl'j l<'llds I1 l1l y Oil 11." dilll<'l1 -
Sill liS III' th" e(l'lil'"H'III, ,\f ll'r ;( ,'l'\'il'S 
or ; slIl'('!'ssil'( ' t'\lla ll s iolls, 

( [' , I' .. ) N' Z , /Z .. 

/ ' .. Z, Z" 
'I'll<' lilil il or III(' l',lIill /'1' / 1', as /' , _ . 
() is III<' l,(,11 "<llIst.lId , \Vhiell 1111,,1 
" , " al ly I,, : l'oll,idC' rC' ti til 11<' a IUlldioll 
or t('ll1l )('ral 1I 1'(', II Ill(' iSIIIIII'I'111 for a 
g iven seri!'s of I'\P:lIlSiIIllS is sufTieiC' lIlly 
Iin ca r, the e\ll'ap()ial ioll often lIl ay be 
performed gl':lphicall)': fr<'<[lIcntly it 
mllst b, ~ perfo rm ed hy fitting a fill le
tio lt to the dat,I, 

As regards aC(; \I1'aey of reslllts, il 
shollld be notecl that any error in 
1',, / 2 . is in trodllcC'd directly ililo each 
Z" Thcrefore, aCCllrate low pressure 
nW(1Sllremcnts arc essential unl ess the 
isotherm exhihits linc"rity to relatively 
high presslII'es, .\150. beeallse the eel: 
cons tant N is raised to the power I 
in determining 210 the effect of any 
error in N is magnified considerably; 

Figure 16. Detai ls of a differential P,V,T apparatus (6), 
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10 a fir,t approxililatioll thu error in 
/', N' frolll all C'l'ro r ill N is ; timl's Lllu 
l' ITor io N, 'I'IIt'r<"i ol'(', lhu crllx of ae
('l lral,' 11111'11<'11 apjl"ratlls work is vl'ry 
acc' lIra lt: d, 'll'l'Il1ill:tlioll of Ihe appara
I liS L'Ol lslall!. J klai Jt.d disClissio lls of 
lhe IISl: of Ihis (,(Jlli Jllllunt have 1)('('11 
given by Bloomer (1U), ;...ltll'lIer, cl (ll. 
(2iJ) :llId Schne idcr (7); data trcat
m e nt h as beell discllssed by l'fdferle, 
cl 01. (.:30), SClllH'icic 'r, cl III, (.'31), 
SiII)c ri>erg, ct ai, (32), and Canfie ld 
(;3:3), E rror estimates r.lngc j rom 
2:1,000 in Z [or u se of the imlustrial 
units (32). to 1: 10,000 in cell eon
stallt N for very careful work and 
special IIl1its (33), 

H('eelltly, Burnett (3L1) reported 
Oil the adaplation of this approach to 
I h" clc:te rminatiol1 of lhe comprossibi
tics of llIulticomponent sysk ms for 
cO llditions wilhin the two-phase 
i'cgioll, In this apparatus, two expan
sim i valves arc nceded b e tween the 
tw,) ch :lIl1lll ~ rs; CIIIC at the top [or vapor 
allli allolhl'r al the hottom for liquid, 
TIIt ~ S),St"1I1 is sC'l Oil 11 rocking mount 
so Illal tilt' flilid ill tho challli>ers ca n 
be llaixC'ci 10 ass II 1'( ' eOllstant mixture 
compositioll, This is a new techllique 
and error analyses have not b een pre
sented. 

A modification o( the m ethod has 
bcen used to obtain compreSSibility 
[actors accurate within about o,n 1 % 
for pressures near atmospheriC, FigllJ'e 
13 (14), Data arc ohtained at two or 
three differe nt press lIJ'es by confining 
a sample o[ gas in successively larger 
volumes at constant temperature over 
merelllY , Each pure gas or first mix
ture componcnt was taken into th e 
expansion system, Figure 13, to fill 
olle of the measured volumes, and its 
pressure measured carefully. Other 
componen ts were then taken sueccs
sively into th e mixture preparation 
bulbs, measured in like manner and 
then foreeo inlo the expansion sys
tem and mixed, The sample pressure 
was then m easured as it filled Slle
eess ively one, 1:\'10 and three bulbs, 

The data were h'eated with the 
eq uation of state truncated after the 
second virial, i ,e" 

[PV/ (l + aP)). = [PV/ (l + aP)) , 
=(PV/ Z)( = PV/,~o = RT 

(14) 
The d ata for several expansions were 
fitted to; 

l'V = (PV) . (l+,BP) (15) 
Then ,B was corrected for variation 
with pressure to give the second virial 
at 60°F ancI 1 atm, by introducing the 
third virial. 

Special methods 
It is espeCially worthwhile to note 

tha t several investigators have d evel
oped expe rim ental approaches that 
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