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Experimental Tr~erinal Conduct iv i ty Values f o r  

Mixtures o f  Methane and Ethane 

. Hans M. Koder and Daniel ti. Fr iend 

Chemical Engineeriny Science D i v i s i o n  
Center f o r  Chemical Enyineeri ny 

Nd t i  onal Bureau o f  Standards 
Boulder, Colorado 80303 

The experirnerital measurements o f  thermal conduc t i v i t y  as obtained i n  a t rans ien t  hot 

w i re  apparatus f o r  111ixtures o f  rnethane and ethane are recorded. The rneasurernents were 

made a t  temperatures between 140 arid 330 K w i th  pressures between 0.1 and 70 MPa. The 

densi ty  range i s  0 t o  24 rnol/L, the  mole f r ac t i ons  o f  illethane dre 0.69, 0.50, and 0.35, 

and the t o t a l  nwnber o f  po in ts  recorded i s  2476. 

Key words: ethane; Rot wire, measurements, raetiiane, mixtures, thermal conduct iv i ty ;  

t rans ient .  

1. In t roduc t ion  

New experimental measurements o f  t he  tliennal conduc t i v i t y  o f  f l u i d s  are a1 ways o f  i n t e res t ,  

espec ia l l y  i f  the  measurement i s  an absolute one, and i f  the r e s u l t s  are as accurate as those t ha t  

can be obtained from a t r ans i en t  hot  w i r e  apparatus. Perhaps t he  s i ng l e  drawback o f  a t rans ien t  

ho t  wi re  systen i s  t he  r ap i d  accumulation o f  l a rge  quan t i t i es  o f  data. Th is  repor t  i s  the arch iva l  

record o f  r esu l t s  on ~n i x t u res  o f  methane and ethane. There i s  a minimum o f  t e x t  since analysis, 
1 explanat ion and discussion o f  the  r e s u l t s  w i l l  be given i n  f u t u re  papers [1,2] . 

The measurements were made w i t h  a t r ans i en t  hot w i r e  thermal conduc t i v i t y  apparatus' 131 which 

has been tested w i t h  n i t rogen  [3], tiel ium [3] and argon [4,5]. The systan has been used prev ious ly  

t o  measure the  thermal conduc t i v i t y  surfaces o f  oxygen [6], hydrogen [7,8,9,10], methane [10,11], 

ethane [10,12] and propane [10,13]. The temperature range o f  the  instrument i s  77 t o  330 K and the 

pressure range i s  from near zero t o  70 MPa. 

The scheme used t o  measure t l i e  thermal conduc t i v i t y  surface o f  a y iven f l u i d  i s  t o  conduct the 

measurements along isotherms. The spacing i n  temperature i s  chosen t o  be around 20 K r e s u l t i n g  i n  

a change o f  several percent i n  thernial conduc t i v i t y  between d i f f e r e n t  isotlienns. On each isotlierril 

measurements are made a t  a number o f  d i f f e r e n t  pressures. The spacing i n  pressure i s  arranged t o  

g ive  a spacing i n  dens i ty  o f  about 0.5 ~nol/L.  F ina l l y ,  r e p l i c a t e  measurements a t  t l ie  sa~ne c e l l  

temperature and pressure a re  made w i t h  th ree  o r  f ou r  d i f f e r e n t  power levels.  The r e p l i c a t e  

rneasurelnents serve t o  ve r i f y  the  absence o f  convection, and, because t he  experiiilental ternperatures 

vary w i t h  t he  appl ied power l e ve l ,  t he  ~neasure~nents are ac tua l l y  independent o f  each other. 

The sect ions f o r  t he  i nd i v i dua l  mix tures g ive the tab les o f  data, the  c o r r e l a t i n g  equations i n  

t h e  foni i  o f  computer programs which were used t o  adjust the thennal conduc t i v i t y  values t o  the  

naninal temperatures, and the  equation o f  s t a t e  used t o  i n f e r  dens i t i es  f r o ~ n  the  measured pressures 

and ternperatures. Recorded i n  t he  tab les  of data are the run and t he  p o i n t  numbers, the pressure, 

temperature and dens i ty  of t he  ~n i x t u re ,  t he  appl ied power, the  experi~nental  thermal conduc t i v i t y  

and i t s  associated l i n e a r  regress ion s t a t i s t i c  STAT. STAT i s  the  uncer ta in ty  o f  the  slope, 

- 
'~urnbers i n  brackets i nd i ca te  t he  l i t e r a t u r e  references a t  the  end o f  t he  paper. 



d ( ~ T ) / d ( a n t )  a t  the two sigma level, determined in the the data reduction program [3]. STAT i s  a 
direct measure of the precision of the thermal conductivity, i.e., a STAT of 0.001 corresponds to a 
precision of 0.1 percent in thermal conductivity. In the analysis of the thermal conductivity 
surface i t  i s  desirable to have the thermal conductivities at integral values of temperature. 
Therefore, each point has been adjusted at constant density to, a nominal temperature by a slight 
shift in temperature using the correlating equations for the surface in question. Printed in the 
data tables are the so adjusted thermal conductivities at the nominal isotherm temperature as well 
as the deviation between the adjusted values and the correlating surface. 

2. Results for a 70/30 Mixture of Methane-Ethane. 
A total of 899 points are given in tab1 e 1. The actual mole fraction of methane in the 

mixture is 0.68526 with the balance ethane. The computer programs developed for the thermal 
conductivity surface of this mixture are shown below. The equation of state used for this mixture 
i s  given in [14]. 

FUNCTION TC7030(  RHO, T I  
C COEF. FROM TC021, F I R S T  PASS, 27 PAR 85 

DIMENSION A ( 3 ) s R ( 5 )  
DdTA A/ e1875327E-029  0 3 0 6 0 6 6 8 E - 0 4 1  e 1 9 4 1 8 6 4 E - 0 6 /  
DATA B /  e2091574E-02 ,  e 6 1 0 9 3 9 7 E - 0 6 s  e5868613E-05 ,  

1 e3105442E-08,  e 5 9 1 0 9 5 9 E - 0 8 /  
TCZERO-AI l I + A ( 2 ) * T + A ( 3 ) * T * * 2  
EXCESS=(R(l)+8(2)*T)*RHO+~8(3)+8(s)*T)*RHO**3+B(5)*RHO**5 
TC7O?O=TCZERO+EXCFSS+CR7030 (RHO, f )  
RETURM 
END 

FUNCTION CR7030(  RHO, TEMP) 
COEF. FROM TC921  AND M I N I f l S s  F I R S T  P4SS9 2 7  M A R  85 
D IPENSION C ( 6 )  
nATA (TC=239.7? 91, lRYOC=8.75) 
DATA C /  e2763677E+00~-e22400ODE+C3, el827430E-Ol,-e5571235E-OQI 

1 - e 2 2 1 2 5 0 7 E + 0 0 9  e 2 1 1 9 1 7 9 E + 0 0 /  
T=TEPP 
I F ( T o L T e T C 1  TsTC 
DEN=RHO 
I F ( T e L T e 3 6 3 . 5 9 0 )  GO TO 4 

5 CR7630=0.  
RETURN 

4 CONTINUE 
4 4 P L = C ( l l  / ( T + C ( Z )  ) + C ( 3 ) t C ( 4 ) * T  
DE LRHO-DEN-RHOC 
X l = C  (S)*DELRHO 
IF(DENeGTeRH0C)  X l - C  (6 ) *DELRHO 
CR7030=AMPL*EXo( - X l * * 2  1 
RETURN 
END 



T e h l r  I. The T h s r s a l  C O ~ ~ + U C ~ I V I * Y  o f  a  7 7 / 3 6  q s t h a s e - E t n a n e  l l x  

E x o e r l m e n t r l  AdJus te4  T 5 e r s l l  C ~ n d u c t l v l t ~  
T h e r n r  1  s t  a  Y o m l n a l  O e # l a t l o n  

Run P t .  P r e s s u r e  T e r p e r n t u r e  C e n s l t v  Peter C ~ n d l l ~ t i ~ l t y  STAT T ~ n p e r a t u r e  of  14C.IK f r o n  C o r e l a t l o n  
YPs K s o 1 l L  Wln  W/m.i( U1m.K o e r c r n t  

E x ~ e r l m e n t e l  4 d J u r t e d  T h e r r e l  C 3 ~ d u c t l  v l  t y  
Therms l n t  e Yaslnal D e v l a t l o n  - . 

Qun Pt. P r e s s u r e  T e m o e r a t u r e  D e n s i t y  Power C o n d u c t l v l t y  STAT f s m p i i a t u r e  o f  161.9K Cron C o r e l s t l o n  
r p e  K mnllL Ylm Y1n.K W1n.K o e r c c ~ t  

Exper  1  m e n t a l  4 d J u s t e d  T h e r r a l  C o n d u c t l v l t y  
T h e r a r l  a t  r N o n l n a l  J e v l  a t  I o n  

Run Pt .  P r e s s u r e  T e r ~ e r r t u r e  D e n s i t y  Power C o n d u c t l v l t y  STAT T e n ~ e r e t u r e  o f  182.6K f r o m  C o r e l r t l o n  
YPa Y r o l l L  Y l r  Y1r.K Y/m.K p e r c e n t  



22.1404 1.?900? e164PP a O n l  a le486 e51 
22.1596 1.54377 ,16791 .001 l t 7 9 4  2.12 
77.1800 1.14735 e l6403 .SO1 e l6412 -. 39 
23.7456 1 . ~ 5 3 9 ~  .170t9  . ? a t  .17q14 1.88 
77.7997 1.40523 ,17839 r O O 1  ,17935 .96 
Zf.7969 1.15328 .lR234 , 301  e l3236 3.05 
22.9095 1.27118 017779 . a n 1  .177r)b .45 
27.1?11 1.39539 e l8712 031 .I8711 1 94 
23.1348 1.269b8 e l8358  .001 * I8962  2.57 

E r o e r  l m e n t a l  AdJus ted  T b e r r a l  C o n d ~ c t l v l t y  
T h e r q a  t  a t  a  Nomtna l  O e r l o t l o n  

C e n s l t y  P o + e r  C o n ~ u c t l v l t v  5 1 4 1  T e m p e r a t u r e  o f  194.2K f r o m  C o r e l a t i o n  
r o t / L  WIm V1s.V u l n . u  p e r c e n t  

pun P t .  

E x p r r l a e n t a l  AdJus ted  T h e r c a l  C o n l u c t l v l t ~  
f h e r n a l  a t  a  N o m l n a l  D e v l  a t l o n  

O e n r l t y  oower C o n d u c t l v l t y  STAT T e m o e r a t u r e  o f  203.7K f r o .  C o r e l a t i o n  
o o l l L  U l n  Y1v.K U / r . K  o e r c e n t  

,7275 ,09265 e01768 .005 .01753 1.23 
,2285 e07523 a61752 ,009 ,31745 .75 
,2296 .059&6 e01747 e305 e.31750 1.01 
,2304 eO4595 ~ 0 1 7 5 1  ,908 *01760 1.60 
e3812 a05962 eOlPO1 ,937 .01906 1.77 
.3*'7 e0924R e01824 .i)r)3 e01815 2-12 
,3889 e07'14 .01808 -003  e01806 1.64 
e3937 e04591 ~ 0 1 7 8 2  .061 e01794 .90 

17.5257 1.05484 e l0205  , 031  elC197 1.36 
17.3920 e52468 * l o 1 7 3  . O O t  e l 0173  - e  50 
17.7510 -81221 .I0181 ,301 .I0187 -.98 
17.8481 a73999 ~ 1 0 2 1 7  .001 e l0234 -1.55 
1O.0989 1.16925 ,11707 a031 . l l b 9 8  -1.71 
19.132C 1.04422 ,11820 , 001  e l l 8 2 6  -.98 
lQ.1875 .97526 e l1762 ~ 0 0 1  . l l 7 5 8  -2.04 
19.2307 ,91263 011907 a301 ,11922 -1.26 
20.2440 1.30126 .!33t7 .001 ,13357 -1.16 
20.2666 1.16941 e l3449 ,001 . ~ 1 3 4 4 5  - a  76 
20.3044 1.04303 e l3539 a001 113544 -.44 
26.3334 ~ 9 2 5 4 1  . I3601 e001 ,13613 - a  26 
21 0203 1.29763 a 15046 .301 ~ 1 5 0 2 9  1.92 
21.0410 1.43967 ,14644 ,001  -14633 -a  97 
21.0825 1.15544 -14933 .001 ~ 1 4 9 3 4  .60 
21.1135 1.52840 -14918 eQ01 -14928 a21  
71.7359 1.43832 e l5964 ,301 -15961 -.I2 
21.7392 1,30504 a16108 e301 el6106 .76 
21.7617 1.17174 ~ 1 6 2 0 5  .001 ,162 10  1.14 
21.7862 1.04548 a16296 .OCl ,16359 1.57 
22.0771 1.19071 -16775 ,001  e 16752 a94 
27.1059 1.30725 m17008 ,001  e l7006 2.04 
22.1078 1.43787 ,16737 .001 -16735 .43 
2?.1325 1.17157 e l6919 ,331  a16996 1.69 

P r e s s u r e  
YPa 

E x p e r l s e n t a l  
T h e r m a l  

Power C o n d u c t l v l t y  
Ulm UlsrK 

e l1790 ,01925 
e09769 ,01915 
e07929 .019C4 
,36298 a01908 
,11780 .019Q3 
e09768 ,01977 
e07020 e01931 
.Oh?O5 -01959 
e l1778  -02052 
e09762 ,02041 
.07929 e02063 
606296 ~ 0 2 0 5 8  
e l 1 7 8 1  ~ 0 2 0 1 2  
e9974P e02007 
a07919 ~ 0 1 9 6 1  
.05?83 .01955 

A d J u s t e d  Therma l  C o n d u c t l v l t y  
s t  a  Y o a l n a l  Dev t  a t  I o n  

T e m p e r a t u r e  o f  214.4K f rom C o r e l a t l o n  
U l  m. U p e r c e n t  

pun  P t .  Dens 1  t Y 
mot l L  

,2421 
e2432 
,2441 
,2449 
4991 

,5012 
,5334 
,5347 
,7367 
e7395 
.741b 
,7451 
-7510 
,7567 
.7596 
,7622 

STAT 



E x p e r  I n e n t a t  
Therm, I 

P o d e r  C o n d u c t  l v l  t y  
Y l n  h1a.K 

e l0278  e01951 
-08352 -01951 
-06627 .019i8  
a05105 a01953 
e l 7 3 9 5  .020?6 
,10255 .02014 
,08336 so7011 
eC6611 e0199C 
. l t 3 @ 3  .0205R 
.I0264 e32070 
aE9346 e02052 
,05628 -02047 
,14700 .02180 
e l 2 3 7 7  e0218'J 
. lo252 .02176 
,09336 -0214C 
,89469 so8483 
e77999 .3@f05 
.57166 .OR510 
e57164 .0Sb20 

1.01971 ,10473 . A9492 a 10430 
~ 7 7 9 2 0  e l0500 
e67077 ,19489 

1.15028 ~ 1 1 9 4 9  
1.01732 a I l F 9 9  

e99359 e l2014 
e77698 e l2016 

1.15051 -13303 
i . o i e 1 3  . i3344 

,39557 ,13372 
.I7655 a13318 

1.29167 e l4412 
1.15161 .144b2 
1.01892 ,14476 

,89373 e 14447 
1.43355 .I5480 
1.2A7C5 . l K 5 2 4  
1.147'i5 ,15481 
1 a01516 .1*555 

b d J u s t e d  T h e r n a l  C o n d u c t i v l  t y  
a t  a  Y o m l n e l  D e v l  a t  I o n  

T e ~ p e r e t u r e  o f  2?3.lU r r o n  C a r e l a t i o n  
V1m.K o e r c e n t  

P r e s s u r s  
YP. 

,387 
-3117 
.397 
-387 
.?A3 
.783 
. IS3  
a 7  83 

1.080 
1.08r) 
1.080 
1.080 
1.510 
1.910 
1.510 
1.510 
4.484 
6.485 
6.485 
6.4tr4 

16.137 
16.134 
15.132 
16.131 
27.498 
27.590 
27.407 
27.490 
3P.8'? 
38.870 
36.969 
18.868 
50.043 
50.043 
50.935 
50.033 
60.675 
60.674 
60 e47C 
60.676 

T s m p e r s t u r s  
K 

224.833 
224.037 
223.37C 
272.896 
22L ,227 
224.383 
223.642 
223.074 
225.037 
?24.339 
223.609 
223.042 
225.170 
224.630 
323.963 
223.253 
P27.032 
222.640 
?Zl .  896 
221.134 
223.697 
222.764 
222.079 
221.318 
223.569 
2t2.742 
222.155 
221.?11 
223.1q7 
222.510 
221.949 
220.952 
223 e401 
222.849 
222.140 
221.573 
?24.'lOl 
223.441 
933.243 
272.237 

Q u n  P t .  

,01931 - .9G 
a01945 -.43 
e01955 e 32 
-01955 .35 
e02031 -.62 
.02001 - . 65  
.32001 -. 50 
a01990 -1.23 
.02075 -1.60 
,02055 -. 63 
e0204b -1.14 
.02049 -1.38 
,021 55 -. 02 
.02152 .z3 
.02156 .35  
e02138 -1.01 
,08484 1 .28  
.08511 1 - 6 3  
.OR521 .11 
08617 .40 

.1C416 -. 59 
-1C435 -1.25 
e l0515 -1.10 
. lo515 -1.78 
.I1942 -1.19 
e l2035 -1.25 
.I2079 -1.45 
.I2019 -1.81 
,13303 -. 5 1 
.13353 -. 51 
,13391 -. 62 
e l3351 -1.57 
.I4407 .06 
a14465 . I 9  
e l4489 -. 02 
.I4471 - .45 
e l5465 1.54 
e l5518 1 .51  
.I5479 1.26 
e l5570 .1.34 

A d J u z t e d  T h e r a q l  C ? n 4 u c t l v l  t y  
a t  s  N o m l n a l  D e v l  s t  I o n  

r 4 n o e r a t u r e  o *  231.1K f r o n  C o r e l a t i o n  
d1m.U p e r c e n t  

E x ~ e r  l a e n t a l  
T h e r r r  I 

D e n r l t v  P o 4 e r  C o n C u c t l v l t y  
s 0 l l L  Vlrn W1rn.K 

Run P t .  P r e s s u r e  
r p ~  

E x p e r  i r e n t r l  
The rms  I 

D e n s l t v  p o w e r  C o n d u c t l v l t y  
r o l l L  @ l a  Y1r.K 

ACJust.6 Tber  a +  1  C o n d u c t  1  v l  t y  
s t  a Y o s l n ~ l  D e r l a t l o n  

T e n p e r  a t u r e  o f  2 4 2 . 3 K  f r n n  C o r a l  a t l o n  
Ula.l( p e r  c e n t  

Q u n  Pt .  S T A T  



-507 
,003 
e305 
r 004 
,004 
.I)@$ 
6 007 
e304 
01 9 
,318 
,017 
,324 
,031 
,029 
.040 
.009 
,312 
,017 
,914 
-004 
-004 
.005 
,007 
.30R 
,013 
,094 
~ 0 0 4  
,005 
,007 
009 
.ole 
.005 
,335 
,009 
,007 
,008 
a003 
,905 . ,901 
a005 
,001 
,305 
.OOb 
r 009 
,301 
.OOl 
e301 
.OC1 
.901 
,001 
.OOl 
e301 
031 
,001 
.DO1 . cos 
.C01 
.001 
.OCl 
.oc1 
.301 
,001 
.?C1 
,001 

Emper l n c n t a l  A d J u r t e d  Therma l  C o n d ~ c t l v l t y  
T h e r m a l  a t  a  N o o l ? a l  3 e v l  s t  I o n  

?tin P t ,  P r P s s u r 3  T e n p ~ r n t u r e  D e n s l t v  P o ~ e r  C o n d u c t l v l  t y  STAT T e n p e r a t u r e  o *  253.8K r r o n  C o r e l r t l o n  
MPq K T O  1 lL 'din W/n.K U 1 r . K  p e r c e n t  
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19190. 
fZ290°  
39 290' 
8 f 19@*  
79030' 
61290' 
€3860. 
OSLSO* 
LZLSO* 
GELGG* 
96550' 
Z%GSO* 
22S40' 
'IbSLO* 
E6ESOg 
E9ESO' 
%0E5C0 
642!40° 
26150' 
021GO' 
LSZLO* 
E414O. 
LtOSO* 
02140' 
99060. 
LEOGO' 
50630' 
CLb~O*  
+ r e f o g  
SE8tO' 
665,0* 
EL5f0° 
3s SCG* 
LOSSO* 
4 1 3?0° 
E8EC1' 
LG E f  0. 
36230' 
0+130' 
2 f l t O .  
38030' 
SSC?O* 
€LdEOb 
BLtlEd* 
C*EtEO* 
61bEO' 
56GEO' 
OEYEO* 
tE9E0° 
664E0° 
(iC3EO' 
LGLEO* 
E17E0' 
ZSZEO' 
2r)GEO' 
b'ICEO* 
OEOE'J. 
81CBO. 
LGbZ;I* 
2;bZC' 
L3 tZ09  
4EbZC' 

KCO* 
200'  
zoo* 
TOG ' 
100 '  
ZOC' 
ZOO* 
2CC. 
100 '  
200' 
200' 
ZOO ' 
TOG* 
ZOC ' 
200' 
200' 
€00. 
200' 
200 ' 
260' 
L f  0' 
6EOe 
050'  
fZ0 '  
CZO* 
030 '  
TEG* 
120'  
L I G O  
420'  
SEO* 
b Z J W  
120'  
6 IC '  
3h0' 
L2C' 
616'  
220' 
ZEC' 
520' 
120'  
L l G *  
CEG' 
9Z6' 
1 €0 '  
920' 
120'  
f 20' 
910'  
ETC* 
OEO' 
320. 
610' 
LTO' 
6 20' 
220' 
616. 
510'  
LZO* 
'120' 
610' 
316. 
SZil* 
120. 
910 '  
310. 
1.20' 
CTG' 
S IC*  
E1C' 
72P* 
PIC' 
SlG' 
110'  
T2C' 
b1C. 
+ l o '  
T IC*  
120'  
L I C *  
€10. 
11'3' 
EOC* 
ZOC'  
20C' 
23U' 

11)8Gr' 
€6092 * 
LE962' 
209LE' 
08199' 
YE092' 
LE9b2' 
IE*EE* 
EPCLE 
9LLZZ' 
09962' 
99092' 
9LEEEe 
9YL6Z0 
4d09Z0 
21962' 
OLLZZ* 
OZfEE' 
10K9Z' 
ZL9b2. 
EZfEE' 
9LCb Ie  
LLL22'  
50192' 
95962' 
1 1961'  
LELZZ* 
0196Z0 
92EiE0 
01292' 
L3961' 
OZLZZ* 
8f09Z. 
5E962' 
26Sb le  
66922. 
8LC6Z 
9EZ92. 
ieS61. 
16922'  
bE09Zm 
L3962' 
0SL61' 
P S ~ Z Z *  
Ed961' 
11L2Z0 
L6E92' 
E664Ze 
4S862' 
81462' 
49561 
ZYLZZ' 
9219i .  
69662. 
K296To 
S5LZ2. 
9 I192 '  
1t.962' 
46461. 
OZLZZ' 
62092' 
Z Z 9 t t '  
S8Sb1. 
21A.22' 
950Yi '  
43962' 
99461. 
OOL22' 
ZZ( i9 i0 
1~.;rz* 
RCLb\' 
6S922' 
3 ~ 0 9 2 .  
YLh6Ze 
b 2 L 9 l 9  
e1+0T* 
L f 6 Z i '  
SPC9i' 
92191' 
8 1  961' 
ECLZi*  
oeocz*  
ObCb1. 
L tL91.  
E C F t l g  
1 3 ~ i 2 '  

2 O L ~ ' Z ~  
881C'ZC 
OZ8b0I1  
5998' 11  
L U t L ' l I  
E9S.S011 
Lb9+'11 
LbZf.11 
EEfE.11 
9C06.01 
6228'01 
OSEL'OI 
492L.01 
E03t'Ot 
49CT001 
E82t 'Ot  
8E60*Ot 
0880'01 
ZfEC.31 
2996'6 
68L6.0 
LLEL'b 
L9C9.6 
5fLS'b 
GOESb6 
CLZO.6 
6236'8 
6K0bWd 
EZBL'b 
CGLL.8 
C96Eod 
soLE.8 
LZ8Z'b 
LB61*8 
b6EO'LI 
9Lb6.L 
OOEL '1 
LE1L.L 
fS0L.L 
C965.L 
4fZL.L 
YZ6E.L 
7526'3 
L988.J 
1 t e L * u  
3281.9 
643L.3 
Lt3L.9 
9E89.3 
9€8'+*'9 
666s.-1 
nLL'Ie9 
0669'3 
03S2'J 
S9Eb.L 
u8Sb0li 
YbLL.4 
b11L.G 
L31Sgr  
$8 33.5 
6ZLE '4 
tS4E'; 
Of40.S 
15db.3 
S9E6*% 
21#d*3  
tSb4.t 
i i 6C ' l r  
6233*+  
061r * *  
'rlr6t.E 
6LS t ' t  
ZL2b.E 
6688' t  
i0GC'E 
9Zc3.E 
4C5E.E 
01Lt.C 
t Y  b t  *2 
8096'2 
dCf6.2 
6316.2 
6 1  L t 'Z  
b1Sb'c 
4 3 € f * L  
r e r s 0 c  



Q u n  P t .  

13.Pol 
1 0 .  Abl 
l0.rthl 
11.624 
11.619 
1 l .h t '  
11.627 
12.351 
12.353 
12.350 
12.149 
13.51R 
13.517 
13.517 
1 3 . 5 2 3  
14.6?4 
14.72G 
14.674 
14.+?4 
11.777 
14.770 
14.624 
1A.373 
14,372 
16.371 
1C.3L9 
lRe'17 
1R.316 
19.313 
18.313 
20.546 
23.t64 
20.56? 
20.*64 
23.433 
23.431 
23.42q 
23.431 
26.796 
?be796 
24.793 
26.795 
30.635 
?fie675 
30.535 
30.613 
35.331 
35.328 
35.3t8 
3E.  375 
37.252 
37.257 
37.257 
37.251 
47.077 
47.088 
47.077 
47.079 
47.ca-3 
51.051 
51.051 
51 -053 
51.059 
62.937 
62.916 
62.935 
62.933 
68.250 
68.251 
68.252 
68.255 

e C e n r l t v  
m o l l L  

Exper  i mental  
Thermal  

Power C o n d u c t l v l t ~  
Ulm Ulf8.K 

,001 
. G O 1  
,392 
, 001  
,031  
.001 
,002 
,001  
.aoi 
.301 . no2 
.001 
,001 
.001 
.CP? 
,001 
.'I01 
- 0 0 1  
,001 
,001  
,091  
.00? 
,001  
.a01 
,001 
,302 
.001 
,001  
,001 . OO? 
.a01 
, 001  
,001 
,001  
, 031  
,001 
.002 
,002 
.001 
, 301  
,001  
,002  
, 001  
,001 
.001 
,001 
,001 
. O O l  
,001 
,001  
.001 
,301  
.001 
,001 
,001 
,001  
, 001  
,001  
.001 
,001  
.001 
.OOl 
,001 
, 001  
,001 
.001 
. O O l  
,001 
.001 
,001 
,001  

STAT 

AdJusted Thermal  Conductivity 
a t  a  Nomlna l  D s v l a t  i o n  

T e m p e r a t u r e  o f  274.6K t r o a  C o t e l a t l o n  
W1m.K p e r c e n t  



.001 
,002 
.003 
,001 
,002 
.go2 
e003 
. O O l  
,001 
.001 
sOG3 
,001 
.DO2 
.002 
,002 
.012 
e005 
0315 
,003 
,011 
.015 
-019 
a025 
.d l1  
e313 
-017 
,021 
.010 
-003 
.01C 
,018 
.303 
,002 
.002 
.OD2 
.OD2 
.on2 
.004 
.302 
.002 
301 

.002 

.00% 
,002 
,002 
.002 
so53 
,002 
e015 
.001 
.301 
,010 
.ole 
.002 
,002 
0013 
.'I01 
,002 
.001 
.038 
.01a 
r311 
,002 
,009 
.Dl0 
.012 
.053 
,008 
,309 . OO? 
.332 
.a31 
.en1 
.002 
,002 
.001 
.OGZ . GO2 
,002 
.DOC? 
,001 
. S O B  
.PO3 
,001 
a031 
,391 



E r o e r  1 mental  AdJusted Thermal  C o n d u c t l v i t r  
T h e r r a l  a t  a  Yomlnal  n e v i  a t  i o n  

sun P t .  P r e s s u r e  Tempera ture  n a n s l t y  Ooqer C o n d u c t l v l t y  STAT Tsmoers ture  o f  296 .4% f r o m  C O r e l a t l J n  
PPa K m o l I L  U l n  U/nar W l r . K  p a r  c e s t  





E x p e r  l m e n t a l  A d j u s t e d  T h e r m a l  C o n d u c t l  v l  t y  
TCerme l  a t  e N o m l q a l  D e v l ~ t l o n  

PsJn P t .  D r e ~ : u r e T e q o e r a t u r e  D e n s i t y  o o * s r  C o n d u c t l v l t y  STAT T ? + v e r a t u r e  o f  324.2Y f r o n  C ~ r e l a t i ~ n  
M P a  Y s o l / L  W / m  W/r.K ~ l m . ~  o e r c e n t  

.002 

.a02 
,003 
.004 
.002 
002 
,003 
-005 
.DO1 
,002 
.no? 
.003 
,903 . OOE 
0003 
, 304  
.001 
.a61 
,092 
.003 
.002 
,303 
.30? 
.003 
.a02 
.007 
305 
.DO4 
.go2 
.?03 







3. Results for a 50150 Mixture of Methane-Ethane. 

A total  of 932 points are given in table 2. The actual mole fraction of methane in the 

mixture i s  0.50217 w i t h  the balance ethane. The computer programs developed for the thermal 

conductivity surface of t h i s  mixture are shown below. The equation of s t a te  used for th i s  mixture 

i s  given in [141. 

FUNCTION T C 5 0 5 0 (  QYOs T )  
C COEFo FROM T C O 2 l  28 flAR 85 

DIHENSION A ( . 3 ) s 8 ( 5 )  
DATA A/ .9271600E-02~-~3606085E-O4s . 3 0 4 7 7 6 0 E - 0 6 1  
DATA 8 /  02281903E-02 ,  0 1 1 5 7 4 0 3 E - 0 6 s  . 418+580€ -05 r  

1 * 9 0 0 1 8 0 6 E - 0 8 9  0 1 2 1 3 8 9 3 E - 0 7 1  
TCfER0=4(1l+A(2)*T+A(3)*T**2 
E X C E S S = ~ R ~ ~ ) + B ( ~ ) * T ) * R H ~ + ( ~ ( ~ ) + ~ ( ~ ) * T ) * R H O * * ~ + ~ ( ~ ) * R ~ O * * ~  
TC5050-TCZERD+EXCESS+CR505OIRHO,T)  
qETURN , 

END 

FUNCTION CR505O(RHDs TEWP 
C COEFo FROM TCO21 AND R I N I M S  2 8  MAR 8 5  

O I n E H S I O N  C ( 6 )  
DATA (TCm262.919l, (QHOC=8.68) 
DATA C/ 02933032E+00@-e2425000Ea03, o3254997E-01s-o9394503E-OI, 

1 - o 2 2 4 3 6 7 9 E + 0 0 @  .2357194E+OO/ 
T -TEHP 
DEN=RHO 
I F ( T o L T o T C )  T=TC 
I F ( T o L T e 3 7 1 . 1 2 9 )  6 0  TO 4 

5 C R 5 0 5 0 - 0 0  
R E  TURN 

4 CONTINUE 
A f l P L = C ( l ) / ( T + C ( 2 1 j + C ( 3 I + C ( 4 # * T  
DELRHO=DEN-RHOC 
X1-C I5 ) *DELRHO 
I F  (DENoGToRHOC 1 XI -C  (6 )*DELRHO 
CR J050=Af lPL*EXP( -X I * *  1 
RE TURN 
END 



T a b l r  2 .  The T h e r r e l  C e n d u ~ t l v l ~ y  o t  a 50150  Yetqane-E thane  Wlx 

9 u n  P t .  

Q U P  P t .  P r e s s u r e  T e m ~ e r a t u r  
UPa K 

E ~ ~ e r l m e n t a l  AdJus tad  Therr.3 1  C ~ n d u c t l  v l  t y  
T h r r m o l  a t  a  Nomina l  r ) e t  i a t  I o n  

p e n r l t v  Power C o n d u c t l v l t v  STAT T s m v e r a t u r e  o t  15?.7Y t r o n  C o r e t a t i o n  
r o l l L  Y l n  U/n.K illr. K o a r c e n t  

Exoer  l m e n t e l  
Therma l  

e  D e n s l t y  Podsr  C o n d u c t l v l t y  
n o l l L  Wlm W/+.K 

19r9524  1.23290 , 1 4 3 1 8  
19.9911 1 .11136  , 1 4 3 7 7  
20.0235 a99599  , 1 4 4 2 5  
20.04Q6 ePR776 , 1 4 4 6 9  
20.4946 1.23321 a15410  
20.5223 1 .11153  e l 5 4 4 7  
20.5384 ,99693  , 1 5 4 7 1  
20.5891 e89682  e l 5 5 3 4  
20.9095 1.36099 a 1 6 3 6 4  
20.9409 1 .23371  e l 6 4 0 0  
20.9723 1.11164 e l 6 4 2 6  
20.9906 - 9 9 4 9 4  .163'48 
21.2691 1 .48929  e l 7 2 0 3  
21.2912 1.35836 , 1 7 2 9 0  
21.3204 1.22807 e l 7 2 6 7  
21.3420 1.10342 . 1 7 1 8 1  
21.5890 1.49279 .18057 
31.5968 1.24014 e l R 2 h 2  
21.6042 1.35796 ,18047  
21.6537 1.10414 - 1 7 9 8 7  
21.8745 1.49146 e l 0 7 6 3  
21ee876 1 .35668  r l R 7 7 3  
21.9125 1.22823 e l 8 7 7 4  
21.9270 1 .10707  .15794 
22.11R5 1.48452 ,19730  
22.1309 1.35319 e l 9 7 1 4  
22.1573 1 .10411  , 1 9 9 0 1  
2?. lblR 1.22479 a 1 9 4 6 0  

STAT 

A d j u s t e d  T h e r r a l  
a t  a  V o n l n a l  

T e m p e r a t u r e  o f  177.1K 
Y1r.K 

,14308 
14374  

,14429  
,14479 
. I 5 4 0 3  
,15448 
.154?6 
e l 5 5 5 3  
,16331  
,163 96 
,16432 
. I t 4 0 9  
.17187 
,17282 
e l 7 2 6 9  
,17192  
.18C44 
,18252  
. i en40  
,17999  
,18755 
,18170 
,18782 
.18808 
e l 9 7 2 0  
,19709  
. I9908  
,19577 

C o n d u c t l v l  t y  
D e v i a t i o n  

f r a s  C o r e l a t l o n  
p e r c e n t  

-. 52  
-.44 
-.49 
-.49 
-.21 
-.29 -. 3 2  -. 5 0  

. l o  
e 0 8  

-.I2 -. 5 0  
. 4 1  
. b 7  
e 2 3  -. 5 3  

1.CC 
2.03 

. 7 7  -. 11 
1.04 

.95 
. t .8 
.C2 

2.76 
2 - 5 5  
3.18 

.98 

E x p e r l r s ~ t r l  A d J u s t e d  T h e r a a l  C o n i u c t l  v l  t y  
T h e r e a  l a t  a  N o n l n a l  D e v i  a t  I o n  

Run Pt .  P r e s s u r e  T e a p e r a t u r e  D e n s l t y  Poner  C o n d u c t l v l t y  STAT T e m p e r a t u r e  o t  202.3Y f r o m  C o r e l a t l o n  
npa K  r o l l L  Y l r  W1m.K U1s.K p e r c e n t  



E x p r r l r e n t r l  
T h e r r r  1 

O c n r l t y  Power  C o n d u c t f v i t y  
m o l l L  Y l a  Y 1 m . C  

STAT 

C o n d u c t l v l  t y  
O s v l s t  I o n  

t r o a  C o r e l s t l o n  
p e r c e n t  



E x o c r l a e n t ~ l  A d J u s t e d  T h s r q a l  C o n d u c t l v l t ~  
T h e r ~ n s  l a t  r Y o m l n a l  Dev l  s t  I o n  

Run Pt. P r e s s u r e  T e m p e r a t u r e  O e n r l t y  Power C o n d u c t l v l t y  STAT T e n o e r r t u r e  of 240.3U f rom C o r e l s t l o n  
WPa K  * lo l /L  U l n  U/m.K U 1 m . K  p e r c e n t  

.a01 
,002 
-302 
- 0 0 3  
.004 
.003 
.002 
a903 
.OG3 
n903 
.001 
.301 . OO? 
,902 
,903  
,001 
roo1  
.003 
.002 
.002 
.004 
.003 
,002 
,002 
,006  
.DO3 

Experimental AdJus ted  Thermal  C o n d u c t l v l t y  
Thermn l  a t  a  Y o r l n r l  Oav l  a t  I o n  

Q u n  Pt. P r e s s u r e  T e w o e r r t u r e  C e n s l t y  Power C o n d u c t l v l t y  %TAT TemDera tu re  o f  250.2K f r o 4  C o r c l a t l o n  
UP8 I( v o l  /L U/m V/m.K U / m r l (  p e r  c e n t  

E x p e r  l r e n t a l  4 d J u s t a d  T h e r n a l  C ~ n j u c t i v l t y  
Therma l  s t  a  : ; o r l n a l  Oev l  8 t i 3 1  

s u n  P t .  P r e s s u r e  T e n o e r s t u r e  D e n s l t y  Dower C o n d u c t l v l t y  %TAT T e v o e r a t u r e  o f  260.3K f r o m  C o r e l a t i o n  
MPs K rnol/L U l m  U 1 m . K  U l m . l (  ~ e r c e n t  



Tempera ture  
K 

E x p e r l a e ~ t a l  
T h e r s e  1 

P s u e r  C o n d u c t l v l t y  
Wlrn V1rn.K 

STAT 

s o t ?  
-005 
.002 
,003 
,302 
.002 
,002 
.003 . OP1 
,002 
.002 
e303 
e 003 
,302 
.003 
,003 
.002 
.002 
,902 
,003 
,005 
.002 
,003 
.902 
roo3 
.002 
,002 
003 

,004 
n o 5 4  
,064 
.086 
,014 
-146 
,021 
.011 
-015 
.026 
.0?2 
.042 
,055 
.017 
,019 
so25 
.C32 
,039 
.!I10 . fl0b 
,011 
,005 
-015 
.0@9 
,017 
.310 
,015 
.002 
.OO? 

30' 
,002 
,004 
.J02 
.OD1 
.OC1 
.001 
,001 
,001 
,001 
,901 
,001 
1301 
,001 
,001 
,001 
,001 
, 3 5 1  
,001 
.001 
.001 
,301 
,901 
.001 

AdJusted Thermsl  C o n d u c t i v i t y  
a t  a  Uomina l  D e v l a t f o n  

T e n ~ e r r t u r e  of 265.1K r r o n  C o r e l e t l o n  
W 1 a . K  p e r c e n t  



E x ~ c r l m e n t e l  b d j u s t e d  Therma l  C 3 n 4 u c t l  v l  t y  
Therma l a t  a Y o m l n a l  O e v l  a t  I o n  

Dun P t .  P r e s z u r r  T a r p e r e t u r e  D e n s i t y  Power  C o n d u c t l v l t y  STAT T e a ~ e r e t u r e  o t  269.3K f r o .  C o r e l e t l o n  
*pa U  n o l / L  U / r  W/m.K V/m.U p e r c e n t  







0 8 " l l  
9?20' 
992C 6 
7830" 
~ R C C ~  
74"Cl 
9PCC2 
99CCZ 

curl P t .  

1011 44 
1011 47 
1')1! 47 
1P7.741 
101140 
1 0 1 l ~ Q  
1011-.'P 
131137 
101176 
101135 
101174 
1311?? 
1'1171 
LO1130 
101179 
I C  11 32 
131?2?  
l"1127 
l r 1 1 7 5  
101125 
1011?4 
131123 
1@11?2 
I C  L l ? l  
1f'llSC 
10111Q 
191118 
1 ~ 1 ! 1 7  
1011 16 
1q111r 
101114 
101113 
1'11112 
lf l1111 
1"1110 
191109 
101107 
1311C6 
101105 
101118 
1CllC4 
I ' l l 103  
101101 
161102 
191099 
1n1a9t 
1010913 
l n l i o o  
131996 
in1095 
191994 
101393 
i 0 i n 9 ~  
131591 
101090 
l a i n 8 9  
l O l O P R  
1310P7 
131C8h 
ln10P'i  
i n l n R s  
1ClOP3 
1C1002 
10 lnR i  
lP l3aO 
131374 
101Ir7P 
131376 
I t 1 0 7 5  
101?74 
101'373 
1n1072 

17.304P 
17.4359 
17.476f' 
17.-175 
17.910P 
17ee341 
17.8566 
17.9902 

Pens l t v  
~ 0 l l L  

2103 
. t l l C  
,?1'0 
.2125 
.5?9 5 
,5319 
.5340 
,5359 

1.3062 
1eOlP5 
1.0144 
1.0182 
1.5365 
1.515C 
1.c.221 
I .*246 
1.8795 
1,8904 
1.9998 
1.9125 
2.3164 
7.??R4 
2.3494 
2.3541 
2.8212 
2.8353 
7.PEbh 
2.8607 
3.3957 
3,C213 
3.4431 
3.4602 
3.8661 
3.4953 
3.9359 
3.961 b 
4.3479 
4.3R74 
4.4192 
4.4415 
6.6927 
4.7214 
4.7952 
4 * 8206 
n.0513 
5.0891 
5.0980 
5.1929 
*.5450 
5.hl4O 
5.5709 
5.7491 
5.9988 
he0598 
6.1226 
6.1901 
6.5369 
he6003 
6.6741 
be7343 
7.1312 
7.2014 
7 . la47  
7.3420 
7.5696 
7.6358 
7.7272 
7.9471 
n.0224 
P.9905 
Re1641 
R.4310 

F x s e r  l m r n t a l  
T h . r t e l  

Dower C o n d u c t  i v l  t v  
.V l a V1n.K 

.Oil'% 

.531 
, 301  
,301  
. 30 l  
.OCl 
.0@1 
.902 

STAT 

. S O ?  
902 

.DO2 
,004 
, 0 0 1  . OCt 
,002 
-003  
.oc1 
,002  
.00? 
,003  
. O O l  
,002 
,002  
,792  
,002 
,001 
,002  
.COB 
.CCZ 
.002 
a302 . 302 
.003 
.002 
, 001  
.002 
, 003  
,002 
.002 
e003 

006 
,007  
.005 
,002  
.004 
,004 
,004 
,002  
a005 
,007 
,006  
,002 
,003  
.DO4 
.006 
,003 
.007 
,006  
,003  
.003 
,005 
, 305  
.003 
a003 
.005 
,005 
.003 
,003 
,006  
.005 
.no5 
.on3 
,005 
004 

,003 
.007 
e 004 
.006 
,004  
,008 

A d j u s t e d  T h e r s e l  2 0 0 j ~ c t l ~ l f y  
s t  a  N o n l n a l  O e v l s t l o n  

T e a o e r a t u r e  o t  290.5K t r o a  C o r e l  s t  I o n  
b11r.K p e r c e n t  



Qun P t .  P r e s s u r e  T e m p e r a t u r e  
*Pa I( 

D e n s i t y  Powar C 
m o l l L  Wlr 

x p c r  l r e n t a l  
T h e r m a l  

'onduc t 1  v I t w  
Y / m . U  

STAT 

AdJus tcd  T h e r a r l  ~ ~ o n d u c t l v l  t y  
a t  a  ~ o r l n a l  D e v l  s t  I o n  

T e r ~ e r a t u r c  o* 310.3K f r n n  C o r c l  a t l o n  
V 1 m . K  p e r c e n t  





P u n  P t .  

?4.019 
24.94n 
74.938 
27.977 
27.977 
27.R77 
27.877 
30*9C6 
3C.948 
30.951 
30 .9C1  
14.7R1 
34.75% 
34.7a3 
Z4.782 
39.P51 
39.n62 
39. R6? 
39.863 
4 6 . 9 7 5  
46. P?2 
46.826 
46.922 
51.79A 
5 3 . 7 ~ ~  
53.790 
53.798 

P r e s s u r e  
*Pa  

E x ~ e r l m e n t a l  
T h e r a . s l  

P o w e r  C o n d u c t l v l t y  
r l n  u l m . ~  

.92' 
,001  
,792 
.002 
. oc1  
, 001  
.001 
,002 
r 0 0 1  
,532 
.001  
74 1 

.GC1 
, 3 3 1  
.002 
.a01 
,302 
,002 
,002 
,001 
,902 
,002 . OE? 
.DO2 
.091  
,332 
,002 

S T 4 1  

.DO? 

.DO2 
-303  
,033 
,301  
,002 
.302 . OO? 
.9C1 
,002 
.002 
,002 
,321 
,002 
.002 
,001 

303 
.002 
.3C3 
.on2 
,303 
,003 
.9C1 
.002 
.004 
,003 
,094 
,004 
.002 
,005 
,004 
.On5 
,002 
,092 
,903 
,004 
,002 
,002 
aOC6 
.003 
.DO2 
.DO4 
,005 
,004 
,003 
.OD5 
,595 
,011 
~ 3 0 7  
e 0 0 5  
,013 
.007 
.008 

A d J u s t e d  T h e r n a l  
s t  a  +4omlns l  

T e n o e r a t u r c  o f  330.3K 
u / n . u  

C o n d u c t 1  v l  t y  
9 e t l a t  I o n  

f r o n  C o r c l s t l m  
o e r c e n t  



,303 
.005 . OO? 
.005 
.OP4 
.!I07 
aOC7 
.302 
,003 
,033 
.905 
,014 
,502 
.OC2  
.'33? 
,002 
,004 
,302 
302 
.DO2 
.OC1 
.302 
e O C 4  
,001 
.OO2 
~'301 
.33? 
,032 
a303 
.do? 
.002 
,002 
,002 
,302 
.on1 
.30? 
,001 
.001 
,002 
.001 
,932 
.001 
.001 
,002 
a331 
.001 
.002 . OOE 
.001 
,901 
,001 
,302 
,001 
,001 
.001 
.DO1 
.331 
,001 
.001 
,002 
,001 
.001 
,002 
.ODE 



4. Results f o r  a 35/65 Mix ture o f  Methane-Ethane. 
I 

A t o t a l  o f  645 po in ts  are given i n  t a b l e  3. The actual  mole f r a c t i o n  o f  methane i n  t h e  

1 
mix tu re  i s  0.34588 w i t h  the  balance ethane. The computer programs developed f o r  t he  thermal 

I conduc t i v i t y  surface o f  t h i s  mix ture are shown below. The equation o f  s ta te  used f o r  t h i s  mix ture 

i s  given i n  [14]. 

FUNCTION TC3565(QuO, T I  
C COEFa FROM TC0219 F I R S T  PASS, 2 8  MAR 83  

DIMENSION A ( 3 1 ~ 8 ( 5 )  
OATA A /  ~2849547E-0ls-~1971104E-O?~ m6064916E-06/  
DATA 8 /  ~ 2 ? 9 4 1 0 0 E - 0 2 ~ - ~ 1 7 5 7 4 5 3 E - O Z ~  e1023!513E-04, 

1 aP83667PE-08, a 6 0 9 ~ 5 ~ Q E - O 8 /  
T C Z E R O * A ( 1 ) + 4 ~ 2 ) * T + A ( 3 ) * T * * 2  
E X C E S S - ( B ( ~ ) + ~ ( ~ ) * T ) * R H ~ ~ ~ ( B ( ~ ) ~ B ~ ~ ) * T ) * ~ H O * * ~ ~ B ~ ~ ) * R H O * * ~  
T C 3 5 6 5 = T C Z E P O + F X C E S S t C R 3 5 6 5 ( R H O I T )  
RETURN 
ENI)  

FUNCTION CQ3555(RHOrTEMP) 
c C ~ E F .  F R O M  TCCI~I A Y D  n x ~ r r s ,  FIRST PASS, 28 M A R  85 

OIYENSION C ( 6 )  
DATA ( T C = 2 7 8 . 9 1 0 ) y ( Q ~ O C - 8 e O 6 )  
OATA C /  ~ 6 3 7 1 1 6 1 E - O l t - a 2 7 2 9 0 G O E + d 3 ~  .6649322E-01s-m1753~C?E-03~ 

1 -a2242510E+00,  m2417181E+06 /  
T = f  E N P  
IF(T.LTmTC) TmTC 
OEY=RHO 
I F ( T e L T a 3 8 2 e 5 0 9 1  GO TO 4 

5 CR3565-0. 
RETURN 

4 CONTINUE 
AMPL=C(l)I(T+C(2))+C(3)+C(4)*T 
DELRHT-DEY-PHOC 
Y l- C  ( 5  )*DELRHO 
IF(DEYmGTaRHOC) X l *C (6 ) *DELRHO 
CR3?65=6MPL*EXPI-X1**2 
RETURN 
END 



Tab le  3. The Tnermal  C o n d u c t l v l t v  o f  a  3 5 / 6 5  Y t thane-F thane  M I X  

E x p e r l w e n t a l  A d j u s t e d  Thermal  C o n d ~ c t l v l t y  
Therma l  a t  s Y o r l n s l  O e v l e t l o n  

Run Pt. P r e s s u r e  Tempera tu re  O e n s l t y  Poder C o n d u c t l v l t y  STAT Tempera tu re  o f  152,lK f r o m  C o r e l n t i o n  
Pl Pn K  rno l lL  Ulm Ulrn.I( U1n.U o e r c e n t  

E x ~ e r l a e n t n l  A d j u s t e d  Therma l  C o n d u c t l v l t y  
Therrne 1  a t  a  Nomlnnl  D e v l n t l o n  

Run Pt. P r e s s u r e  T e n p e r a t u r e  O e n s l t v  Power Conductivity STAT T e n o e r e t u r e  of 176.9< Prom C o r e l a t l o n  
Yon K m o l l L  Ulm Wln.K U l  m. K p e r c e n t  

,301 
,001 
,002 
.DO1 

002 
,001 
.001 
,002 

,001 
.'lo2 . OCl 
.OD1 
,001 
a001  
.3C1 
,001 
,002 . OO? 
.O01 
,001 

E x p e r l n e n t a l  AdJus ted  Thermal  C o n d u c t l v l t v  
Therma l  a t  8 N o c ~ l n a l  D e v l e t  I o n  

S * J ~  Pt .  P r e z s u r t  T e a p e r a t u r e  D e n s l t y  Pouer C o n d u c t l v l t y  STAT T e m o - r a t u r e  of 202.7K p r o n  C o r e l a t l o n  
@Pa u  n o l l ~  r l v  V I C. K b1m.K p a r c e n t  



E x p e r l m e n t e l  A d J u r t e d  T h e r m a l  Conductivity 
T r e r m a l  s t  a  Y o m l n r l  O e v l a t l o n  

? u ~  P t .  P r e s s u r e  T e n o e r n t u r e  n e n s l t v  Dower C o n d u c t l v l t y  STAT T a m o e r r t u r a  o f  227.7K f r o m  C o r e l a t l o n  
!'Pa K  r o l l L  Wlm W1r.K YlmrK p e r c e n t  

E x p e r  l n e n t a l  A d J u s t e d  T h e r m a l  C o n ~ u c t l v l t y  
T h e r m a l  a t  e  N o m l n a l  D e v l  a t l o n  

P u n  P t .  P r e s s u r e  T e m p ~ r a t u r e  D e n s i t y  P o u e r  C o n d u c t l v l t y  $ T A T  T e m p e r a t u r e  o f  238.9K r r o r  C o r e l a t l o n  
"Pa K n o l l L  W/o W/a.Y U1w.K p e r c e n t  

E x p e r l n e n t a l  A d j u s t e d  T h e r m a l  C o n d u c t l v l t y  
T l r e r q a l  a t  a  N o s l n a l  Oev 1  s t  I o n  

P u n  P t .  P r 4 s s u r e  T e w p e r r t u r r  D e n s i t y  P o u e r  C o n d u c t l v l t y  STAT T e ~ o e r n t u r e  o f  251.4K t r o m  C o r c l a t i o n  
w o e  K  l n o l l L  Wlm W1r.K Y/(P.K p e r c e n t  



11 7101 
112099 
11 209a 
1120e7 
l12Orrb 
112095 
11  2004 
112093 
112092 
112991 
11 '390 
112CP9 
r i z o e 8  
112096 

Qun P t .  

113057 
113055 
1130'5 
113054 
11 30K3 
113052 
113051 
113950 
113049 
113048 
113047 
113Q45 
1139L5 
113C44 
113043 
113042 
113041 
11304P 
113039 
113038 

Run Pt .  

113C82 
1130R1 
11 3083 
113070 
113078 
117n77 
113076 
113375 
113074 
113073 
113072 
113071 
113070 
113069 
113068 
113067 
113066 
11306. 
1130 t4  
113063 
113062 
113040 
113059 
113058 
113061 

Run Pt .  

113120 
113119 
113118 
113117 
113116 
113115 
113114 
113113 
113112 

P r e s s u r e  
FPa 

P r e s s u r e  
WPr 

P r e s s u r e  
UP8 

T e r p e r s t u r e  
K 

T e m o e r r t u r e  
K 

16.7625 
15.8594 
i 6 .  a971 
1 5 . 7 6 2 ~  
16.3343 
15.3407 
16.3955 
ie.soia 
10.8372 
15,8699 
15.9047 
17.1637 
17.2015 
17.2582 

O c n s l t y  
* o l / L  

e l690 
J 5 9 7  
,1707 
,1712 
.41@5 
.420f 
,4224 
-4243 
.he65 
ah924 
,6956 
-4999 
.9996 

1.0082 
1.0162 
1.0249 
1.3464 
1.3553 
1,3639 
1.3725 

Cens l  t v  
m o l / L  

.12f'4 

.1.288 
,1292 
.1?97 
,3612 
.3630 
,9645 
e7560 
.74 29 
,7474 
e752C 
,7571 

1.0886 
1.0984 
1.1953 
1.1140 
1.1773 
1.4546 
1.4630 
1.4745 
1.4851 
1.9052 
1.9858 
1.9945 
2.0100 

Dens 1 t v  
r o l l L  

,1369 
,1375 
,1381 
e l386  
,3202 
,3216 
,3229 
.3238 
,6498 

E x p e r l m ~ n t e l  
Therma l  

Powar Conduc t  l v i  t y  
Ulm w11.K 

E x o e r l r a n t s l  
T h e r r e l  

Power C o n d u c t l v l t y  
h'/m Ulm.w 

E x o e r l m e n t a l  
T h e r m a l  

Power C o n d u c t l v l t y  
Y / m  V1m.V 

.005 

. O O Z  
e091 
,001 
.332 
.')'I3 . O 92 
. O O l  

3Cl 
.008 
,002 
,997 
,013  
,033 

STPT 

. GC3 
,004 
,005 
.037 
,003  
.003 
. o w  
,005  
.003 
a003 
,304 
,005  
a302 
,003  
.303 
,004 
a OO? 
.003 
.004 
.005 

S T A T  

.OD3 
, 063  
,335 
~ 0 0 7  
. 002  
eOG3 
.0C* 
.DO4 
.002 
,003 
.004 
.@05 
-003 
.002 
,304 
,004 
,005 
,003 
.9E3 
,004 
.005 
,003 
.003 
.034 
.004 

ST4T 

,003 
,005  
.OD5 
,007 
.go3 . C'04 
,005 
,007 
.90? 

A d J u s t s d  T h e r s a l  C o n d o c t l v l t y  
e t  a 4 c ' s I n a l  D e v l r t l o n  

T e n o e r a t u r e  o f  259.7K f r o ?  C o r e l a t l o ~  
V1m.K o e r c e n t  

A d j u s t e d  T h e r a a l  Conduc t1  v l  t y  
a t  a  N o r l n e l  D e v i s t i o n  

T e r o e r r t u r e  of t69.SK f r o n  C o r e l r t l o n  
Cl6.K p e r c e n t  

A d j u s t e d  Tharma I C o n d u c t l v l  t y  
a t  a Yomlna l  O e v l s t  I o n  

T c % a r r n t u r e  of 277.8K f r o n  Cor e l a t i  on 
V/r.Y p e r c e n t  



R u n  o t ,  

E x p e r l m e n t r l  
T h c r m a l  

Power C o n d u c t  1  v l  t y  
Y I n  V 1 w . K  

STAT 

A d J u s t t d  T h e r m a l  C o n d u c t i v i t y  
a t  a  N o m l n r l  D e v l a t l o n  

T e m o e r a t u r e  o f  283.2K f r o m  C o r c l r t l o n  
U 1 m . K  ~ e r c e n t  





Run P t .  P r e r s u r s  T c n o e r a t u r e  
r p r  K 

10 .9135  
11.0224 
1 l . l w e  
l l r  1974  
11.3715 
11.4122 
17.6496 
11.7756 
l l . f i198  
11.9374 
12.1720 
12.2 8 3 4 
Ih.347d 
12.4307 
17.6951 
12.7994 
12.8632 
12.9383 
13.2081 
13.2748 
17.3353 
13.3907 
13.7704 
13.8167 
13.9816 
1 4 , 2 5 9 9  
14.3216 
14.3639 
14.4ZGt 
14.4394 
14.7805 
14.8367 
14.9R23 
14.9218 
15.3302 
l C . 3 6 7 4  
15.4154 
15,452$ 
15 .6526  
l S e 5 9 2 5  
15.7252 
15.7583 
l E . 7 9 + 5  

E r p e r l m e n t r l  
T h e r r s l  

D e n r l t v  Powar C o n d u c t l v l t y  
mo l /L  V I P  U l m e K  

.OOl 

.002 
,002 
, 0 0 2  
,002 
, 0 9 3  
, 0 0 2  
.001  . C O Z  
, 304  
, 0 0 1  
i O 0 l  
, 0 0 1  
.OOl 
,002  
.001 
, 3 0 1  
, 0 0 3  
, 0 0 1  
, 0 0 1  
, 0 0 1  
.002 
, 3 0 1  
,302 
,032  
.DO1 
, 0 0 1  
- 3 0 1  
, 0 0 1  
, 0 0 1  
, 0 3 1  
.DO1 
a 3 0 1  
. 0 0 1  
.001  
,002 
. a 0 1  
,992 
. 0 0 1  
.DO1 
.001  
, 0 0 2  
,002  

STAT 

A d J u s t e d  Therma l  Conduc t1  v l  t y  
s t  r Y o n l n a l  D e v l  s t  I o n  

T e a p a r a t u r e  o f  304.5K f r o n  C o r e l e t l o n  
d1m.K p e r c e n t  



, 9 0 2  
,003 

GO3 
- 3 0 2  
4 032 
-033 
.OO? 
.GO! 
.30L 
,004 
, 302  
.OD2 
.0C? 
.005 
so03 
,004 
,002 
.DO4 
,303 
,032 
,603 . oc4 
.'I33 
.?02 
.DO2 
004 

.002 

.GO? 

.002 
,304 
,002 
, 392  
,302 
.004 
.004 
~ 0 0 3  
,051 
,003 
,392 
,002 
-002 . 00? 
.DO? 
, 3 3 2  
.002 
roo2 
-002 
.O@Z 
,001 . OC? 
.007 
,002 
a503 
.001 
.oc2 
.032 
,001 
.009 
,902 
, 902  
.002 
,001 
.002 
,009 
,013 
008 

.306 
,009 
.002 
,002 
,006 
.003 
,001 
.004 
.005 
,003 
,003 
GO4 

.001 

.001 
,005 
,001 
.301 
-004 
,001 
,004 
,001 



7u'I P t .  

111\1.? 
111?11 
111 1 1 ' )  
1111L3 
111103 
1111Q7 
'1!15h 
11 l l C C  
1111'34 
1 1 1 1 0 ~  
11 1 l C '  
1?1131 
l l l l 0 0  
111399 
11 I f  98 
111?57 
l l ?QQr :  
i l l n o :  
1113Q4 
l l l 3 C 3  
I1  lOQ? 
l l l C 9 1  
1 1  1390 
1113fia 
lll("~t' 
l l l ? t ' 7  
1 3  108" 
11 1085 
:i:r,ec 
l l l u 8 3  
l l l P 3 ?  
l l l O " 1  
111Q9G 
11 LO79 
111378 
111977 
11  l a 7 5  
111'1.75 
1 1  1074 
XllP73 
11 1072 
111071 
l i l n 7 0  
111069 
111068 
l l l r ) L 7  
111366 
111"65 
111364 
11104? 
111032 
11 1061 
l l lOS'3 
111359 
111259 
111'357 
111Cs6 
11 1,295 
111054 
111053 
111>52 
1irr)rt  
1113'3 
11 1-49 
111348 
11 1047 
l l l n 4 h  
111945 
11 1p44 
111043 
111042 
l l l C 4 1  
11104C 
111039 
111038 
I; 1 c = 7  
11103" 
111015 
111'334 
111033 
lllC'37 

coer l n , e n t r l  
T h e r m a l  

~ n d u c t l v l  t 7  
W1s.K 

STAT 

A d J u s t c d  T h e r n a l  C ~ n j u c t l  v l  t y  
e t  a V o n l n s l  D e v l s t l o n  

T e r o r r a t u r e  o r  324.8K f r o 8  C o r e l a t l o n  
V / m . Y  p e r c e n t  

,02151 -2.32 
,32853 -2.06 
.02945 -2. C.3 
,02849 -2.38 
.02749 -1.56 
-0ZQ46 -1.79 
.02957 -1.40 
,02953 -1.57 
.0305h -1.67 
,03064 -1.45 
.33r)57 -1.71 
.33C56 -1.42 
403230 -. 85 
.03?10 -.60 
e03207 -. 72 
.!I3220 -. 36 
.03376 e21  
,03373 e 04 
,33371 -. 07 
.03359 -. 51 
.03535 . 82 
,03537 .7e 
,03518 .13 
,03534 ,461 
a03698 1.25 
,03721 1.C9 
,03696 -86  
.G36*9 957 
e03899 1.72 
.03913 1.99 
,03921 1.96 
.0?873 e62 
,44995 2.26 
e04067 1.32 
,04081 1.52 
e04065 .72 
e34314 2.34 
,34303 1.79 
,54332 2.24 
,04321 1.78 
,04523 2.28 
,04480 1.01 
,04497 1.08 
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.1)5388 1 4  
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e05982 -2.30 
eO6145 -1.41 
,06216 m.62 
.O6203 -1.47 
~ 0 6 1 7 1  -2.65 
,06369 -1.17 
,06412 -.79 
.Oh399 -1.51 
.!I6411 -1.79 
,06655 .02 
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