/T/Zt// r /7S

ST
B ——
. CHEMICALS ., .*, ‘! -
. b ‘-}7 INTEROFFICE / LAKE CHARLES
INDUSTRIES
TO. (See Distribution) DATE Septermber 19, 1968
FROM Ckarles Breedlove SUBJECT Chalorine to Conoco leter, Manual -

‘Supercompressibllity Factor

he calculations enclosed herein are the basls for concluding
that the supercompressibility factor, F_. ., used in caleculating tie
geseous chlorine flow to Conoco, need no{ include tie eiiects of
eacih ol tiae minute quantities of inert sases found in tihe gas.

In lieu ol this, the effects of all the inert jases on I o
are approximated by maltinlying the numbver, one (1), by the Hércent
by wolwrme valuz oi' the inert cases. This value is then added to
the Z value determined ror the percent chlorine in the jas, the ]
square root is taken o thils sum, and this velue 13 diviced into
1 to zive the supercompressibility factor, F o '
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OBJECT

The object of tie following caleculations is to detemine i¥ tne
effect of each of the inert zZases found in the zZaseous chlorine flow
to Conoce need be considered individually vhen calculatin: the Suﬂ°r-
comaressibility flow factor, (creating a very difficult series of cal-
culations in viewr of varyins nercentazes o the rive prominent inerts),
or if the inert supercompressibility “actor may be avproximated (a) by
using tue supercompressibility of air or (b) by using tae inert volune
percentage multiplied by one(l)

s

BASIS OF CALCULATIONS AND CCHCLUSION

Tne Tollowvdng calculations and conclusion are bhased on the folloving
considerations:

a) The PPG/Conoco cnlorine gas sales contract specifies that the
supercowpressibility factor, F.,, must not contribute an error
of more than 0.25%) of the total daily Ilow.

b) The vercent by volume values of inerts used are correct and
representative of a "worse" condition (verified by Ligquelaction);
~ therelore, tae supercompressibility factor determined lfor these
- Inerts will be assumed to be correct.
\
¢) Compressibvility information on the inerts found in the chlorine
zas is not available over the ranges of pressure and temperature
that Lique;action may operate.

PROCZDURE

- a) Assume the following percent by volume values.

] 5 Qo ' o ;

Cla - 99-%03 0, - 0.90% L, &l JgAmﬂ (u
Co, - 1.30% , '{6 - 0.3}
N, - 1.30% ‘c - 0.06%

b) Determine the supercompressibility factor F.. (inerts), by using the
tebles on pages _¢  and the i'ollowing fo as;

1) Z = Za1,. (cy — ‘ ' )
inerts = “Clp(iVol.) + Zgg, (fvol.) + ZNa(‘,*:Vol.)f ?'02-(;JV01-) +

2) F%v(inerts) , : 1 (See Calculations, page 4 )
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¢) Determine the sujercomoressibility factor F_. (air) by using
the tables on pages 6 and the folldwing formulas:

1) zairT= Zg1, (% Vol.) + zair(loo¢ - %CL,)

2) F_(air) o _ 1
Zgip (See calculations, vage 4 )

d) Determine the suvercompressibility factor F (one), by using
the table on page _6  and the following fortulas:

l)zone = 'ZC:I: (55 Vol.) + 1.0(100% - 4C1 )
2 ,
= 1
2) va(one)
\ Zone (See calculations, page & )

e) Using T (inerts) as the correct value, determine the % error
«caused BY approximating the inerts (2) by using air and (b) by
using a percent of one(l) by using the followinz formulas: -

a) % error (air) = F . (inerts) - F_ (air)
' 2V 2 X 1005
o Pv(inerts) '
A '. : 0 --|I
b) % error (one) = va(inerts) ~ Fov (one) X 100}

Fov(inerts)

(See Calculations,
page & )

CONCLUSI O

Since the PPG/Conoco sales contrect specifies that the error
caused by recding the augerconvressibilitj factor, r__, rust not
contribute more than 0.25% error in caleulating chlofine sas {low
to. Conoco, and since the above caleulations indicate tne error
between the (inerts) factor (determined for a percent by volume
nixture of chforine and inerts) and the F 1(one) factor (determined.
for a percent by volume of cihlorine and (1007 - ©C1,)1.0) to be :
Q. OlhTH, then it is to . be concluded thd she superqompressibility factor
used in the chlorine to Conoco meter manual will be determined by :
approximating the effect oi the inerts with a percentaée ot tne
nurber one (1.0) as follows:

F = 1 L

oV . : >
| -.EVZCla(ﬁ Vol.) + l.o(loof‘- 501,)
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The smaller percentase of error between F_ (inerts) and F_ (air)
of 0.0127% was not sufficient in terms of acca‘z{acy to warrant®ine
inereased difficulties of calculation it F (air) had been chosen to
approximate F (iner‘t;s) instead of F (one v
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CALCULATIONS

The following calculations are made using the percent volumes
listed in part (a) of the procedure and under the following conditions
of temperature and pressure. , :

Temp. = 558°R Pressure = 58.92 PSIA | o
1) Supercompressibility factor Fov(inerts):

Zinerts = Ze1, (% Vol.) + 2 (% Vol.) + 2., (% Vol.) +
"2 ) 002 1?2

Zob(% Vol.) + Z. (% Vol.) + Zgn(%h Vol.) L

H,

See table 4 , page & , for the Z factors inserted below.

= (0.91970)(95-85) + (0.98190)(1.8%) + (0.99961)(1.37)
(0.99799)(0.6%) + (1.00240)(0.343)

(0.99904) (0.05%)

(0.91773) + (0.01571) + (0.01299) + (0.00898)
§0.003u1) + (0.00060)

0.91778) + (0.04169) e 0.95047

Zinerts

T4+ 0+ +

va(inerts) = 1

Vzinerts

] = E l

J0- 95947

n l|02088 .

2) Supercompressibility factor va(air):

. ZaiET = z012(¢ Vbl.? + 254 (5% Vol.)
= (0.9197)(95.83) + (0.99912) (k.2%)
= (0.91778) + (0.04196) = 0;95964 N
Fp(edr) = 1 - ?
Zainr ‘
= : 1
'Vo. 95964
= ©1.02075.
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3)

4)

Supercompressibility ractbr,'va(one):

= (0.91970)(95.8%) + (k.2%) 1.0
= 0.91778 + 0.04200

= 0-95973
- Foy(one). = 1
| Zone
= . x
¥0.95973
= 1.02073

Since FYv(inerts) is assumed to be the correct supercompressibility
facvor Tor the given conditions, the error caused by allowing "air"
or "ome" to approximate the inerts can be determined. Also, since
F. is a linear multiple in the equation used to determine the
tons/day value of flow to Conoco, the error determined will ‘be

the percentaje error in flow caused by the F_ . Tfactor chosen,

F__(air) or F (one). The percentage error gge determined as
v : . . .

8Ylows:

a) % error(air) = va(inerts) - E?v(ai?)

x  100%
va(inerts)
= " 1.02008 - 1.02075
1.02030
= 0.0127%

b) ‘% error(one) =. va(inerﬁs) - va(one)

va(inerts)

= 1.02088 - 1.02073 .
1.02083

= 0.0147%
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Compressibility Factors for Alr, CO,, CO, My, Oy and H,
Trom: Tables of Thermodynamics & Transnort Pronerties

Table 1l:

Pressure (PSIA)

og 14,73 53.92 - . 103.11
(1 atn) (b atn) (7 atm)

504.0 0.99949 0.99753 ~ | 0.99536

522.0 0.99560 0.95341 0.59732
Air 540.0 0.99970 0.99879 0.99737

- 554.0 0.99976 0.99912 0.99855

576.0 0.599535 0.99940 0.99505

504,0 0.520372 0.9Th6 0.3550

522.0 C.ookl1 0.97Th 0. 9800

€Oy 540.0 0.95501 0.579¢ 0. 954k

556.0 0.99553 0.9319 0.9601

576.0 0.99553 | 0.,9833 0.97Lk

504.0 0.599L2 G. 99773 0.99510
522.0 0.99955 0.99023 0.99697

co 5L0.0 '0.59960 ). 09366 0.99772
555.0 0.99975 0.99904 0.59333
575.0 0.59951 0.95930 0.99345

| ‘ 504.0 0.99963: 0.9585h 0.99755
| , 522.0 0.99973 0.99895 0.59520
: i’y 540.0 0.99902 " 0.99930 0.99552
556.Q 0.99990 C. 59961 0.99336
576.0 0.99995 0.999¢3 0.99533
504.0 0.99915 0.996561, 0.90h03
522.0 0.99928 0.99713 0.59500
O 540.0 0.99939 0.99759 0.99500
553.0 0.99549 0.00799 0.52630
576.0 0.99953 0.99334 0.99712

504.0 1.0006 1.002k | 1.00ke

© 522.0 1.00C5 1.002% | 1.00k2

i 540.0 1.00Co 1.0024 - 1,00k2

556.0 1.0005 1.0024 1.00L1

576.0 1.0006 1.002% | 1.00k1

"/ CCR 000038741

i




o _ [ = A ~ = =T e
o e I U o o )
A 77 - ;e B
L IR AN S v R2i/e 7P
> L Orzins
< = <. C’::i Gl O T 2470 S T e
e gTIST - - E— —
e NI - 5.7 lo o ,
_. e =Y, DU DL gL _ _
~ Z= SO T Joz/oKny = e _ _ _
~ A . e s ) R S _
| L (o e ™ J,’__ o o o
o /O SD . =N _
S _ /o5 /o0 ie T eI L )
_ L A T S o NS S
- Joesp_an G il L L CE S S ey Sz _“;_-J
e — e e e ; o ——
- = o002 S_ga__(é\l'_t’_\_)_QELLALL-&),(_&.‘)W___

2——.“9-°\oz%(‘_é?ﬂ&=ﬂ)x 14,696 B4/ iv= x 10,914 BB

“®) -

LB Moz

9. 729998

[ el

e s Py FT”/ LBMoL R

S

\H.713 x QQ.GIL//O. 18906\ X /0. 73%S520

LF

©. 787335 2

-{ CCR 000038742 -




/ Ml&;ﬁé ﬁm«j#é’/% [ba.w;:m’ﬁ - /}{/ | 7@
. 7. M Chelhed W AL Al ’5;444".
E | (W@t%a = p,a00% dewrase W/‘
LRa20 wnoleirra maa-?’@ bﬁ"F"/ﬁ’%,aﬂ-d
P~ 33o°l’7/(o

| }/aw.d V) A‘“/MLM%QV/&@_ /0.020 I‘ﬂ
3) %I«MWM/AM ﬁ/@-lfmmmﬁzm Wctudlbé[%%qa

0.2% srer appronc.
4) M@Zéﬂw p- pretoaccre a,a/u.wu&aﬂ.
JF = 0119 wum //@97% v
e 0,71 70 .

alod O°F
Wf?’“ 0 - 60/4#4»«/ dz:/ﬂﬂ/"

b) Crotr CLW amiis % a 0,54.?79%«1% wﬂ/—&«o

[ T T T N S T S S N
I T e T 3
L s e
J _L__._L_.__.,‘_.._.. _l___l__ _ ! ‘ [ SR SR W _1_ l _[ J ,‘]
CONTINENTAL 21 COMFPANY
OF BY e = CALCULATION SHEET
DRY. _ . - -

Jog No . _ —————

_ TITLE . . . ) .

T o n L
FOEE I S~
|




