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The Method of Calculating the Bubbling Point and the
Vapor Composition by the BWR Equation of State

Abstract

Hirotake KATAYAMA

The BWR equation of state was used at calculating the bubbling point and

the vapor compoitition with the ternary system.

In this paper, the temperature and the each vapor composition value (T, yi,

Y2, ¥s) were obtained by the given pressure and each liquid composition (P, x,

Z2, -’Cs)-

At the first time, the summation of each liquid fugacity fi%, f* was assumed
the BP, where the 8 is constant, 0.7~1.0 value, and the higher the P, the smal-

ler was the 8.

Next time the temperature was assumed to be between saturated temperatures

of the pure first and second volatile components at the given vapor pressure P.

The dy is calculated by eq. (1), and by eq. (3), fi&, f"=$fg“, were obtained.
= |

P=RTd+(ByRT—

Ac—Co/T®d*+(bRT—a)d*+aad®

(1)
[EcxiAw ' Befes.
[ > Cof‘”DT a= \Z(xta ay |
[‘é(“"‘“t”a)] 7= "i(xi')'iuz)]z
f‘ dRTexp[ BT {[(Bo+Bot)RT 2(AoAe)! 12— %7?2‘)”2]01

+§(RT(b2b

3(12(0 ci)'*(1—exp (—7d? )

D= (22 )&+ Lala @)+ ala’ad " )d?

7 | rd?

exp (—sz)]
2

* DL



14 W (50.3) BWR REBHER X5, 7 ARREARE

_2cd'“’.[zi_]“2.[l—exp (—7d®»

T L7y rd?
s (a2 1 ) ()

The first assumed f* and newly obtained f% were compared whether their
values were equal; and if so, the next flow was deed, if not so, by Newton’s

method the T was iterated and gained until they became equal. Then the as-
3
sumption fi¥/y:=P was done. By eq. (4) v s=§ 91, was got.

yi=FE/CFE 90

By eq. (2) BWR constants of vapor mixture were obtained, by eq. (1), the vapor
density dg and by eq. (3), (fi¥/yo.

These (f¥/y) was put on eq. (4), these calculations were cycled until the S
became constant values.

And then the S value was examined whether it was equal 1.0 and if so, the
calculations were ended.

If not so, y; were replaced by %:/S, yi=w:/S, and fi¥=(F"/ydXy: were
calculated, and so f "-——g f¥ was done.

The calculations were returned at first, and similarly were done by the fV
instead of fZ, until the S values became equal to 1.0.

In these calculations the methane-ethane-propane and methane-ethylene-ethane
systems were used.
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Fig. 2 Relation between the Liquid
Fugacity f* and the Tempe-
rature 7, and between the
Liquid Density d: on the
Methane-Ethane-Propane Sy-
stem at 40.82 atm

Fig. 1 Relation between the Liquid
Fugacity f* and the Tempe-
rature T, and between the T
and the Liquid Density d, on
the Methane-Ethane-Propane
System at 27,21 atm
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P,x, 2,13

PDI=pP {assumption)
Liquid fugacity f"is assumed, f*is replaced
with PDJ

{

BWR constant of liquid mixture are calculated
by (2) eq.

i

Assumption of T

!

d;, is calculated by (1)eq.

Newton method is used with the start iterative { 1 ’
value d;,=20,0

S is calculated by (3)eq.
)
S gt
¥

aff /8T (leq.
asyaT=2 (87/3T)

{

FW ="~ PDI

!

FP=FW/(3f73T)

where 3 (FW)/2T=37% 2T

{

T=T-FP
|

Fig. 3-1 Flow chart of calculating the bubbling point and the
vapor composition
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no

IFP {<0.005

(£7y,) =P (assumption)

N=0
N=N+41
y=f1Uy) (f7y,) is calculated by (3)eq.
S=23'y. d; is calculated by (1)eq. - .
il ‘. Newton method is used with the start iterative values d¢=P/RT

[)

BWR constants of vapor mixture
are calculated by (2)eq.

Y=Y /8 fI~V= (I}V/y;) * Y;

y
fV= za‘fv
=1

!

PDI=f"

®

Fig. 3-2 Flow chart of calculating the bubbling point and the vapor composition
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Table 1 Vapor.liquid equilibria of methane-ethane-propane system

R lgeak

LBRFETHHTRAER (118

21

N Given values Calculated values Experimental values®
o.
Platm) =z, E) x3 Y1 V2 vs TCK)Y w Y2 ys T[(°K)
1 6.80 0.110 0.320 0.510 0.8802 0.1051 0.0146 199.88 0.8651 0.110 0.0249 199. 86
2 0.249 0.446 0.305 | 0.9774 0.0222 0.00035 168. 39 0.9538 0.0433 0.0030 172.16
3 13.61 0.232 0.435 0.333 ] 0.9084 0.0856 0.0060 200.09 0.9070 0.840 0.(00897 199. 86
4 0.528 0.319 0.153 | 0.9867 0.0130 0.00024 170.29 0.9742 0.0234 0.0024 172. 86
5 27.21 0.270 0.512 0.218 | 0.7947 0.1887 0.0166 229.38| 0.8084 0.1742 0.0174 227.56
6 0. 496 0.242 0.262 | 0.9609 0.0345 0.00456 198.80] 0.9562 0.0364 0.00741 199. 86
71 40.82 0.424 0.150 0.426 | 0.9192 0.0486 0.0322 230.25] 0.919 0.0446 0.0364 227.56
8 0.7647 0.1612 0.0741| 0.9646 0.0320 0.00341 199. 58 0.9583 0.0366 0.00521 199. 86
9| 54.42 0.611 0.249 0.140 | 0.8935 0.0892 0.0173 226.07 0.8901 0.0886 0.0213 227. 56
10 | 68.03 0.5161 0.3378 0.1461] 0.7468 0.2056 0.0475 254.00{ 0.7234 0.226 0.0506 255.36
11 | 74.83 0.438 0.192 0.370 | 0.7044 0.1407 0.1550 279.70} 0.692 0.143 0.165 283.16
12 | 81.63 0.504 0.176 0.320 ) 0.7069 0.1343 0.1588 276.61] 0.673 0.143 0.184 283.16
Table 2 Vapor-liquid equilibria of methane-ethylene-ethane system
N Given values Calculated values Experimental values®
o.

Platm] Z2 3 ¥ Y2 va TCK) wm Y2 yvs T°CK]
1 5.0 0.160 0.430 0.410 | 0.8495 0.1108 0.0397 173.82| 0.767 0. 148 0.085 169.2
2 10.0 0.330 0.2335 0.4365 0.9277 0.0410 0.0312 176.35 0.907 0,048 0.045 169.2
3 0.151 0.415 0.434 | 0.6973 0.1997 0.1029 198.75 0.713 0.176 0.111 195.2
4 20.0 0.378 0.263 0.360 | 0.8630 0.0795 0.0575 197.99 0.884 0.046 0.070 195.2
5 35.0 0.779 0.110 0.111]0.9491 0.0312 0.0197 193.24] 0.950 0.0210 0.0290 195.2
6 50.0 0.143 0.415 0.442 ] 0.2455 0.3972 0.3573 275.72} 0.275 0.375 0.350 273.2
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2) A.R.Price and R. Kobayashi, J. Chem. Eng. Data., 4, 40 (1959)
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