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polynomials. To maintain smoothness, the first and second derivatives
must be continuous at the end point ("knot") for adjacent intervals. In
the case of two independent variables, bicubic splines are used over a
rectangular domain. Since the saturation line represents a curved
boundary, a transformation must be made and curved parts mapped onto
rectangles. The knots and coefficients for the polynomials need to be
calculated only once (Caldwell and Spragg, 1977). Although cubic and
bicubic splines give an accurate and relatively fast method for computing
thermodynamic properties, they still do not offer the flexibility
necessary in dynamic studies.

A less expensive and more flexible alternative is to determine
approximate curve fits for the required properties over a region of
interest. Some accuracy may be sacrificed for ease of calculation and
computational ecomomy. Curve fittiny often requires extensive effort to
determine the appropriate empirical equations, but it does save consider-
able computer time in the actual calculation of the properties. Often
independent curve fits are found for the different properties and regions
required. For ease of computation and to decrease the possibility of
discontinuities, the number of regions should be kept to a minimum,
Ideally one equation would sufiice for the entire region of interest.

To maintain thermodynamic consistency, it is desirable to deter-
mine an empirical representation for a given property in terms of the
selected independent variables and then to use this representation to de-
rive the other thermodynamic variables. In this work the compressibility

factor Z, in terms of temperature and pressure, was chosen as the basic



property and, along with a simple form for the zero pressure heat

apacity, was used to derive enthalpy, entropy, internal energyv, and
heat capacity by using standard thermodynamic relationships. More com-
plex expressions for the zero pressure heat capacity did not yield any
improvement in the derived properties.

Several expressions gave satisfactory results for the compressi-
bility and the derived enthalpy, entropy, and internal energy equations.
However, the heat capacity proved to be quite troublesome, especially in
representing saturation line data at higher pressures. It was decided
that a separate empirical formula might be required to represent the
heat capacity because of its anomalcus behavior, especially near the
critical region.

After each separate empirical formula for heat capacity was
derived, it was used as a starting point, and a new expression was de-
rived for compressibility which in turn was used to derive the other
properties. Several expressions gave reasonable results for the heat
capacity, although the errors in representing the heat capacity were
uniformiy larger than those encountered for the compressibility and the
other derived thermodynamic properties. This approach proved unsuccess-
ful since in every case the expressions derived from the new compressi-
bility did not yield satisfactor: results for the enthalpy, entropy, and
internal enerzy equations.

As a further check, the best independently derived heat capacity
equation was combined with each of two different compressibility equations
to deri;e a pair of equations for each of the other properties. It was

decided to adopt the equations derived from the compressibility alone
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because they are far simpler than the combined forms and the results are

almost identical. It was also decided that a separate heat capacity

representation would be used.

Independent forms were also determined for the saturation
temperature as a function of saturation pressure, the specific volume of
saturated water as a function of saturation pressure, and specific volume
of saturated water as a function of the saturation temperature. Deriva-
tives were obtained by differentiation of the independent forms or the
appropriate equations derived from the compressibility.

Although the independent variables throughout most of this work

are pressure and temperature, it is sometimes advantageous to use

enthalpy as one of the independent variables. It was decided that it
would be preferable to obtain additional forms by curve fitting rather
than solve the previously obtained equations iteratively. A function
was determined for the saturation temperature in terms of the fluid
enthalpy. An expression for temperature in the superheat region as a
function of pressure and enthalpy (Agrawal, 1978) considerably in-
creases the flexibility of the previously derived and independently
determined equations. Since the temperature can be calculated fairly
simply, the independent variables for many of the equations can now be
either pressure and temperature or pressure and enthalpy. The feasi-
bility of using this method was checked by comparing the equation for
the volume of the gas derived from the compressibility and an indepen-

dently determined form (Agrawal, 1978) in terms of pressure ana



enthalpy. The independently determined equation gives only slightly

better results than the derived form,

Chapter 2 contains methods for the derivation of the empirical
equations, the ranges of applicability, and comparisons with literature
values. Two examples of the application of the derived equations are
given in Chapter 3. Execution times for programs utilizing the empirical

equations and those using tabular values are also compared in Chapter 3.



CHAPTER 2
i EMPIRICAL EQUATIONS FOR PROPERTIES OF STEAM AND WATER

A nonlinear least squares program BMDX 85 (Sampson, 1964) was
used to obtain the parameters for the various specified functions by
stepwise Gauss-Newton iterations. The equations described in this
chapter are the ones used in the simulations in Chapter 3. Unless other-
wise noted, the range of applicability is 1 bar to 150 bars and 373.15 K
to 873.15 K in the superheat region, and 1 bar (372.78 K) to 160 bars
(620.47 K) on the saturation line. Temperature (T) is given in K,
pressure (P) in bars, specific volume (v) in ¢m?/g, enthalpy (h) and
internal energy (U) in J/g, and entropy (s) and heat capacity (Cp) in
J/g K. The comparisons between calculated and reference values are given

as relative percent differences and are for the ranges given above, Addi-

tional formulations, ranges, and descriptions may be found in Appendix A.

2-1 The Compressibility Factor Z

The compressibility is given by
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The differences between the compressibilities calculated by using
the given equation and those obtained by using tabulated volumes
(Schmidt, 1969) in the well-known relationship, Z=Pv/RT, are less than or

equal to 1.5%. Generally the differences are less than 1.0%.

2-2 Zero Pressure Heat Capacity
Parameters for the commonly-used form for heat capacity at zero
pressure were determined along the zero pressure isobar in the range

373.15 K to 773.15 K. The zero pressure heat capacity is given by

Cp® = ¢y + ¢T + ¢3T¢ (2.2)

where
c = 1.7524

2.4936x10" "

(¢}
n

3.0978x10"

2]
]

The differences between the calculated and tabulated values
{Schmidt, 1969) are less than 0.4% in the range 373.15 K to 873.15 K at

Zero pressure.



2-3 Saturation IemBgraturo as a Function

The saturation temperature is given by

Toae = Byt xF e x3P? + x,P? » %é + %%’* %% + xgP* + 5%
; 5
(2.3)

where

X, = 3.5653x10°

Xy = -2.0611
X: = 5.7064x10°3
X, = -1.0110x10"°
xg = 2.1841

Xg = -9.9885x10
X7 = 2.5304x10°°
xs = 3.8845x10!}
Xq = -2.2420x10!

When compared to tabulated values (Bain, 1964; Keenan et al.,
1969) the calculated saturation temperatures differ by less than 0.5%

over the entire saturation line.

2-4 Gas Volume and Derivatives

The volume was derived by using Eq. (2.1) and the relationship

where R = 4,619 bar cm?/g K.
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The volume is given by

v = R(z-?,l s 2y + 2T » f—%l ¢ 2,P + 2sPT + 2gP? + 25P2T

The differences between the calculated and tabulated volumes
(Schmidt, 1969) in the superhecat region are less than or equal to 1.5%.

A line in the surface, the saturation line, was checked by
entering a saturation pressure, calculating the corresponding saturation
temperature using Eq. (2.3), and then calculating the saturation gas
volume by using Eq. (2.4). The differences between the calculated gas
volumes and the tabulated values on the saturation line (Keenan et al.,
1969) are less than 1.5%.

The total derivative of the saturated gas volume was obtained by

using the derivatives of Eqs. (2.3) and (2.4) and the following relation-

[ﬂ] (B . (% [ﬂ]
dp Sa% ap 1 aT p d¥ sat

Compared to values calculated by the finite difference method,

ship:

the disagreement is less than 2.5%. The values obtained in both cases

are smooth.

2-5 Ent h.’.lvl P .,\"_gf- _t_h.c_ Vapor

The enthalpy was derived by using the following relationships:

dh = CpdT + [v-‘r (%l’- ]dP
T
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P
Cp=Cp®-|T (32“) dp!
¥ d aT? pl
o
The zero pressure heat capacity, Cp®, is given by Eq. (2.2), and the
volume and partial derivatives are obtained from section 2-4. The
triple point was chosen as the reference point and the values set as

follow:

273.16 K

-3
"

Py = 0.006113 bars

hy = 2501.3 J/g

The enthalpy equation is

N

h = ¢ (T-1) + S (12-1,2) + & (1%-1)9)

2 2
+ Ry [zl(P-Pl) + 23 EF" E%;—) + 3$.r93-p12)

- 3 3 3 3
26 (pip,3) 4+ 2 L s fB. . E
e )’329(T T "4(TT Tz )|t M

where Ry = 0.4619 J/g K.

The maximum difference between tabulated (Schmidt, 1969) and
calculated velues is 2.3% and occurs at 873.15 K and 150 bars. Generally
the differences are less than 2.0% On the saturation line, the differ-
ences ar~ equal to or lec: than 2.0%, whether given temperatures and
pressures are used or the saturation temperature is calculated for the

given saturation pressure by Eq. (2.3).



The total derivative for enthalpy with respect to pressure on
the saturatior line was obtained by taking the partial derivatives of
Eq. (2.5, for enthalpy and the total derivative of Eq. (2.3) for temper-

ature and applying the following relationship:

1], (0, - [5)..

The calculated values for %%]sat differ by orders of magnitude
from those obtained by the finite difference method when the enthalpy
values vary quite slowly over a rang:. When the variation is essentially
zero any small difference between calculated and tabulated values results
in a very large relative percent error. McClintock and Silvestri (1968)
also warn that if finite difference techniques are applied in too small
an interval, errors may result. The comparison is stil! useful in show-

ing that the derived equaticn yields smoothly varying values, while the

straight line interpolation finite difference method shows oscillations
in -
dp Jsat -’

2-06 Entropy gn t}e Vapor

The entropv was derived by using the following relationships:

(:B < (3_\) )
1 dT T : dy

3¢ ,
Cp = Cp° - { T (—J) dp!
J aT< pl
0]

c.
n
1}

The zero pressure heat capacity is given in Eq. (2.2) and the partial

derivatives are obtained from section 2-4.
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The triple point was again chosen as the reference point and the

values set as follow:

T, = 273.16 K

1

| Py = 0.006113 bars
s; = 9.1571 J/g K

The equation for the entropy is given by

g = Cl 2" ('—I-:-rT)Q c2(T_T1| + c.') (T?-le)

f > . 23 P2 Pp,° )
; - Z = § % Z5(P= o, =
| Ry [-0 in (pl) z7(P-Py) 3 ('ﬁ f‘:"z'

3 3
‘5 2 2 27 3 3 s p P
g ki TR s it R
3 e 3 3
- 3 p
‘%:g(rf'ﬁ?]*n (2.6)

where Ry = 0.4619 /g K.

The differences between calculated and tabulated values (Schmidt,
1969) are less than or equal o 1.7% in both the superheat region and on
the saturation line. Generally the differences are less than 1.0%. The
results on the saturation line are again almost identical when both
temperatures and pressures are given or when saturation temperatures are

calculated from saturation pressures by using Eq. (2.3).

2-7 Internal Energy of the Vapor

The internal energy was obtained by using the following relation-

ship:

e e e e BN et e B s el






d_U. = g!.‘_ = p d.v.] . P\'
dp sat dp sat db sat

The derivatives and volumes are given in sectioas 2-4 and 2-5. To make
the units consistent, the appropriate conveision factor must be applied

to the last two terms in the equation. The results are comparable to

dH

those obtained for -——] in section 2-5.
dP Jsat

2-8 Specific Volume of Saturated Water

The volume of saturated water is given by
Vo™ ¥y @ V;P + V3P2 + Vgp? + thb (2.9)

where

'S} 1.0562
vs = 7.2848x10° 3

-7.8325x107 5

Va &
vy, = 5.8788x1077
vg = -1.4035x1072

The maximum difference between the tabulated (Bain, 1964) and
calculated values is 1.9% and occurs at 1 bar. The differences are
generally less than 0.5%.

The derivative of the saturated fluid volume with respect to

pressure is obtained by differentiation of Eq. (2.9).
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2-9 Enthalpy of Saturated Water

The enthalpy of saturated water is given by

he = w; + wyP + wiP? + w,P? weP* + weP® + L S %g (2.10)

£ P
where
Wy = 6.4480x107
wy = 1,8818x10!
w3y = -2.7564x10" !
w, = 2.7955x10" *
we = -1,4470x107°
wg = 2.9450x107%
wy = -4,8854x107
wg = 2.4370x102

The largest differences between tabulated (Bain, 1964) and
calculated values occur between 1 and 2 bars, reaching a maximum of 2.7%.
Above 7 bars, the differences are less than or equal to 0.3%.

The derivative of the enthalpy of the fluid with respect to

pressure is obtained by differentiation of Eq. (2.10).

2-10 Densi}x_gf Saturated Water

The volume of saturated water is given by

= dy + doT + d3T? + d,T3 (2.11)

-
¥

where
d; = -4.4267

3.5980x10 ¢

(=8
3
"



S

dy = -8,0055x107°

dy, = 6.1163x10"®

The density, w, is given by

and has the units of g/cm’.
The maximum difference between tabulated (Bain, 1964) and calcu-
lated volumes is less than 1.9% The differences are generally less than

1.0%.

2-11 Specific Heat Capacity

The specific heat capacity form was determined by using the zero
pressure heat capacity equation in section 2-2 and adding pressure and
temperature dependent terms. The coefficients y; through y,, were

determined by curve fitting. The specific heat capacity is given by

Cp = ¢y + 3T + ¢3T2 + (y1P3 + y,PT + yaPT? + y PT? + ysP2T

¢ yePIT? + yyP2T3 « ygP3T + yoP3T2 + y oP3T3)/(T-y11P)?

(2.12)
where
y; = 1.1120x10!}
y2 = 5.2110x10?
y3 = -1.0089x107 !

W

yy = 4,5463x107°



4.3768x107 1
-1.5544x10™?
1.2808x10°*®
= -4.9183x10°7
yg = 7.2632x10"°
yi0 = -3.5782x10°°®

Y11 = 2.9971

The differences between tabulated (Schmidt, 1969) and calculated
values are less than 12.6% in the superheat region. On the saturation
line the maximum difference is 11.4% for given temperatures and pressures.
When the saturation temperature is calculated for a given saturation
pressure by using Eq. (2.3), the maximum difference is 13.0% The two
methods of calculation yield almost identical results at lower pressures.
Slight variations, however, occur at higher pressures.

Although the percent differences obtained for Cp are greater than

were hoped for, they are net significantly greater than those in other

investigations. Literature values (Schmidt, 1969; Juza ard Mares, 1950;

Woolf, 1980) vary as much as 10% in the higher temperature ranges. Even
in the ASMF Steam Tables (Meyer et al., 1967) calculated by using the
1967 IFC Formulation for Industrial Use there were local variations of
approximately 5% near the bounda:ies between the subregions. To smooth

the tables, graphical spline fits were used in thesc¢ regions.
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2-12 Temperature of Superheated Steam as a

Function of Pressure and Enthalpy

In the preceding sections pressure and temperature were used as

the independent variables. Additional equations were required for the

simulation in which enthalpy was one of the independent variables. The

following equation gives additional flexibility to the equations for

the superheat region

the equation is from

mined for the region

given by

where

a,
ag
dg
az
ag

dq

W

"

aj

-+

in sections 2-4, 2-6, 2-7, and 2-11. The form of
Agrawal (1978), but the parameters were deter-

of interest in this work. The temperature is

aP + asP? + ayh + ashF + aghP? + ash? + agh?p

agh?p? (2.13)

-1.1584x10°

3,5880x10!

-1.2666x10" !

6.3660x1071

-1.9700x107¢

-

i

L1515x1079

-2.3814x1075

2.7366x107°

-1.0107x10° %

The maximm difference between tabulated (Schmidt, 1969) and

calculated values is 1.7% The differences are generally less than 0.5%.
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2-13 Volume of Vapor as a Function of

Pres$gzgiygtjmthafﬁv

The following equation was adopted from the equation for density
(Agrawal, 1978) and the coefficients determined by curve fitting in the

region of interest. The volume of the vapor is given by

vg = by + byP + %ﬁ + byh + bsPh + E%h (2.14)
where

b, = 6.8242

b, = -6.2259x1072

by = -4,4119x10°

b, = -2.2842x10" 3

bg = 1,9762x1073

bg = 2.2893

The maximum difference between tabulated (Schmidt, 1969; Bain,
1964) and calculated values is 4.3% at 145 bars and 2635.8 J/g. This
poiat is very close to the satuiation line and is on the 613,15 K iso-
therm which is one of the boundaries between subregions in the 1967 IFC
Formulation (Rivkin, Aleksandrov, and Krem:nevskaya, 1978). The other
large differences are along this same isotherm as well as the 623.15 K
isotherm. However, the tabulated v.lues agree very closely to the
skeletal table values (Rosner and Straub, 1980). The other differences
are generally less thar 1.0%.

To check the feasibility of using Eq. (2.13) to convert the input
from pressure and enthalpy to pressure and temperature, Eq. (2.4) for the

gas volume was used as a test. Again the largest variations betweea the



tabulated (Schmidt, 1969) and calculated values are found along the
613.15 K aad 623,15 K isotherms. The maximum difference is 5.5%. There
is a suggestion that this same trend may be present in the differences
in the volumes calculated in section 2-4, although it is far less pro-
nounced. The same trend appears in the calculations of temperature in
section 2-12. It would appear that the larger variations are trans-
mitted through the enthalpy. However, the apparent anomaly is not
observed between the calculated and tabulated values of enthalpy

(section 2-5).

2-14 Temperature of Saturated Water a
a Function of Enthalpy

The temperature is given by

f, + fyh + f3h?

2.5678x10°
2.9060x107 !

-4.1831x107 % ,

The differences between tabulated (Keenan et al., 1969) and

calculated values are less than or equal to 0.5% over the enthalpy range

corresponding to 373.15 K to 623.15 K on the saturation line.




CHAPTER 3

APPLICATION AND CONCLUSIONS

Two components of a digital simulator developed at the Univer-
sity of Arizona for a liquid metal fast breeder reactor power plant
(Hetrick and Sowers, 1978; Hetrick, Shinaishin, and Wait, 1378;
Shinaishin, 1976) were chosen as test cases for the empirical equation-
discussed in Chapter 2. A schematic diagram for the Clinch River
Breeder Reactor Plant (CRBRP) is shown in Figure 1. The original tables
for water properties in the evaporator and superheater were replaced by
the appropriate formulations. Details of the original model may be
found in Hetrick et al. (1978) and Shinaishin (1976). Some modifica-
tions of the original model as well as a user's manual may be found in
Hetrick and Sowers (1978). A computer listing of the evaporator portion
of the simulator, with the empirical equations for the thermodynamic
properties of water incorporated, may be found in Appendix B. Appendix
C contains a computer listing of the superheater portion of the simulator
with the appropriate equations for water properties.

The DARE P (Differential Analiyzer Replacement, Portable) continu-
ous system simulation language developed at the University of Arizona by
Professors Granino Korn and John Wait (Korn and Wait, 1978) was used on
a CDC CYBER-175 for the simulations. The DARE P system allows the user
a choice of integration rules. The Runge-Kutta-Merson rule was used in

this work.

ro
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The results for mild and moderately severe transients obtained
by using the programs with the empirical equations were compared to
solutions obtained with programs using tabular values. In both cases
the transients are artifically introduced into isolated power plant
components,

A mild transient for the evaporator was initiated by decreasing
the enthalpy of the water being pumped from the stear drum through the
recirculation pump to the evaporator. This decrease in enthalpy
corresponds to pumping progressively cooler water into the water side
of the evaporator, which is « sodium-water heat exchanger. The sodium
temperature at the outlet and the saturation temperature of water in the
evaporator decrease. As can be seen from the computer listing in Appen-
dix D, the results for the programs using tabulated values and empirical
formulas differ by less than 8 percent. Graphical representations of
a portion of the data are shown in Figures 2 and 3.

A moderately severe transient was introduced in the superheater
(another sodium-water heat exchanger) by decreasing the intermediate

sodium flow rate according to the followin. expression
Wl = WIC(1.0-0.002exp(T))

In some re:ypects this can be considered as a pump coastdown. The water
temperature and enthalpy decrease at the superheater exit. The results
are shown in Appendix E.

There is a significant difference between the results for the

steam specific heat in the two programs. This is not surprising since
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-1.3509x10"2

:
"

z7 = 7.9215x10° ¢

zg = -5.0734x10 8
z2g = 1.2179x107"
210 = -1.3791x10°
z;1 = 7.5838

Z15 = -9.3142x10°
z13 = 5.1827x10!
Zy, = -1.1555x107 !

The differences between the calculated and reference values are

less than or equal to 1.4%,

A-Z Heat Capacity at Zero Pressure

The zero pressure heat capacity may be represented by
Cp® = ¢ + ¢5T + ¢3T? + ¢,T3
where
¢; = 1.8232

-1.4191x10™*%

€y =
c3 = 1.0104x1076
cy = -4.0744x1071C

In the range 373.15 K to 773.15 K, this commonly-used cubic equation
gives results which differ by less than 0.005% from the reference (Schmidt,

1969) values.



A simple two-term equation may also be used to represent the

zero pressure heat ‘-apacity. In this case

0 01
where
¢ = 1.6772
O
¢ . = 5,6899x10™"
0l

For this form, the maximum difference between calculated and reference

(Schmidt, 1969) values is 0,9%.

A-3 VquEgpature as a Function of Pressure
on the Saturation Line

The following expression is slightly more complex than the one in

~

section 2-5. The saturation temperature is given by

.Isut:XI#x:)P-bxgpz*xups*xspg*ipﬁ.*%%’_;_%+%e

1, .

+ X10p2 + +X ,11 (A.l)
p
where

x; = 3.5674x102
X: = -:.4099
x3 = 1.1148x10 2
Xy, = -4.3795¢10°°
X5 = 7.0705x10°®

Xg = 2.8328



= -2,2207x10" 2

Xy =

xg = 1.3199x107"

Xxg = =3.1097x1077
X1p = 4.0220x10!

xy; = -2.4315x10!

1he maximum difference between tabulated (Bain, 1964) and calcu-
lated values is at 274.15 K and is equal to 0.4%. From 277.15 K to the

critical point the differences are less than or equal to 0.25%.

A-4 Steam Volume and Derivatives

The methods of deriving tue following equations are identical to

the ones used in section 2-4., The volume of the stear is giver by

v =R (E%I +zy + 25T + —%— + 2P + zsPT + 245P2 4 24P2T

s 2sPT + 74p3 o 2 PZ  213P%  zy1.P3  zqapf
< Zg *-JT-%—-—*—UL—T + + L2

24,P3 )
* +
T

The constants N to 2,4 are given in saction A-1.

The differences between the tabulated (Schmidt, 1969) and calcu-
lated volumes in the superheat region are less than or equal to 1.4%.
The saturation line data were checked by entering a saturation pressure,
calculating the corresponding saturation temperature, and then calcu-
lating the gas volume. In addition to the temperature w«nd volume equation

combination discussed in section 2-4, the three other combinations for
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the volume equations (section 2-4 and this section) and temperature
equations (sections 2-3 and A-3) were checked against tabulated values
(Schmidt, 1969). The four combinations give almost identical results
between calculated and tabulated values.
The g;] was obtained by using the temperature equation in
section 2-3 and the partial derivatives of the volume in this section.
sat

The maximum difference between the calculated[%},—'] values and those

obtained by the finite difference method is 2.8%.

A-5 Enthalpy of Steam

The methods of derivation and the reference values are identical
to those of section 2-5. The constants Z, to z), are given in section

A-1. The steam enthalpy is given by

h = ¢ (T-T)) + & (T2-T,2) + 931 (1T3-1;9)
2 2 - .
' Rx[zx(P-Px) * 23 (ET- = E-l-ll-) + 5t (P2-Py?)

z z ‘ p3 P
+ _35. (p3_p13) + _59. (p'-b_pl*o) + le(TZ - Tﬁ-)

2, (Pl _ Py ( -P“) 3, (Eﬁ-_‘LIP")
*3 1 (‘T"T)*“z T,3) T3\ \T2 " T,
+ 214 ."_ EL_

2 'r T
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In the superheat region the differences between tabulated
(Schmidt, 1969) and calculated values are less than or equal to 1.6%.
On the saturation line, the differences are again less than or equal to

1.6% whether the temperature and pressure are given, or the saturation

temperature is calculated by using Eq. (2.3) or (A.1l).
The results for gi_g]sat are similar to the ones discussed in

section 2-5.
A hybrid form for enthalpy was derived by replacing Cp in the
preceding derivation by the independently determined Cp in section 2-11.

The resulting equation 1is

h = ¢;(T-Ty) + %1 (T2-T%) + S.;l (13-Ty%) + [- -:'* %][)'1?13]

+

[_ Xl&gl + InA + Zlégl - EnB] [y2Py + ysP1? + ygPy?]

2p.2 2p,2

+ [T + 2y11P; nA - lllA—Pl— - Ty - 2y 1P1&nB + illifl—]
) Py 2 3 T3, 3 2p,2
[ysb, + yeP1® + ¥aP17) + ] 55 + 5 yuutP1T + 3y11°Py%anA
3y°Pt 13 3 P

-3 =5 -3 - 3 YyuhiTy - 3y P “ink

3 ¥ 3P 3
*2 L‘LB_L] [yyPy + y7P1? + y10P1%] + Ry [Zl(P-Px)

+ E_!.; (p.”._pIZ) & Zy (pZ_pl,") 4 %ﬁ_ (P3°P13) + 239_ (p%_Plk)

z : 2 . .
+ R P5-py?) « 3 B (PRP)3) « TR (PpyY)

+
|
s
—~
<
-
1
~
-
&
S
+

1 z
T (P“'Pl")] + hy
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where

>
L

(T-y11P1)

f==
i

(Ty-y11P1)

and
¢y to ¢3 are given in section 2-2;

s

y1 to yj) are ziven in section 2-11.

The results are almost identical to those discussed earlier in this

section.

When the Cp in section 2-11 is used to replace the Cp in the

derivation in section 2-5, the results are again almost identical to

the simpler form derived from the compressibility alone.

A-6 Entropy of Steam

The reference values and the methods of derivation are identi-
cal to those of section 2-6. The constants z to zyy are given in

section A-1. The entropy is give: by

-

. 2 2 )
v - B (fz-pr) +F etndh « Z et

3 3 3 p,3
28 (pip,y - 2 P> _P I (LA
i U SR AR SN €5 o T\ T2
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In the superheat region the differences between tabulated (Schmidt,
1969) and calculated values are less than or equal to 1.5%. The results
are the same on the saturstion line and are not affected by which equation
15 used for t.ue saturation temperature.

The following combined form was obtained by replacing the Cp in

the above derivation by Eq. (2.12). The entropy is given by

s . l . (7 * g.ﬁ 2 % 2% 1 1
s = ¢ in (T;)* C2(T-Ty) + =5* (T<-T€) + [- y11PIA - ¥112P2

-

£nA + ——-ly———-r ¢nT + 1 + 1 inB - 1 inT
e T TR g 8 e

. 1 1 ) 2 ' yq11P
[yiP,7] + [— X g][)zf’z + ysP1? + ygPy®] + - L

r ) A -
ETTIRIR AL inB] [ysP1 + yeP1® ¢+ yoPy”]

B
o LD 2
+ [T + _))’Iznl inA - E-LLA—EL— - T} - 2)’11P1 ZnB

v 2P 2 ~ p
* ’—“‘B—L][.\'.H + y7P1% + y1oPy’] - Rx[zoln (}3‘1‘)

¢ 25(P-P1) - 57y (P2-712) + 33 (P2-py2) + 5L (P3-p}3)

- » 4 :‘ % 3 3 :u
+ —41 (P*-Py*) - 3 39 (P°- Py°) - 33 (P3-Py %)
B R GE IO IR R S R ”’b'p‘“)] e
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The maximum difference between tabulated (Bain, 1964) and calcu-

lated values occurs at 1 bar and equals 2.7%. Between Z bars< and 206

bars, the differences are less than or equal to 1.5%.

A cubic expression for saturation temperature as a function of

enthalpy yields slightly better results than those obtained in section

A-8 Saturation Temperature as a Function

of Enthalpy

2-14. The saturation temperature is represented by

sat

where

-
)
Pt
i

\az
w
n

-
&
1

= f; + fyh + f3h? + £ h3

. 7861x107

to

ro

.1508x1071

3.7188x10° 3

= -2.5489x10°8

The differences in the satur-“ion enthalpy range corresponding to

373.15 K to 623.

15 K are less than or equal to 0.1%.




APPENDIX B

COMPUTER LISTING FOR THE EVAPORATOR

A glossary of variable names and units may be found in Hetrick
and Sowers (1978). Since English units are used in the simulator, the
appropriate conversion factors were applied to the equations discussed

in Chapter 2.
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ibide0 25049
1292.0 198.9
R
Kd » 3 » 2

¢ THE FOLLOwING IS A QEFINITION OF THE SECOND
* INDcPeNUENT VARIABLE.

0.2 1Ueh 2048 »0.8 »1.0

® NEAT CoMeS THE FIRST INCEPENDENT VARIABLE
* FOLLOweu oY THE UEPENDENT VARIABLE.

1000.0 29.81801 »7.63707 ,i0.06082 ,12.915 »14.6123
2000.0 22.939368 53.21363 94430274 54.97874 55.35559
2500.0 rl 72844 92423131 +2.6778 22498751 ,2.98751
ar
SUBRAUTINE TSATF(PAS2,TSAT)
COMMON/TENMP/TK
PB=PAS2*0.06069475726
TEK®3.0053E+402+PB%(~2.0611+PB*(5.7064E~03~1.011E~05¢PB))
P r((2.18481+(~9,.9805E-03+42.5304E~05/7PB)/PB)IIPB)
$  *3.3B45E¢0L0Ppe80,5-2,242E+01/P8B%8(Q,5
TSAT=|,.8%TK=459.67
RETURN
)
SUBROUTINE VG(PAS2,VGS2)
COMMUN/ TEMP/TK
PBePAS2*0.0089475729
VOAS*4.0L9%(1l.0001*TK/PB=543391+6.,1322E=03¢TK
$ *PB(Z2eo04TE=01=24058E=04*TK=7.4961E+01/TK
3 +PB*(~8.9C1E~03+6.3505E-0062TK*6.1847/TK=1.4715E+¢03/TK*%2)))
VeS2sVoAS*.016018408
ReTJRN
eND
SUBROUTINE HG(PASZ2,HGS52)
COMMUNZTEMP/TK
PosPL 2%0.00896475729
HOASaTK#(La752644TK*(1,2068E-06+1.0326E=-07%TK))

3 *0.49049%PB*(=5.3391+PB*(=7,4961E+01/TK*1.27735E-01
+PB*(=2.9676~0344.12313333/TR=1.4715E+03/TK*%2)))
#2.011240092c+03
HOS2=HGAS®( 425922061 ¢
RETURN
ENU

- v

W
SUBROUTINE EVAP( DLS1sDPAS2»TSEsTSLowSL1ywS3,WS15swS53S,
2X539A982C»0wSL0rs0wd30»0TAWLSCTANZ
$,1004,HO52
be TASLoAUML)AD W TOATH)DETERMHELSZH)OTIBHOTIGY
3505 L .0l rELSOCIELSE3)ELSOe s HSLisPASZ)PASGIENESYENEVAP, WS1D,
W30 AFEIWLoELS Lo TAW2)ASL1PELS319ELS32,Y55,C00)
SUPKLOFs FRUP F3UB»TIToTIBTIS, TICs TAWlsNOELAY)
* INLET WATER cNTHALPY
wlL23ATAM(Wi»le0E=Q351.0E 30)
F36%3,42192¢E-3
ENL=l.0
T50%24234+H50%(1+2160864=4,073711t=06%H50)
RHUT36252.9879606/(5.59422E~01+T56%(3.921635E-03
3 *T50%(=1.0ce599E=05+1,048748E-08%TS56)))
WoldseNE®*wdlv
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LR B

ASasHuS2¢XS3+HF52%(1.~X53)
RHO>3sALF2%RN0GS2+#(1.~ALF3)*RHOFSE

ORFP2e=(ls/VF52%%2)%0VF (PASL)
ORGPZ®=(Le/V052%%2)%0VGI(PAS2)
OnFP2eQHF(PAS2)
JHGP 2%OHG (PASZ)
UKHFP2sRHUF52%0HFP2 +nFS2%DRFP2
OKRGP2*RHIGS2#DHGP2*HGS2%0RGP2

A=ELS2¢ (ALFAC* (URHGP2=-DRGP2#HFS2)+(1.~ALFA2)* (DRHF¥2-DRFP2*HFS52))
BRELS1®RAOGS2*OHFP2* (HGS2-HFS2 )/ (2. 0%A®(HS2-HS1)'
Col.0¢2,%2- (RHJASL=RHUFS2)/ (RROF52-RHOGSZ)

sli=1. wATER /7 STEAM

OLSL®(24/C)®(~HDS1*ELS1®(TAWLI=TASL)/(ASLI*RHCAS]I®(H52-H51))
$ +WSL/(ASL®RHOASL) +(ELS1/2.0)%DHSL/ (HS2-RS5L)

B +6* (w3Ll=-wb53) /" AS1*(RHUFS2=-kH0G652)))

DL54520L51/73000.0

wiZew3i-AS1*FPHOASL*0LS]

OPAS2s(RHIGS2%(HGS2-HFS2 )/ (A*(RHOFS2-RHOGS2) ) )*(=(RHOASL1-RHOFS2)
> $OLol*(wSi-w53)/7A51)
DPAS2S=0PAS2/3600.C

Lil=2. waALL

WMHCU=0.073034229%ENE
Ta2=(TAWL*ELSI*TAWZ*ELSC) /4040
TAL7=(T[7+T18)/2.0
Taloes(TIBeTI®)/2.0

DTAWL= (Lo /7dMHCO )® (= (HOWL+*HOS 1 *+wMHCO®CLS1/ELSL)*TAN]
» +HOSI*TASL+HOWl*sTALB)*THW2*0LS1/TLS1

OTAW2®(1./WMHCO ) *(~(HDW2+HDS2-WMHCO®OLS1/ELS2Z)*TAN2
B *HISC*TSAT#HUN2STALT7)-Tw2*0L51/ELS2

[1f-3. INTERMEDIATE SOOIUM

RHOTIC«RHUNA(TIC)
TAUTI7=703800.0%RHUTIC*ENEVAP/WIL

Ties{TI7+Ti9)/2

RHOLEswRHONA(TIE)
SMHCO0=C.0020048433*RHUIESENE
Wi3swl+0.00052079¢ENESRHOIESLLS]

DTIB®(Lo/ (SHMHCO®ELSZ) ) #{~(HOWZ®ELS2~-SMHCO®OLS1)*TAL?
$ +HOWZ®ELS2#TAW2+0.30560166% (WI*TI7-418%T18))

DTi9%(1le/ (SMHCO®ELSL) )* (= (HOWLI®ELS1¢SMHCO®DLS1)I*TALSE
] +HOWLSELSL®TAWL*0. 305661 68% (WIESTIB-WI*TIT))

RECIRCULATICt LGOP MUMENTUM EGCATIONS
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% 4N

RekU(PAS2,%53)

THe NeAT THRce LINED SINCE THE FLOW TC EACH OF THE

SEVAPORATORS 1S5 HaLF THE TOTAL FLOW BEFORE THE PIPE SPLIT

* HAS

- -

BEEN DIVIOEU BY TWO.HENCE THE DIFFERENCE FROM BRENDA.
TAUWS 32505317 (11.428B6%ENneVAP)+ELS532%2.0/(68.844553%ENL)
TEUMSIoELSOL®240/ (20 F%ENL)I*ELSSE2%2.0/(50.755%ENL)
s PELOGP 2.0/ (39.51S%ENLISELSE4/(16,22555%ENEVAP)

ALLToel50/132.2%A51)*ELS2/(64.4%A51)+TAUNS]
AL2TeclS52/164,49%A51)+0.30020714/7451+TAUNS3
AclTeclLS2/(120.8%A51)
#22T=ci52/1(128.,8%A51)+40.15010357/7A51+TAUNS3

JETERM=ALLT®AZ2T~ALZT®ALT
FRICTLIUN (UEFFICIENTS

sF(RESLeLTL420040) FS1eB8.0/RESL
IF(RESL.GE410C0+0.AND R S144T.100000.,0) FS1%20,05256/(RES1*%0,243)
ir(RE3L146E4100000.0) FO1=0.02117/(RES1%*0.16%)

FolA=l024l0.1%F51

AFERESZ2eLToA0UG 0Q) -52%8.0/RESZ

IF(RES24GE« 100004 ANDRES2¢L T 100000.0) FS¢=0.0525€/(RES2%%0,243)
IF(Rc3240c4400000.0) FS2%0.0UZL17/(RES2%%0.164)

F32A=112238.73%F52

UPRC=JPRCSF=FRC*(WS1S*2.0/ENL)*%2

HUSPH=ELSLI*RHOASI+ELS27 «HOAS2¢10,2006333%RH0OS3-52.70833*RHOTSE

» “(Y55+4(000=6.0)/72.,0)%RH0OTSE

CHMPH2 (1. /(3¢,2%AS1*%AS1) ) *(wS35%%2/RHLS3-WS2AD®*2 /RHOFS2)
FRPH=(FSLASELSL#0lB8.90¢(cNE®*2.O/ENL)*%23FS6)*(WS10**2)

» $UFL2ASRSELS2)*(WS2AD®#2)+(63259:1+9.6L067%FS2A%R)*(WS30%%7)

HIPHIQ=scL32%RHUOADZ/2.0¢7.6066665%KH0S3
FRPHI49=FS2ANSELS 2% (WS2AD%%2)/2,0+(6.833335%FS2A%R
Y *F308)*(wS30%e2)
Bills=(HUSPH*CHMPH=L 44 . 0%UPRC+FRPH)

02T=194, 0% (PAS2~PAS S )=HSPH3I4~CHMPH/2,0-FRPH3I4

wSlUL=ACZT*B LT/ (ENE*DETERM)=AL2T*B2T/( ENE*DETERM)
WO3UJ=ALLlT®B2T/ (ENESDETERM)-A21T*RB1IT/(ENE*DETERM)

JWS LUz wdl00
uad 30=wWS5300
cETURN

cND

FUNCTIJN DHF(PAS)

OHF>3.,578056E=01+PAS®(~1.12650E=03+PAS*(1.1B175¢E=0¢
3 *PASHF (= L0Z23345E~-10+5.863715¢E-14%PA5)))
3 *((3.006294E+03=4.407G62E404/PAS)/PASES?)

ReTusn

eEND

FUNCTLION OVE(PAS)

UVF20.045502E~00*PAS*(=1.152359c~0084PA3*(G5.259505E~-12
$ =2.032413k=15%PAS))



eND

cNO

END

SETURN

(3 1"
rUNcTAON O¥GI(PAS)
CUMMON/TEMP/TK
CUMMON/ZOERIV/DTK
PEePAS®0.008964757269
UTK®e=2,0011%1,10128E~02%PB-3.053E~-05%P0¢PB~2,1841/P2¢82
$  LaYGTTE=UC/PBes3~T . 59L2E~05/PB*%a+ |, 942¢5E+01/PE 30,
» *l.121le*0Ll/PBeel.5
UVDP*4 . 619%(=L.0001*TK/PB®92=T7 . 4G01E+0L/TK*2,.5567E~-01
$ ~2.U5BE=00®TK=]1.7802E~C2*PB+B,701E~ O%PBS*TK*L.236G4E+01%PB/ T
8 =2.943c+03%PB/TK*s2)
OVOT#4,619%(1.000L/PB*6.1322E~03+7.49561E+01*PB/TKes2
b ~2.038c=094%P3+4,3505c~006%PB*PB~6.04T7*PB*PB/TKes?2
$  *2.993E*03%PBeP3/TKee])
OVesOVOPeUVUT*DTK
OVe20,.00L1uea3aleDy
RETURN
END
FUNCTION CDHG(PAS)
COMMIN/TEMP/TK
CIMMUON/OERIV/DTX
PBaPAS®0.0bBI4T75729
OHUP® (. 90l9%(=5.,3391-1.49922E+02%PB/TK#2.55647E~01¢P8
$ =B VOLE=U3%Po*PU*1.230694E+0)*PB*PB/TK~4,4145E+03¢PB*PR/TK**2)
UHDT 8L o 75942 9936E~00%TK+3 ,0G7EE=UT*TK*TK=0,4619%(~T7.4961E+01*
3 POOPI/TK®$244,12313333¢PB%#3/TK*%2-2,943E+03#%PB**3/TK#%3)

OHeDHUP+UHDT*DTK
UHGeOH® 0. 0296421207
RETURN
END
TMAX=50.0 » OT=] .0E~% ’ OTMIN=1.0E-8
NPOINTe5] ’ OTMAX=(0,03
EMAX=]l,.0E~-> » SY(S)=2,0
SY(8)=3,0 ’ SY(12)=1.0
NOELYl=8

H361®537.34491%0.9 pASLL1®4,.1/6.05ELS564230.0
EL361®15.00ELS622000.0,EL563%75.0ELS31270.0,EL532=10.0
eclli=2l.v74Bll22
F3081L=18)55.82¢7292
Pa21lL®1l654.00PAGLL=1804.6520099
WilL070.40730956 W3lLD=0.407309%6
Twlil=052.0908241 » TW2lL®725.379849971
TislLe717.381310 ’ TiS1L=*651.000

HFELL®2543.095070
ENELL®4542./06.0sWIlL"2.834E7/640

TICIL=850+0, J00LlL®7.0y FRC1lL®7.1000730E-5,0PRCIL=175.0

ENEVIL=1.0
¥551L=3.0

CAST»TIodLsTISLL)XS31L,TSATIL




APPENDIX C

COMPUTER LISTING FOR THE SUPERHEATER

The appropriate conversion factors were used to convert the units
of the equations giv-n in Chapter 2 to the English units used in the
simulator. A list of the variable names and units for the superheater

may be found in Hetrick and Sowers (1978).

46



CALL DAREP,®NENEW.
~

M
$ol
vle SUPERHEATER

. STEAM FuiLw RATE
#3A*3600.0%wW35AS

. INLET STEAM ENTHALPY
WSASLeSATAM(WSAS, 1.0E=03,1.0E 30)
TAUHSA®0, 920759 CLST#ENLORHOVS4/WSASL
HOASPOELAY(HS4, TAUHSA, 7,H541)

¢ SUUIUM INLET TEMPERATURE
TIA=POELAY(TI3,TAUTIA,3,TI3])
UTIA=(TI3=-TIA)/TAUTIA

s INLET STcAM PRESSURE
PSA=P3AU

FSC1®7.888943E~9%ELSC1/(ELSCL1*0.573425%ELSC2%(ENL/ENSC2)9e2)
F3C2®3.5006214E~4%ELSC2/(ELSC29L 76439, %ELSCI%(ENSC2/ENL) #%2)

TAUWSA®C ., 339792c~9%ELST/ENL+3.1533E=4%ELSHT/ZENL

5 *1.3632c=4%cLSCL/ENL*L,095337E~4*ELSC2/ENSC2

UwSASU* {14/ TAUNSA)®(PASG-PST+(53,214Y5S5)%RHOVS4/144.0
3=(2.30590271¢YE=3+FSCLI*( mSAS/ENL)®®2-FSC2¢(WSAS/ENSC2)%%2)

OWSAS=0W5ASD
WOAS.TUWSAS

POADRPASS+(1./144.)%(=0.03309228%ELS7*DWSAS/ENL*(53,214Y55)¢RHOVS%
B =0s08280330732%(WSAS/ENL)*e2)

PCaPSA=2,22994B80LE-3%(wSAS/ENL )##2-3. 1533E~4uELSHT*OWSAS/ENL

TAll=(TI1#TI3)/2.0
. TI32936.,0%(1.0-0.002%EXP(T))
WisWlO®(L.0-0.002%EXP(T))

REUTL3=RAONA(TI3)

wil=SATAM(wiri+05=03,1.0E 30)
TAUTLA=E4T74400, 0*RHOTII®ENL /Wi L

PBePSC*0.Cb089475729

TK=(T5C+659.67)/1.8

HOaTH® (17524 ¢TK®(1,2466E~04+1,0326E-07% <))
B U0l PBR(~5,3391+PBe(~=7.4961E+01/TK+1,27735E~01
*PB*(=2.96TE~03+6.12313333/TK=1.4715E+403/TK**2)))
$ +2.,041240092E+03

H3C=n6%0.429922614

-

HCPT=la75264TK®(2.4G36c=04+3,097BE-07%TK)
3 HUPS*(TK® (S 2L1E+0LeTHS (=] ,00BGE~01+4.5463E=05¢TK))
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$ *PBO(TK®(9,3760E~0L*TH® (=] ,5564E~-03+1,2808E~06%TK))
8 *Pos(TK®(~4,9]183E~02+Ta*(7.2032E~05-3,5782E=08¢TK))

$ vl Al20E+0L1)) NV i(TK=2.997] %P8 ) %82

CP5%0.2300845897¢HCPT

MASA=(n5A*n5C /2.0
P55=(P-A+P53C /2.0

VoA®(0,409313~6+870095E~05%P5A~-1.02500RE+C3/PSA

$ F*HSA®(~3.510007E-05¢5,"A1B24E~-00®PSA+) 237127/P5A)
Vouq 0L 9* (1. 000i®TK/PB-5.3391+6.,1322E-03#TK

$ *PB%(2.5547E~01=2,058E~04*TK~-7.49612+01/TKe

3 PB®(~3.701E=03+4.3505c~00*TK*6.1847/TK

3 =l 4715E+03/TK*%2)))
¥S5C*vG*0.01601840

RHUaSAs (1. /VaA*La/V5C) 720

Tala=(TIA+TIC)/2.0
RUTALA=RHONA(TALA)

He AT TRANSFER COEFFICIENTS IN THE SUPERHEATER

PES*04376047306%(wWl/ENS)
HNS=1222.0763#3.3530778%(wl/ENS)®*(0,6
Huld= 94, 5L3C0%ENS/ (0097486015419 .2/HNS)

RES®277.564204%(WSA/ENS)
H33®4.7053106% (uSA/ENS)*®0,.8
HooA® o6 51 3L0%ENS/(0.017076513429.6084029/H58)

sl=l. SUPERHEATEV STEAM

DT5C=(0.0000838/(CPS*RHOASASENS) ) *(HSSA®(TANA-TASA)
3 ~WoA®(H3C=-H54))
Tac.=0T5C

li=Z. waALL

JTAWA=(3,2002436E= S/ENS)I*(HWAS (TALA-TAWA)=HSSA®(TAWA=TASA))
TAwA .2UTA WA

Ii=3. UINTERMEDIATE 300IUM

OTIC®(2.93739E~ 3/(ROTAIA®ENS) )#(0,300042264018%WI*(TIA-TIC)
$ “Hud® (TalaA-TAWA))
TiCesDTIC
TSA®(=2,56679c+03+PSA®(4,4229]1~..083802€E~03¢P54))
$ *hROA*(L.00531T7+PSAS(-5.06B06793E~03+1.423368E-06%PSA)
P $RAS(=2a317120E=04*PSA® (1, 8376783E~-06-¢.6T7B99E-10*PSA)))
TaSas(TSA+TSC)/2.
KAOVS4=l,.0/V54
V3420.109313-6.876095E-05%PAS4=1.025008E+C3/PASH
3 tHLA¥(=0.5100687c=0545.00610824E~08%PASG+]1,.23T7127/PASK)

RrONA 4 &
NEXT I35 THt INUEC-ENDENT VARJABLE FOLLOWED B8Y THE DEPENDENT
3%2.0 10644

3729 23341
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TL34936409 T5C=9107.150,ENS=2271.0,TANA®BL3,.8680
TiC2e56.041sTIl®051.0

cNU

LISTHTSC,ASCHCPYVSC

=ND



APPENDIX D
RESULTS FOR THE EVAPORATOR

All units are English units. A detailed discussion of the
choices for the output as well as the list of variable names may be
found in Hetrick and Sowers (1978). The variables in the sample output

are summarized below.

1

minor loop

L

left evaporator
TISIL, TI9IL = liquid sodium temperatures (intermediate loop)
XS31L = the quality at node S3 (evaporator outlet)

TSATIL = the saturation temperature in the evaporator
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TiMe

JI

1.00000E=-01
2.400000E=-01
3.90000e~01
4.00000€&-01
3.00000E=-0.
5.00000€-01
7.00000&-01
3.00000€-01
3.00000c=-01
L+00000E*00
L+10000E+00
1+420000E+00
Lle390000c+00
Lee0uluceld
1.20000€+00
1.60000€+00
Le 7000CE*0Q
1+800QuE*yd
1.90000E+00
2+0000U0€+00
2ell ™7 UE*QQ
2+2wu0E®00
2430000c+00
2+40000E+0J
2+2u000E*UQ
deBUUUOE*QQ
2+70000&+00
2+.80000E&+00
2+90C00e+00
300\’0\)0&’\)0
3.10000£+00
3420000¢c+00
3.30000e+00
J.4900UUE+QQ
3.50000€+00
3.6000vE+0D
3.70000E+00
Jo.uudlue+lu
3.90000k+U0
4. 00000E+00
4+10000E+00
4.2C000E*00
4+30000E+00
4.90000c*00
h.iOvOQt’QQ
4.60000c+00
4, 70000¢e+00
2.00000E¢00
4. JJCJVESQD
5.00000c+00

SUPERHEATER - EMPIRICAL EQUATIONS

TsC
9.17150E¢02
G.17150€+02
F.17148E+02
F.17197E+02
9.17145€+402
GelTle3c+02
S.17161E+0Q2
9.171308E+02
9.17135€E+02
S.17132E+02
9.17129€+0¢
S.17125€+02
9.17120E+02
S.i711i58+02
J.17110E+02
G.17104E+02
9.17097€+C2
S.17090E+02
9.17082€E+02
9.17073E+02
S5.17003E+02
9:.17053E+02
9. 17041E+02
$.17028E+02
9.170i3E+02
5.16997E+02
9. L0980€+02
S.106960E+02
9.10938E+02
Y.16915E+02
9.16888E+02
J.16059E+02
G.1l0827E+02
9.167928+02
9. l0752€+02
S.b0709c+02
Ge.lobb0E+Q2
Y.16607E+02
S.i6548E%02
G.1648cE+02
G.16410c+0¢
9.16329E+02
F.16239c+02
9. 16140802
9.16029€+02
S.159056E+02
S.15770€+02
G.49617€E+02
Fel5e47E%02
9.15258E+02
9.15065E+02

HSC
le92439E+03
1.42439E+03
Le92439E+03
L.42439E+03
1.42635€+03
1.42439E+03
1.426439E+03
le42438c+03
1.42438€+03
le4263BE+(3
Le42438E+03
L1e426438BE+C3
14424376403
Le%2437E+03
L.42437E+03
le92436E+403
le42436E403
1le42436E+03
1.42435E+03
l.42434E+03
l.42636E+03
le42433E+03
1.426433E+03
Le92%32E+03
1.42431E+03
1.42430E+03
1+426429E+03
1.6426425E+C3
Le42426E+03
1.42625€+03
1.42623E+03
1.426422E¢C3
L+492420E+03
1e42617E+03
1+42615E+03
Le42612E+03
1+426410E+03
le%2406c+C3
1.42603E+03
1.42399€+C3
Le4c3vec+C3
1+42389E+03
Le9c336k+03
1.42378E+03
1+42371€+03
1e923064E+03
1.42350E+03
1.42396E+03
le42336£+03
1.92325€+03
1.42312E+03

CPS
6.10831E-01
6.10831E~01
6.10831E-01
6.10831E-01
6.10831E-01
6.10831E~01
6..0832€-01
6.10832€~01
6.10832E-01
6.10833E-01
6.10833E-01
6.10834E~-01
6.+ 408 36E-01
6.108635E~01
6.10836E-01
6.10837€-01
t.iC838E-01
6.10839E~01
6.10840E~01
6.10841E-01
6.10842E=-01
6.10844E-01
6.10845€~01
6.10867E-01
6.10849€E-01
6.10651E-01
6.10853E-01
6.10856E-01
6.10859E-01
6.10862E-01
©6.10866E-01
6.10870E-01
6.10874E-01
6.10879k-01
6.10884F- 01
6.10890:=01
6.10897€-01
6.10,04E-01
6-.0912E-01
6.10921E-01
6.10931€-01
6.10942€-01
6.10655e-01
0+ 10989E=01
5.10984€~01
6.11001E-01
6.11020E-01
6.110426-01
6..1066E=01
$.11C093k-01
6.11123E-01

vscC
©.83280€-01
4.83280€-01
4.83280E-01
4.83279E-01
4.83278E-01
4.83277€-01
4.83276E-01
4.83275E-01
4.83274E-C1
4.83272€-01
4.83270E-01
4,832¢69E~-01
©.B83267E-01
4.,83266E-01
4.83262€-01
4.83259€~C1
4.83256E-01
4.83253€~01
4.83245E-01
4.83245E-01
4.83260€~-01
©.83235E~01
4,83230E-01
©,83223E-01
©.83217€-01
4.83209€-01
4.83201€-01
4,83192e-01
4+B3182E-01
4.83171¢e-01
4+8315%9E-01
4.83145E-01
4.83130E-01
©.82114€-01
4.83085E-01
4.83075E-01
4.83053E-01
4.83028E-01
4.83000€-01
©,82970€-01
4.,82936E-01
4.82898E-01
4.,82857€e-01
4.82810E-01
4.82759€~01
4.,82702€-01
4.82638E-01
4.82567€-01
4.82488E-01
4.82400E-01
4.823C1E~01

55
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