JORMAR 5(182) 2008, 38 -52 ISSN: 1597-3204

Relationships for thermodynamic

evaluation of ammonia-water heat
pump systems
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ABSTRACT

Thermodynamic property relations are relevant ingredients for the first and
second simulation. analysis and optimization of ammonia-water heat pump
systems. Many thermodynamic relations exist, many of which may be
considered empirical. semi-empirical or in some case, derived with the use of
some experimental data. The availability of experimental data especially the
thermodynamic properties of the mixture over the whole operating range
normally encountered in ammonia-water heat pump systems have allowed the
formulation of unified and conceptually simple equations.

This paper presents relevant thermodynamic property relationships for liquid
enthalpy, vapour enthalpy. vapour pressure. water concentration in vapour,
and liquid entropy, all in terms of concentration and temperature for ammonia-
water mixtures which are developed using Chebyshev series surface fits. The
application of the Chebyshev polynomials increases the accuracy and enables
wider operational range to be covered in a single final property equation. This
therefore reduces the need for interpolation of extrapolation during the design
or simulation of systems operating on ammonia-water working fluid. These
equations are very useful in the computer-aided analysis of ammonia-water
heat pump systems.

Keywords: Thermodynamic relationships heat pump systems, ammonia-water
systems, Chebyshev surface fits

INTRODUCTION

The mixture of ammonia and water has vapour-liquid  eguilibnum  and  the

been a major working fluid in absorption
neat pump systems for many years The
mathematical caiculations and
simulations models of components
require the availability of simple and
efficient mathematical methods for the
determination of thermodynamic
properties values of the working fluid
Many studies have been published on
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thermodynamic-properties of ammonia-
water mixtures, including p-t-x-y dats
and caloric properties The avaiiability of
experimental data  especially the
thermodynamic  properties of the
mixture have allowed the formuiation of
unified and  conceptually  simple
equations based upon the Helmoltz [1]
or Gibbs free energies [2, 3]
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Ammonia-water property data have
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the EES external library program called
AWMIX (4], The property routines in the

fbrary use the correlation deserisad by
brahim and Klein [2] and those
developed by Tiliner-Roth and Friend
) AWMIX  provides  reliable

information  on  the thermodynamic
oroperties of ammonia-water for the
gntire composition range and in a wide

range of ‘emperature and pressure
Specifically. the AWMIX library program
provides  property data  for Al
sompositions from pure water to pure

ammonia. VLE-properties between the
solid-liquid-vapour boundary (1955 K to
273.16 K} and the critical locus {405 K
tc 647 K). properties of liquid and
vapour up tc 40MPa and good
predictions in the supercritical range

For the correlations presented by
ibramim and  Kiein [2]. separate
eguations of state for iiquid and gas

phases were provided for pure
ammonia and pure water in the gas
phase. the mixture was assumed to

behave as an ideal solution. while in the
liquid phase. the Gibbs excess energy
was used to allow for departure from
ideal solution behaviour They also
presented a modified correlation for the
liguwd Gibbs excess energy in which
experimentai data at higher
temperatures and pressures were used
The new correlation covered vapour-
liguid equilibrium pressures of 02110
bar and temperatures of 230 K to 600 K
The caorrelations compared satisfactorily
with reported experimental data When
these equations are wused in the
simulation of a simple Kalina cycle. they
give cycle efficiencies with a difference
not larger than 3 % ([5]. The same
margin is expected for a heat pump
system. M. Conde Engineering. Zurich
[6] has compiled relevant procedures for
calculating thermophysical properties of
ammonia-water solutions.
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’phase

Haj Taleb, Feidt and Lottin [7] presented
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energy method for mixture properties
and bubble and dew point temperature

equations for phase equlibrium This
method combines the advantages of the
orocedure used by Tilner-Roth and
Friend {1], and lbrahim and Klein [2),

and avoids the need for iterations for
equilibrium  The proposed
correlations - cover high vapour-liquid

equilibrium pressures and
temperatures. For accuracy. enthaipies

and vapour-iquid equiibrum of the
ammonia/water  mixture are  best

calculated from the model proposed by
Tillner-Roth and Frniend {1]. The
correlations presented by Conde [6] are
best suitable for determining transport
properties. The correlations reported by
Tillner-Roth and Friend [1] are however
mathematically very complicated and
not suitable for simple calculations
involving ammonia-water systems.

However. experimenta! data for the
physical properties of ammonia-water
mixtures over ranges normally
encountered in ammonia-water heat
pump system exist [8] Attempts have
been made to develop equations to fit
these experimenta! data notably the
works of Jain and Gamble [9]. However
these equations dc not cover the full
range of experimental data

This paper presents a procedure for
calculating the thermodynamic
properties of ammonia-water mixture fo
the whole range of expernmental data
presented in the Macriss ef al
document. The procedure is based on
the double Chebyshev Palynomial

METHODS

The double Chebyshev series with
argument X., and Y., can be
represented as
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(1)

Where 4, = Chebyshev coefficients
T.and T, = Chebyshev transformations
Xg = Chebyshev firstargument, a

variable dependent on X

- 2x —(xﬂm+ xmin)

xmr N

(xma( T Xmm)
(2)

Y., = Chebyshev second argument, a
variable dependent on Y

2y —-(-};ma\—'-};mm)
N (d-ll'mﬂ\ -);'Hll")

(3)
and H = independent variable
For a single Chebyshev series, its
expansion which is the Chebyshev
polynomials is;
F(x) = 0.5+ ap + a;T4(x) + azTy(x) +

o 8aTal%)
(4)

=2 a.T.4x)

r=0
(5)

Where a, = Chebyshev coefficients.
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For @ double variable Chebyshev

series, its expansion will yield @ mairx
of coefficients represented by.

do & Ay doL
i 31_0 a“ 313 a‘-L-'
cdyp Ay @y &L
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A decision was taken to fix liquic
enthalpy, vapour enthaipy.  vapour

pressure. water concentration in vapour
and liquid entropy as dependent
variables and temperatures and liquid
concentrations as independent
variables: being represented by X..
and Y., respectively. This is because
these wvalues are generally the
properties required when simulating or
designing ammonia-water heat pump
systenﬁs. The Chebyshev coefficients
were evaluated by appropriately fitting
in, values of X., and Y., obtained
from the data presented by Macriss et a/
[8]. The coefficients were then refitted
into Equation (1) to obtain the
independent variable - hiquid
concentration-temperature
relationships. This was done for a range
of operating temperaturds (and by
implications operating pressures) from -
40 °C to 160 °C. A breakdown of the
results are presented in Tables (I} to
(V).

DISCUSSION OF RESULTS

Calculated values were very close to
the tabulated properties and more
accurate for ranges covered by the Jain
and Gable relationships. The size of the
data is directly proportional to the
degree of fit The Maximum absolute
error between the experimental data
and those generated by the use of the
Equations is +1.78 % The maximum
absolute errors for the various
properties are indicated on the various
tables. Because they are generated
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from experimental data. they are
tnerefore more reliable than those
generated from empincai or sem-
empiricai procedures

CONCLUSION

Appropriate  thermodynamic property
relationship in terms of concentration
and temperature for ammonia-water
mixtures have been developed using
Chebyshev series surface fits. The
double Chebyshev polynomial of the
first kind. which was used to formulate
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the properties produced good results
and justify the use of Chebyshev
polynomial in handling empirical data
{10). They are more accurate and cover
a wider operational range than those
developed by Jain and Gamble [9]
Efforts have been made to cover all the
experimental data in the Macriss et al
Report. The equations are very handy
for ~ computer-aided  analysis  of
ammonia-water heat pump systems.




TABLE !: LIQUID EN

Temperature({T) range

Concentration (X) range

x4 = cos(acos(U))

xz = cos(2acos(U))
x3 = cos{3acos(U))
x4 = cos(4acos(U))

U = (2T {272 0388G9+233 15))1272 03889-233.15)

V= (2X -{(100+10))/ (100-10)

THALPY OF AMMONIA-WATER SOLUTION(kJ/kg)

Concentration (X) range

x; = cos{acos(U))

x; = cos{2acos(U))
X3 = cos(3acos(U))
x4 = cos{4acos(U))

x5 = cos(5acos(U))

Temperalure(T) range. 772 038B9K - 360 927778K |

U = (2T {360 92778+233 15)) / (360.927778-233 15)
V = (2X -(100+0)) / (100-0)

233 15K - 272 03889K The coefficients are
9 1303E +02 1 6526k +02 2 3290E+00 -7 1415E-01 8 6908E ot
10wt - 100wt% 8 109BE+01 8 ATEIE +00 1 5322E400 3 9225E-01 02
2 1503E+02 -4 1738E+00 1 3162E+00 -2 2661E 01 3 246/E
2 5040E+01 3 S042E+00 1 34B2E+00 4 2061E-01 4 OB73E-O1
4 2814E+00 -3 2019E+00 1 0509E+00 -4 7 134E.01 4 4445E 1)
| 5513400 2 0490F+00 5 6347F 01 2 5490E-01 4 33 15F 01
y: = cos{acos(V}) which can be represented by
y; = cos(2acos(V)) Zy; Zy Zis
y: = cos(3acos(V}) Ly Zn Lo
¥4 = cos{dacos(V)) L Ly Lia
ys = cos(5acos(V)) Zay Zaa Lo
Zs; Zy Zaa
Zez Zes Zes
The coefficients are i
Owt% 100wt % 3.2796E+02 4 1765E+02 7 2486E+00 1 4096E+00 13
3 6984E+01 1 8083E+01 3 7172E+00 1 3878E+00 5 7801E O1
2 S064E+02 1 4995E+00 1 4144E+00 1 2629E+00 4 5639E-01
6. 7469E+00 3 2120E+00 1 3634F+00 4 7048E-01 4 8789E 01
A 7843E+01 -2 8775E-01 2 9878E-01 2 9766E-01 2 1430E-01
¥y, = cos(acos(V)) 6 2351E+00C 9 4842E-01 4 9746E-01 52922E-01 5B257E.0)
y, = cos(2acos(V)) 2 4057E+00 1 4490E+00 £ 9218E-01 4 1905E-01 4 7021E-01
ys = cos(3acos{V))
ya = cos{4acos{V)) which can be represented by
ys = cos(5acos(V)) Zn Zy; Zya Za 2y
ya = cos(5acos(V)) 25 Lz i Zn Zy
Z3 2y Zy; 2y Ly
Zay Za Zi Zaa Zy
s, Zs; Z Zeu Zes
Za Ze; Z Ziy e,
Zn 25 Z; 2 Z e
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the enthalpy HikJ/ikg) is given as

H=A+B+C +D+E+F
VWhere

A= 0252+ 0520% FUSZ, %4 0 52 4% +0 515X,
B = yi(0 5 Zuy+ Zyaxy * Zoaxst Loaxa HanXa)
C = 420 5 Zyy# Zagxy + Lagxot ZaaXs ¥Lasxa)
D = ya(0.5 Zagt ZapXy + Zaaxy b ZaaXs ¥ Lasha)
E = vy(0.5 Zoy* Zegxy + Zoaxg® Zogxs +7gexs)
F = Y05 Zood Zopxe + Zoyey? Zuax, + 2k

842E+00 8 072/EDN

2 6093E-01
1 2935E-01
3 9950E-01
2 3201E-01
3 2683E-01
2 9h75E-M

The value tar the enthalpy H(kJ/&g) 1s given as

Zy H=A+B+C+D+E + F+G

L Where

23 A =025 2,4 0520 + 0523+ 0 57 4x3 +0 5Z45x440 52 16%s
Zag B = yy(0.5 20+ Zygxy + Zygxat Loans +Zosxat Zaexs)

2 C = 205 Zag+ ZaoXy + Zygio¥ Zaaxs +ZaexatLasXs)

Zeg D = ya(0 5 2oyt Zagks + Zagkat Laaxs + ke LagXs)

Zw E = yu(0.5 Zao+ Zspxy + Zoaxo Loaxs +2uxa+ LX)

F = ys(0 5 Zar+ Zaaxs + ZaaXo? LaaXa +Zaska+ZeeXs)
G =ye(05 Zy+ Zooxy + Zyppd Zya¥s +E psxyvZygXs)
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TABLE Il: VAPOUR ENTHALPY

Temperature(T} range

Concentratior

X4 = cos{acos!
X = cos(2acos(U))
X 4 = cos{3acos{ll})}
X 4 = cos{4acos(U))

i o Cos{acus(V);

y: = costZacos(Vi)
yu = cos{lacos(V))
ys = cos(dacos(V}}
y. T cos{hacos{V)

Wempeéerature(T) range 277 0D3BAGK - 360 92777RK
Concentration (X) range  Owi% - 100w %

U= (2T (360 9

W= (2X (10

x; = cos(acas(l))) ¥1 = costacosiV))
X, = cos{2acos{U)) cos(Zacos(V)}
X3 = cos{3acos(U}) 5 = cos(3acos(V
x4 = cos{4acos(U})j cos(dacos(Vi)
Xs = cos(bacos(U)} ~08(5acos|V.

cos{bacos(V
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THALPY OF AMMONIA-WATER SOLUTION (kJ/kg) -
._.._”“u‘.mw”*m,ﬁm_\“u:m“nwwnw_m W1 2 0373E+00 2 1750E+00 1.9510E-01

8 6HGTE+D 1 -2 3583E401 -2 2498F+009 723BE U1 6 9894E-01

42873001 13137E401 1 533BE+0D 9 4574F-01 2 9239F (1

2 H459E+ 01 B 0347E+00 1 2421E+00 1 0012EE-O1

1 4B19F 401 % BiykE+00 8 ON59E G1 8 9299E-01 -8 9632E 02

S IR04F 00 -3 0295E+00 7 R234E.01 36674F-01 1 6957E-01

which can be 1eprese The value for the enthalpy Hikdikg) 15 given 2s

Zy ran 2y HeA+B+C+DIEF

&n 24 Zu Wheie

Ly 2y 2 A= 02524 0525, 052130+ 0 52,0 +0 5214

2 Zya ram By (0.5 20t Zagx b 2,0t Zoaxa HLosXa)

s s oy C = yal0 5 Zu* Zapxy ¥ Lypnpt Zaga #ZaXa)

Zas Zay D = ya0.5 Zayt Zagks 0 Lokt ZaaXa 1 daske)
E = yal05 Zoyd Loy 4 Zoxd Zogxs +Les)a)
F o= ye(08 Zat Zagxy ¥ Ziaxat Zoadts +ZesXa)

The coeficients are

A I1550E403 209956402 3 4432E+00 3 2670E+01 5 3165F+0C | 6198E+D

7 BE40E+02 B 0272E+01 -1 2773E+00 -6 7427F+00 4 7341E400 -5 3236F+00

5 0954E402 2 2547E+01 4 6424E+00 2 1336E+01 2 7418E+00 1 0491E+01

3 6716F+02 | 038BE+01 € BI76E+00 6 7143E +00 2 BO07E+00 3 G9BEVE+0C

2 3151E402 8 BB2TE-01 7 2526E400 | 74B9E+01 2 4523F+00 © 7139E400

1 2528E+402 1 3289E+01 9 1136E400 4 4525E+005 8272E+00 3 0551E+00

7 2356E401 3B791E+00 1 BE14E+00 1 2283F+01 3 3641F 01 6 B522E+00

which ~an be represented by The vahie tow the enthalpy HikJ/kg) 1s given as

g : 2 T HeABAC 4 D+F » F4G

Zan 2 Zy Where

Ly 2y 2y A =025 2,0 13.52,,%, + 0.523%+ 0.5Z4x, +0 5Z45x440.52 yix.,
Za ; Lo, B = yi(05 2,0+ Zyx, ¥ Zyadot Laaxy +LpsXe* Zopks)

Loy 2y, Zis € = ys(0.5 Zy+ Zapny 4 Tagke* Z3axy + 25Xt L wXs)

Zay 7 Zes D= yaf05 Za+ Zagxy + Zagxs® Laaky +Zaska*Zags)

77, Z: 7 E = yal0.5 Zuy+ Zogxy + Zoaxa+ Zoaxs + Zsoxat ZogXs)

Foey05 Zogt Zegds + Zyaxa+ Zeaxs +ZguXatZoeXs)
G =yal005 2,0+ Zoyxy + Ziyxg* ZraXs +ZpsXatZ e}
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TABLE lll: VAPOUR PRESSURE (BARS)

Température(T) range 233 15K - 272 D38BAK

The coefficients are:

3 680BE+00 1 4653E+00 2 690BE-01 6 1717E-03 3.7519E-03

Concentration (X) range  10wt% - 100wi% 2 2835E400 8.8168E-01 12951E-01 2 4266E-02 26143E03
2 7893E-G1 9 9338E-02 2 6932E-02 -1.3214E-02 3 BBOYE-03
U = (2T -(272.03889+233 15))/(272 03B89-233.15) 2 5774E-01 -9 5328F 02 -2 3B79E-02 1.1666E-02 -3 6BISE-03
4 3672E-02 4 3636F 02 8 7169E-03 9 2548E-03 3 4B43E-03 &
V= (2X -(100+410})/ (100-10) 5 5733F-02 1 9132E-02 1 2631E-03 51231E-03 11155E-03
x; = cos(acos(U)) ¥y = cos(acos(V)) which can be represented by The value for the Pressure P(bars) is given as
x; = cos(2acos(U)) yz = cos{2acos(V)) Z Zy; Zy: Zys Zs P=A+B+C + D+E +F
X3 = cos(3acos(U)) ys = cos(3acos(V)) Zn Z Zys Z Zan Where
x, = cos{dacos(U)) ya = cos{4acos(V)) Zn Zy 7 23 25 A=01252+052x, +0523%+ 0.5Z,0x3 +0.5Z15%4
ys = cos(5aces(V)) Fm Fa%) Za 2 Zas B = yy(0 5 Zy+ Lg%y + ZpaXpt Zoaxa V sxa)
- i Zs; Zss Zsq Zso C = y)l05 Zyy+ Zagxy + Lagka+ Zaaxa +Zasxa)
e Zia Zeq Ze D = yal0 5 Za+ Zagxy + Zagka* Zaaks +ZasXa)
E = yal0 5 Zsy+ Zugky + Zaa¥a+ ZsaXs +ZssXa)
F = yalD 5 Zort ZogXy + Zeada* ZoaXa +ZacXa)
Température(T) range 272 03889K - 360 927778K The coefficients are
Concentration (X) range  0wi% -100w1% 3 7173E+01 1.9211E+01 4 3453E+00 57224E-01 7 0691E-02 9.0808BE-02
2 2473E+01 11212E+071 2 3399E+00 2 4366E-01 2 D406E-02 4 .4588E-02
U = (2T -(360.92778+233.15)) / (360.927778-233 15) 3 1567E+00 1.4732E+00 2 7733E-01 1.1513E-01 4 B693E-02 6 7BOSE-02
V = (2X -(100+0)} / (100-0) 1 7614E+00 -6 3199E-01 3 2855E-02 16148E-01 B8.6963E-02 7.5052E-02
7 4369E-03 2.5397E-01 2 3136E-01 2 1380E-01 10714E-01 B8.7518E-02
xy = cos(aces(U)) y1 = cos{acos(V)) 7 0209E-01 4 4647E-01 2 1997E-01 16861E-01 9 9284E-02 6.3939E-02
x; = cos(2acos(U)) yz = cos(2acos(V)) 1 9149F-01 1 5159E-01 12422E-00 11215E-01 6 3871E-02 3 8718F-02
x3 = cos(3acos(U})) y3 = cos(3acos(V))
x4 = cos(4acos(U}) ¥4 = cos(4acos(V)) which can be represented by The value for the Pressure P(bars) is given as
x5 = cos{5acos(U)) ¥s = cos(5acos(V)) 2y Zy; Zis Zia Zss Zig H=A+B+C +D+E + F+G
yg = cos(5acos(V)) Za Zyg Za Zu 2 26 Where
2y 2y In 23 Zy Zw  A=0252Z+ 052 + 05Z3%+ 0.5Z14%) +0.5Z15x4+0.5Z16Xs
Zn 2y Zay Zu Zas Za B = y1(0.5 Zyy# Zooxy + Zayxa* ZaaXs +Z X+ Za6%s)
Zs Zs; Zs; Zsa Zsg Zug C = yy(0.5 Zay+ Zsgxy + ZaaXa+ Zaaxs +ZasXatZaeXs)
Zii Zg; Zsa s Zgs Zes D = y3(0.5 Zuy# ZagXy * Zas¥o+ Zaaka +ZasXa*LagXs)
Zn Zn 21 274 Zy, 2w E = ya(0.5 Zeyt Zeoxy + ZagXo+ ZeaX +ZssXkatLsgXs)

F = ys(0 5 Zgr+ Zoaxs + Zoaxa* ZoaXs +ZosXa*+ZeoXs)
G = ygl05 Zpy* Zpaxy + Zyaxot ZyaXy +Zgsxa*ZigXs)
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Température(T) range

277 DARRIK- 360 927 7RK

Concentration (X) rar

e 10wt SOwl%

U = (2T (360 927 76+ 272 03889 360 92778
272 03889)

V= (2X -(90+ 100 ¢

¥ = cos(acus(U)) ¥, @ cos{acos(V))
x; = cos(2acas(U}) y., = cos{2acos(V)j
x3 = cos(3acos(l))) y; = cos{3acas(V))
X4 = cos(4acos{U)) ¥+ = cos(4acos{V})
Xy, = cos(5acos( y., = cos(Sacas(V))
y¢ = cos{Sacos(V)

Température(T) range 360 9277 7BK - 394 261K
Concentration (X) range  10wi% 70wt%

U = (2T -(394 261 +360 92778)) /1394 261
360.92778)
V= (2X -(10+70)) (7010}

xy = cos{acos(U}))
Xz = cos{Zacos(U))

y1 © cos(acos(Vy)
y: = cos(2acos(V}))
yi = cos{3acos(V))

ents are.
5 7662E 400

396

2 3700 E +00
G B228F UV 1 1E50E ©1 -1 1465E-G2
2RI1GBE (1 2 2572E02 46726802

which can be represented by

Zy Z:
Zsy Zin
s FoR
2y
253
P

The coethaents are

3 6H40E 101 1 6020E+00 -1 1460E+00
3 5807E+01 6 1256E+00 1.0895E+00
8 6294E 100 -3 0641E+00 -7 3772E-01
8 3204F+00 .1 B361E+00 -1 6027E-01

which can be represented by

Zy; Z 1
2, Zy
25 Zn
Zy Zs

TABLE IV: WATER CONCENTRATIONS IN VAPOUR(Wt%)

4 hI48E U3
1 5437E 0z
| 3680E 02
1 2892E 02
| ORYTE 02

6531E 02

| 9RBIF.02

2y
2
Ly
Zea
2oy
Zis
Zi

3 1783E-02
1 5209E-07
-1 8607E-02
8 2066E-04
9.1521E-03
1. 2643E-02
| 2824F-02

| B3N4F 02

e for the water Con W (wl %! 15 given as

it W=ArRIC 1D +E+ F+G

Za Where

Zy A= 025 2,0 0524 + 1.5Zxp+ 0524x, +0.52
Zar t 2ok b Zygxot Zaaxy +ZasXyr L pex
L

L D = yd0.5 Znt 2o + Zagxod Laaks +ZasketZagks)

E = yo(0 5 2ot Zugny + Zeaxy* Loak + ZosXat ZopXs)
F = yal05 2ot Zagxy + Zoadg Zeaka +ZesHat LogXe)
G =yul05 2 ok Zoxy + Ziaxph Zrgxy vZosxgt Lygs)

4+0.57 x5

e value tor the water Con W (wl %] 1s given as
W=AB+CD

Where

A =025 2yt 052X + 0.52x
B =05 2,04 Zooxa 4 Zpax )

C = y)0.5 £y + Zyxy ¥ Lok}

D = yy0.5 2oyt 2oy + Za3x5)
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TABLE V: LIQUID EN

h—ﬂsumqm_r_:m: ran

ge

Cencentration (X ranye

V= (2X -(100+ 161/ (100

X, = cos{acos(l))

X; = cos{2acos(l)))
X3 = cos(3acos(U)}
X4 = cos(4acos(l))

| Temperature(T) range
Concentration (X) ranae
U=
V= (2X -(100+0)) / (100
xy = cos{acos(U};

Xz = cos{2acos(U))

x3 = cos{3acos(lJ)))

X4 = cos{4acos(U}}
x5 = cos{5acos(

U = (2T (272 03889+24

| 22318K 277 N3BAGK

10wt -1

9272 03089233 15)
Yl

¥ = COs{acosiVi

y: = cos(Zacos(V).
y: = cos(3acos Vil
Yo = COS{4acos(V})
ys = cos(barosiV)

272 03BBIK — 360 G777 7RK
Owt% 100wl %

(2T (360 92778+233 15)) 1 (360 92777H-233 15)

-0y

= costacus(V))

= cos{2acos(V)j
= cos{lacos(V))
- cos{4acos(V))
= cos(bacos(V)}
= cos(5acos(Vi)

TROPIES VALUES

The coefhaents are

-3 4482E+006 6/03E U1 -4 B207E-03

2 9553E.01 3 1BOZE-02 -6 BR49E-03
7 9982E-01 -2 2327E-02 568T1E-03
-9 4909E-02 1 6384E-02 -58785E-02
-1 4208E-02 -1.2749E 02 4 6680E-03

4 2094E-03 7 7552E N3

which <an be represented by

2, £y Zis

Z; Ly Zy

2y 7y Zy:

24 Ly 2y

Z:y Z

2y ey Zia

The coeficients are o
9 54496E-01 1 3619E100 6 2029E 03
12900E-01 7 034oE C2 19712E-02
89737E-C1 -1 3377E-02 52104E-02
2 2549E-02 6 9899F 03 3 5255E-03

6 7774E-02 2 30B3E-03 1.4876E-03
22562E-02 2 2743E-03 12281E-03

| DO77E-N2 3 6354E-03 7 3776E-04
which can be represented by
Zn 2y Zis
Nl Nku Nm.,
Zy Iy Iy
Zn Zy, Lo
Ly Zss
Nmm Nm.w
Z;, Zra

2.1994E-03
1 7226E 03
1 0581E-03
1 BZ18E-03

3. 7956E-03
-1 5735E-03
| 1831E-03
1 7062E-03

1 9818E-03 1.884RE-03

-2 9285E-03 8 4R12E-C4 2 O575E-03

The value fur the Liquid Entropies S (kJfkg K) is given as

Ly
2
ZLaa
Zua
2,
Zai

1 4255E-02
1.0447E.02
4 3935E-03
-5 1398E-04
2 2480E-03
1 3606E-03
1.2873E-03

N_a
Lo
2
Zua
Zs4q
.N__p
N\.A
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Zy S=AB+C 1D +E+F
Ly Where
Z A=0252Z+ 052x) + 052, yx+ 0.524%3 +0.57 16,

2o B = yi(0.5 Zyy# Zopxy + Zyaxo+ Zoaxy +Z %)
Zs, C = yal0.5 Lyt Zypxs + Zaaxp+ Zyaxy +Z3u%4)
Ze: D = yy(0.5 Zas# Zagky + ZagXo+ Lagks +Zgexa)
E = ya(0.5 Zoy+ Zagxy + Zoyxot Zuaxy +ZssXa)
e EZ Y05 Zor® Ty + Zagkat Zaaxy +ZgsXa)
1.2319E-02 -1 2831£-03
1 0139E-03 3 1844E-03
! 9954E-04 1 6921E-03
46963E-03 -1 7948E-03
2 7OS7E-03 3 6447E.02
2 4436E-03 4 1706E-04
3.6189F 03 K 9773F-04
The value for the Liquid Entropies S (kJ/kg K) 1s given as
Zis 2 S=A+B+C + D tE + F+G
2y 2 Where
Zx Zy A=0252y+ 052 %, + 052 3%+ 0524, +0.5Z16x,+0.5Z 65
Zas Zuy B =y:(0.5 2oyt Zogxy + Zoaxgt Zygks +Zasxat Zpeks)
Zey Zo C = yo(05 2oyt Zagxy + Zygxo+ Zagxy +2yXe+LagXs)
Zge Zge D= ya(08 2o+ Zapxy 4 Zaadp ZaaXa +ZasXa+Z sgs)
Z= L E = yil05 Zoy+ Zopny + Zuakyt Lagxy +Zoska+LugXs)
] 15 Zgyb Zeoxy 4 ZeaXot Loaks +Z geXa+ZgeXs)

G = ys(05 Zy# Zooxy + 2o+ Zoaxy +2 x4+ Z 76Xs)
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