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EXECUTIVE SUMMARY 

This report: contains equations correlating vapor liquid equilibria 
(VLE) and specific enthalpy of solution ( H - X - t )  dat:a on a new chemical 
heat pump fluid henceforth referred to as a ternary nitrate mixture. 
This fluid was developed by Energy Concepts, Inc., Annapolis, Maryland. 
The composition o f  the solute is 53 wt % LiNO,, 28 wt % KNC),, and 
19 wt % NaNO,. The fluid mixture apparently is a competitor to existing 
chemical heat pump fluids and operates up to 260°C (500°F) without: caus- 
ing corrosion problems. 

Coifiputer simulation of  heat pump cycles are facili-tated if the VLE 
and H-X-t data can be represented by algebraic equations. Based on 
least-square-fit techniques, the appropria.t:e equations are developed for 
the ternary nitrate mixture. 

The results show that the maximum deviation between the correla- 
tions and experimental. data i s  l ess  than 3 % ;  this accuracy is considered 
sufficient f o r  heat pump cycle performance studies. 
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ABSTRACT 

Polynomial expressions are developed that correlate experimental 
vapor-liquid-equilibrium (VLE) and specific enthalpy concentration data 
for a newly developed tertiary absorption fluid. The development of 
these expressions are an important step toward using existing O d c  Kidge 
National Laboratory computer software t:o evaluate heat pump performance. 
A canned least-square-fit program, POLFIT.BAS, w a s  invoked to obtain the 
polynomial coefficients. The results show that the maximum deviation 
between correlated a i d  actual values is less than 3 %  for vapor pressure 
and enthalpy. This is considered sufficiently accurate € o r  heat pump 
cycle perforrnance studies. 
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1. INTRODUCTION 

A new absorption working fluid1 developed by Energy Concepts Com- 
pany, Annapolis, Maryland, is claimed to provide higher temperature 
capability ( 2 6 0 ° C )  and higher lifts, without the attendant problems of 
corrosion and high pressures associated with banal fluids such as LiBr- 
H,O and NH,-H,O, respectively. 

Using water as the refrigerant, the absorbent is a ternary mixture 
of 53 wt % LiNO,, 28 wt % KNO,, and 19 wt % NaNO,. The performance of a 
heat pump containing this new fluid can be calculated using data con- 
tained in the Duhring charts and specific enthalpy vs concentration 
diagrams. Computer codes that can perform such cycle calculations for a 
particular heat pump configuration and working fluid have been developed 
at Oak Ridge National Laboratory These calculations are faeili- 
tated if the thermodynamic information contained in the Duhring charts 
and specific enthalpy vs concentration diagrams can be represented alge- 
braically, by polynomial equations, like in the case of  LiBr-H,O solu- 
tions. 

The thrust of this report is to correlate through polynomials, 
experimental data pertaining to equilibrium vapor pressures of the 
refrigerant and specific enthalpies of ternary solutions. The coeffi- 
cients of the polynomials are obtained by invoking a canned program, 
POLFIT.BAS, which operates on the least-square-fit technique. 

2. EQUATIONS RESCRIBING AQUEOUS TERNARY NITRATE SaLuTIaNs 

2.1 EQUATIONS DESCRIBING EQUILIBRIUM VAPOR PRESSURES 
OF AQUEOUS TERNARY SOLUTIONS (DUHRING CHART) 

The measured vapor-liquid-equilibrium (VLE) datal for the equili- 
brium vapor pressures of refrigerant (H,O) over aqueous ternary solu- 
tions o f  various concentrations and temperatures are reproduced in 
Table 1. The same data appear graphically in Fig. 1 (Duhring chart). 
The relationship between the saturation temperature of  the pure refri- 
gerant and the temperature of  the ternary solution of known concentra- 
tion X can be represented by an equation of the form 

t = A(X)t' + B(X)  , (1) 

where t and t' are the solution and pure refrigerant saturation tempera- 
tures expressed in degrees Fahrenheit, respectively, and A and B are 
polynomial functions of  the ternary concentration X. 

The methodology f o r  determining polynomial functions A(X) and B(X)  
is as follows. At a fixed concentration X, A and B have definite f i x e d  
values because they depend on X only. All that is required are two sets 
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Table 1. Measured VLE data  
........... .............. .......... __ 

Concentration Temp. Pressure 
w/o s a l t  ( " C )  (mm Mg) 

50 4 0  
5 0  
6 0  
7 0  
8 0  
9 0  

100 
110 
1 1 5 . 5  

6 0  

6 5  

70 

40 
5 0  
6 0  
7 0  
8 0  
9 0  
100 
1 1 0  
1 2 0  
1 2 3 . 8  

55 
6 0  
7 0  
8 0  
9 0  

100 
110 
1 2 0  
1 2 9  

5 0  
6 0  
7 0  
8 0  
9 0  

100 
1 0 0  
1 2 0  
1 3 0  
1 3 3  

727  
7 0 4  
6 7 0  
6 2 1  
5 4 8  
4 5 0  
318 
14 2 

0 

7 3 4  
7 1 5  
6 9 1  
653  
5 9 2  
5 0 4  
h 0 9  
2 6 9  

8 4  
0 

7 '14 
7 0 1  
667  
6 1 9  
5 5 6  
4 70 
352 
1 9 0  
-4 

7 3 1 . 8  
7 1 2 . 4  
6 8 2 . 7  
6 4 4 . 1  
5 8 4 . 6  
5 0 7 . 3  
4 0 7 . 3  
277 

9 4 . 1  
0 

Concentration Temp. Pressure 
w/o salt ( " C >  (mm Hg) 

7 6  7 0  
8 0  
9 0  

1 0 0  
1 1 0  
120 
1 3 0  
1 4 0  
144 

7 8  8 0 . 2  
90 

100 
110 
1 2 0  
1 3 0  
1 4 0  
1 5 1  

8 0  9 0  
100 
1 1 0  
1 2 0  
130 
140 
1 5 0  
1 5 7 . 6  

8 2 . 6  1.10 
1 2 0  
1 3 0  
1 4 0  
1 5 0  
160 
164 

7 0 8  
67 9 
6 3 6  
5 8 2  
508  
4 1 3  
2 6 3  
1 0 4  

6 

6 9 3  
657  
6 0 9  
5 4 4  
4 6 6  
353  
2 1 1  
-4 

6 8 2  
642. 
587 
515  
4 2 1  
302 
144 

0 

6 1 9  
5 4 9  
4 8 0  
367 
2 4 0  

8 0  
0 
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Table 1 (continued) 

Concentration Temp. Pressure 
w/o salt ( " C )  (mm fig> 

87 1 3 1 . 4  5 4 1  
1 4 0  4 6 0  
1 5 0  360 
160 237 
1 7 0  7 2  
174.5 -3 

85 130 5 6 0 . 6  
140 4 8 3 . 6  
1 5 0  3 9 2 . 6  
1 6 0  272 .6  
1 7 0  1 0 8 . 6  
1 7 6 . 5  0 . 6  

Concentration Temp. Pressure 
w/o salt ( " C >  (m Hg) 

9 2 . 4  1 5 6  
160  
1 6 5  
1 7 0  
1 7 5  
180 
185 
1 9 0  
1 9  5 
1 9 5 .  S 

9 4 . 1  1 7 0  
175  
180 
185 
1 9 0  
195 
200 
205 
2 0 6 . 7  

4 7 9  
4 5 0  
4 0 4  
3 5 4  
307 
2 4 0  
16 
88 
3 

-9 

4 5 3  
401 
3 56 
295  
241 
1 7 6  
108  

2 1  
3 

Source: W. F. Davidson and D. C. Erickson, New High Temperature 
Absorbent f o r  Absorption Heat P u m p s ,  ORNL/Sub/85-22013/1, Oak Ridge 
National Laboratory, J u l y  1 9 8 6 .  
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TERNARY SALT COMPOSITION 
53 w t  % LiN03 
28 w t  40 KNO, 
19 w t  % NONO, 

Q CALCULATED FROM CQRRELAT 
REPORTEQ DATA - 

t = A t ' +  B 

A=-I.06427 iO.fO2088X-1.62660 X 10-'Xx2 + 
x io-"3 

B = 291.113- WXO~X + o.187~16~~ -?.a7688 
E + -- 

E ' ( 9 '4  45S3.67) i t '+ 4551.67)~ 
c9 

c =  5.214 
D=-2886.3? 
E =  -337269.46 
t '=  REFRGERANT TEMPERATURE (OF) 
1 = SOLUTiON TEMPERATURE (OF) 

x =  w t  Yo TERNARY SALT 
P = psi0 
70 I x s94.1 

32 5 1' I 4 5 0  

400 125 358 17% 200 225 250 275 300 50 75 

SOLUTION TEMPERATURE ("CI 

50 100 150 200 250 300 350 400 450 500 550 

SOLUTION TEMPERATURE (OF) 

Fig. 1. Equilibrium vapor pressure of refrigerant (H,O) over 
aqueous ternary solutions (Duhring chart). 
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of ordered pairs (t, t'), which when substituted in Eq. 1 give two 
simultaneous equations whose solutions yield the required A and B values 
at t h a t  particular concentration. The ordered pairs (t, t') may be 
obtained from the VLE data of Table 1 and steam tables or directly from 
Fig .  1. The disadvantage of reading directly as in the latter case is 
that visual reading of numbers from a graph entails a greater compromise 
on accuracy. Repeating the procedure at other solution concentrations X 
enables one to tabulate A and B as functions of concentrations, as shown 
in Table 2. Since the dependence of A and B upon X is now established, 
it becomes a simple matter to correlate it. 

A canned program, POLFIT.BAS, available at ORNL was used to obtain 
a least-squares fit to the data of Table 2. The output from POLFIT.BAS 
i s  shown in Appendix A. For A(X), a third-degree polynomial provided a 
reasonably ac urate fit as indicated by the standard error of estimate 
of 2.037 x 10 . Unfortunately, with POLFIT.BAS it was not possible to 
correlate B(X)  to the same accuracy as A(X), despite attempts at 
increasing the degree of  the polynomial. In a bid to improve the fit, 
another canned software available on the PDP-11 computer was tried, but 
its results were identical with those from POLFIT.BAS up to s i x  signifi- 
cant figures. Under the circumstances, the "best" fit for 3 appeared to 
be a third-degree polynomial. 

The polynomial equations for A(X) and B(X)  from POLFIT.BAS are as 
follows : 

-5 

(2) 
-3 2 A(X) a -1.06427 + 0.102088(X) - 1.62660 x 10 (X ) 

-6 3 + 8.93054 x 10 (X ) , 

2 -4 3 B(X) = 291.113 - 13.0305(X) + 0.187146(X ) - 7.87688 x 10 (X ) , (3)  

valid between 50% 5 X 5 94.1%. Equations 2 and 3 when substituted in 
Eq. 1 give an expression for relating the pure refrigerant temperature 
t' to the solution temperature t whose concentration is X. The tempera- 
ture difference, t - t', is clearly the boiling point elevation. 

The refrigerant vapor pressure above a ternary solution o f  concen- 
tration X and at temperature t can be described by a Van't Hoff type of 
equation, 

( 4 )  
E 

(t' + 459.67)2 ' 
+------- D l o g  P - c + 

(t' + 459.67) 

where C ,  D, E are constants and thus are independent of  composition and 
temperature, and t' = (t - B)/A from Eq. 1. Since t' is the saturation 
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Table 2. Variation of coefficients A and B as a function 
of ternary solution concentration X 

calculated using POLFIT.BAS 
. . . . . .- -. 

B X A 
._................ 

50 
60 
65  
70 
76 
78 
80  

57 
88 

1 . 0 9  8 . 8 9  
1 . 1 3  1 2 . 9  
1 .15  1 8 . 5  
1 . 1 7  2 5 . 8  
1 . 2 2  3 5 . 9  
1 . 2 4  3 9 . 5  
1 . 2 6  4 3 . 1  

1 . 3 9  5 5 . 3  
1 . 3  4 7 . 7  8 2 . 6  

1 . 4 1  5 6 . 9  
1 . 5 3  6 3 . 5  9 2 . 4  
1 . 5 8  6 5 . 7  9 4 . 1  

_.. 
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temperature of the pure refrigerant and C, D, and E are independent of 
composition and temperature, P must be the saturation pressure of pure 
water. Further, it is noteworthy that C, D, E and t' are also indepen- 
dent of  the nature of the solute. Under these circumstances, E q .  4 does 
nothing more than provide a relationship between the saturation tempera- 
ture and pressure of pure water. Therefore, it is obvious chat Eq. 4 ,  
as applied to the ternary solution, should be identical to the one 
reported in the literature3 for LiBr-H,O because both share a coimon 
refrigerant. A clarification to be noted is that although Eq. 4 gives 
the same value for the vapor pressure P at a given t' for the ternary 
and LiBr solutions, the corresponding solution temperatures will he dif- 
ferent for the two through their respective relations t' = (t - B ) / A .  
The constants3 in E q .  4 are therefore 

C = 6.211 , 

D = -2886.37 , 

E == -337,269.26 . 
An interactlve computer program TERNRY (Appendix 8 )  written in FOK'L'RAN 
77 incorporates E q s .  1 through 4 and outputs in tabu]-ar foriii equilibrium 
vapor pressure, refrigerant temperatures, sol  u-cion composition, arid ten- 
peratures. 

The computed values are plotted as dots in Fig. 1 for the purpose  
of comparing thesc results with the measured VLE data. The comparison 
shows that the maximum error (at certain points) is about 3 %  o r  better 
of the measured data. 

2.2 EQUATIONS DESCRIBING SPECIFIC ENTHALPY-CONCENTMTION 
DATA OF TERNARY SOLUTIONS 

The specific enthalpy-concentration data f o r  ternary solutions was 
not measured calorimetrically by Energy Concepts Company but was calcu- 
lated by the method proposed by McNeely4 for LiBr-H,O solutions. The 
calculated values are shown in Table 3 and graphically in Fig. 2. It is 
proposed that the specific enthalpy-concentration data may be represen- 
ted by the equation 

H = a ( X )  + #3(X)t , (5)  

where o and ,k3 are polynomials in the concentration X and t is the solu- 
tion temperature. 

The data in Table 3 are used to obtain the polynomial expressions 
for a and ,k3 as follows. At a fixed value of the concentration X, the 
specific enthalpy H is evaluated at two different solution temperatures 
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Table 3 .  Specific enthalpy-concentration data 

Solution Specific 

[ " C  ("F)] [kJ/kg (Btu/lb)l 

Concentration, 
x (wt % )  

temperature, t enthalpya 

70 

80 

85 

90 

92.5 

125 (257) 
175 (347) 
225 (rb37) 
275 (527) 

125 (257) 
175 (347) 
225 (437) 
275 (527) 

125 (257) 
175 (347) 
225 (437) 
275 (527) 

125 (257) 
175 (347) 
225 (437) 
275 ( 5 2 7 )  

125 (257) 
175 (347) 
225 (437) 
275 (527) 

473.6 (203.6) 
571.0 (245.5) 
658.1 (283.0) 
733.9 (315.5) 

476.5 (204.9) 
576.9 (248.0) 
658.1. (283.0) 
719.9 (309.5) 

487.1 (209.4) 
583.4 ( 2 5 0 . 8 )  
659.2 (283.4) 
719.6 (309.4) 

503.8 (216.6) 
591.6 (254.4) 
66S.b (286.1) 
723.1 (310.9) 

512.6 (220.4) 
596.1 (256.3) 
669.3 (287.8) 
730.1 (313.9) 

aReference temperature -- 273 K ( 0 ° C ) .  

Source: W. F. Davidson and D. C. Erickson, N c w  
Hi-gh Temperature rlbsorhent for Absorption Heat 
Pumps, ORNL/Sub/85-22013/1, Oak Ridge National 
Laboratory, July 1986. 
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OANLDWG 86-8047 

* - * *e  0.. I. .* .....e. ......a 

LINES REPRESENT LEAST 

**..***-e 527°F (275°C) 

-*-*-U 347°F (175°C) 

60 70 80 90 100 40 50 
TERNARY SOLUTION CONCENTRATION (wt 96) 

H ( X , t )  = a ( M  + 
-2 2 n(X) = 394.516 - 8.64996X 3- (6.28787 X 10 

@(X) = 0.388691 + (3.02719 X 10-3)X - (3.80068 X 10-5)X2 
t = SOLUTION TEMPERATURE (OF) 

H = SPECIFIC ENTHALPY OF SOLUTION (Btu/lb) 

) X  

Fig. 2 .  Specif ic  enthalpy of ternary solutions. 
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t. Applying this to E q .  5 provides two equations in two unknown con- 
stants, a and @. Solution of the two equations si.multaneously yields 
values of a and p at that particular concentration X. The above calcu- 
lation procedure is repeated to yield the next set of a and p values at 
a new value of the concentration X .  This procedure enables one to find 
how Q and p vary with X, as shown in Table 4 .  Since the dependence of  u 
and p on X is now established, it i s  correlated by invoking the canned 
program POLFIT.BAS. The results from POLFIT,BAS for correlating a and p 
are shown in Appendix C. The resulting polynomial equations are 

-2 2 a ( X )  = 394.516 - 8,64996(X) + 6.2878.7 x 10 (X ) 

and 

-5 2 
p ( X >  = 0.388691 t 3 .02719  x l f 3 ( X )  - 3.80068 x 10 (X ) , (6b) 

applicable between 703 I X 5 94.1%. 
Equations 6a and 6b substitutxd in Eq. 5 give an expression for 

relating the specific enthalpy of a ternary solution to its concentra- 
tion and temperature. Equations 5 and 6 are incorporated in a FORTRAN 
program called TERNKY.11, which is listed and executed in Appendix D. 
The goodness of  the specific enthal-py correlation can be judged from 
Table 5 or graphically from Fig .  2 ,  where the computed results of 
TERNRY. I1 are compared with the reported values. 

3. ACCURACY AND SIGNIFICANT DIGITS 

Since raw data are used extensively ta obtain the required correla- 
tions, a few words should be said about the accuracy of the computed 
results. The approach is to first establish the intended accuracy of  
raw data as a necessary guide to the number of digits to retain in the 
computed result. The identification of significant digits (intended 
accuracy) is only possible through a knowledge of the circumstances 
under which the measurements were made. For example, in the VLE data of 
Table 1, the concentration (wt % )  of 50, 60, 65, etc., is interpreted as 
having an accuracy of two significant digits only. It is the author's 
inference that researchers at Energy Concepts Company were unable to 
make measurements on concentrations better than the two significant 
digits that they reported. Similar argument applies t o  the other 
measured quantities. Therefore, in reading the computed Val-ues, it 
should be noted that a concentration of 50.0 we 3 does not apply to 
three significant digits of accuracy, but rather only to t ~ o .  What 
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Table 4 .  Coefficients a and /3 as functions 
of ternary solution concentration X 

Concentration, 
a x (wt % )  P 

70 
7 2 . 5  
7 7 . 5  
80 
8 2 . 5  
85 
8 7 . 5  
90 
9 2 . 5  

9 7 . 1 2  
97 .89  

1 0 1 . 8 1  
1 0 4 . 9 4  
108 .86  
1 1 3 . 5 6  
119 .06  
125 .34  
1 3 2 . 4  

0 . 4 1 3  
0.4-09  
0 , 3 9 6  
0 . 3 8 8  
0 . 3 7 9  
0 . 3 7 1  
0 . 3 6 2  
0 . 3 5 3  
0 . 3 4 4  

Table 5. Comparison between reported and correlated specific 
enthalpies of aqueous ternary solutions 

Ternary solut? ion So1ut i o n  Specific enthalpya (kJ/kg) 
concen t ra t i o n  temperature _I 

(wt % )  [ " C  ( O F )  ] Reportedh From correlation 

70 125  (257)  
1 7 5  (347)  
225 (437)  
275 (527)  

4 7 3 . 6  
571 .0  
6 5 8 . 1  
7 3 3 . 9  

473 .52  
560 .24  
U+6. 97 
733 .70  

80  

8 5  

90  

9 2 . 5  

125  (257)  
1.75 (347)  
225 ( 4 3 7 )  
275 (527)  

1 2 5  ( 2 5 7 )  
1 7 5  (31~7)  
225 (437)  
275 (527)  

125  (257)  
175  (347)  
225 (437)  
275 (527)  

125  (257)  
175  (347)  
225 (437)  
275 (527)  

4 7 6 . 5  
5 7 6 . 9  
6 5 8 . 1  
719 .9  

4 8 7 . 1  
5 8 3 . 4  
659 .2  
71.9.6 

503.8 
591 .6  
6 4 5 . 4  
7 2 3 . 1  

512 .6  
5 9 6 . 1  
6 6 9 . 3  
7 3 0 . 1  

4 7 5 . 7 s  
556 I 85  
6 3 7 .  '38 
7 1 9 . 1 1  

4 8 6 . 0 8  
5 6 3 . 8 1  
639 .09  
7 1 9 . 2 8  

502 .62  
576 .56  
6 5 0 . 5 0  
724 .45  

513 .20  
585.10 
6 5 7 . 0 0  
728 .89  

aReference temperature = 273 K ( O ' C ) .  
bFrom W. F. Davidson and D. C. Erickson, New High Tein- 

perature Absorbent for Absorption Heat P u m p s ,  ORN14/Sub/85 - 
22013/1,  Oak Ridge National Laboratory, J u l y  1 9 8 6 .  
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about the coefficients in A(X), B ( X ) ,  a ( X ) ,  and #?(X)? These coeffi- 
cients can legitimately have several significant digits if the final 
computed value, after all the conversions have taken place, has an accu- 
racy at best equal to the number of significant digits in the measured 
data. 

4 .  SUMMARY OF RESULTS 

A summary of the equations descri-bing the vapor pressure, composi- 
tion, temperature (P-X-t) data and the enthalpy, concentration, tempera- 
ture ( H - X - t )  data appears below. 

4.1 P-X-t CORRELATION (Ternary Salt Composition) 

53 wt % LiNO, 
28 wt % KNO, 
19 wt % NaNo, 

t = At' + I3 

-3 2 -6 3 A = -1.06427 + 0.102088X - 1.62660 x 10  X + 8.93054 X 10 X 

-4 3 X B = 291.113 - 13.0305X + 0.187146X2 - 7.87688 x 10 

E 
2 + D l o g  P = c + 

(t' + 459*67) 
( t f  + 459.67) 

where 

X = wt % ternary salt 

70% 5 X I 94.1% 

32 5 t' d 450 

C = 6.21147 

D = -2886.373 

E = -337269.46 

tf = refrigerant temperature ( O F )  

t - solution temperature ( O F )  

P = psia 
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4.2 H-X-t CQRRELATION (Ternary S a l t  Composition) 

53 wt % LiNO, 
28 wt % KNO, 
19 wt % NaNo, 

H(X,t) = a(X)  + P(X)t 

a(X) - 394.516 - 8.64996X -t- (6.28787X 10 ) X  
-2 2 

-5 2 
p ( X >  = 0.388691 + (3,02719 x 10-3)X - (3.80068 x 10 )X 

where 

t = solution temperature ("F) 

H = specific enthalpy of solution (Btu/lb) 
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Appendix A 

COEFFICIENTS OF A(X) AND B(X) 
USING POLFIT.BAS 
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R BASIC 

READY, FOR HELP TYPE HELP. 
RLD 3AS:POLFIT.BAS 

READY 
RUN 

BAS POLF IT 10; 07 06-DCT-Bb 

THIS PROGRAM FITS LEAST-SRUARES POLYNRMIALS TO BIVARIATE 
DATA, USING AN ORTHOGONAL POLYNaMIAL METHOD. LIMITS ARE 
11-TH DEGREE FIT AND A MAX O F  100 DATA POINTS. PROGRAM 
ALLOWS USER TO SPECIFY THE LUWEST DEGREE POLYNOMIAL TO BE 
FIT, AND THEN FITS THE PRLYNUMXALS IN ORDER OF ASCENDING 
DEGREE. AT ECICH STAGE, THE INDEX OF DETERMINATION IS 

HIGHER DEGREE FIT, SEEING EITHER RF TWO SUMMARIES R F  FIT 
AT THAT STAGE, RR OF STOPPING THE PROGRAM. TO USE, TYPE: 

PRINTED, AND THE USER HAS THE CHOICE DF GOING TCI NEXT 

10 DATA N, D 
(WHERE N = NUMBER OF DhT9 PDINTS TO BE READ 

X 1 1 , Y ( 1) , X (21 , Y (2) , . . . . , X (N) , Y (N) 
AND D = INITIAL (LOWEST) DEGREE TO BE FIT) 

100 DATA 

RUN 
(CONTINURTION ON LINES 101-299 675 NEEDED) 

TIME: 0.25 SECS. 

READY 
10 DATA 12,s 
100 DATA 5 0 , 1 . 0 9 , b Q , 1 . 1 3 , 6 5 , 1 . 1 9 , 7 0 , 1 . 1 5 , 7 6 , 1 . 2 1 , 7 ~ , 1 . ~ 7 , ~ 0 ~ 1 ~ Z 6 , ~ Z ~ 6 ~ ~ ~ 3  
101 DATA 87,1.4,88,1.4,92.4,1.5,94.1,1.6 
RUN 

B6S: PDLF P T 10: 10 06-OCT-86 
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L E A S T - S Q U h R E S  P D L Y N O t l I h L S  

NUMBER OF POINTS = 12 
MEAN VALUE OF X - 7L. 925 
MEAN VALUE OF Y - 1.29 
STD ERROR OF Y - 0.157191 

NOTE: CODE FOR 'WHAT NEXT?' S S P  

0 = STOP PROGRAM 
1 = COEFFICIENTS ONLY 
2 = ENTIRE SUMMARY 
3 = FIT NEXT HIGHER DEGREE 

POLYFIT OF DEGREE 3 INDEX OF DETERM 0.4d3207 WHAT NEXT 7'2 

TERM COEFFICIENT 

0 
1 
2 
3 

- 1.06427 
0.102088 - 1. S52S6OE-S 
8.93054E-6 

X-ACTUAL Y -ACTUAL Y-CALC DIFF 

50 
60 
65 
70 
76 
78 
EO 

87 
00 
92.4 
94.1 

82.6 

1.09 
1.13 
1.17 
1.15 
1.21 
1.27 
1.26 
1.3 
1.4 
1.4 
1.5 
1.6 

1.08992 

1.15158 
1.17469 
1.21942 
1.24032 

1.13421 

1 26492 
1.30314 
1.38638 
1.40894 
1.52629 
1 58018 

7.7 1880E-5 
-4.214945-3 

1.84208E-2 
-2.46859E-2 
-9.424905-3 
2.96807E-2 

-4.9 l88QE-3 
-3.14234E-3 

1.36 159E-2 
-8.9417OE-3 
-2.62868E-2 

1.9821 9E-2 

SfD ERROR OF ESTIMATE FOR Y 2.037038-2 

WHAT NEXT ?O 

TIME: 0.42 SECS. 

READY 
BYE 

PCT-D I FF 

7.08197E-3 
-0 3716 18 

1 59961 
-2.10143 
-0 I 772897 
2 39299 

-0 I 388863 
-0.241136 
0.9821 18 

-0 &34&39 - 1 72227 
1 a 2544 1 

Job 180, User t6421,3243 Logged 099 TTYZ20 1013 6-Oct-86 
r-. aavnd a l l  fllzs (2550 b1cck.j) 
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R BASIC 

READY, FOR HELP TYPE HELP. 
OLD BAS:POLFIT.BAS 

READY 
RUN 

BAS: POLFIT 10: 19 06-OCT-BB 

THIS PROGRAM FITS LEAST-SQUCIRES POLYNOMIALS TD BIVARIATE 
DATA, USING AN ORTHRGONAL POLYNOMIAL METHOD. LIMITS ARE 
11-TH DEGREE FIT AND A MAX RF 100 DATA POINTS. PROGRAM 

FIT, AND THEN FITS THE POLYNOMIALS IN ORDER UF ASCENDING 
DEGREE. CIT EACH STAGE, THE INDEX OF DETERMINATION IS 
PRINTED, AND THE USER HhS THE CHOICE OF GOING Ti3 THE NEXT 
HIGHER DEGREE FIT, SEEING EITHER QF TWO SUMMARIES OF FIT 
AT THAT STAGE, OR OF STOPPING THE PROGRAM, TO USE, TYPE: 

ALLOWS USER TO SPECIFY THE LOWEST DEGREE POLYNOMIIAL TU BE 

10 DATA N, D 
(WHERE N = NUHBER OF DATA POINTS TO BE RECID 

AND D = INITIAL (LOWEST) DEGREE TO BE FIT) 
100 DATA 

RUM 

X ( 1) , Y ( 1 1 , X EZ) ,Y (2) *. . . , X (N) ,Y (N) 
(CONTINUATION UN LINES 101-299 AS NEEDED9 

TIME: 0.27 SECS. 

BASIPOLFIT 10: 22 06-UCT-B6 

L E A S T - S Q U A R E S  P O L Y N O M I ~ L S  

NUMBER OF POINTS = 12 
MEAN VALUE OF X = 76.925 
MEAN VALUE DF Y = S9.490B 
STD ERROR OF Y = 19.64614 

NOTE: CODE FOR 'WHAT NEXT?" IS: 

0 = STaP PROGRAM 
1 = COEFFICIENTS ONLY 
2 = ENTIRE SUMMARY 
J -i F1.r FJEXT HIGHER DEWEX 
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2 = ENTIRE SUMMARY 
3 = FIT NEXT HIGHER DEGREE 

POLYFIT OF DEGREE 3 INDEX O F  DETERM = 0.977957 WHAT NEXT 72 

TERM COEFFICIENT 

0 
1 
2 
3 

291.113 
-13.0305 
0.107146 
-7.87688E-4 

X-ACTUAL Y -ACTUAL Y-CALC DIFF 

50 
60 
65 
70 
76 
78 
80 
82.6 
87 
08 
92.4 
94.1 

8.89 
13.7 
16.9 
27.6 
34.7 
35.3 
47. B 
49 
57 
53 
64 
66 

8.98083 
12.8638 
18.4989 
25.8212 
35.9682 
39.5251 

47.7297 
55" 2653 
56.8928 
63.4959 
65.7456 

43.1047 

-9.88497E-2 
0.836 158 

1.78884 
-1.26821 
-4.22514 

1.27027 
1.73469 

-3.89282 
0.504076 
0.254379 

-1.59885 

4.69531 

PCT-BI FF 

-1.09969 
6.50006 
-8.64290 
6.93047 
-3.52593 
-10.6898 
10. E3928 
2.66138 
3.13884 

-6,. 84257 
0.79387 I 
0.386914 

STD ERROR O F  ESTIMATE FOR Y = 2.91691 

WHAT NEXT ?3 

POLYFIT OF DEGREE 4 INDEX OF BETERM = 0.974808 WHAT NEXT 72 

TERM 

0 
1 
2 
3 
4 

x -ACT UAL 
50 
60 
65 
70 
76 
78 
80 
82. & 
07 
88 
92.4 
94.1 

COEFFICIENT 

293.904 
-13.1932 
0.190629 
-8.20276E-4 
1.125OlE-7 

Y -ACTU AL 

8.09 
13.7 
16.9 
27.6 
34.7 
35.3 

49 
57 
53 
64 
66 

47.8 

Y-CALC 

8.99018 

18.4985 
25.813& 
35.9707 
39.5268 
43.1053 
47.7288 
55.2624 
56.8898 
63.4957 
65.7485 

12.8598 

DIFF 

-0.100181 
0.840171 - 1.59847 
1.7864 

-1.27069 
-4.22683 
4.69468 
1.27123 
1.73759 

-3.88983 
0.504259 
0.251505 

PCT-D IFF 

-1.11434 
6.5333 
-8.641 1 
6.92037 
-3.53258 
-10.6936 
10.8912 
2.66345 
3.14426 
-6.83747 
0.794162 
0.382526 

STD ERROR OF ESTIMATE FOR Y = 3.1103 



20 

PQLYFIT OF DEGREE 5 INDEX OF DETERM = 0.971841 WHAT NEXT ?2 

TERM 

0 
1 
2 
3 
4 
5 

X-ACTUAL 

50 
6Q 
65 
70 
76 
78 
E30 
82. b 
87 
88 
92.4 
94.1 

COEFFICIENT 

-423 I. 77 
315.925 

-9. 1307h 
0.129EKV 

-9.00096E-4 
2.45929E-4 

Y-ACTUAL 

8.89 
13.7 
16.9 
27.6 
54.7 
35.3 
47. Ef 
49 
57 
53 
64 
46 

Y-CALC 

8 88025 
13.588 
17. '3467 
25.1403 
34 * 0% 
39.81721 
43.547 
48 0686 
54.9h16 
56.433 1 
63.1467 
66.2142 

DPFF 

3.75096E-3 
0.11 1987 - 1.04074 
2.45968 

- 1.38802 
-4.3729 S 

4.253 
0.931395 
2.03839 

-3.4331 1 
0.853333 

-0. T214233 

STD ERROR OF ESTIMATE FOR Y = 3.3084ts 

WHAT NEXT ?3 

POLYFIT UF DEGREE i, INDEX OF DETERM = 0.9(s6bB4 WHAT 

TERM 

0 
1 
2 
3 
4 
5 
& 

X-ACTUAL 

50 
60 
65 
70 
76 
78 
80 
82.4 
87 

92.4 
94.1 

ea 

CUEFFICIENT 

28193. 
-2465.09 
89.0793 

-1.70241 
1.8 1435E-2 

- 1.021 88E-4 
2.37574E-7 

Y -ACTUAL 

a. 89 
13.7 
16.9 
27. b 
3 4 . 7  
35.3 
47.8 
49 
57 
53 
64 
66 

Y-CALC 

8.90157 
13.2764 
18 5085 
24.9429 
35. b&94 
39.6853 
43.6685 
40.4995 
55.100% 
56.3523 
62.564 
66 * 5789 

DIFF 

- 1.13672E-2 
0.425633 

-1.60855 
2.60708 

-0.969434 
-4.3853 

4,13134 
0.500488 
1.89917 

-3 35229 
1.43604 

-0.579857 

PCT-I) IFF 

0.105'805 
0.8249b2 

-5 .  El0096 

-3.87285 
-1 1.467 

9.76647 
1.937664 
3.30Wi"fj 

-6.0835 
1. xi955 

-0.323546 

7.783a 1 

NEXT ?2 

PCT-DI FF 

-0.1277O2 
3. t 9088 

-8.69082 
10.4313 

-2.7 1783 
- 1 1.0502 
9.461 16 
1.03194 
3.444572 

-5.94882 
2.29531 
-0 86943 1 

STD ERROR OF ESTIMATE FOR Y = 3.5azw 

WHAT NEXT 70 

TIME: 0.69 SECS. 
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Appendix B 

LISTING AND EXECUTION OF 
COMPUTER PROGRAM, TERNRY 
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m TERNRY 
00020 c 
00040 
00060 
00080 
00 100 
00120 
00140 
00160 
00 180 
00200 
00220 
00240 
00260 
00280 
00300 
00320 
00340 
00360 
00380 
00400 
00420 
00440 
00460 
00480 
00500 
00520 
00540 
00560 
00580 
00600 
00620 
00640 
006GQ 
00680 
00700 
00720 
00740 
00760 
00780 
00800 
00820 
00840 
00860 
00880 
00900 
00920 
00940 
00960 
00980 
01000 
01020 
01040 
01060 
01080 
01100 
01120 
01140 
01160 
01180 
01200 
0 1220 
01240 
01260 
01280 
01300 
01320 

C 
C 
C 
C 

C 

21 

31 

41 

C 

C 

C 

C 
C 

C 
C 

G 
c 
C 

51 

99 

c 

C 

C 

C 

PROGRAM TO CAi,COLATE VAPOR PRESSURE: OF WATER ABOYE AQUEOUS TFXNARY 
SOLUTION. 
RELEVANT EMPIRICAT, EQUATIONS ARE BASED UPON DATA FROM ENFXGY 
COMCEPT ’ S REPORT, &%BRUARY 1986. 

C=6. 21147 
D= -2886 - 373 
E= -337269 ~ 46 

WRITE(G,21) 
F O R M A T ( / , 3 X , ’ S Q L U T I O N 7 , 7 X , ’ ~ ~ ~ G ~ ~ ’ , l O ~ , ~ ~ ~ ~ I ~ E ~ ~ T ~ , l 5 X ,  

WRITE(6,31) 
FOREIAT(3X,’TE~ERATITRF.’,4X,’TEMPE~T~’,,OX,’P~~SS[TREa,9X) 
WXTTE(6,41) 
FOFWAT(U,’(F)’,3X,’(K)’ ,6X,’(F)’,3X,’(K9’,6X,’(PSIA)’,3X0 

C’TERNARY’ ) 

C’(PA)’,7X.’(MM €IG)’,6XI’(WT.%)’) 

TSOLN=527.0 

DO 99 XX=50.0,92.5,2.5 
X=XX 
TSQLNK=KELVN(TSOLN) 
CRQ@SE VALUE FOR SOLUTION CONCENTRATIQON, WT X TEBNARY,X 
A:-1.064 +0.1021*X -(1.627E-O3)*(X**2.) + (8.931E-O6)*(X**3.) 
B2291.1 - 13.03*X + 0.1871*X**2. - (7.877E--O4)*X**3. 

CALCULATE IEFRIGEIUNT TEHP (P) , ‘WKFG 
TREFG=(TSOLN-B)/A 
TXEFGK-KELVN(TREFG) 

CALCULATE R E F R I G K W T  VAPOR PRESSIJW;: ( P S I A )  , P 
P=C+B/(TTiEFG+459.67)tEP(TREF6+459.87)**2.~ 
P=lO.O**P 

m=mc (X 1 
TSOLNK=KELVN (TSQLN ) 
PRES=PASCAL (P  1 

WHITE ( 6 , s  1 1 TSOLN TSOLNK TIZEFG , TRRFGK , P I  PRES, P m C ;  X 
PMMIiG=HMHG (P 1 

FORHAT( /, 2X, Z(F6. I), 4X, F5.1 I X, F5.1,5X, 5%. 2,2X, E9.3,2X, E9.3, 
C6X, F4.1) 
CONTINUE 
STOP 
END 

FnWCTION KELVN(T) 
KEGVN=(T+459.72)/1.8 
RETURN 
END 

FQNCTION PASCAL(P) 
PASCAL=6.8947E+O3*P 
RETURN 
END 

FUNCTION MMHG(P) 
MMRG=P/14.696*7GO 
RETURN 
END 
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EX 
LINK: Loading 
CLNKXCT TERNRY execution3 

SOLUTION 
TEMPERATURE 
(F) (K )  

167.0 348.0 

1k7.0 348.0 

167.0 340.0 

l b 7 . 0  348.0 

157.0 348.0 

167.0 348.0 

167.0 348.0 

167.0 348.0 

167.0 348.0 

167.0 348.0 

167.0 348.0 

167.0 348.0 

167.0 348.0 

167.0 346.0 

167.0 348.0 

167.0 348.0 

167.0 348.0 

167.0 348.0 
sTaP 

REFRIGERANT 
TEMPERATURE 
(F) ( K )  

145.1 335.0 

143.3 335.0 

141.3 333.0 

138.9 332.0 

136.1 330.0 

132.8 329.0 

129.2 327.0 

125.0 324.0 

120.4 322.0 

115.4 319.0 

110.0 316.0 

104.2 313.0 

98.2 309.0 

92.1 306.0 

es.9 303.0 

79.7 299.0 

73.7 296.0 

67.9 293.0 

END O F  EXECUTIUN 
CPU TIME: 0.17 ELAPSED TIME: 
EXIT 

REFRIGERCINT 
PRESSURE 

(PSIAI 

3.28 

3.14 

2.98 

2.80 

2.61 

2.39 

2.17 

1.94 

1.71 

1.49 

1.27 

1.08 

0.90 

0.75 

0.61 

0.50 

0.41 

0.34 

11.40 

(PA) 

.226E+05 

.2  17E+05 

.206&+05 

.193E+05 

.1BOE+05 

.165€+05 

.150E+05 

.134E+05 

= 110E+05 

.103E+05 

879E+04 

.743E+04 

.62 1 E+04 

.5  14Et-04 

.422E+04 

.346E+04 

.283€*04 

.233E+04 

IMH HG) 

.169E+03 

.16ZE+03 

.154E+03 

.144E+03 

.134E+03 

.123E+O3 

.112E+Q3 

.100E+03 

.8BOE+02 

.760E+02 

.650E+02 

550E+OZ 

.460€+02 

. ;980E+02 

.31 OE+02  

.250E+02 

.21 OE+OZ 

.170E+02 

TERNARY 

(WT. XI 

50.0 

52.5 

55.0 

57.5 

60.0 

62.5 

b5.0 

67.5 

70.0 

72.5 

75.0 

77.5 

30.0 

82.5 

85.0 

87.5 

90.0 

92.5 
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EX 
LINK: Loading 
CLNKXCT TERNRW execution3 

SOLUTION 
TEMPERATURE 

(F) (K)  

912.0 373.0 

222.0 375.0 

212.0 373.0 

212.0 373.0 

212.0 373.0 

212.0 375.0 

212.0 373.0 

212.Q 373.0 

212.0 373.0 

212.0 373.0 

212.0 373.8 

212.Q 373.0 

212.0 373.0 

212.0 37'3.0 

212.0 373.0 

212.0 373.0 

212.0 373.0 

212.0 373.0 
STaP 

REFRIGERANT 
TEMPERATURE 

(F) (K) 

186.4 3 5 E l . O  

184.1 357.0 

181.4 356.0 

178.9 354.0 

175.8 3S3.Q 

172.2 3 5 i . Q  

168.3 348,Q 

1bJ.B 346.0 

158.8 343.0 

153.2 340.0 

147.2 337.0 

140.7 333.0 

133.8 329.0 

126.7 325.0 

119.3 321.0 

111.9 317.0 

104.5 313.0 

97.4 309.0 

END OF EXECUTION 
CPU TIME: 0.19 ELAPSED TIME: 
EXIT 

REFRIGERANT 
PRESSURE 

(PSIAI 

8.62 

8.20 

7.77 

7.31 

6.82 

6-30 

5.75 

5.18 

4a60 

4.02 

3.46 

2.94 

2-46 

2.03 

1.66 

1.35 

1.09 

0.8E4 

11.47 

( P A )  

.594E+*5 

. S&&SE+OS 

.536E+05 

.5Q4€+Q5 

.470€405 

.434E+Q5 

.394E+OS 

.357E+05 

.317E+QS 

.277E+05 

.239E+05 

.203E+05 

.170E+Q5 

.14QE+OS 

.115E+05 

.929E+04 

.75OE+04 

.604E+04 

TERNARY 

(L4T.X) 

50.0 

32.5 

3s. 0 

57.5 

60.0 

62. S 

CIS. 0 

67. s 

70.0 

72.5 

75.0 

77.5 

80.8 

02.5 

85, 0 

97.5 

9a.o 

92.5 
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:X 
,INK: Loading 
ELNKXCT TERNRY execution3 

SOLUT I ON 
TEMPERATURE 
(F) (K) 

302.0 423.0 

302.0 423.0 

302.0 423.0 

302.0 423.0 

302.0 423.0 

302.0 423.0 

302.a 423.0 

302.0 423.0 

302.0 423.0 

302.0 423.0 

302.0 423.0 

302.0 423.0 

302.0 423.0 

302.0 423.0 

302.0 423.0 

302.0 423.0 

302.0 423.0 

302.0 423.0 
STOP 

REFRIGERANT 
TEMPERATURE 
(F) (K) 

268.9 404.0 

265.6 402.0 

262.3 401.0 

258.8 399.0 

255.1 397.0 

251.0 394.0 

246.4 392.0 

241.3 389.0 

235.4 386.0 

228.9 382.0 

221.6 378.0 

213.7 374.0 

203.1 369.0 

195.9 364.0 

186.3 358.0 

176.4 353.0 

166.3 347.0 

iS&,3 342.0 

END OF EXECUTION 
CPU TIME: 0.18 ELFIPSED TIME: 
EXIT 

REFRIGERANT 
PRESfiURE 

(PSIA) 

41.18 

38.95 

36.84 

34.75 

32. &l 

30.37 

28.01 

25.53 

22.96 

20.33 

17.71 

15.16 

12.76 

10.56 

8.61 

6.91 

5.49 

4.33 

10.00 

(PA) 

. za4~+06 
269E+Ot, 

.254E+06 

.240E+06 

.225E+06 

. ZO~E+OA 
193€+06 

176E+06 

.158E+06 

.140E+O& 

.122E+06 

.105€+06 

.880E+05 

.72BE+05 

.593E+05 

.477E+Q5 

.379E+05 

.298E+05 

{MM HG) 

.213E+04 

.20 1 E+04 

.191€+04 

. l8OE+04 

.169E+04 

.157E+04 

.145E+04 

.132E+04 

.119E+04 

. 10SE+04 

.9 1SE+03 

.784E+03 

.660E+03 

.546E+03 

* 445E+03 

357E+03 

204E+03 

.225E+03 

TERNARY 

(WT.%) 

50.0 

52.5 

55.0 

57.5 

60.0 

62.5 

65.0 

67.5 

70.0 

72.5 

75.0 

77.5 

80.0 

82. S 

85.0 

87.5 

90.0 

92.5 
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EX TERNRY 
LINK: Loading 
CLNKXCT TERNRV' execut ion1 

BOLUT I (IN 
TEMPERATURE 

(F) (K)  

527.0 548.0 

527.0 5448.0 

527.0 548.0 

527.0 548.0 

527.0 548.0 

527.0 54B.O 

527.0 548.0 

527.0 548.0 

527.0 548.0 

527.0 548.0 

527.0 548.0 

327.0 548.0 

327.0 548.0 

527.8 548.0 

599.0 548.0 

527.0 548.0 

527.0 548.0 

527.0 548.0 
STOP 

REFRIGERFINT 
TEMPERATURE 

(F) (K) 

475.4 519.0 

469.4 514.0 

463.9 513.0 

456.8 510.0 

453*6 507.0 

44f3.Q 504.0 

441.4 500.0 

435.0 497.0 

427,1 492.0 

4153.0 487.0 

407.7 4.81.0 

396.0 475.0 

383.1 468.0 

368.9 460.0 

353.7 451.0 

337.5 442.0 

320.7 433.0 

303.5 424.0 

END OF ExEcunaN 
CPU T IME:  0.18 ELAPSED T IME:  
E X I T  

REFRIGERANT 
PRESSURE 

(PSI&) 

sw. 13 

517.43 

490.91 

466 I 60 

443 e 02 

418,%8 

393 I 60 

344.32 

336.89 

305.44 

272.43 

238. b1 

284.95 

172.48 

142.19 

114. E34 

91.03 

70.89 

10.39 

(MM HG) 

. Z~SE+QZ 

.268E+QS 

. %34E+OS 

.24 1 E+05 

.229E+05 

.217E+O5 

.204€+OS 

. lFJ9E+05 

.174E+05 

.158E+05 

.141€+05 

.123%+05 

, lOCIE+05 

.892E-4-04 

.3;55E+04 

.594E+04 

,471 E+O4 

.347E+#4 

TERNARY 

(WT. x j  

50.0 

52.5 

55.0 

57.9 

60.0 

62.5 

65.0 

67.5 

70.0 

72.3 

75.0 

7 7 . 5  

80.0 

82. s 

as. 0 

€37.5 

90.0 

92.5 
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Appendix C 

COEFFICIENTS OF a ( X ) ,  p ( X )  
USING POLFIT. BAS 

... . . . . . . . . . . . . . . . 



R BASIC 

HEADY, FOR HELP TYPE HELP. 
OLD BAS : POLF I T. BAS 

READY 
RUN 

BAS: POLFIT 13: 25 Q6-OCf-B& 

THIS PROGRAM FITS LEAST-SQUARES PaLyNaM1At-s TO 'BIVARIATE 
DCITA, USING AN ORTHOGCINAL POLYNOMIAL METHOD. LIMITS ARE 
11-TH DEGREE FIT AND A MAX OF 100 DATA PRINTS. PROGRAM 
CILLQWS USER TO SPECIFY THE LOWEST DEGREE POLYNQMIRL TO BE 
FIT, AND THEN FITS THE POLYNOMIALS IN ORDER OF RSCENDING 
DEGREE. AT EACH STAGE, THE INDEX OF DETERMINATION IS 
PRINTED, AND THE USER H&S THE CHOICE OF GOING TU THE NEXT 
HIGHER DEGREE FIT, SEEING EITHER OF TWO SUMMARIES OF FIT 
RT THAT STAGEI OR QF STOPPING THE PROGRAM. TO USE, TYPE: 

LO DAT& N, R 
(WHERE N = NUMBER OF DATA POINTS TO BE READ 

AND D = INITIAL (L-awEsT) DEGREE TO BE FIT) 
100 RATA 

RUN 

X ( 1 ) ,Y ( 1 > 5 X ( 2 )  ,Y (2) 9 rn . 9 X (N) 9 Y (Nl 
(CONTINUATION ON LINES 101-299 AS NEEDED) 

TIME: 0.25 SECS. 

BAS: POLFIT 13: 28 06-QCT-86 

L E A S T - S Q U A R E S  P O L Y N O M I A L S  

NUMBER QF POINTS = 9 
MEAN VALUE OF X 82.9444 
MEAN VALUE OF Y = 111.225 
STD ERROR OF Y -D 12.5989 

NOTE: CODE FOR 'WHAT NEXT?" IS: 

0 - STOP PROGRAM 
2 = ENTJRE SUMMARY 
3 = F I T  NEXT HIGHER DEGREE 

1 - COEFFICIENTS a m y  

POLYFIT OF DEGREE 2 INDEX OF DETERfl = 0.994198 MHAT NEXT ?2 
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POLYFIT OF DEGREE 2 INDEX OF DETERM = 0.994198 WHAT NEXT 12 

TERM 

a 
1 
2 

X-ACTUAL 

70 
72.5 
77.5 
BQ 

05 
87.5 
90 
92.5 

ex. 5 

COEFFICIENT 

394.516 
-0. 64996 
6.28787E-2 

Y -ACTUAL 

97.0870 
98.296 
101.152 
105.336 
107.959 
114.225 
118.718 
126.84 
131.402 

Y-ChLC 

97.1246 
97.9003 
101.009 
104.943 
108,863 
113.568 
119.06 
125.337 
132.401 

RIFF 

-3. 68223E-2 
0.395747 

-0. 657463 
0.392954 

-0.903613 
0. 646839 

-0.341692 
1.50279 

-0.9987 1 1 

PCT-D 1 FF 

-3.79124E-2 
0.404295 

-0.645778 
0.37444s 

-0.830049 
0 56956 

-0.286992 
1.199 

-0.754309 

STD ERROR OF ESTIMATE FUR Y = 0.944468 

WHAT NEXT 33 

P O L Y F I T  OF DEGREE 3 INDEX DF DETERH = 0.993907 WHAT NEXT ?2 

TERM COEFFICIENT 

0 
1 
2 
3 

944.077 
-29.1229 

-1.03672E-3 
0.315831 

X-ACTUAL Y -4CTUC\L Y-CALC DIFF PCT-D 1 FF 

70 
72.5 
77.5 

82.5  
85 
87.5 
90 
92.5 

eo 

97.0878 
98 - 296 
101.152 
105.336 
107.959 
114.215 
i ie.71a 
126.84 
131 402 

97.4533 
97.6847 
101.438 
104.766 
108.931 
113.837 

125.482 
132.027 

119.387 

-0.365523 

-0.286133 
0.570154 

-0.972312 
0.37770s 

-0 e 668627 

-0.624603 

0.61 1316 

i ,35787 

STD ERROR UF ESTIMATE FOR Y * 0.967813 

-0.375075 
0 . 6 E X J O 5  

-0.282076 
0.544218 

-0.892392 
0.331793 

-0.560052 
1 08212 

-0.473089 

WHAT NEXT 70 

TIME: 0.51 SECS. 
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R BASIC 

READY, FOR HELP TYPE HELP. 
OLD BAS:POLFST.BAS 

READY 
RUN 

BAS: POLF I T 13: 32 06-OCT-86 

THIS PROGRAM FITS LEAST-SQUARES POLYNOMIALS TO BIVARIATE 
DQTA, USING AN ORTHOGONAL POLYNOMIAL METHOD. LIMITS ARE 
11-Tt-i DEGREE FIT AND A MAX OF 100 DATA POINTS. PROGRAM 
ALLOWS USER TO SPECIFY THE LDWlEST DEGREE POLYNOMIAL TO BE 
FIT, AND THEN FITS THE POLYNOMIALS IN ORDER OF ASCENDING 

PRINTER, AND THE USER HAS THE CHOICE OF GCIXNG TO THE NEXT 
DEGREE. AT EACH STAGE, THE INDEX aF DETERMINATIBN IS 

HIGHER DEGREE FIT, SEEING EITHER aF: TWCI SUHMARIES OF FIT 
A'r THAT STAGE, OR OF sTawING THE PROGRAM. TO LEE, TYPE: 

10 DATA N, I) 
(WHERE N = NUMBER UF DATA POINTS TO BE REaD 

AND D = INITIAL (LOWEST) DEGREE TO BE FIT) 
108 DATA 

RUN 

X ( 1 1 , Y ( 1 ) , X (2) ,Y (2) , . . . . , X (N9 , Y (N) 
(CONTINUATION aN LINES 101-299 AS NEEDED) 

TIME:: 0.27 SECS. 

READY 
10 RAT6 9,2 

10 1 DATA 85. , .37037,87.5 362963,90 , .349259,?2.S, .346296 
RUN 

BAS: POLF I T IS: 54 06-OCT-86 

i 00 DATA 70. , .4 1 444.72. s , . 407407,n. 5 'I = x w m b  'I au. , .387407,92.5 -. 38 I 4 ~ 2  

L E & S T - S Q U A R E §  P O L Y N O M I A L S  

NUMBER OF POINTS = 9 
MEAN VALUE OF X = 81.9444 
MEAN VALUE OF Y = 9.379547 
STD ERROR O F  Y 2.42951E-2 

NOTE: CODE FOR 'WHAT NEXT?" IS: 

0 = STOP PROGRAM 
1 = COEFFICIENTS ONLY 
2 I= ENTIRE SUMMfiRY 
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POLYFIT OF DEGREE 2 INDEX OF DETERM = 0.9913 WHAT NEXT 32 

TERM COEFFICIENT 

0 0.38869 1 
1 3.027 19E-3 
2 -3.800ME-5 

X-ACTUAL Y-ACTUAL Y-CALC DIFF 

70 0.41444 0.414361 7.8709 1 E-5 
72.5 0.407407 0.408389 -9.82121E-4 
77.5 0.396296 0 39502 1.27607E-3 
80 0.387407 0.337623 -2.15705E-4 
82. s a. 38 14~2 0.37975 1.73160E-3 
€35 0.37037 0.371403 -0.00103Z 

3.82476E-4 87.5 0.362963 0.362581 
90 0.349259 0.353283 -4.02395E-3 
92 .5  0.3462% 0.3435 1 2.78569E-3 

STU ERROR OF ESTIMATE FOR Y 2.26605E-3 

WHAT NEXT ?3 

PCT-D 1 FF 

1.90436E-2 
-0.240486 
0.32304 
-5.56483E-2 
0.455985 

0.105497 

0.810949 

-0.27e136 

-1.13902 

PDLYFIT OF DEGREE 3 INDEX OF DETERM = 0.991308 WHCIT NEXT 72 

TERM 

0 
1 
2 
3 

X-ACTUAL 

70 
72.5 
77.5 
80 
82.5 
85 
87.5 
90 
92.5 

COEFFICIENT 

-1.13752 
5.98835E-2 
-7.40493E-4 
2.87912E-6 

Y-FICTUCIL 

0.41444 
0.407407 
0.39&2?6 
0.387407 
0.381482 
0,37037 
0.362963 
0.349259 
0.346296 

Y-CALC 

0.413448 
0.4089aa 
0.34605 1 
0.3881 15 
0.37956 
0.370656 
0.361673 
0.35288 1 
0.344549 

DXFF 

9.9 1739E-4 
-1.58082E-3 
2.44834E-4 
-7.07024E-4 

-2.85304E-4 
1.29045E-3 

-3.62151E-3 
1.74673E-3 

1 92237E-3 

PCT-DIFF 

0.23987 
-0.38652 
6.1eie7~-2 
-0. i e2375 
0.506473 
-7.70485E-2 
0.3568 - 1.02627 
0.50696 1 

STD ERROR OF ESTIMATE FOR Y = 2.26505E-3 

WHAT NEXT 70 

TIME: 0.52 SECS. 
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Appendix D 

LISTING AND EXECUTION OF 
COMPUTER PROGRAM TEl2NRY.H 
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T Y  TERNRY.H 
00020 C PROGRAM TO CALCULATE SPECIFIC ENTHALPIES OF EG'S TENARY 
00040 C SOLIT ION. 
0OObO C 
00080 C DOUBLE PRECISION A,B,@,H,I 
00100 c 
00 120 WRITE (6,111 
00 140 i i  FORMAT(/,~X,'SOLUTTON TEMPERATURE, F = ' 1  
00 160 HEAD(S,21)T 
00180 21 FORMAT(F6.2) 
00200 C 
00220 DEGC=CENT (TI 
00240 DEGK=KELVN (T)  
00260 c 
00280 WRITE(g,31)T,DEBC,DEGK 
00300 31 FaRMAT(/,ZX,'SaLUTION TEMPERATURE =',F?.2,'(F)',,F9.2,'(C)', 
00320 C F 9 . 2 ,  ' (K) ' 1  
00340 C 
00360 WRITE (&, 41)  
00380 41 FORMAT(/,2X,'TERNAMY S*?LT CONC. ' 1  1QX,'ENTHALPY', / ,7X, ' (WT.%) '911X 

00400 C'(ETU/LU)',,ZX,'(KJ/KG) r7/,2X,'---------------------------------- 
9 

00420 C--------------' 1 

0 0 4 ~ 1  x=xx 
00542 A=394.516 - 8.64?9b+IX) + 6.28?8E-02*(X*+2) 
00560 C 

00640 C 
00720 C 
00740 C H=200. 
00760 H=A 3 B+T 
007ao HKJKG=WKJ (H) 

00920 900 F a R M n T E / , X , ' A - ' , E 9 . J , ' 8 = ' , F 7 . 3 , ' C = ' , E l l . 4 ~ ' T ~ @ ~ ~ ~ . 2 )  
OOB40 C 
00860 WRITE(6,52fX,H,HKJKG 
00880 51 FORMA? 1 ,  7X, F5.1,l 1 X , F8.2 4 X  ,Fa. 29 
00900 C 
00920 99 CDNTINIJE 
005'40 C 
00960 STOP 
00980 END 
01800 6 
01020 FUNCTION CENTtT) 
0 1040 CENT=(T+459.67)/1.8 - 273.15 
0 1060 RETURN 
a i  080 END 
olio0 c 
01 120 FUNCTION KELVN(T1 
01 140 KELUN= (T+459.67) /1.8 
01 160 RETURN 
01 180 END 
01200 c 
Qi22Q FUNCTION HKJ ( H 1 
01240 HKJ=H/O. 4300 
0 1260 RETURN 
0 1280 END 

00440 99 xx=70,92.5,2.s 

00622 3=0.5e8691. 4 S.OZ~I~E-O~*(X) - S . B O O ~ E - ~ ~ + + ( X + + ~ )  

00800 e WRZTE(b,$OO)A,B9C,T 
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EX TERNRY.H 
LINK: Loading 
CLNKXCT TERNRY execution1 

SOLUTITIN TEMPERATURE, F - 
257.0 

SOLUTION TEMPERATURE = 257.00(F) 125.00(C) 398.00tK) 

70. 0 203.61 473.52 

72.5 202.85 471.75 

75.0 202.76 471.93 

77.5 203.33 472.85 

86.0 204.56 475.71 

82.5 206.45 480.12 

85.0  209.01 486.08 

87.5 212.24 493.58 

?Q* 0 216.13 502.62 

92.5 220. &a 513.20 
STOP 

END OF EXECUTION 
CPU TIME: 0.13 ELAPSED TIME: 10.43 
E X I T  
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