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The working Iluids, used in the majority of all mechanical heat pumps, are 
expected to bc phased out within some few years due to their contribt, tion to 
the stratospheric ozone depletion and global warming. Absorption heat pt, mps 
and transformers are receiving a new renaissance in the field of heating, 
refrigeration, air-conditioning, and heat recovery. Sodium hydroxide solutions 
are more propitious to the pulp and paper industry compared to other working 
pairs. Novel correlations have been developed to compute the vapor pressure. 
density, enthalpy, and viscosity of sodium hydroxide solutions. These correla- 
tions cover the most extensive range of validity ever proposed: 273-473 K for 
temperatures and 0.2-I kg water per kg solution for concentrations. 

KEY WORDS: absorption; density: enthalpy: heat pump: sodium hydroxide: 
wtpor pressure: viscosity. 

1. I N T R O D U C T I O N  

Abso rp t ion  hea t  p u m p s  ( A H P s )  and t ransformers  (AHTs)  are current ly  
used in the field of  refrigeration,  a i r -condi t ioning,  heating,  and  heat  
recovery. A well known  reason for the renaissance of  absorp t ion  tech- 
nology is the impac t  on the ozone layer by ch lorof luor ina ted  carbons  
( C F C s )  a n d / o r  hydroch lo ro f luor ina ted  ca rbons  ( H C F C s ) ,  used in the 
major i ty  of  all mechanica l  heat  pumps,  and their  con t r ibu t ion  to the green- 
house effect. These agents  are expected to be phased  out  within some few 
years. Some of  the many  work ing  fluids that  have been p roposed  for use in 
indust r ia l  A H P s  and A H T s  include H z O - L i B r ,  H 2 0 - N a O H ,  N H 3 - H 2 0 ,  
H2 O - H 2  SO4, C H 3 0 H - L i B r ,  waters -g lycerol ,  wate r -g lycol ,  wa t e r -n i t r a t e  
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salts, NH3- inorgan ic  salt complexes, and water-zeolites. A number  of 
potential industrial applications have recently been suggested by Jernqvist 
and co-workers [ 1 -6 ] ,  who showed clearly that sodium hydroxide solu- 
tions are more propitious to the pulp and paper  industry compared to 
other working pairs. 

For  proper  engineering design of different components  involved in 
these systems, reliable information is needed concerning physical and ther- 
modynamic  properties of the working fluids. A database for a number  of 
these working fluids has been compiled [2] .  The literature survey in this 
study revealed a serious lack in the physical and thermodynamic properties 
of sodium hydroxide solutions within the ranges of temperature and con- 
centration that are interesting in the industrial applications of absorption 
heat pumps and transformers. The databases which were searched are 
Chemical Abstracts, Compendex,  and Energy. 

In this work, we present correlations yielding highly accurate data for 
the vapor  pressure, enthalpy, density, and viscosity of sodium hydroxide 
solutions within temperature and concentration ranges of 0-200~ and 
0.2-1 kg water per kg solution, respectively. 

2. V A P O R  P R E S S U R E  

Table I summarizes the experimentally available information on the 
vapor  pressure (also known as the bubble-point pressure) of N a O H / H 2 0  
solutions. Most of these data are reported for rather limited ranges of tem- 
perature, pressure, and/or  concentration. Some of these studies l-7-13] 
have also reported a vapor-pressure  correlation which is based exclusively 
on the corresponding measurements and hence, these correlations imply a 

Table 1. Literature Sources of Experimental Data for Vapor Pressure 

Refi Temp. range Conc. range No. data 
First author No. Year (~ (kg H20/kg soln) points 

Balej 7 1985 0 -300  0.500-0.926 179 
Campbell 8 1984 150-250 0.870-0.987 45 
Hayward 9 1930 30 80 0.338-1.000 53 
Int. Critical Tables 10 1928 0 350 0.012-1.000 222 
Krey I I 1972 0-350 0.2-0.9 230 
K rumgal'z 12 1964 150-400 0.1-0.7 135 
Akerl6f 13 1940 0-70 0.595- 1.000 144 
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limited range of applicability to engineering design of each of these correla- 
tions. The sets of data, reported in these publications, were used in this 
work to develop a new correlation that covers a wider range of tem- 
perature and concentration. The data were first crosschecked with each 
other to ensure a good accuracy of the derived correlation. For instance, all 
available vapor  pressure data at 60 and 200~ are plotted in Fig. 1, where 
it can be observed that data given in International Critical Tables [ 10] 
diverge from the other data sets and were consequently not used in this 
work. 

20- 

16- 
13_ 

5 1 2  

0 

4. 

0 
0.3 

�9 ~ +  ~ Krey [11] 
~ l p  ~ 0 Int. Crit. Tables [101 

�9 �9 Balej [7 l 
q,e �9 Hayward [9] 

�9 ~ + Aked6f[131 

0.5 0.7 0.9 

a 

Mass fraction, kg water/kg solution 

1600 

1200 

g 

800 

400 t 

0~o 
0.2 

c~ 
I 

o ~- 
o~ 

O +  

o~~ 

Krey[11] 
O Int. Cdt. Tables [10] 

�9 Batel [/1 
�9 Campbell [8] 

+ Krumgal'z [121 

I I I [ I I 
0.4 0.6 0.8 

Mass traction, kg watedkg solution 

b 

Fig. 1. Literature vapor pressure data at two temperatures: (a) 
60~ (b) 200~ 



782 Olsson, Jernqvist, and Aly 

The correlation for vapor pressure is based on the well-known Antoine 
equation (1), which is widely used to correlate boiling point and vapor 
pressure for pure liquids over a limited temperature range. In this work, it 
was assumed that the relationship between bubble point and vapor 
pressure for a solution at constant concentration of a nonvolatile solute, 
such as the binary N a O H / H 2 0  solution, can be described by Antoine 
equation. This assumption is based on the fact that the normal melting and 
boiling-point temperatures of pure N a O H  are 322 and 1557~ respec- 
tively, and hence its vapor pressure at the temperature interval investigated 
in this study is practically small enough to be neglected. The constants a, 
b, and c below should correspondingly be specified for the concentration to 
which they are correlated. 

b 
l n P = a + - -  (1) 

c + t  

Equation (1) is transformed to a linear expression, as given by Eq. (2), 
between the logarithmic value of vapor pressure P and solution tem- 
perature t. 

at + a2t + a31n P = t ln P (2) 

In a binary system, the coefficients in Eq. (2) become functions of the con- 
centration, and it is therefore important to determine accurate correlations 
between the coefficients a~, a2, and a3 and mass fraction x ( k g H 2 0 .  
kg ~ soln). A number of polynomial functions were tested and it was found 
that Eqs. (3)-(5) result in sufficiently accurate correlations. 

al = k e o  + km  In x + kp2(ln x )  2+ .. .  +kes( ln  x) ~ (3) 

a2 =/1,o +lm In x + 1F2(ln x) 2 + .. .  + lmo(ln x)Jo (4) 

as = m/,o + m m  In x + mp2(ln x)'- + . . .  + mm~(In x)to (5) 

The higher degrees of these polynomial functions were found to be 
necessary to ensure a high accuracy of the entire correlation. The numerical 
values of the constants kpi, ll,j, and mei in Eqs. (3)-(5) are given in 
Table II. 

The advantage of using Antoine equation is that it can be used directly 
to calculate either the vapor pressure P or the bubble point t. On the other 
hand, an iterative procedure is required to calculate the mass fraction x at 
a given bubble point. 
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Table  I1. Numer ica l  Values of the Cons tan t s  in Eqs. ( 3 ) q 5 )  
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kec, - 113.93947 /r~ 16.240074 ma~ -226 .80157  
km 209.82305 /el - 11.864008 mm 293.17155 
k e-" 494.77153 It,., - 223.47305 m t,_~ 5081.8791 
k/'3 6860.8330 /t,~ - 1650.3997 mp~ 36752.126 
kl,4 2676.6433 Ira - 5997.3118 m t , .~  131262.00 
k e5 - 21740.328 /e5 - 12318.744 m 1,5 259399.54 
k m, - 34750.872 /m, - 15303.153 m p ~ ,  301696.22 
k t,7 - 20122.157 l;,7 - I 1707.480 m p7 208617.90 
k rs - 4102.9890 /t,~ - 5364.9554 mes 81774.024 

/t,~ - 1338.5412 mr~ 15648.526 
/pro - 137.96889 mpl. 906.29769 

Table  I lL  Tempera tu r e  and  Concen t ra t ion  Ranges lbr Vapor  Pressure and Densi ty 

Corre la t ions  

Vapo r -p r e s su re  corre la t ion,  
Eqs. ( 2 ) - (5 )  

Density correlat ion,  
Eqs. (6)- (9)  

Temp.  range  Conc. range Temp. range Conc. range 
(~  (kg  H 2 0 / k g  soln) (~  (kg H , O / k g  soln ) 

0~<t < 2 0  0.582 ~< x ~< 1 0 ~ < t <  10 0.800 ~< x,<,< 
20 ~< t < 60 0.500 ~< .v ~< 1 10 ~ / < 20 0.700 ~< .v ~< 
6 0 ~ < t < 7 0  0.353 ~<x~< I 2 0 ~ < t < 6 0  0.500 ~<x~< 
70 ~< t < 150 0.300 ~< x ~< I 60 ~< t < 70 0.400 ~< x ~< 

150 ~< t ~< 200 0.200 ~< x <~ I 70 ~< / < 150 0.300 ~< x ~< 
150 <~ t ~< 200 0.200 ~< x 
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It should be pointed out that the vapor pressure correlation, repre- 
sented by Eqs. (2)-(5) above, must be used within the temperature and 
concentration ranges indicated in Table III, since these ranges reflect the 
validity of the experimental data used to derive it. 

A total of 512 experimental data was used in the derivation of the 
vapor pressure correlation. Figure 2 depicts the absolute deviation between 
experimental data and computed values using the derived correlation. The 
corresponding values of the relative deviation are displayed in Fig. 3. The 
absolute and relative average errors for vapor pressure are 2.01 Kpa and 
2.07%, respectively. The corresponding errors for the bubble point are 
0.48 K and 0.13 %, respectively. The deviation depends mostly on the dis- 
crepancies between different experimental data sets. For instance, Figs. 2 
and 3 indicate that the experimental data given by Balej [7] diverge, 
within a certain concentration range, from the other data sets. 

3. DENSITY 

All experimental data, covering a temperature range between 0 and 
200~ are taken from Krey [ 11 ]. It turned out that a simple polynomial 
function, given by Eq. (6), is sufficiently accurate to describe the tem- 
perature dependence of the density. The coefficients b~-b3 are functions of 
the water mass fraction x(kg H 2 0 .  kg -~ soln) and can be calculated by 
Eqs. (7)-(9). 
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Table IV. Numerical Values of the Constants in Eqs. (7)-(9) 
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k ~ , .  5007.2279636 /po -64.786269079 m~, o 0.24436776978 
k~,l -2513[.[64248 /rl 525.34360564 m~,t -1.9737722344 
kl, 2 74107.692582 /p~ -1608.4471903 m/, 2 6.04601497138 
k/, 3 -104657.48684 11,3 2350.9753235 mp3 - 8.9090614947 
k~,4 69821.773186 /p4 - 1660.9035108 II1~,~ 6.37146769397 
kj,5 - 18145.911810 I~, 3 457,64374355 my5 -1.7816083111 

p = b ~  + b 2 t  +b3t ' -  (6) 

b I = k/,o + k/,i x I2 + k/,2 x + kp3 x 3/z + kp4 x z + kp5 x 5/2 (7) 

b 2 = 11, 0 + lpl X 12 -l- 1r + lp3 X32 + 11,4 X2 + ]t, sX 5/2 (8) 

b 3 = /111, 0 ~- IHpl X 12 _j_/111,2 X -I- till,3 X3~2 Jc IH/,4X 2 n L IHp5 x5/2 (9) 

The experimental data  were used to correlate the constants in Eqs. (7)-(9) 
and the resulting values are given in Table IV. The above correlation, 
represented by Eqs. (6)-(9),  is valid within the temperature and concentra-  
tion ranges tabulated in Table III. 

A total of  156 experimental data was used in the derivation of  density 
correlation. Figure 4 depicts the relative deviation between experimental 
data and computed  values using the derived correlation. The absolute and 
relative average errors for the solution density are 0.48 k g . m  -3 and 
0.04%, respectively, while the corresponding values for the maximum 

0.2 • 

0.1 

Q,.  

_o 0 
CL. 
i 
(3_ 

v 

-0.1 

-0.2 

-0.3 
0.2 

A 

014 018 018 
Mass fraction, kg water/kg solution 

Fig. 4. Relative deviation between experimental and com- 
puted density data. 



786 Olsson, .lernqvis/, and Aly 

errors are 2.41 k g . m  3 and 0.23%, respectively. As can be seen, this 
correlation yields very small deviations. This can be explained by the fact 
that the surface of the density function has a rather simple structure. For 
instance, the smallest value of density is only twice as small as the largest 
value within the investigated temperature and concentration ranges. 
Moreover, the experimental data seem to have been measured with a high 
accuracy. 

4. ENTHALP Y 

The literature survey [-14-17] indicated that there is a lack of enthalpy 
data covering the temperature and concentration ranges investigated in this 
work. It was therefore necessary to find heat capacity data and use these 
to calculate new enthalpies within these ranges. Unfortunately, experi- 
mental heat capacity data within the intervals 100-200~ and 0.5 0.9 kg 
water/kg solution could not be found and were extrapolated instead, using 
experimental data available within other temperature and concentration 
ranges. The literature sources tbr these data are given in Table V. 

It should be noted that all experimental data were recalculated to the 
standard states of liquid water at 0~ and an infinitely diluted sodium 
hydroxide solution at 20~ Equation (10) was used to calculate new solu- 
tion enthalpies from both experimental enthalpy data covering the whole 
concentration range at 20~ [ 15] and heat capacity data [ 16-18] within 
the concentration range 0.5-1 kg water/kg solution. 

OH) =Cp(T) (10) 
p .  ', 

Table V. Literature Sources of Experimental Data Ibr Endlalpy {H) and Specilic Heat {Cp) 

Ref. Temp. range Cone. range No. data 

Virst au thor  No. Year I~C) (kg H 2 0 ' k g  soln) points 

Wilson (H) 14 1942 27 204 0.22 0.5 427 

Bertetti I H I 15 1936 20 0.52 0.98 24 

Bertetti (Cp) 16 1936 0 93 0.48 1.00 264 

Ackermann ( C'p ) I 7 1957 I 0 130 0.926 0.980 27 

Wilson I ('p) 14 1942 27 149 0.22 0.5 146 
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All enthalpy values were calculated at atmospheric pressure. Equation ( 11 ) 
can be used to recalculate the enthalpy at other pressures. However, the 
pressure dependence was found to be negligible. 

0-T -r., P \ ~ T - - } , ,  (11) 

The polynomial function, given by Eq. (12), can be used to correlate the 
solution enthalpy, H, as a nonlinear function of temperature, t. This func- 
tional form has also been used by Feuerecker et al. [ 19] to correlate the 
enthalpy for LiBr/H_~O solutions. 

/3 H - c  I -'1- C. 1 -'1- C3 12 "}- C4 (12) 

The coefficients c t - c  4 are polynomial functions of mass fraction 
.\-(kg H_~O.kg ~ soln) and are expressed by Eqs. (13)-(16). It should be 
noted that the first coefficient c~ gives the solution enthalpy at 0~ 

k no + k n2 x + k 114 .\" - -~ ]( 116 .X ( 13 ) 

c'~ = 1 + k t l  I x + k113 X2 + k l t s x  3 + kit7 X4 

c~ = ln.  + / m  x + .. .  + Ins.\ '~ (14) 

d' 3 = D l l l  ( + I H I I  I .\" ~- . . .  + 1t1117.\ "7 ( 15 ) 

C 4 = II11(i "Jc Il11 [ -u "Jr- " ' "  "Jr- 11117.V 7 (16) 

The numerical values of the constants in Eqs. (13)-(16) are given in 
Table VI. It should be noted that the enthalpy correlation, represented by 
Eqs. (12)-(16),  must be used within the temperature and concentration 
ranges indicated in Table VII. 

Table VI. Ntmle l ica l  Values o f  the C o n s t a n t s  in Eqs. ( 13) - (16)  

kn,  , 1288.4485 11/. 2 .3087919 mu,,  

k l l  I - 0 . 4 9 6 4 9 1 3 1  In,  - 9 . 0 0 0 4 2 5 2  m m 
k n ,  - 4 3 8 7 . 8 9 0 8  lu2 167.59914 mlt -  

kn~ - 4 . 0 9 1 5 1 4 4  /u~ -1051.6368 mu~ 

ktm 4938 .2298  IIi 4 3394.3378 ran-* 

ku~ 7.2887292 lit 5 - 6 1 1 5 . 0 9 8 6  mu~ 

k n ,  - 184 I. [ 890 Ii1, 6220.8249 m u. 

kit7 - 3 . 0 2 0 2 6 5 1  Iii 7 - 3 3 4 8 . 8 0 9 8  /Hit7 
[Its 743,87432 

0 .02302860 n n .  - 8 . 5 1 3 1 3 1 3 E - 5  

- 0 . 3 7 8 6 6 0 5 6  n m 1 3 6 . 5 2 8 2 3 E - 5  

2.4529593 nn2 - 8 7 5 . 6 8 7 4 1 E - 5  

- 8.2693542 nn~ 2920.0398 E - 5 

15.728833 n 11-* - 5488.2983E - 5 

- 16.944427 ntl  s 5 8 4 1 . 8 0 3 4 E -  5 
9 .6254192 n u .  - 3 2 7 8 . 7 4 8 3 E -  5 

- 2 . 2 4 1 0 6 2 8  nlw 7 5 4 . 4 5 9 9 3 E -  5 
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Table VII. Tempera ture  and Concentrat ion Ranges for Enthalpy and Viscosity Correlat ions 

Enthalpy correlation, 

Eqs.(12)  (16) 

Temp. range 

I~  

Viscosity correlation, 
Eqs. ( 1 7 ) ( 2 1 )  

Conc. range Temp. range Cone. range 
(kg HzO/kg  soln) (~C) (kg H 2 0 / k g  soln) 

0 ~ < t < 4  0.780 ~<.v ~< 
4 ~ < t <  10 0.680 ~< x <~ 

10~<t< 15 0.580 ~< x ~< 
1 5 < ~ t < 2 6  0.540~<x~< 
26 ~<t < 37 0.440~<x <~ 
37 ~< t < 48 0.400 ~< .v ~< 
48 <~ t < 60 0.340 ~< x ~< 
60 ~< t < 71 0.300 ~< x ~< 1 
71 ~ < t < 8 2  0.280 ~< x ~< I 
82 ~< t < 9 3  0.240 ~< x ~< 1 
93 ~ t ~< 204 0.220 ~< x ~ I 

20 ~< t < 30 0.60 ~<.v~< I 
3 0 ~ < t < 5 0  0.55 ~<.v ~< I 
50 ~ t < 70 0.45 ~<.v4 I 
70~< t<  150 0.30 ~<.v ~< 1 

150~< t ~< 200 0.20 ~<.v ~< 1 

A total of 901 experimental and extrapolated data was used in the 
derivation of the enthalpy correlation. Figure 5 shows a plot of the correla- 
tion where the calculated and extrapolated areas are indicated. The relative 
deviation between experimental/extrapolated data and computed values 
is displayed in Fig. 6. The absolute and relative average errors for the 
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Fig. 5. Plot of the enthalpy correlation. ( - - )  Computed  using 
experimental enthalpy data: ( . . . . . . . .  ) computed  using extrap- 
olated specilic heat data; ( - -  ) computed  using experimental 
specific heat data. 
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solution enthalpy are 0.32 kJ. kg -~ and 0.08%, respectively, while the 
corresponding values for the maximum errors are 2.15 kJ-kg ~ and 
1.24%, respectively. It should be noted that experimental enthalpy data 
were used within the concentration range 0.20-0.52 kg H , O  kg ~ soln, 
while experimental data for the specific heat of aqueous sodium hydroxide 
solutions were used to compute the enthalpy at concentrations above 
0.52 kg H 2 0  �9 kg - l soln. The vertical line in Fig. 6 was plotted to indicate 
this difference. 

5. VISCOSITY 

The literature survey resulted in three publications [20-22] ,  presented 
in Table VIII, that contain some experimental data for viscosity. Unfor- 
tunately, data at low water concentrations and high temperatures are mis- 
sing. Moreover, very few viscosity data could be found in literature at high 
water concentrations and low temperatures (0-20~ For instance, the 
experimental results of Mashovets et al. [20]  include only four viscosity 
data within this range. Since considerable changes are expected in the 
viscosity of aqueous sodium hydroxide solutions within the temperature 
range 0-20~ it was decided not to include these four data and to restrict 
the correlation to temperatures above 20~ Existing data were therefore 
used to extrapolate new data points. To facilitate the extrapolation and the 
subsequent derivation of an appropriate viscosity correlation, the term 
ln(iL~o~,,~o,,/l~w,,l~,) r was calculated for each data point. This calculation 
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Table VIII. Literature Sources (/1" Experimental  Data Ibr Viscosity 

First Rel: Temp. range Cone. range No. data 
au thor  No. Year (~'C) (kg H , O / k g  soln) points 

Mashovets  20 1970 0 275 0.556 0.980 52 
Baron 21 1967 25 9(/ 0.520 1.000 31) 
K rings 22 1948 22 70 0.272 - 1.000 69 

results in a more appropriate structure of the functional surface which is 
conditional for a good correlation. 

Equation (18) was used to correlate the viscosity, ll, of the sodium 
hydroxide solution as a function of temperature t. Equations (17)-(20)  
were used to calculate the coefficients d~-d 3 as polynomial functions of 
mass fraction x(kg H . O  kg t soln). 

In('l~'''~"'~ = d ,  +d,_t ~ + d , t  (17) 
k I]watcr /7"  

dl =k~,l(1 - - x )  + . . .  +k/,4(1 _.u (18) 

d 2 = / m ( 1 - x ) +  . . .  + l ~ , 5 ( l - x )  s (19)  

d 3 = mr, l( 1 - x )  + .-. + mj,~( 1 - . v )  -~ (20) 

The data tabulated in Ref. 18 were used to derive Eq. (21) for the viscosity 
of pure water. 

pl,,~,,~ = exp(n~, .  + n~, ~ t + n~, 2 t ~~ + n j, 312.5 + n~, 4 t 3) (21 ) 

The numerical values of the constants k, l, m, and n in Eqs. (18)-(21),  
respectively, are tabulated in Table IX. The viscosity correlation, given by 
Eqs. (17)-(21),  is valid within the temperature and concentration ranges 
indicated in Table VII. 

Table IX. Numerical Values of the Cons tan ts  in Eqs. (18). 121 ) 

kj, t -6 .1420727 /in 2.3171396 rot, I -0 .1152143 
k~, 2 124.64849 /j, 2 - 23.153644 mj,_,  1.0543467 
kl, ~ - 247.08170 Ii, ~ 49.267937 mj,~ - 2.3693277 
k~ 4 147.73585 / t , 4  36.970260 m/,4 2.0099091 

/i, 5 6.5882887 mj, 5 -0 .5257284 

nj,. 0.5868156 
njn -0.0398182 
n/, 2 0.00247793 
hi, ~ - 4 . 9 4 2 7 . E - 6  
nt, 4 1 . 4 8 7 0 1 . E - 7  
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Fig. 7. Plot of the viscosity correhttion. ( - )  Computed using 
experimental viscosity d a t a : (  . . . . . . . .  ) computed  using extrap- 
olated data. 

The solution viscosity is plotted as function of mass fraction in Fig. 7, 
where the calculated and extrapolated areas are also indicated. The relative 
deviation between experimental data and computed values, using the 
derived correlation for the viscosity, is shown in Fig. 8. The absolute and 
relative average errors for the solution viscosity are 0.17cP and 2.13%, 
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respectively while the corresponding values for the maximum errors are 
5.6cP and 12.2%, respectively. As can be observed, the accuracy of this 
correlation is not as good as the correlations derived in this work for the 
other physical properties. The lack of experimental data in some intervals 
of the temperature and concentration ranges should contribute to some 
uncertainty. Another factor could be the degree of accuracy of the available 
experimental data. For instance, some of the data reported by Krings [ 22 ] 
diverge, within the mass fraction interval 0.25-0.75, from other experi- 
mental data. 
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NOMENCLATURE 

ai 
bi 
Ci 
Cp 
di 
H 
kpi  
k l,i 
k i l l  
ktti 
lpi 
lpi 
llli 
l,i 
Itl Pi 

I71 Hi 

]~iti 
nHi 
nlti 
P 
t 

Coefficients in Eq. (2) 
Coefficients in Eq. (6) 
Coefficients in Eq. (12) 
Specific heat (kJ .kg ~-K t) 
Coefficients in Eq. (18) 
Enthalpy of solution (kJ �9 kg-  ~ soln) 
Constants in Eq. (3), given in Table II 
Constants m Eq. (7), given in Table IV 
Constants m Eq. (13), given in Table VI 
Constants m Eq. (18), given in Table IX 
Constants m Eq. (4), given in Table II 
Constants in Eq. (8), given in Table IV 
Constants m Eq. (14), given in Table VI 
Constants in Eq. (19), given in Table IX 
Constants in Eq. (5), given in Table II 
Constants in Eq. (9), given in Table IV 
Constants in Eq. (15), given in Table VI 
Constants in Eq. (20), given in Table IX 
Constants in Eq. (16), given in Table VI 
Constants in Eq. (21), given in Table IX 
Vapor pressure of solution (kPa) 
Temperature (~ 
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Mass fraction of NaOH-H_~O solution (kg H_,O. kg-~ soln) 
Dynamic viscosity [cP(g. s - t .  m ~)] 
Density (kg.m 3) 
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