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1. GENERAL FEATURES

Methanol-Salt solutions were proposed in the Literature as working fluids for ab-
sorption refrigerating machines since about 1940 [1]; they had no relevant development
in commercial engines but, nevertheless, researches have continued until today [2] .
That may be explained because these fluids look attractive for absorption refrigeration:
if compared with Water-Lithium Bromide, they show about the same advantages: no
rectification, very high solubility, high heat of vaporization, also if lower than that of
Water. Moreover, they allow to reach evaporating temperatures below 0 °C (the triple
point of Methanol is -97.7 °C), that is not possible with Water-Lithium Bromide.

In the present work the ternary mixture Methanol-Lithium Bromide-Zinc Bromide
is considered. In the Literature it is possible to find data on the thermophysical proper-
ties of this mixture only for a fixed value of the molar ratio between the two salts
(2:1, that means two moles of LiBr for one mole of ZnBr2). We have extended the
research to the molar ratios 3:1 and 1:2,in order to investigate how the values of the
thermophysical properties vary and to individuate, if any, the most favourable mixture
for use in absorption machines. Besides the ratio 2:1 is also considered and the
results compared with the data from Literature.

The following properties have been determined: vapour pressures, specific heat,
kinematic viscosity, density. The experimental values have been then introduced in a
computer program, in order to evaluate the performances of each mixture with refe-
rence to a basic refrigerating cycle; a comparison has been also made with the per-
formances of the mixture Water - Lithium Bromide.

2. SUBSTANCES AND MIXTURES

The used Methyl Alcohol is produced by Carlo Erba S.R.L., Milan, Italy; purity:
> 99.9%; principal impurity: Water (<0.08%). Lithium Bromide and Zinc Bromide are
produced by Merck, Darmstadt, F.R.G.; purity: >99%; principal impurities : Chlorine
( <0.1%), Iodine (<0.02%).The mixtures have been prepared according to a procedure
described in a previous work [3]. The molar ratios 2:1, 3:1, 1:2 between LiBr and ZnBr2
have been considered. For each molar ratio, samples were prepared for mass concentra-
tions of Methanol of 40%, 50%, 70%, 90%. Each sample was prepared in a quantity
large enough to complete all the experimental procedures (about 500 gr for each
sample).

3. VAPOUR PRESSURES

The experimental apparatus and procedure were described in a previous work [4].
The P-T-X curves have been determined on samples of solution at fixed concentration;
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the temperature of the sample is varied and contemporary measures of pressure and
temperature are operated. The apparatus [4] has been improved with the utilization of
a data logger, so that the P-T-X curves are automatically sketched. On the average, six
experimental points are determined for each sample at fixed concentration: the results
are reported in table 1, The experimental data may be correlated by means of the
Antoine equation:

logP = A-BT (1)

The constants A and B are determined as functions of the mass concentration X, for

the mixtures having ratios 2:1, 3:1 and 1:2 between the moles of LiBr and ZnBr2 within
the solution; so the P-T-X diagrams of figg. 1, 2, 3 can be sketched. A general tendency
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Fig.2- P-T-X diagram of the mixture CH3OH-LiBr-ZnBr2 (3:1)
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Fig.13 - CH30H-LiBr-ZnBrz (1:2) :
Density vs. temperature for
different concentrations

Fig.12 - CH30H-LiBr-ZnBrz2 (3:1) :
Density vs. temperature for
different concentrations

So, in order to avoid high value of the vis-
cosity, a molar ratio higher than 0.5 should
be considered.

6. DENSITY

The densities of the mixtures are
measured by means of a glass vessel having
a volume of 220 cms; the vessel has a
graduated neck which allows to appreciate
maximum variations of volume as high as
ab%ut 20 cm”, with a sensibility of about 0.1
cm”, Before each measure the vessel is ac-
curately cleaned and dried, then filled
with the sample and closed up. After the
vessel is put inside the climatic room; a
magnetic stirrer is used to avoid
stratification. At least four measures are
made for each sample and the results are
reported in table 4; they can be correlated
by straight lines, which are sketched on
figg. 11, 12, 13,

642

7. COMPARISON OF FLUIDS

The fluids are compared with each other supposing that they are employed within
an absorption refrigerating machine; two evaporating temperatures are considered, the
first one is equal to -10 °C (Cold Storage), the second one is equal to +3 °C (Air
Conditioning). In the latter case, the mixture H20-LiBr is also included in the com-
parison; the data are taken from Mc Neely [9]. The temperature To of the environment
is variable in the range 0 ; 35 °C.

Two types of analysis are carried on. In the first one (fig.14) the temperature Th of
the heating fluid is reported vs. To. The temperature Th is supposed to be 10 °C higher
than the minimum generator temperature for the given operating conditions [10]. The
best performances are shown by CLZ31, which exhibits the lower Th, both with
Te = -10 °C and Te = +3 °C; CLZ31 is followed by CLZ21, while the curves of
CLZ12 are early interrupted, because invading the crystallization zone. All fluids look
better than H20-LiBr,at Te = +3 °C; anyway the differences between the Th of the
different fluids do not exceed 5 °C. In the second analysis (fig.15) the theoretical C.O.P.
is reported vs. To. The C.O.P. looks practically insensible to variations of the
evaporating temperatures. A marked influence of the fluid nature may be observed:
H20-LiBr is undoubtely the best mixture (only for Te = +3 9C), while CLZ21 shows
better performances than the other alcohol-salt ternary mixtures; this behaviour is
enhanced at low environment temperatures. It may be concluded that, among the
ternary mixtures CH3OH-LiBr-ZnBrz, the mixture named CLZ21 shows, in the whole,
the most desirable set of characteristics for use in an absorption refrigerating machine,

8. LIST OF SYMBOLS

A = Constant in Antoine Equation

B = Constant in Antoine Equation (K)

CLZ21 = Ternary Mixture CH30H-LiBr-ZnBr2 (2:1)

CLZ31 = Ternary Mixture CH30H-LiBr-ZnBr2 (3:1)

CLZ12 = Ternary Mixture CH30H-LiBr-ZnBr2 (1:2)

C.0.P. = Coefficient of Performance

MR = (Moles of ZnBr2) / (Moles of LiBr + Moles of ZnBr2)
P = Pressure (KPa)

T = Temperature (°C, K)

X = Concentration of Refrigerant (% by weight)

Greek Letters Subscripts

y= Specific Heat (KJ/Kg K) e =evaporator
v= Kinematic Viscosity (mm®/s) h=supply

o=environment

p= Density (Kg/m’)
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FLUIDES POUR ABSORPTION: DONNEES EXPERIMENTALES ET
PERFORMANCES OPERATIONELLES

Résumé : Le données expérimentales des propriétés thermophysiques sont determinées
pour le composé ternaire CH3OH-LiBr-ZnBrz; plusieurs rapports molaires entre
ZnBr3 et LiBr sont examinés, Les performances des solutions quand ils travaillent dans
un réfrigérateur 4 absorption sont calculées et comparées entre eux et aussi avec la
solution H20-LiBr.





