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SUMMARY 
Absorption heat transformers are devices with the unique capability of raising the temperature of part of a low grade 
heat source whilst simultaneously delivering the rest of the heat at a lower temperature. The gross temperature lift 
attainable in the process depends on the characteristics of the working pair. Many combinations of working 
fluid/absorbent have been proposed although until now the water/lithium bromide system is the most widely used. 
Experimental results for the water/calcium chloride working pair in an absorption heat transformer are discussed. 
The highest gross temperature lift was found to be 19°C for an absorber temperature of 84°C. The highest value for 
the coefficient of performance was found to be 0.45, this means that 45% of the waste heat could be recovered at a 
higher temperature. 
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1. INTRODUCTION 

Currently, international concern about the depletion of the ozone layer and the greenhouse effect is 
stimulating research on clean technologies for the efficient use of energy. Absorption heat transformers 
can be used to recover approximately 50% of low grade heat for use at a higher temperature, using only a 
small amount of high grade energy. As large amounts of low grade heat are rejected to the surroundings, 
the application of heat transformers in industrial processes, using environmentally friendly working fluids, 
is desirable. Low enthalpy geothermal fluids and solar energy can also be used as heat sources for heat 
transformers. 

Heat transformer technology has proved to be successful in energy consuming processes where 
relatively low temperatures are required, such as distillation, evaporation and drying. Two stage 
absorption cycles enable the gross temperature lift to be increased to meet requirements for higher 
temperature processes (Alefeld et al., 1991; Rivera et al., 1994a and Rivera et al., 1994b). 

At present there are about fifteen units in operation in industrial plants, all of them utilizing the 
water/lithium bromide system. Characteristics of heat transformer operation in industrial plants have 
been published (Mashimo, 1987; Jansen and Wormgoor, 1987; Berntsson, 1991). For reasons of lithium 
bromide solutions corrosivity above 150°C, as well as cost and availability, alternative working pairs have 
been proposed (Herold et al., 1991; Iyoki and Uemura, 1989). 
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Calcium chloride is a salt with sufficiently desirable properties to be used as an absorbent in heat 
transformers (Smith, 1990). Aqueous calcium chloride solutions exhibit a high negative deviation from 
Raoult's law. This enables a low solution circulation rate to be used in the process. Although the 
solubility of calcium chloride in water is not high, it has other desirable characteristics such as low 
viscosity and high stability. In general, in selecting absorbents for heat transformers the emphasis should 
be on safety, economy and efficiency. 

Experimental data for the system water/calcium chloride in a heat tranformer have been obtained by 
Siddig et al. (1983). Theoretical data have been obtained by Barragin et al. (1991). 

2. HEAT TRANSFORMER PROCESS 

The process for a single stage absorption heat transformer involves two pressure levels as shown in 
Figure 1. Waste heat is supplied to the evaporator to evaporate the working fluid at the higher pressure. 
When it is vaporized it is fed to the absorber where it is absorbed by the absorbent solution. The 
absorber operates at the same pressure as the evaporator. Since the vaporized working fluid releases its 
latent heat on condensation, the absorber constitutes the heat delivery component. The absorbent, which 
has been diluted by absorbing the refrigerant vapour, is fed to the generator through the economizer. 
The diluted absorbent solution is heated by waste heat in the generator at the lower pressure and the 
working fluid is vaporized. This process regenerates the absorbent solution, which is pumped back to the 
absorber through the economizer. The vaporized working fluid is then cooled in the condenser by the 
cooling water and condensed. The condenser operates at the same pressure as the generator. The 
condensate is pumped to the evaporator to close the cycle. The economizer is used to exchange heat from 
the hot dilute solution stream to the concentrated absorbent stream in order to reduce irreversibilities in 
the process. An additional heat exchanger, between the generator/condenser stream and the 
condenser/evaporator stream could be used, but its effect on the overall efficiency of the system would 
be negligible (Pereira and Bugarel, 1989). 
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Figure 1. Schematic diagram for the absorption heat transformer 
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3. MAIN DESIGN PARAMETERS FOR HEAT TRANSFORMERS 

A description of the main design parameters for heat transformers is given as follows. 

temperatures. 

to the mass flow rate of the working fluid. Equation (1) was used to calculate the flow ratio: 

The gross temperature lift (GTL) is defined as the difference between the absorber and the evaporator 

The recirculation flow ratio (FR) is the ratio of the mass flow rate of the solution leaving the absorber 

(1) 

The actual coefficient of performance (COP), of a heat transformer is defined as the ratio between the 
useful heat delivered by the absorber and the total heat input. This is a measure of the efficiency of the 
process. Equation (2) was used in order to calculate the coefficient of performance: 

FR = X G E  /( X G E  - X A B  ) 

The enthalpic coefficient of performance (COP), is expressed in terms of enthalpy data where 
equilibrium is assumed. Substituting the enthalpy data in equation (2), it becomes 

(3) 

where the subscripts refer to the locations in Figure 1. For this solution, the enthalpic coefficient of 
performance was calculated for the actual temperatures and concentrations of solutions in the process 
[(COP),],. This enthalpic coefficient of performance was considered to be a better estimation of the 
performance compared with the actual coefficient of performance. The reason for this is that the actual 
coefficient of performance is calculated using the external absorber heat. This external absorber heat is 
calculated from the temperature difference in the absorber heat sink. 

The enthalpic coefficient of performance for the actual temperatures in the economizer can be 
considered as the internal coefficient of performance of the equipment. 

The internal absorber heat (Qm)INTERNAL was calculated from the internal coefficient of performance 
using equation (4): 

The external absorber heat ( e m >  was calculated using equation (5): 

(COPIE = [(FR - 1)H3 +HI, - FR X H,]/[(FR - l ) H l  + H ,  +HI, - FR X H6 - H8] 

(QAB )INTERNAL = Q I N P U T [ ( ~ ~ ~ ) E ] T  (4) 

where F is the mass flow rate of the absorber heat sink, C, is the specific heat capacity of the absorber 
heat sink and T is the temperature of the absorber heat sink. 

Unintentional heat losses (QLosT) were calculated using equation (6): 

The effectiveness of the economizer (EEc) is defined as the actual heat transfer divided by the maximum 
possible heat transfer between the solutions through the economizer. The effectiveness of the economizer 
was calculated using equation (7) (George and Srinivasa Murthy, 1993): 

The correlation for vapour pressure as a function of concentration and temperature for calcium chloride 
solutions is given by equation (8) (Siddig et al., 1983): 

(8) 
which has a mean error of 1.74% and is valid in the ranges 41.9% I X I 56.7% and 40°C I T I 105°C. 

The enthalpies ( H )  for the calcium chloride solutions were calculated using equation (9) (Siddig et al., 
1983): 

(9) 
which has a mean error of 0.776% and is valid in the same ranges for X and T as in equation (8). 

log,, P = 0.00557746X + 3.60351 - (27.8467X + 1159*57)/T 

In H = 0.147176X - 4.6662 + 6.4985 exp ( - 0-046855X) 1nT 
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4. EXPERIMENTAL EQUIPMENT 

The experimental heat transformer was made of glass and is shown in Figure 2. The nomenclature for 
Figure 2 is given in Table 1. The components of the heat transformer have already been described by 
Barragin et al., (1994). 

5. RESULTS AND DISCUSSIONS 

Aqueous solutions of calcium chloride were made using analytical grade calcium chloride supplied by J. 
T. Baker, Xalostoc, Mtxico, and distilled water. Standard solutions were prepared in order to obtain their 
refractive index using a refractometer at a temperature of 40°C. The experimental relationship between 
the concentration of the solution and the refractive index 1, is given in equation (10): 

(10) 

The mean error for concentration calculations was estimated to be - 0.084%. The results were as follows. 
Figure 3 is a plot of the gross temperature lift against the absorber temperature for an evaporator 

temperature of 66.4 f 14T. It is seen that the gross temperature lift increases as the absorber 
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Figure 2. Diagram of the experimental heat transformer 
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Table 1. Description of the parts of the experimental heat transformer (see 
Figure 2) 

Part Description 

AB 
co 
EV 
EC 
GE 
B1 
B2 
B3 
R1 
R2 
RA 
RC 
TV 
T 
D 
P 
BA 
BV 
VAC 
vc 
PA 
PM 

absorber 
condenser 
evaporator 
economizer 
generator 
strong solution pump 
weak solution pump 
working fluid pump 
strong solution rotameter 
weak solution rotameter 
absorber heat sink rotameter 
condenser cooling water rotameter 
vacuum trap 
condenser cooling water container 
main drain 
pressure transducer 
constant temperature bath 
vacuum pump 
vacuometer 
check valve 
expansion valve 
sampling point 

temperature increases. The reason is that higher concentrations of solution can be obtained at higher 
temperatures with the limitation imposed by the solubility. For an absorber temperature of 84°C the 
gross temperature lift was calculated as 19°C. 
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Figure 3. Gross temperature lift against the absorber temperature for the water/calcium chloride experimental runs in the heat 

transformer 
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The gross temperature lift was found to be dependent on the flow ratio with the absorber temperature 
as a parameter. Figure 4 is a plot of the gross temperature lift against the flow ratio for an absorber 
temperature of 88°C. As the flow ratio increases, the gross temperature lift increases. The reason for this 
is that the flow ratio depends on the difference in concentration of the solution in the cycle. For low flow 
ratios, large concentration differences occur which reduce the temperature difference between the 
absorber and the evaporator. However, low flow ratios are desirable in order to maximize the heat 
transformer performance since the solution carried heat irreversibly from the absorber to the generator. 

The above mentioned irreversible heat transfer can be minimized using the economizer. The 
effectiveness of the economizer is dependent on the flow ratio, as can be seen in Figure 5. The 
relationship between the two parameters indicates that the effectiveness is higher for lower flow ratio 
values. This result suggests that larger heat losses due to fluid circulation occur for higher flow ratios, as 
will be shown later. A similar behaviour for the effectiveness of an economizer in an absorption cooling 
system was observed by Best (1990). 

Figure 6 is a plot of the enthalpic coefficient of performance for the actual temperatures and 
concentrations of both weak and strong solutions in the process against the flow ratio. It is seen that the 
coefficient of performance decreases as the flow ratio increases. The reason could be the fact that for 
lower flow ratios higher economizer effectiveness values were found suggesting that the heat transfer 
irreversibilities significantly decreased. Smith and El-Shamarka (1982) pointed out the importance of the 
economizer performance in maximizing the gross temperature lift of a heat transformer. The capacity of 
the economizer would allow the increase of the flow ratio in order to obtain higher gross temperature 
lifts. Experimentally, enthalpic coefficient of performance values higher than 0-4 are observed for flow 
ratio values less than 10. 

Figure 7 is a plot of the enthalpic coefficient of performance against the gross temperature lift. As can 
be seen, the enthalpic coefficient of performance decreases as the gross temperature lift increases. 
However as the heat source is cheap or free, the coefficient of performance is not the most critical 
parameter. It is observed for this system that gross temperature lift values up to 15°C correspond to 
enthalpic coefficients of performance higher than 0.3. 

Figure 8 is a plot of the internal absorber heat against the external absorber heat. The internal 
absorber heat is higher than the external absorber heat, which suggests that the heat transfer between 
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Figure 4. Gross temperature lift against the flow ratio for the water/calcium chloride experimental runs in the heat transformer 
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Figure 6. Enthalpic coefficient of performance for the actual temperatures against the flow ratio for the water/calcium cloride 
experimental runs in the heat transformer 

the solution and the absorber heat sink is not as efficient as it could be. Consequently, when the external 
absorber heat is used to calculate the unintentional heat losses, very high values are obtained - 
suggesting that they could be overestimated. Figure 9 is a plot of the heat lost calculated from the 
internal absorber heat (Q,,,,) against the flow ratio. The tendency shows that the heat losses increase as 
the flow ratio increases. As previously mentioned, as the flow ratio increases the losses due to the 
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circulation of the solution become larger increasing the irreversibility of the process. Heat losses of about 
40% are found for flow ratio values less than 18. 

Figure 10 is a plot of the actual coefficient of performance (COP), against the heat lost (QLosT). For 
the calculation of both parameters, the external absorber heat (QAB) is utilized. As can be seen, there is a 
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Figure 8. External absorber heat against the internal absorber heat for the water/calcium chloride experimental runs in the heat 
transformer 
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Figure 9. Heat losses calculated from the internal absorber heat against the flow ratio for the water/calcium chloride experimental 
runs in the heat transformer 

relationship in which the actual coefficient of performance decreases as the heat lost increases. As 
previously mentioned, it is possible that the heat losses have been overestimated because of the relatively 
poor heat transfer between the weak solution and the heat sink in the absorber. 
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Figure 10. Actual coefficient of performance against the heat lost for the water/calcium chloride experimental runs 
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6. CONCLUSIONS 

Experimental performance data for the system water/calcium chloride in an absorption heat transformer 
show that the system is suitable for upgrading the temperature of low grade heat. Because of the 
relatively low solubility of calcium chloride compared with that for lithium chloride, the experimental 
results show lower gross temperature lifts than those obtained for the system water/lithium chloride on 
the same experimental heat transformer, (Barragin et al., 1994). However, the performance of the 
water/calcium chloride system with regard to gross temperature lift compares favourably with experi- 
mental results for the system R21/DMF (George and Srinivasa Murthy, 1993). 

The highest experimental gross temperature lift obtained is 19°C at an absorber temperature of 84°C. 
The behaviour for the gross temperature lift and the absorber temperature suggest that higher gross 
temperature lifts could be obtained for higher absorber temperatures, since the amount of salt in the 
solution can be increased according to solubility. 

The enthalpic coefficient of performance has values of the order of 0-45 for flow ratios below 6. It is 
observed that in order to obtain efficiencies greater then 30%, flow ratio values less than 10 are required. 
This means that at least 30% of the low grade heat could be upgraded. 

It is observed that both the actual and the enthalpic coefficients of performance decrease as the flow 
ratio increases. However, the gross temperature lift increases for higher flow ratios. Thus, the flow ratio is 
an important optimizing parameter for absorption heat transformers. 

The experimental equipment is considered to have been too small to obtain reliable measurements for 
the actual coefficient of performance. 

The experimental results qualitatively agree with results from theoretical modelling for the 
water/calcium chloride system in a heat transformer (Barragin et af., 1991). 

NOMENCLATURE 

COP 
E = effectiveness (dimensionless) 

FR 
GTL 
H 
I, = refractive index (dimensionless) 
Q = heat load (W) 
T = temperature PC, K) 
x = concentration (wt%) 

= coefficient of performance (dimensionless) 

= specific heat capacity (J g-' K-'1 
= flow ratio (dimensionless) 
= gross temperature lift PC) 
= specific enthalpy (J g- ')  

CP 

Sic bscripts 

A = actual 
AB = absorber 
co = condenser 
GE = generator 
E = enthalpic 
EC = economizer 
EV = evaporator 
ss = strong solution 
WS = weak solution 
IN = inlet stream 
OUT = outlet stream 
T = temperature 
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