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1 Introduction

Some research is being developed at IST (Instituto Superior Técnico, Technical University of Lisbon)

to contribute for the design of a commercial small capacity air cooled absorption chiller to be used with

solar energy. A prototype of a chiller that uses an ammonia-water single effect cycle was built and tested.

Its detailed description can be found in [1] and its basic layout is shown schematically in figure 1. A

Fig. 1: Schematic of the absorption chiller.

necessary step towards the development of a commercial machine is the improvement of its components

and the optimization of the total annual operation cost. The exergetic analysis enables the knowledge on

how the machine is destroying exergy and where to concentrate efforts in order to minimize irreversibility

fluxes and, consequently, optimize the machine performance. The thermoeconomic optimization allows

the minimzation of the total annual operation cost.

Until now, these analysis have been made for components with constant minimum temperature ap-

proaches or with constant UA values. The analysis with constant UA values is an improvement in the

sense that, if the heat transfer coefficients don’t vary too much in the analysis, the area of the compo-

nents will not vary too much too and the model will be closer to a real machine [2]. However, for a more

detailed analysis, it is necessary to integrate more detailed models of the heat exchangers.

Based on experimental data of the heat and mass exchangers, a cycle model has been developed

and an exergy analysis has been performed in order to quantify the irreversibility fluxes of the main

components and of the whole cycle. A parametric study was done in order to analyse the influence

of the minimum temperature approaches on the whole cycle. Based on the exergy analysis a ther-

moeconomic optimisation was done. The results obtained with variable heat transfer coefficients model

were compared with those obtained with constant minimum temperature approaches. A thermoeco-

nomic optimization was done in order to find the optimized minimum approach temperature of each heat

exchanger of the machine minimizing the total costs (investment and energy).
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2 Exergetic analysis and thermoeconomic optimisation of the machine

2.1 Constant minimum temperature approaches model

In this model, the performance of the heat exchangers is described by means of a constant value for the

minimum temperature approaches.

The parametric study consisted in, starting from a nominal cycle with specific operating conditions,

varying the minimum temperature approach of a heat exchanger while maintaining constant the min-

imum temperature approaches of the other components. This variation of the minimum temperature

approach of a component implies a change of the cycle operation conditions. The variation of the ex-

ergy fluxes and of the exergy destruction in each component and in the whole cycle is then analysed.

To carry out the thermoeconomic optimization one has to define the annual total operation cost as a

function of the parameter which is being varied by the optimization. In this case, the varied parameter

is the minimum temperature approach in the heat exchanger or, equivalently, the heat exchanger area.

The total annual operation cost is given by

CT (∆T1, ..., ∆T6) = topc
ε
eĖe(∆T1, ..., ∆T6) + ac

n∑
l=1

Cc
l (∆Tl) + bc (1)

where, CT is the total annual operational cost, ∆Ti are the minimum temperature approach in the ith

component, top is the annual operation time, cexin is the unitary exergy cost, Ėin is the net exergy flux

entering the cycle, ac is the capital recovery factor, CC
l is the capital cost of the lth component and bc

represents other cost contributions, such as maintenance, which are not affected by the optimization.

2.2 Variable heat transfer coefficients model

As stated before, a more detailed analysis requires more detailed models for the heat exchangers. When

performing the exergetic analysis with variable heat transfer coefficients, the real performance of the heat

exchangers was taken into account in the cycle simulation by means of multi-variable linear regressions

to describe temperature differences in the components. The regressions are based on experimental

data and are presented in [3]. In short, these regressions describe temperature approach differences at

the inlet or outlet of a component or temperature glides of the fluids in the component. The residuals of

these regressions have values between 0.1 oC (for the evaporator) and 0.7 oC (for the refrigerant heat

exchanger, when the hot side has the higher heat capacity rate).

The parametric study consisted in varying the minimum temperature approach of a heat exchanger,

as a result of an area change, and analysing its effect in the whole cycle, while the areas of the other

components were kept constant. In this case, the minimum temperature approaches of the heat ex-

changers varied as a consequence of the change in operating conditions. Then, the exergy fluxes were

computed and the exergy destruction in each component and in the whole cycle was analysed.

To carry out the thermoeconomic optimization one has to define the annual total operation cost as a

function of the parameter which is being varied by the optimization. In this case, the varied parameter

is the minimum temperature approach in the heat exchanger or, equivalently, the heat exchanger area.

The total annual operation cost is given by

CT (∆T1, ..., ∆T6) = topc
ε
eĖe(∆T1, ..., ∆T6) + ac

n∑
l=1

Cc
l (∆Tl) + bc (2)
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where, CT is the total annual operational cost, ∆Ti are the minimum temperature approach in the ith

component, top is the annual operation time, cexin is the unitary exergy cost, Ėin is the net exergy flux

entering the cycle, ac is the capital recovery factor, CC
l is the capital cost of the lth component and bc

represents other cost contributions, such as maintenance, which are not affected by the optimization.

3 Results and discussion

3.1 Exergy analysis

The power of the heat exchangers of the chiller, their exergy flux input and output and the resulting

irreversibility fluxes for nominal conditions are presented in Table 1.

Component Q [kW] Ei [kW] Eo [kW] I [W]

Absorber 7.4 1.9 1.6 287

Desorber 8.1 14.0 13.8 182

Evaporator 8.1 1.1 1.0 60

Condenser 5.8 1.5 1.4 132

Solution HX 4.7 2.3 2.1 175

Refrigerant HX 0.4 1.4 1.4 5

Tab. 1: Power, input and output exergy flux and irreversibility fluxes of the heat exchangers of the ab-

sorption chiller for nominal conditions.

The irreversibility fluxes of the external heat exchangers (absorber, desorber, condenser and evap-

orator) obtained with the constant minimum temperature approaches model are presented in figure 2.

Those obtained with the variable heat transfer coefficients model are presented in figure 3. The figures

show, for each component and as function of the minimum temperature approach, the difference be-

tween the irreversibility flux and the nominal irreversibility flux of the component, of the whole cycle, as

well as of the components which have the major contribution to the total irreversibility flux.

Comparing figures 2 and 3, a major difference can be found between the two cycle models. For

constant minimum temperature approaches, an increase of the minimum temperature approach in a

component always lead to an increase of both the component irreversibility flux and the total irreversibil-

ity flux. The increase in the total irreversibility flux can be higher or smaller than the increase in the

irreversibility flux of the component, depending on the changes of the other components irreversibility

fluxes. Nevertheless, an improvement of a heat exchanger (an increase of its area) will always improve

the whole cycle. By the other hand, the model of the variable heat transfer coefficients shows that one

can increase the irreversibility flux of a component while the total irreversibility flux decreases. This hap-

pens when the decrease of the irreversibility flux of other cycle component is higher than the increase of

the irreversibility flux of the component being analysed. And it means that one can improve a component

and, as a result, the whole cycle will be less efficient.

In the case analysed, this phenomena is observed in figure 3b) and in figure 3d). In both cases the

increase of the minimum temperature approach of the component (desorber and condenser) result in a

strong decrease of the absorber irreversibility flux.

Also the analysis of the evaporator shows the same type of behaviour. The constant minimum

temperature approaches model predicts a strong dependence of the irreversibility flux of the absorber

with the minimum temperature approach at the evaporator. In the case of the variable heat transfer
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coefficients, the irreversibility flux of the absorber also shows a strong decrease with the increase of

the minimum temperature approach at the evaporator, but in this case it is not enough to produce a
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decrease of the overall irreversibility flux. Nevertheless, a much slower increase of the total irreversibility

flux is observed when compared with the constant minimum temperature approaches model.

Due to the use of experimental data to describe the heat exchangers, this behaviour is no longer a

general conclusion but a particular characteristic of a particular machine, leading to the conclusion that

the absorber performance is limiting the performance of the whole machine. The absorber is, therefore,

the component which should be improved if the machine is changed. This conclusion, which is also

supported by other types of analysis [4], proves the interest in using the exergetic method with a variable

heat transfer coefficients model to analyse this type of prototype when experimental data is available.

The irreversibility fluxes of the internal heat exchangers (solution and refrigerant heat exchangers)

obtained with the constant minimum temperature approaches model are presented in figure 4. Those

obtained with the variable heat transfer coefficients model are presented in figure 5. In what concerns

these internal heat exchangers, due to the fact that they are heat recuperators, the decrease of the

minimum temperature approach always lead to a decrease of the component and cycle irreversibility

fluxes. And, despite small magnitude differences, both models present the same basic results.

A small detail that can also be observed in figures 4b) and 5b) is that for higher minimum tempera-

ture differences the irreversibility flux of the refrigerant heat exchanger (the component being analysed)

decreases again. This is due to the fact that for those temperature approaches the component is ex-

changing very small amounts of heat, with very small amounts of associated exergy. In fact, the absolute
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irreversibility flux would go to zero when the temperature approach corresponds to a non existing com-

ponent (no heat transferred or effectiveness zero).

3.2 Thermoeconomic optimization

The results obtained with the optimization of each heat exchanger with constant minimum temperature

approach are graphycally presented in figure 5 and in figure 6 for variable heat transfer coefficients.

(a) (b)

(c) (d)

(e) (f)

Fig. 2: Annual Total Operation Cost: a)absorber; b)desorber; c)evaporator; d)condensator; e)solution

heat exchanger; f)refrigerant heat exchanger.
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(a) (b)

(c) (d)

(e) (f)

Fig. 3: Annual Total Operation Cost: a)absorber; b)desorber; c)evaporator; d)condensator; e)solution

heat exchanger; f)refrigerant heat exchanger.

Both figures show the annual total operation cost for solar fractions between zero and one and also

the optimal and the nominal temperature approaches.

A common behaviour for all the components is visible from the figures. For lower minimum tempera-

ture approaches, which means larger heat exchanger area, the influence of the capital cost in the total

operation cost is very high. With the increase of the minimum temperature approach the influence of

the capital cost diminishes being overruned by an increasing exergy cost. As a result of this antagonic

behaviour of the capital and exergy costs an optimum point exists for each of the heat exchangers. How-

8



ever the optimum for the condenser and desorber (in the variable heat transfer coefficients model) could

not be computed because for higher values of minimum tempreature approaches the cycle correlations

used to describe the heat exchanger behaviour were extrapolated.

The optimization with the variable heat transfer coefficients model is better than the one with constant

minimum temperature approaches, because it uses a model that gives more inside information about

the performance of the machine. In fact there is a difference in the results between both models for

the absorber optimum point. For this component the constant minimum tempreature approach model

points towards an optimum point with a smaller area of the heat exchanger, while the variable heat

transfer coefficients model point towards an optimum point with bigger area which is in agreement with

the results obtained by the experimental characterisation realized in [4]

4 Conclusions

An exergetic analysis of a solar assisted small capacity absorption chiller was made using regressions

obtained from experimental data to describe the performance of the heat exchangers. The regressions

were used to build a model with variable heat transfer coefficients. The results obtained with this model

were compared with the results obtained from a model with constant minimum temperature approaches.

In the analysis, the irreversibility fluxes of the main components and of the whole cycle were quanti-

fied while varying the minimum temperature approaches at the components of the machine.

The model with variable heat transfer coefficients proved to give more inside information about the

performance of the machine than the model of constant minimum temperature approaches. In particular,

it showed that the absorber is a key component to be improved because it is limiting the performance of

the machine, as it was already noticed during its experimental characterization. In several cases, it was

found that improving a component would lead to a less efficient machine due to the loose of performance

of the absorber.

A thermoeconomic optimization of a solar assisted small capacity absorption chiller was made using

both models. Both models showed that the machine is well designed since the total anual operation

costs for the optimum points do not differ significantly from the total anual operation costs for the nominal

points. However the absorber and the solution heat exchanger can be further improved because they

still have a reasonable margin for optimization.
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