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Abstract 15 

This paper reports on the experimental investigations in a non-steady state mode of a 16 

small capacity commercial diffusion-absorption refrigerator (DAR) and the development 17 

of a dynamic black-box model for the machine. For these investigations, the refrigerator 18 

was equipped with the appropriate metrology. Temperature time variations of the 19 

refrigerated room and of the ambient conditions were measured, monitored, and stored 20 

using a data acquisition unit connected to a computer. A standardized experimental 21 

procedure was used to determine the overall heat conductance of the refrigerated room: A 22 

value of          0.554 WK
-1 

was found. The time evolution of the cooling capacity for 23 

different driving heat inputs to the refrigerator was investigated. Based on the 24 

experimental data, a dynamic black-box model was developed using the Matlab 25 

identification package to correlate the power input to the generator and the cooling 26 

capacity of the refrigerator. A first order transfer function with a delay was found to describe 27 

quite accurately the time evolution of the cooling capacity for all considered heat rates 28 

supplied to the generator. In a further step, regressed analytical expressions of the transfer 29 
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function parameters, as a function of the generator heat supply, were incorporated into the 30 

cooling capacity function. A generalized dynamic black-box model for the DAR system 31 

was thus obtained and was then validated using the Matlab Simulink® environment. The 32 

predictions made by the model were found to be well in agreement with the experimental 33 

data. In particular, the predictions for     under steady state conditions agreed 34 

satisfactorily with the experimental data yielding a maximum relative deviation of about 35 

8%. 36 

Keywords: Absorption diffusion refrigeration, Dynamic modelling, Matlab Simulink®. 37 

 38 

Highlights 39 

 40 
o Dynamic operation of a small capacity commercial diffusion-absorption refrigerator is 41 

experimentally investigated. 42 

o A first order transfer function is used to describe the relationship between the driving 43 

power and the cooling capacity. 44 

o A generalized dynamic black-box model for the DAR refrigerator is developed using 45 

Matlab Simulink® environment. 46 

o The predictions made by the model for steady-state     are well in agreement with 47 

experimental data. 48 

 49 

  50 
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Nomenclature 51 

   : Coefficient of performance (-) 52 

    : Unit step function (-) 53 

  : Transfer function (-) 54 

  : Static gain (-) 55 

      : Generator heating power (W) 56 

       : Electric cable heating power (W) 57 

   : Cooling capacity (W) 58 

R: Resistance of the electric cable (Ohm) 59 

s: Laplace variable (-) 60 

T: Temperature (°C) 61 

t: Time (s) 62 

U, Y: Laplace transform of input and output (-) 63 

    : Overall heat conductance (W K
-1

) 64 

  : Time delay (s) 65 

  : Time constant (s) 66 

 : Applied voltage (V) 67 

Subscripts 68 

amb: ambient 69 

cab: Refrigerated room 70 

elec: Electric 71 

evap:  Evaporator 72 

int: Refrigerator interior 73 

 74 

 75 

  76 
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1. INTRODUCTION 77 

Diffusion absorption refrigeration (DAR) systems are widely used in supermarkets, domestic 78 

freezers, and hotel rooms, etc. This technique for producing cold was patented in 1928 by the 79 

two Swedish engineers, van Platen and Munters [1]. The unique feature of the DAR cycle, 80 

compared to a conventional ammonia/water absorption cycle, is that it operates at a uniform 81 

pressure. The working fluid is a mixture of three components: ammonia as a refrigerant, water 82 

as an absorbent, and an auxiliary inert gas, frequently hydrogen or helium. The inert gas is 83 

necessary to reduce the partial pressure of the refrigerant in the evaporator, and allow for it to 84 

evaporate at low temperatures and for the production of useful cold. DAR systems are silent 85 

because they have no moving parts. 86 

Over the years, investigations have been published on the performance of various 87 

configurations of DAR cycles using graphical, numerical and experimental approaches. 88 

Kouremenos et al. [2] investigated the use of helium as an alternative to hydrogen. The 89 

authors observed a similar behaviour of both inert gases. Zohar et al. [3] developed a 90 

thermodynamic model for an Electrolux DAR system and analysed its performance with both 91 

inert gases and found that the     of the system operating with helium was 40% higher than 92 

that of the system operating with hydrogen. They further reported that higher     values 93 

were obtained by using an ammonia mass fraction of 30% in the rich solution and of 10% in 94 

the weak solution. Zohar et al. [4] compared the configurations of a DAR cycle both with and 95 

without condensate sub-cooling prior to the evaporator entrance. They showed that in the 96 

DAR cycle without sub-cooling there was a 14-20% higher     than in the DAR cycle with 97 

condensate sub-cooling. Zohar et al. [5] examined numerically the performance of a DAR 98 

system operating with the organic absorbent DMAC which was associated to five different 99 

refrigerants and with helium as an inert gas. They compared the performance of their systems 100 

with that of the system operating with ammonia-water and helium and found out that that the 101 
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latter had the highest     values. Ben Ezzine et al. [6] investigated the feasibility of a DAR 102 

system operating with the working fluid system DMAC-R124-He and coupled to a solar 103 

collector. They reported that both the     and the temperature of the cooling effect depended 104 

largely on the effectiveness of the absorber and the generator temperature. For solar cooling 105 

applications, this working fluid mixture could be an alternative to the conventional ammonia-106 

water-hydrogen mixture. Starace and De Pascalis [7] developed an enhanced thermodynamic 107 

model to consider the more realistic operating conditions of the DAR cycle, such as the 108 

presence of some water (absorbent) in the refrigerant stream (ammonia). They used a 109 

magnetron activated thermal pump in order to reduce the start-up time of the refrigerator. The 110 

model’s predictions were validated on a prototype built by coupling a domestic magnetron to 111 

a small purposely modified commercial DAR. A maximum deviation was noticed to be 112 

roughly 2% in the weak solution mass flow rate and lower than 5% in the     between the 113 

predicted and measured data. Sayadi et al. [8] presented a HYSYS simulation model for a 114 

water-cooled DAR system using different binary mixtures of light hydrocarbons (C3/n-C6, 115 

C3/cyclo-C6, C3/cyclo-C5, propylene/cyclo-C5, propylene/i-C4and propylene/i-C5) as working 116 

fluids and helium as an inert gas. The driving heat in the generator was supposed to be 117 

supplied by evacuated tube solar collectors. The most appropriate binary mixture was found 118 

to be C3/n-C6 with a generation temperature of 126°C. Long et al. [9] investigated 119 

numerically the possibility of using TFE-TEGDME in the DAR system together with two 120 

cooling mediums, namely water at 32 ºC and ambient air at 35 ºC. The authors performed a 121 

parametric analysis on the effects of the cooling medium, the generation and evaporation 122 

temperatures and the effectiveness of the absorber on the system performance. They 123 

compared the performance of the TFE-TEGDME and NH3-H2O DAR systems in terms of 124 

     and circulation ratio. They concluded that the TFE-TEGDME mixture is a good 125 

working fluid for DAR systems and found that with an absorber effectiveness of 0.8, the 126 
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optimum generation temperature for the air-cooled TFE–TEGDME DAR system is around 127 

170°C. A coefficient of performance (   ) up to 0.45 was obtained. However, the 128 

performance of the water-cooled system was better with a lower generation temperature of 129 

130°C and a higher     of 0.56. Rodriguez-Munoz and Belman-Flores [10] presented a 130 

review on diffusion-absorption refrigeration technology in which over 70 publications were 131 

analysed. The authors concluded that diffusion-absorption technology represents an 132 

interesting and feasible alternative for small capacity refrigeration applications. Rattner and 133 

Garimella [11] proposed a fully passive DAR system operating with the working fluid 134 

mixture NH3-NaSCN-He. Detailed design models for the various components of the system 135 

were elaborated. They reported    s in the range of 0.11-0.26 at an ambient air temperature 136 

of 24ºC, low heat source temperatures of 110-130°C and passive air cooling. These authors 137 

reported [12] on the development of a prototype of the theoretically investigated machine, 138 

activated by low temperature heat sources (110 - 130°C) and passively air-cooled. The 139 

cooling temperatures achieved were suitable for refrigeration (Tevap= 6 → 3°C,     ~ 0.06) 140 

and air-conditioning (12 → 8°C,     ~ 0.14; 18 → 14°C,     ~ 0.17). Chen et al. [13] 141 

improved the coefficient of performance of the DAR system by 50%. They modified the 142 

design and construction of the generator by integrating a tube-in-tube solution heat exchanger 143 

into the generator. Vicatos [14] studied experimentally a modified domestic DAR in order to 144 

reduce the response time of the system. Koyfman et al. [15] presented an experimental 145 

investigation on the bubble pump performance in a DAR system. They used a solution of an 146 

organic solvent and HCFC as refrigerant. Their results showed that the performance of the 147 

bubble pump depends mostly on the motive head and the heat input to the bubble pump. Jacob 148 

et al. [16] conducted a theoretical and experimental study on a solar driven ammonia-water 149 

diffusion absorption cooling machine (DACM). They designed four prototypes for air-150 

conditioning applications: water chillers with an evaporator temperature in the range of 6-151 
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12°C and ceiling cooling with an evaporator temperature of 15-18°C. The     values 152 

achieved ranged from 0.10 to 0.45.Yıldız and Ersöz [17] designed a DAR system driven by 153 

electricity. They investigated numerically and experimentally the energy and exergy losses for 154 

each component of the system and compared the theoretical and experimental values. They 155 

concluded that the highest exergy losses took place in the solution heat exchanger. The 156 

experimental and predicted     was around 0.19 and the exergy efficiency between 0.03 and 157 

0.04. Mazouz et al. [18] studied experimentally a commercial DAR refrigerator in order to 158 

determine its performance under various operating conditions and developed a theoretical 159 

simulation model of different DAR configurations.  160 

Ben Jemaa et al. [19] examined and discussed the relationship between the driving heat and 161 

the cooling capacity of a DAR refrigerator in start-up mode. They reported that a transfer 162 

function of a first order with a delay is an adequate model to predict the cooling capacity of 163 

the refrigerator in steady state mode with a maximum deviation of 8% for different values of 164 

the driving heat in the generator. 165 

The majority of published works on diffusion absorption refrigeration systems available in the 166 

literature deals with steady-state modelling associated or not to experimental tests, but few 167 

investigations have been performed on the dynamic behaviour of this kind of refrigeration 168 

system. In fact, most of the studies published on the dynamic behaviour of cooling systems 169 

[20-28] do not deal with DARs. However, it is of great importance to understand the dynamic 170 

operation of these systems. In the present work, a black box dynamic model was developed 171 

to predict the refrigerator performance in terms of cooling capacity and    . The model 172 

was based on experimental measurements taken from a small capacity commercial 173 

diffusion-absorption refrigerator. The specific objectives are as follows: 174 

i. Experimental characterization of a small capacity commercial diffusion-absorption 175 

refrigerator in dynamic mode. 176 



8 
 

ii. Development and validation of a detailed black-box model for this refrigerator, based on 177 

the experimental data and using Matlab Simulink® environment. 178 

 179 

2. Working principle 180 

A 3-D scheme of the investigated refrigerator is presented in Fig. 1. It is a small capacity 181 

refrigerator of 44 litres and internal dimensions of 490 mm x 360 mm x 250 mm (height x 182 

width x depth), designed for hotel rooms, activated by an electric heater, and operating with 183 

the ternary fluid mixture ammonia-water-hydrogen. The machine has of a generator which 184 

consists of a combined bubble pump and a boiler, a rectifier, a condenser, an evaporator, a gas 185 

heat exchanger (GHX), an absorber, a solution heat exchanger (SHX) and a solution tank. 186 

The generator contains initially a rich ammonia-water solution. When sufficient heat is 187 

supplied, ammonia vapour is generated and moves up through the vertical bubble pump tube 188 

carrying the liquid solution with it. At the top of the bubble pump the ammonia solution and 189 

ammonia vapour are separated. The liquid solution falls in the boiler and continues further on to 190 

the absorber by force of gravity. The vapour flows to the condenser, where it condenses. The 191 

ammonia liquid flows further to the evaporator where it meets hydrogen coming from the 192 

absorber. Its partial pressure is so decreased that the liquid begins to evaporate by taking heat 193 

from the refrigerated space. After leaving the evaporator, the gaseous mixture is conducted 194 

through the annulus of the tube-in-tube gas heat exchanger (GHX) to ensure that it precools 195 

the liquid refrigerant and the hydrogen-rich gas flowing counter-currently on their way up to 196 

the evaporator. The mixture of refrigerant and hydrogen flows further down to the absorber 197 

inlet. In the absorber, the ammonia vapour is absorbed by the ammonia-weak solution returning 198 

from the generator, transforming it to an ammonia-rich solution, which is collected in the 199 

solution tank. From there it starts its way to the bubble pump via the solution heat exchanger 200 

(SHX) and then back to the generator. 201 



9 
 

3. Experimental characterization of the dynamic operation of the refrigerator 202 

To experimentally investigate the functioning of the DAR system in dynamic mode, the 203 

refrigerator was equipped with 11 K-thermocouples placed at the entrance and exit of each of 204 

its components and connected via a data acquisition unit (34970A AGILENT) to a computer 205 

(Fig. 2) where the experimental data were collected and saved. The thermocouples were 206 

calibrated beforehand using an ice-water bath. A fluctuation in the temperature of ±0.5°C was 207 

noticed. The electric heating system was connected to a power controller (Fig. 2). The 208 

experimental tests were carried out by first adjusting the heating power to the generator,      , 209 

then measuring the temperatures and storing the data all the time, from the start-up until the 210 

steady-state regime was reached. The thermostat was disconnected so that the refrigerator was 211 

operated in a continuous mode and an air-conditioned environment at a set point temperature 212 

of 24°C. It is worthy of note that the experimental procedure employed in the present work 213 

doesn’t follow any protocol of the standards developed for laboratory testing of household 214 

refrigerators [29-34]. The experiments were performed with different heat supplies        to 215 

the generator, namely 35, 39, 44, 46, 48, 51, 53, 56, 58, 61 and 67 W. Fig. 3 shows the time 216 

evolution of the liquid stream temperature at the generator exit for the two lowest values of 217 

the energy supply to the machine. For       = 35W, the temperature exhibits an oscillatory 218 

behaviour: it fluctuates between 205°C and 155°C with a time period of 100 minutes. This 219 

heat supply ensures the functioning of the refrigerator, but not its stability. With a little 220 

increase in the heat supply,      = 39W, some fluctuations are initially observed. They then 221 

cease after 150 minutes, leading to a steady-state operation with the temperature of the 222 

solution leaving the generator stabilizing at 158°C. In fact, when the heating power supplied 223 

to the generator was not sufficient, the bubble pump did not reach steady operation point. The 224 

large vapour bubbles responsible for the pumping of the liquid were not continuously formed. 225 

Although ammonia vapour was generated, the flow regime was almost bubbly and the liquid 226 
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was only occasionally conveyed upwards. With increasing heat supply, a stable plug flow 227 

regime was reached and the steady pumping of the liquid was ensured. Moreover, increasing 228 

the heat power supply to the generator       from 44W to 67W the initial fluctuations of the 229 

solution temperature at the generator exit were attenuated (Fig. 4(a)) and the time required by 230 

the refrigerator to reach a steady-state regime reduced (Fig. 4(b)) at a given temperature of the 231 

refrigerated room. Fig. 5 shows how the temperatures at the evaporator inlet and outlet and in 232 

the refrigerated room respond to four different values of the energy supply        in the range 233 

of 39-67W. It is worthy of note that in the case of           , the temperatures at the inlet 234 

and outlet of the evaporator are very far apart (-22°C vs. -5°C) and that the temperature at the 235 

inlet fluctuates largely between +10 and -22°C. 236 

To evaluate the cooling capacity of the refrigerator,         the overall heat conductance 237 

        of the refrigerated room is needed. For the present study, it was determined by 238 

applying a standardized procedure in a separate test set. To this purpose, the refrigerated room 239 

of the refrigerator was heated by an electric resistance cable (  = 135) placed inside. This 240 

heater was connected to a power controller in order to vary the electric power supplied. Seven 241 

tests were performed by varying the voltage   applied to the resistor, namely  : 17, 20, 22, 242 

26, 28, 30 and 32 V. For each test, the indoor and outdoor temperatures were measured. When 243 

steady-state regime is reached, the indoor temperature becomes constant, i.e. the heat 244 

generated in the electric resistance cable         
  

 
   is equal to the total heat losses        245 

from the refrigerated room (Eq. 1): 246 

                             (1) 247 

It follows then: 248 

        
      

           
 

 
  

 
  

            
   (2) 249 
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The experiment was repeated for seven different values of        . The slope of the regression 250 

line representing  
  

 
   vs.            , shown in Fig. 6, leads to an average value of 251 

                 , with an absolute uncertainty of  ±0.01     .  252 

The material properties of the refrigerated room walls and the thermo-physical properties of 253 

ambient air outside the refrigerator were constant during the tests and the mean properties of 254 

air inside the refrigerator can be assumed roughly unchanged, so the obtained value of 255 

        was used to determine the instantaneous cooling capacity        from the start-up of 256 

the refrigerator till it reaches a steady-state regime (Eq. 3), the relative uncertainty being 257 

around 4%. 258 

                                (3) 259 

 260 

4. Dynamic black-box modelling of the refrigerator 261 

Very often process models are developed from knowledge gained of the underlying process 262 

mechanisms and they describe the physicochemical processes taking place in the system. 263 

These mechanistic models known as "white boxes" are developed for design and optimization 264 

applications. 265 

Contrarily, empirical models are solely the result of experiments and observation and do 266 

usually not rely on the knowledge of basic principles and mechanisms. Equation fitting is then 267 

employed to determine the model parameters, which have little or no physical meaning. These 268 

so-called "black box" models are of purely descriptive nature and with limited ranges of 269 

application however, they do constitute helpful tools for process control and automation 270 

purposes. 271 

In this kind of modelling, the pertinent information for model identification is obtained 272 

through exciting or stimulating the system. Structure and parameter estimation methods 273 
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developed in the field of process identification are then used to establish the model. These two 274 

steps are however, not really independent, as the criterion of the choice of a model from a set 275 

of candidates with unknown parameters is the best fit for the measured data. 276 

In the choice of a black-box model for a DAR system, one should keep in mind requirements 277 

for good model structure, namely: 278 

 Simplicity—in its mathematical form, 279 

 Generality—in its ability to describe the refrigerator behaviour for all power inputs. 280 

 281 

4.1 Mathematical model 282 

The model developed is based on some simplifying assumptions. 283 

 First, the ambient temperature is supposed constant. This takes in account the fact that the 284 

tests are performed in a temperature-controlled room, with a temperature varying between 285 

24 and 26°C.  286 

 Second, the steady-state values of the overall heat conductance         are supposed to 287 

be the same in transient mode. This means that the latent heat contribution during the 288 

start-up is neglected, as the steady state        -value accounts only for sensible load. 289 

 Further, at constant ambient temperature, the heating power supplied to the generator is 290 

the only input that affects the operation of the refrigeration unit. Hence, the input signal to 291 

the system is          : 292 

                          (4) 293 

where      is the unit step function. 294 

The system response to this input is the cooling effect        achieved in the refrigerated 295 

room. In terms of system theory, the used DAR unit is then a single-input, single-output 296 

(SISO) system. To establish a dynamic black-box model of the refrigerator, nine (repeated) 297 

tests were carried out using different inputs, i.e. the heat supply to the generator of the 298 
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refrigerator         , and the response of the system, i.e. the time evolution of the cooling 299 

effect       , noticed. As mentioned before, the next two steps in the elaboration of a model 300 

are the model structure and the estimation of model parameters. In the present work, these 301 

steps were performed by analysing the experimental input and output data using the software 302 

MATLAB and its system identification package. It was found that the most adequate dynamic 303 

model for the description of the time evolution of        for every chosen energy supply        304 

corresponds to the response of a first order system with a delay. Fig. 7 illustrates this finding 305 

in the case of the four values of       = 44W,       = 48W,       = 51W and      = 53W. This 306 

means that the transfer function       of the DAR refrigerator is in the form: 307 

      
  

     
           (5) 308 

where    is the static gain,    the time constant and    the time delay. When applied to our 309 

machine data this simple three-parameter model describes quite accurately the time evolution 310 

of the cooling capacity for all values of the heat power supply to the generator as shown in 311 

Fig. 7. The fitting quality, an indicator of the quality of the regression results, ranges from 312 

90% to 98%. 313 

The transfer function that relates the rate of heat supply       as an input signal and the 314 

cooling capacity        as an output signal is: 315 

      
    

    
 

  

     
          (6) 316 

with     is the Laplace transform of            317 

     L                  (7) 318 

and      the Laplace transform of the cooling capacity       , 319 

     L              (8) 320 
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The time domain of the cooling capacity        can be deduced from equation (6), 321 

                    
     

              (9) 322 

Fig. 7 shows the calculated time evolution of        in comparison with the experimental 323 

curves for the indicated values of the heating power supply to the generator. It can be 324 

appreciated that the black-box model reproduces quite accurately the unsteady-state 325 

performance of the DAR refrigerator. 326 

Table 1 summarizes the model parameters and the fitting quality indicator for all investigated 327 

values of       . 328 

4.2 Generalized black-box dynamic model & validation 329 

The analysis of the results in Table 1 reveals that the three model parameters   ,   and    330 

depend on the heat input      . This dependency is graphically depicted in Figs. 8, 9 and 10 331 

with dots representing the values of the parameters and continuous lines their least-square 332 

fitted curves. If the corresponding regression relations           ,           and             333 

are incorporated into the expression of        (Eq. 9), one obtains a generalized model of the 334 

DAR refrigerator, i.e. a function               which predicts the instantaneous evolution of 335 

the cooling capacity for every heating power supply to the generator within the range 336 

investigated. 337 

The test for this generalized black-box dynamic model of the DAR refrigerator was run using 338 

the software package MATLAB SIMULINK® (Fig. 11). The time evolution of the cooling 339 

capacity calculated by both the specific and generalized models in comparison with 340 

experimental data describes reasonably well the dynamic behaviour of the DAR refrigerator 341 

and predicts fairly well the unsteady-state performance of the refrigerator. The fitting quality 342 

of the generalized model for the different inputs       ranges between 84% and 94%. 343 
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Fig. 12 shows a further test on the black-box models. It represents a comparison between the 344 

experimental cooling capacity and its calculated values for different values of       and for 345 

both the heat-rate-specific and generalized dynamic models. As can be seen, both models 346 

satisfactorily predict the cooling capacity of the used DAR refrigerator when steady-state 347 

regime is reached. Table 2 summarizes the relative deviations in predicting the cooling 348 

capacity at the different heat rates supplied to the generator. The maximum relative error is 349 

8.2% and 7.5% for the specific and generalized models, respectively. 350 

The experimental steady-state coefficient of performance       values of the DAR (Eq. 9), 351 

predicted for different heat supplies to the generator by both models are well in agreement 352 

with the experimental data. The maximum relative deviation in     prediction is about 8%. 353 

    
      

     
       (9) 354 

Therefore, it can be concluded that both specific and generalized black-box models predict the 355 

cooling capacity and the coefficient of performance of the DAR refrigerator well when a 356 

steady-state regime is reached. 357 

5. Conclusion 358 

In the present work, experimental investigations were carried out on the operation of a small 359 

capacity commercial diffusion-absorption refrigerator (DAR) at an unsteady-state regime and 360 

a dynamic black-box model was developed for the refrigerator. The results of these 361 

investigations can be summarized as follows: 362 

 A heat supply to the generator of over 35 W is required to ensure the functioning of the 363 

commercial DAR refrigerator and its stability. 364 
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 The standardized experimental procedure used to determine the overall heat conductance 365 

of the refrigerated room leads to an average value of           0.554 WK
-1

.  366 

 A first order transfer function with a delay correctly describes the relationship between the 367 

power input to the generator and the cooling capacity as a response of the machine. A 368 

maximum relative deviation of about 8.2% between the predicted values by the model and 369 

the experimental data was noted.  370 

 A generalized black-box model was then built by integrating analytical expressions of the 371 

three parameters of the model as function of the heat power supplied to the generator in 372 

the original specific model. 373 

 Simulations with the obtained generalized model using Matlab Simulink® environment 374 

show that the predictions made by the model deviate by a maximum of 8% from the 375 

experimental data. 376 

 The steady-state     is also well predicted by the generalized black-box model. 377 

 378 

 379 

 380 

 381 

 382 

 383 

 384 

 385 

 386 

 387 

  388 
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Table captions 485 

Table 1. Model parameters and fitting quality for all investigated values of       . 486 

Table 2. Relative deviation in predicting the cooling capacity for both heat-rate-specific and 487 

generalized models. 488 
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Table 1. Model parameters and fitting quality for all investigated values of       . 505 

 506 

 507 
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 512 

 513 

Table 2. Relative deviation in predicting the cooling capacity for both heat-rate-specific and 514 

generalized models. 515 

 516 

 517 

 518 

 519 

 520 

 521 

 522 

 523 

 524 

 525 

           
         Fit (%) 

44 0.1395 78.927 66.829 93.91 

46 0.1450 71.546 66.618 91.27 

48 0.1354 72.092 57.055 94.16 

51 0.1253 63.109 57.24 93.08 

53 0.1120 60.232 52.523 98.36 

56 0.1156 69.676 55.609 93.44 

58 0.1096 67.327 54.474 96.90 

61 0.0965 56.378 41.623 89.86 

67 0.0947 71.510 45.930 95.41 
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Figure captions 526 

Fig. 1. Schematic view of the diffusion-absorption refrigerator. 527 

Fig. 2. Picture of the refrigerator investigated together with the auxiliary experimental 528 

equipment. 529 

Fig. 3. Time evolution of the temperature of the weak solution leaving the generator for 530 

      = 35W and 39W. 531 

Fig. 4. (a) Time evolution of the temperature of the weak solution leaving the generator 532 

for               ; (b) Time required by the refrigerator to reach a steady-state regime 533 

vs. heat supply to the generator at a given temperature of the refrigerated room. 534 

Fig. 5. Time evolution of the ambient air, refrigerated room and evaporator temperatures at 535 

different heat supplies to the generator. 536 

Fig. 6.  
  

 
   vs.            . 537 

Fig. 7. Time evolution of the cooling capacity determined from experimental measurements 538 

and of the heat-rate-specific black box model at different heat supplies to the generator. 539 

Fig. 8.    vs.       . 540 

Fig. 9.    vs.       . 541 

Fig. 10.    vs.       . 542 

Fig. 11. Schematic diagram of the black-box dynamic model in the Matlab Simulink® 543 

environment. 544 

Fig. 12. Comparison of the experimental steady-state cooling capacity and that predicted by 545 

both the heat-rate-specific and generalized models as a function of the heat supply to the 546 

generator. 547 

 548 
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 549 

 550 

Fig. 1. Schematic view of the diffusion-absorption refrigerator. 551 

 552 

 553 

 554 

Fig. 2. Picture of the refrigerator investigated together with the auxiliary experimental 555 

equipment. 556 
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 557 

 558 

Fig. 3. Time evolution of the temperature of the weak solution leaving the generator for 559 

      = 35W and 39W. 560 

 
 

 
(a) 

 

 
(b) 

 561 

Fig. 4. (a) Time evolution of the temperature of the weak solution leaving the generator 562 

for               ; (b) Time required by the refrigerator to reach a steady-state regime 563 

vs. heat supply to the generator at a given temperature of the refrigerated room. 564 
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(a)       =39W 

 

 
(c)       =48W 

 
(c)       =53W 

 

 
(d)       =67W 

 565 

Fig. 5. Time evolution of the ambient air, refrigerated room and evaporator temperatures at 566 

different heat supplies to the generator. 567 
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Fig. 6.  
  

 
   vs.            . 579 
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(a)         W. 

 

 
 

(b)         W. 

 

 

 
 

(c)         W. 
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 590 

Fig. 7. Time evolution of the cooling capacity determined from experimental measurements 591 

and the heat-rate-specific black box model at different heat supplies to the generator. 592 
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Fig. 8.    vs.       . 601 
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Fig. 9.    vs.       .603 
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 604 

Fig. 10.    vs.       . 605 

  606 

 
 

 607 

Fig. 11. Schematic diagram of the black-box dynamic model in the Matlab Simulink® 608 

environment. 609 
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 614 

Fig. 12. Comparison of the experimental steady-state cooling capacity and that predicted by 615 

both the heat-rate-specific and generalized models as a function of the heat supply to the 616 

generator. 617 
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