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Abstract 

The paper presents the development, experimental analysis and simulation of a solar 

heat driven ammonia/water (NH3/H2O) Diffusion-Absorption Cooling Machine 

(DACM). The designed cooling capacity of the machine is 2.5 kW for air-conditioning 

applications. The indirectly heated generator with its bubble pump is the main new 

feature of this cooling machine and it showed good performance for all prototypes 

constructed. A major challenge of the technology is the constant total pressure level in 

all components, which makes condensate distribution into the evaporator vertical tubes 

with no distribution pressure extremely difficult. As a consequence, the first prototype 
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had problems in the auxiliary gas circuit, which only works with very low driving 

pressures and stops to work, when evaporation rates decay.  In the second prototype, the 

auxiliary gas circulation was improved. However, the liquid condensate distribution into 

the evaporator remained problematically and the cooling power was limited to 1.6 kW 

maximum. Coaxial solution heat exchangers gave much better performance results than 

the initially chosen plate heat exchangers. In the third prototype the evaporator was 

optimised and the cooling capacity could be increased to 3 kW maximum. The 

maximum COP reached was 0.38. The Diffusion-Absorption Cycle was modelled using 

an expanded characteristic equation of sorption chillers. The simulation model showed 

good agreement with the measured data.  

 

Keywords: 

Diffusion absorption cooling machine; Ammonia/water; Bubble pump; Experimental 

results; Modelling; Simulation 

 

1. Introduction  

In recent years, the air conditioning market has been continuously expanding. In 2002 

four percent growth was achieved, meaning nearly 44 million units sold annually. For 

the year 2008, market researchers expect 68.7 million units [1, 2]. The market is 

dominated by small split-units with a cooling capacity from 2 kW up to 4 kW. Due to 

the large number of manufactured units, these systems are produced and offered at very 

low prices; however, such systems increase environmental and sever grid overload 

problems as a result of using primary energy converted to electricity. Therefore, it is 
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important to search for alternative air-conditioning units that are driven by either waste 

heat or solar thermal energy as a renewable energy source. 

 

State of the art are thermally driven Diffusion-Absorption Cooling Machines (DACM) 

with ammonia/water (NH3/H2O) and pressure compensated auxiliary gas circuit (helium 

or hydrogen) are commercially used only in a small power range up to 100 W. The 

priority operation criterion is the absolute noiselessness (hotel mini-bars) and the 

autonomous power supply (camping gas refrigerators). The well-known diffusion-

absorption technique, which was developed in the 1920s by the Swedish engineers von 

Platen and Munters [3-5], is based on the principle of pressure equilibration between the 

high and low pressure sides of the unit through an inert auxiliary gas, such as helium or 

hydrogen. A further peculiarity of this type of absorption cooling machine is the use of 

a thermally driven gas bubble pump for the circulation of the solution cycle instead of a 

mechanical solution pump so that inside the cooling machine no mechanically moving 

parts are necessary. These small, simply constructed cooling machines, either driven by 

electrical heating cartridges or direct flame with a simple mechanical construction do 

not need conventional high-performance pumps or expansion valves, but show a very 

low coefficient of performance (COP) and therefore high energy consumption. 

 

The gas, kerosene or electrically driven Diffusion-Absorption Refrigerators (DAR) were 

theoretically and experimentally investigated in numerous research projects concerning 

refrigeration applications [6-16]. Electrolux AB, Sweden (today Dometic AB) brought 

out the first refrigerator in 1925 [17]. Servel Inc. in Evansville, USA (today Robur 

SpA., Italy) produced refrigerators with small capacity under license starting in the 
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1930s and with their own design afterwards. Servel developed and produced a gas 

driven heat pump in 1937. This DAHP was water-cooled and the auxiliary gas used was 

hydrogen. The unit showed a COP of 0.19 with a cooling capacity of 1.75 kW and a 

heating capacity of 9.12 kW [18]. 

 

In the 1990s, these domestic DARs were modified and improved to be used as directly 

heated, gas driven Diffusion-Absorption Heat Pumps (DAHP). Values of Coefficient of 

Performance for heating applications (COPheat) ranged from 1.2 to 1.35 for a heating 

capacity of 80 W to 205 W and with a cooling capacity between 25 W and 51 W [19]. 

Another group of researchers developed a directly gas heated DAHP with heating 

capacity between 3.0 kW and 3.5 kW at heating temperatures of 150°C and evaporator 

temperatures ranging from -15°C to +5°C [20,21]. The Coefficient of Performance for 

heating reached 1.5. The industrial conversion of this directly gas heated DAHP is 

carried out by BBT Thermotechnik GmbH, formerly Buderus Heiztechnik GmbH, in 

combination with a condensing boiler for a near-market unit, but is not yet 

commercially available. The output heating capacity of the DAHP is approximately 3.6 

kW at a COPheat of 1.5 [22]. Another industrial conversion of the DAHP has been done 

by Entex Energy Ltd. They realized DAHPs with 2.6 kW up to 8.0 kW heating capacity 

with a COPheat of about 1.5. They also realized a directly gas driven DACM with 1.0 

kW to 3.5 kW cooling capacity [23,24]. 

 

Up to now, some prototypes of small scale commercial absorption refrigerators with 

indirectly solar powered generators and hydrogen or helium as inert gas have also been 

experimentally and theoretically investigated. In these studies, COPs of 0.2 to 0.3 and 
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cooling capacities between 16 W and 62 W were reached at heating temperatures 

between 160°C and 230°C and evaporator temperatures of -6°C down to -18°C [25-28]. 

One research group used the DAHP of BBT Thermotechnik and modified it by 

substituting the direct gas fired generator by an indirectly heated device [29, 30]. The 

solar thermal heating capacity of 1.8 kW is provided by vacuum tube collectors. The 

cooling capacity is approximately 1 kW and the COP is 0.59 at a heating temperature of 

175°C and an evaporator temperature of 2°C. 

 

Reacting to the situation, that no suitable indirectly driven absorption cooling machines 

for air conditioning applications with low cooling power (1 kW to 5 kW) are available 

on the market, from 1998 to present the Stuttgart University of Applied Sciences and its 

sustainable energy research centre zafh.net developed and improved a solar heated 

ammonia/water DACM with a design cooling capacity of 2.5 kW and helium as 

pressure compensating inert gas [31-34]. This paper presents the detailed investigation 

of the performance potential as well as the experimental characterisation and 

optimisation of three prototypes with a newly developed indirectly heated 

generator/bubble pump. The performance of the prototypes are theoretically analysed 

and evaluated in the paper, using an expanded component model of the DACM process, 

which was developed based on the characteristic equations of sorption chillers. 

 

2. Design of the prototypes 

The core components of a DACM designed by the Stuttgart University of Applied 

Sciences are the generator, condenser, evaporator and absorber (see Figure 1). An 

indirectly powered generator / gas bubble pump is used for solution lifting. The solution 
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heat exchanger (SHX), the gas heat exchanger (GHX) in the auxiliary gas circuit and 

the dephlegmator for the condensation of the evaporated solvent are shell and tube,  

plate or coaxial heat exchangers, which are hermetically tight welded. The used working 

pair for the solution circulation is an ammonia/water mixture. Helium is used for the 

pressure compensation. 

 

The prototypes of the solar driven DACMs are designed for the application area of air-

conditioning as water chillers with an evaporator temperature of 6-12°C as well as for 

the operation of cooled ceilings with an evaporator temperature of 15-18°C. Table 1 

summarises the technical design data of the developed prototypes. 

 

3. Gas bubble pump performance 

The directly driven bubble pump of DARs usually consists of a single lifting tube, 

where the heat input is restricted to a small heating zone by a heating cartridge or the 

flame of a gas burner with a high heat flux density. The indirectly driven DACM 

evaporator on the other hand consists of a bundle of tubes as bubble pump where the 

heating zone is spread and lower heat flux densities are reached. The developed bubble 

pumps are basically vertical shell-and-tube heat exchangers with the rich solution flow 

inside the tubes forming slug-flow at best and the heating medium flow on the shell side 

along baffled tube bundles. 

 

The operation of the gas bubble pump is based on internal forced convection boiling, 

commonly referred to as two-phase flow, and is characterised by rapid changes from 

liquid to vapour in the flow direction. The indirectly heated vertical pipes of the bubble 
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pump are surrounded by a heat transfer medium, e.g. a water-glycol mixture or thermo 

oil. The ammonia/water solution rests in the bundle of pipes and when the tube walls 

are heated ammonia is expelled from the solution. Thereby, bubbles are formed at the 

inner surface of the tube walls under constant heat supply. This state of boiling is 

commonly called flow boiling. The internal flow boiling is distinguished into five two-

phase flow regimes (bubbly flow, slug flow, annular flow, transition flow and mist 

flow) as shown in Figure 2. At low heat flux densities, slug flow is formed by an 

increasing number of germ cells. The bubbles form plugs which engage the whole 

circular tube section. This flow regime should be reached for operating the DACM 

generator in order to guarantee the solution lifting, solution circulation and the 

production of the necessary amount of ammonia for the cooling process. 

 

For the characterisation of the gas bubble pump performance, five different bubble 

pump prototypes were constructed and compared. The performance values of the 

investigated range of generator heating temperatures and mass flow rates are presented 

in Table 2. 

To measure the volume flow of the lifted weak solution, the so-called temperature flank 

method was used, as described in detail in [35]. The lifting ratio b is the ratio of lifted 

liquid volume LV�  to simultaneously expelled gas volume flow VV�  and is an important 

parameter to quantify the performance of the generator [36] .  

 =
�

�

L

V
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b
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 (1) 

 

Another characteristic value of the generator is the specific solution circulation index f 

(see equation 2). This index is defined as the ratio of the mass flow rates of the rich 
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solution Srm�  to the ammonia vapour Vm�  expelled in the generator. Alternatively the 

ratio between the vapour XV1 and weak solution concentration XSw to the degassing 

width E, defining the difference between weak and rich solution concentration XSw and 

XSr, can be used to determine the specific solution circulation index f. 

 

 1    Sr V Sw

V Sr Sw

m X X
f

m X X
−= =
−

�

�
 (2) 

 

The solution concentrations used varied between 24 and 34% for the weak solution XSw 

and 30 to 45% for the rich solution XSr. With decreasing degassing width the specific 

solution circulation increased from 4 (13-14% degassing) up to 15 (for 4% degassing 

width).  

The maximum volume flow of the lifted weak solution was 53 l h-1 at a vapour volume 

flow of 12.2 l h-1, resulting in a lifting ratio of 4.3 at an external generator inlet 

temperature of 165°C. Figure 3 shows three plots of measured liquid volume flow, the 

calculated vapour volume flow and the lifting ratio of the first prototype and generator 

No.3. Up to a temperature level of 165°C, the volume flow of the vapour increased 

continuously with generator temperature. Above 165°C the slug flow collapsed and 

converted to annular flow, while nucleate boiling changed to film boiling. Therefore, at 

heating temperatures above 165°C, more vapour is generated but the solution lifting 

decreases.  

Converted to mass flows, the lifted weak solution volume flow shows a maximum of 

42.0 kg h-1 and a vapour mass flow of 6.0 kg h-1 resulting in a specific solution 

circulation index f of 8.0 at an external generator inlet temperature of 165°C. The design 
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value for the mass flow of the weak solution for a 2.5 kW evaporator cooling capacity is 

higher at 50 kg h-1 and the ammonia vapour mass flow should be 8 kg h-1. 

 

The developed bubble pumps worked in a wide range of temperatures as well as 

external heating volume flow rates. Figure 4 shows a comparison of COPs and 

evaporator cooling capacities at a high and a low generator external heating volume 

flow of the DACM No.2 with coaxial SHX. The cooling capacities were up to 30% 

higher when the external heating volume flow rates were increased from 15 liters per 

minute to 34 liters per minute. Similar measurements were later done on the third 

prototype. Again, at constant generator input power, the cooling power increased with 

increasing mass flow.  Higher external heat transfer coefficients reduce the temperature 

difference between the external mass flow and the tube surface, thus producing higher 

wall temperatures and more ammonia production.  

To dimension the tube diameters for the generator, equations derived by Chisholm, 

Taitel and others were used [37]. To maintain slug flow the maximum value of the tube 

diameter increases with increasing surface tension and decreases with liquid density. 

The minimum tube diameter increases with the desired vapour volume flow and 

decreases with increasing surface tension. For the operating conditions chosen, slug 

flow was calculated for tubes with an inner diameter ranging from 5 mm to  41 mm. 

The required minimum height difference of the bubble pump between the rich solution 

level in the reservoir and the level of the boiling zone was calculated using equations 

derived by Narayankhedkar and others and Chen [38, 39]. This correlation is based on 

the assumptions that all bubbles are formed at the bottom of the minimum height 

difference (see Figure 5), so that there is no relative velocity between the weak solution 
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and the refrigerant vapour bubbles in the tube and that friction losses and vapour 

pressure of the absorbent water are negligible. 

For a relative molecular mass of the refrigerant ammonia of 17 kg kmol-1 and the given 

data in Table 3 the calculated minimum height difference is 0.12 m for DACM No.1 

and 0.03 m for DACM No.2. 

 

4. Further experimental results from DACM No.1 

The first pilot plant was put into operation in November 2000. A series of 

measurements were taken at generator heating inlet temperatures of 150°C to 175°C and 

evaporator temperatures between 25°C and 0°C. The measurements were taken with 

and without a dephlegmator. A maximum COP of 0.2 could be achieved and the 

evaporator cooling capacity of the pilot plant showed values from 0.5 kW to 1.5 kW. 

The first prototype could not be continuously operated. The evaporator capacity 

decreased with time as shown in Figure 6, as the auxiliary gas starts to get saturated 

with ammonia caused by an insufficient auxiliary gas circulation. This could not be 

attributed to excessive pressure drops in the auxiliary gas circuit. At auxiliary gas 

volume flows below 4 m3 h-1, the pressure drop calculated and measured after 

deconstruction of the prototype was 1 Pa only and the driving force calculated from the 

density difference between ammonia rich auxiliary gas and weak gas after the absorber 

is 15 Pa for 5°C evaporation temperature and a height difference of 1 m between 

evaporator and absorber. The saturation can thus only be attributed to low rates of 

evaporation, which could be caused by very uneven distribution of liquid ammonia into 

the tubes of the falling film evaporator.  
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Due to the low heat recovery factors ΦSr and ΦSw of the tubular SHX of 39.6% and 

51.1% for DACM No.1 (the low and high values correspond to the rich and weak 

solution sides with different mass flow rates) the measured generator heating capacities 

were high between 10.0 kW and 13.5 kW at an operation pressure of 20 x 105 Pa and 

the COPs accordingly low (around 0.1). 

 

5. Further experimental results from DACM No.2 

A second more compact prototype was built based on the experiences and results from 

the first, using partly standard commercial components such as nickel soldered plate 

heat exchangers and a coaxial heat exchanger for the condenser and the solution heat 

exchanger, respectively. For this prototype, a further indirectly heated bubble pump was 

developed and the auxiliary gas circuit was constructively reworked. These changes 

resulted in weight reduction down to 290 kg and height reduction down to 2.40 m which 

are important factors for a more marketable unit. The second prototype was put into 

operation in July of 2003 and run till July of 2005. 

 

Measuring results with stationary temperature, pressure and capacity levels were done 

with variation of the heating temperatures, the cooling water temperatures and the cold 

brine temperatures. The heating temperature range of the generator was reduced from 

150°C to 175°C of the first pilot plant to 110°C to 140°C for the second pilot plant. This 

is due to the decreased lifting height of the bubble pump by half and an increased heat 

transfer surface. The continuous evaporator cooling capacities at an operation pressure 

of 18 x 105 Pa were around 0.5 kW with COPs between 0.1 and 0.2. The maximum 

cooling capacity reached was 0.8 kW.  
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6. Solution heat exchange behaviour 

The plate SHX was replaced by a coaxial SHX due to very low heat recovery factors of 

11.4% and 31.2% for the rich and weak solution sides respectively. At such low mass 

flow rates, the flow conditions in the plate heat exchanger are laminar and the delay 

time of the liquid is low for the small volumes. The coaxial solution heat exchanger on 

the other hand has a large volume with a long flow section, so that the liquid stays 

longer in the tubes and the heat recovery factors improved to 76% and 92%. The COP 

was now between 0.2 to 0.3 and continuous evaporator cooling performance of 0.5 kW 

to 1.5 kW was reached (see Figure 7) at a pressure of 20 x 105 Pa. A maximum cooling 

capacity of 2 kW could be achieved, if the evaporator inlet temperature was set to 

values of around 25°C, indicating insufficient evaporation inside the evaporator tubes. 

 

7. Pressure dependence 

Further measurements were carried out at a lower operating pressure of 12 x 105 Pa and 

serial absorber-condenser cooling water inlet temperatures of 27°C and outlet up to 

33°C (see Figure 8). Many long term measurements of up to 11 days were carried out 

without shutting down the machine. The performance was improved to a COP of 0.3 to 

0.45 and a continuous evaporator cooling performance up to 1.6 kW at evaporator outlet 

temperatures for air-conditioning and cooled ceilings between 22°C and 15°C. The 

lowest logged external evaporator outlet temperature was –5°C at an operation pressure 

of 8.5 x 105 Pa and a generator heating inlet temperature of 145°C. 

The performance improvements can be attributed to the lower total pressure of the 

system, which improves both the vapour bubble formation process inside the generator 
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and the diffusion mass flow rates in the evaporator. The COP curve decreasing with 

generator temperature indicates that the available amount of ammonia condensate is not 

completely evaporated inside the vertical falling film evaporator. A comparison of the 

resulting theoretically possible and the measured cooling capacity of the existing falling 

film evaporator shows that above a generator heating inlet temperature of 125°C the 

falling film evaporator was not able to convert the amount of liquid ammonia into 

cooling capacity.  

 

8. Evaporator performance 

From the measured liquid ammonia mass flow, a theoretically possible evaporator 

cooling capacity was determined between 0.6 and 2.7 kW for heating temperatures 

between 115 and 155°C. The measured cooling capacities were only between 0.6 kW to 

1.5 kW. The falling film evaporator could not evaporate all of the available liquid 

ammonia into the helium gas atmosphere, not even with high external evaporator inlet 

temperatures of around 25°C. Therefore, the falling film evaporator needs to be rebuilt 

with either more or longer evaporation tubes so that a larger heat transfer surface is 

created, which would lead to a smaller film thickness and therefore, a longer delay time. 

Also the issue of liquid distribution into the evaporator tubes plays an important role for 

the evaporator performance. At the given very low condensate flow rates it is extremely 

difficult to obtain an even distribution of liquid into all tubes of the evaporator. 

Experiments with metal wicks and annular capillary systems are currently carried out to 

improve the liquid distribution. 

 

9. Experimental results from DACM No.3 
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The experimental investigations of the third DACM with marketable dimensions are 

focused on the combined evaporator-GHX-absorber unit and the new generator (Figure 

9). The heating temperature range of the generator was reduced from 150°C to 175°C of 

the first prototype to 110°C to 155°C for the second prototype and now to 100°C to 

150°C of the third prototype. The experimental results show evaporator cooling 

capacities from 0.7 kW up to 3.0 kW and COPs between 0.12 and 0.38. The obtained 

evaporator temperatures are 12/6°C and 18/15°C (Figure 10). The lowest logged 

external evaporator outlet temperature was –15°C at a generator heating inlet 

temperature of 135°C. 

 

10. Modelling and simulation 

The Diffusion-Absorption Cycle has been modelled starting from the constant 

characteristic equation of sorption chillers developed by Ziegler [40], which is an exact 

solution of the internal mass and energy balances of each component as well as the heat 

transfer between external and internal temperature levels for only one given design 

point. These equations are used in a simple linear equation for different boundary 

conditions. For larger deviations from design conditions or for absorption chillers with 

thermally driven bubble pumps, one single equation does not represent the chiller 

performance accurately [41]. 

Several problems are associated with a steady-state, single characteristic equation that 

calculates all internal enthalpies only for the design conditions. If a thermally driven 

bubble pump is used as in a DACM, the rich solution mass flow rate strongly depends 

on the generator heating temperature and external mass flow rate of the heating circuit. 

Also, if the external temperature levels differ significantly from design conditions, the 
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internal temperature levels change and consequently, so do the enthalpies. Therefore, an 

expanded characteristic equation based on changing internal enthalpies (so-called 

variable enthalpy) and changing rich solution mass flow rates for each time step was 

carried out for the DACM [37]. 

The expanded characteristic equation is set up for the working pair NH3/H2O. 

Additional components such as the dephlegmator, the auxiliary gas circuit (auxiliary gas 

cooling losses) or GHX and the bubble pump with the variable mass flow rates 

corresponding to external heating temperature based on the characteristics of the bubble 

pump are included.  

 

The expanded model was implemented in the simulation environment INSEL [42] and 

validated by experimental data of the optimised prototype, DACM No.2 (see Figure 11). 

The results of the simulation runs of the DACM showed that the performance of the 

DACM, with variable enthalpy, describes the experimental data of the measured 

performance with a deviation of less than 6.5 % for the COP.  

 

Furthermore a parameter study was carried out to determine strategies to improve the 

performance of the DACM at different evaporator inlet and cooling water temperatures 

in combination with evaporator surface wetting factors and gas heat exchanger (GHX) 

recovery factors [37]. For the DACM No.2 with coaxial SHX, a surface wetting factor 

εW of 1.0 and a GHX efficiency ΦGHX of 0.3, the design cooling capacity of 2.5 kW 

could be reached for evaporator inlet temperatures of 12°C and 24°C and corresponding 

generator heating inlet temperatures of 162°C and 123°C. The corresponding COPs 

were 0.38 and 0.85. The very high COP of 0.85 shows the importance of full wetting of 
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the tubes combined with high evaporator temperatures for the highest evaporation rates. 

Also, a better performance of the absorber at low absorber cooling inlet temperature 

increases the evaporator cooling capacity due to higher driving pressure difference. 

Figure 12 presents the performance at different GHX heat recovery factors for an 

evaporator inlet temperature of 12°C and a constant generator temperature of 130°C. If 

the heat recovery factor increases from the measured value of 0.30 to 0.60, both cooling 

capacity and COP increase by a factor 1.1 to 1.2. To achieve this improvement it is 

necessary to optimise the heat transfer inside the GHX using constructive steps to reach 

higher heat recovery factors. 

 

The results of the simulation runs of the DACM showed a strong influence of the 

surface wetting factor εW as well as the heat recovery factor ΦGHX of the gas heat 

exchanger of the falling film evaporator on the evaporator cooling capacity. Other 

important influences on the performance of the DACM are the heat losses QAx and QGx 

as well as ∆∆tmin,E, which depend on the rich solution mass flow mSr , i.e. on the bubble 

pump performance. 

 

11. Conclusions 

In this work, a Diffusion Absorption Cooling Machine of 2.5 kW design cooling 

capacity was developed, experimentally characterised and modelled using an expanded 

version of the characteristic equation.  The indirectly heated generator with a bubble 

pump for liquid solution transport showed good performance and the required flow rates 

for both solution and vapour could be obtained using a shell and tube construction. The 

main challenge of the machine development was the low performance of the auxiliary 
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gas circuit on the evaporator/absorber side. The distribution of small amounts of 

condensed ammonia under no extra pressure into the numerous evaporator tubes proved 

difficult and various constructive solutions for liquid distribution were tested. Best 

results were obtained for capillary ring tubes inserted into the evaporation tubes. 

Several heat exchanger types were analysed in the solution circuit and the condenser. 

Whereas plate heat exchangers performed well for the condenser, very low heat 

recovery factors were measured in the solution circuit. This could be attributed to 

laminar flow conditions and short liquid delay times in the heat exchangers. Much 

better results were obtained for coaxial heat exchangers.  

The third prototype, which has now marketable dimensions, reached cooling capacities 

between 0.7 kW and 3.0 kW at evaporator temperatures of 12/6°C and 18/15°C with 

COPs from 0.12 to 0.38 (Table 4). 

An expanded, steady-state model of the DACM based on the characteristic equation of 

sorption chillers showed a good accordance of the compared experimental and 

simulated data. Efficient evaporation with high surface wetting factors is essential for 

high performance. 
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Nomenclature 

AE   specific absorber enthalpy coefficient 

AE,aux   additional specific absorber enthalpy coefficient 

B   Dühring constant 

b   lifting ratio 

CE   specific condenser enthalpy coefficient 

COP   coefficient of performance 

COPheat  coefficient of performance for heating applications 

cL,NH3/H2O  specific heat capacity of liquid ammonia (kJ kg-1 K-1) 

cV,NH3   specific heat capacity of ammonia vapour (kJ kg-1 K-1) 

D  inner tube diameter (mm) 

E  degassing width 

f  specific solution circulation index 

GE   specific generator enthalpy coefficient 

GE,deph   additional specific dephlegmator enthalpy coefficient 

hL   liquid enthalpy of condensed ammonia/water vapour (kJ kg-1) 

hV   vapour enthalpy of ammonia/water vapour (kJ kg-1) 

mSr   mass flow rate of rich ammonia/water solution (kg s-1) 

mSw   mass flow rate of weak ammonia/water solution (kg s-1) 

mV   mass flow rate of ammonia(/water) vapour (kg s-1) 

p   total pressure (Pa) 

pNH3   ammonia partial pressure (Pa) 

QA   absorber cooling capacity (kW) 

QAUX   auxiliary gas circulation cooling loss capacity (kW) 
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QAx   solution heat loss (kW) 

QC   condenser cooling capacity (kW) 

QDeph   dephlegmator cooling capacity (kW) 

QGx   solution heat loss (kW) 

QH   generator heating capacity (kW) 

QO   evaporator cooling capacity (kW) 

sE   slope of the characteristic equation (kW K-1) 

T   temperature (°C) 

T   mean internal temperature (°C) 

TC,s   condensation temperature (°C) 

TG  mean internal generator temperature (°C) 

TH,in   external generator inlet temperature (°C) 

TLC   condenser liquid outlet temperature (°C) 

TSwG   generator outlet temperature of the weak solution (°C) 

TVC   condenser vapour inlet temperature (°C) 

t  mean external temperature (°C) 

∆∆t   characteristic double temperature difference (K) 

∆∆tmin,E  intersection of the characteristic equation (K) 

UA   heat transfer coefficient (kW K-1) 

VL  lifted volume flow (l/h) 

VV  expelled gas volume flow (l/h) 

XSr   ammonia mass concentration of rich ammonia/water solution 

XSw   ammonia mass concentration of weak ammonia/water solution 

XV   ammonia vapour mass concentration, vapour purity 
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XV1   non-rectified ammonia/water vapour mass concentration 

 

Greek letters 

εW   surface wetting factor 

ΦGHX   heat recovery rate of the gas heat exchanger 

ΦSr   heat recovery factor refereed to rich solution side 

ΦSw   heat recovery factor refereed to weak solution side 

 

Abbreviations 

ACM   Absorption Cooling Machine 

DACM  Diffusion-Absorption Cooling Machine 

DAHP  Diffusion-Absorption Heat Pump 

DAR   Diffusion-Absorption Refrigerator 

GHX   gas heat exchanger 

NH3/H2O  ammonia/water 

SHX   solution heat exchanger 

 

Subscripts 

A, a  absorber 

C, c   condenser 

D, d   dephlegmator 

E, e, O  evaporator 

G, g, H  generator 
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Tables 

 

 

 

Table 1 

 

COP (coefficient of performance, ratio of 
cooling output to driving heat input) 0.48 

heating capacity QH 5.2 kW 
generator 

heating water in/out 130/120°C 
cooling capacity QDeph 0.9 kW 

dephlegmator 
cooling water in/out 34/38°C 
cooling capacity QC 2.8 kW 

condenser 
cooling water in/out 31/34°C 
refrigerating capacity QO 2.5 kW 

evaporator 
cold brine in/out 12/6°C 
cooling capacity QA 4.0 kW 

absorber 
cooling water in/out 27/31°C 
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Table 2 

 

characteristic values generator 
No.3 

generator 
No.5 

total pressure p [105 Pa] 20 18 20 12 
NH3 initial concentration [%] 38 30 40 37 
rich NH3-solution conc. XSr [%] 45–42 30 40 37 
weak NH3-solution conc. XSw [%] 31–34 24–26 31–33 24–29 
degassing width E [%] 14–8 6–4 9–7 13–8 
vapour concentration XV1 [%] 88–91 82–85 89–91 84–89 
specific solution circulation f [-] 4–7 11–15 6.5–8.5 4.5–7.5 
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Table 3 

 

 DACM No.1 DACM No.2 

generator mean boiling temperature Tb [°C] 130 110 

NH3 rich/weak mass concentration XSr / XSw [-] 0.42 / 0.34 0.37 / 0.27 

rich/weak solution density ρSr / ρSw [kg m-3] 742 / 783 789 / 837 

total pressure p [105 Pa] 20 12 

lifting height ∆h [m] 1.00 0.50 

minimum height difference Y [m] 0.12 0.03 
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Table 4 

 

prototypes DACM No.1 DACM No.2  
plate SHX 

DACM No.2  
coaxial SHX DACM No.3 

evaporator 
cooling capacity 
QO [kW] 

0.5 – 1.5 0.5 – 0.8 0.5 – 2.0 0.7 – 3.0 

COP [-] 0.10 – 0.20 0.10 – 0.15 0.20 – 0.45 0.12 – 0.38 
weight [kg] 800 290 240 240 
area [m²] 1.5 x 1.5 0.8 x 0.8 0.8 x 0.8 0.6 x 0.6 
height [m] 3.7 2.4 2.4 2.2 
results helium atmos-

phere saturated, 
low COP and 
high weight 

heat  
recovery  

factor  
SHX < 15% 

improvement  
of COP  

and cooling 
capacity 

cooling 
capacity 

reached, heating 
temperatures of 

100-150°C 
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Figure 2 
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Figure 3 
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Figure 4 
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Figure 5 
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Figure 6 
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Figure 7 
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Figure 8 
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Figure 9 
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Figure 10 
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Figure 11 
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