THE MINIATURIZATION OF THE LITHIUM BROMIDE DIRECT-FIRED ABSORPTION CHILLERS/HEATERS

An outline of the history
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Devised even by the end of 1700 and experimentally studied in 1824 by Michael Faraday, the absorption cooling cycle was gotten ahead by the French Ferdinand Carrè in 1859 with an ice manufacturing machine based on the cooling production through evaporation. Also Edmondo Carrè, the brother of the “ice-house” inventor, helped the settlement of the absorption cycle with his machine. 

One of the first transport of frozen meat on a boat called “Paraguay”, in 1877, was realized by Ferdinand Carrè with a water/ammonia absorption chiller.    

The absorption system reached a predominant position on the mechanical compression systems market around 1875 and held it up to the first decades of the 20th century. After the development of the electric power and consequently with the reliability of the electric engine, the compression system gained market shares up to ‘30s when the coming of the chlorofluorocarbons (CFC) allows this system to take root.

Being relegated to particular duties, the absorption cycle was not forgotten. For example, natural circulation absorption refrigerators found great use in the hotels and campings for their noiselessness which derived from the lack of moving mechanical parts. 

Big absorption groups have now large use in the production of chilled water for air conditioning plants, especially where it is possible to use heat surpluses avoiding to waste them. 

In the ‘40s a two new fluids came out: water (as the refrigerant) and lithium bromide (as the absorbent). It brought to a new development of the absorption systems in Europe and United States and after them in Japan and Korea. In the ‘90s it starts also in China.

In fact, the energy-crisis in the ‘70s, the ozone depleting by CFCs and HCFCs, the contribution of the greenhouse effect by the new “ecological” fluids called HFC and the importance of the electric energy use optimization encouraged the development of new applications of the absorption systems. 

Nowadays the technology and the availability of new materials allow the relaunching of the absorption system in the small air conditioning plans obtaining an high thermodynamic efficiency: it is used in the villa as well as in the commercial building, in the shop as well as in the supermarket, in the sports centre as well as in the hotel, and particularly in the places where there is not enough electric power for the traditional compression system.

BCT direct-fired absorption chillers/heaters
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Broad Air Conditioning, a Chinese company, believed the absorption chillers/heaters to be the most important in the future, so their mission today is to be actively engaged in developing sustainable technology. 

Their experience in big chillers/heaters manufacturing allows them to produce now low capacity package machines suitable for the service industries[image: image4.jpg]


.

BCT double-stage direct-fired absorption chiller/heater is able to supply not only the cooling power for summertime air conditioning, but also the thermal power for wintertime heating and hot water for every time of the year. 

Fuel may be: natural gas, liquid gas (LPG), city gas or oil with low consumption of electric power and water.

With only one machine it is possible to satisfy any need of air conditioning: it supplies heating, cooling and hot water during all the year round at very low electric power consumption.

We are talking about a package system, including absorption group, cooling tower, air conditioning circuit pumps and hot water pumps.  

Therefore, thanks to their experience with the big absorption chillers and with the up-to-date electronic technology, Broad developed the BCT machine, reaching an “intelligent” system which controls the cooling/heating production according to the thermal/cooling requirements.

All this allows electric energy savings and longer equipment life avoiding yield damage. 

BCT PERFORMANCES   


Measure
BCT 16
BCT 23
BCT 70
BCT 115

CAPACITY






Cooling
kW
16
23
70
115

Heating
kW
16
23
70
115

Hot water
kW
7,7
7,7
39
39








TEMPERATURES






Chilled water
°C
7/14
7/14
7/14
7/14

Heating water
°C
57/50
57/50
57/50
57/50

Hot water
°C
80/60
80/60
80/60
80/60








MAX. NATURAL GAS CONSUMPTION





Cooling
m3/h
1,5
2,2
6,7
11,2

Heating
m3/h
1,8
2,6
7,8
13,0

Hot water
m3/h
0,9
0,9
4,3
4,3








MAX. ELECTRIC POWER CONSUMPTION





Cooling
kW
1,00
1,45
3,95
5,78

Heating
kW
0,4
0,68
1,70
2,34

Hot water
kW
0,14
0,14
0,50
0,50








Max. cooling water  consumption (only in summertime)
m3/h
0,05

0
,07
0,20
0,33

The cooling cycle

When liquid evaporates, it absorbs heat from its surroundings. For example, to spread a drop of alcohol on one’s hand, one will feel very cool, as the alcohol absorbs heat from the hand. Evaporation is a basic theory to design many refrigeration equipment.

Water evaporates at 100°C under normal pressure (760 mmHg), but can evaporate at very low temperature under vacuum condition. By creating 6 mmHg pressure condition in an airtight vessel, water can evaporate even at 4°C. 

The cooling cycle of Broad absorption chillers uses naturally occurring fluids, water and lithium bromide, where water is the refrigerant and lithium bromide is the absorbent.

The lithium bromide solution is very strong absorbent and may absorb the surrounding steam maintaining low pressure conditions.
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Water and lithium bromide solution is heated in the heat generator (1-2) causing the elutriation of the water as high temperature steam.

Steam is condensed (in the condenser - 3) thanks to the cooling water from the cooling tower.

Under vacuum condition the refrigerant water (at 4°C temperature) is vaporized in the evaporator pipes (4), where, evaporating at low temperature, takes away heat from the water of the air conditioning system which runs inside the evaporator pipes entering at 14°C and going out at 7°C.

The lithium bromide solution absorbs the low temperature steam (5), moving heat to the cooling cycle of the cooling tower which dissipates it in the air.

The lithium bromide and water solution, joined together again, thanks to a pump (8), moves to the heat generator to restart the cycle.
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Before arriving to the generator, it goes through two heat exchangers (6-7) which allows the system better performances, guaranteeing higher reliability.

The heating cycle

The heating cycle of the chiller/heater becomes very simple, just like a vacuum boiler. Combustion heats the lithium bromide solution. The steam produced by the solution heats the heating water and hot water in the tubes, while condensate returns to the solution to be heated and the cycle repeats. 

BCT series characteristics and applications

The range of capacities (16, 23, 70 e 115 kW) allows their use in the residential, commercial and industrial plants, where the electric power is little, but, above all, where the final consumer asks for and appreciates the following BCT characteristics:

· Clean energy (thanks to the gas)  

· Ecological refrigerant, no ozone depleting and no greenhouse effect

· Inverter-controlled capacity according to the thermal load

· Steady temperature

· Low noise 

· No vibrations

· Easy installation 

· Packaged system

· Beautiful design

· Reduced dimensions

Easy installation derives from the design of a super packaged system which includes everything which is needed to produce cooling (with its heat discharge) and heating energy as far as the various pumps for the plants working.

The installer will take care of the hydraulic, electric and fuel connections as well as the hydronic plant (outside the group) for the complete distribution to the terminals in the environment.

The hydronic terminals can be of every kind: fan coils to be applied on the floor, columned, on the ceiling, on false ceiling, on the wall and if it is needed they may be individually controlled by a particular system which is able to manage the control panel of the chiller/heater. This system may be remote controlled by a modem. 

Thanks to the small dimensions and the possibility to have only one package machine able to produce heating water for wintertime, chilled water for summertime air conditioning and hot water, the BCT machines can be located everywhere and do not need any skilled staff for maintenance inside the building, saving their space. 

High capacity chillers/heaters

The wide range of products includes also the two-stage direct-fired absorption chillers/heaters (DFA) and the one- and two-stage indirect-fired absorption chillers (IFA). Capacity from 174 to 23.260 kW.

These systems are thermally activated to perform the absorption cycle using various kind of fuels: natural gas, LPG, oil, biogas, exhaust gas, steam, hot water and superheated water.
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The second law on the thermodymanics states that in every energy conversion process part of the energy is wasted. The technologies which recover and directly convert this energy, as the absorption chillers, are rapidly spreading.

For these reasons Broad and Systema are increasing their investments in the design and production of the absorption chillers/heaters.

Every moment of every day businesses, factories and public facilities around the globe lose heat energy to the atmosphere. In the past, this energy was deemed too difficult to recover and simply was ignored. 

Today, with limited natural resources, growing concern over global warming (greenhouse effect), increasing air pollution and ever increasing energy costs, we can no longer ignore energy inefficiency. 

One effective measure is to transform this “waste heat” into economically valuable chilled water for air conditioning or process cooling.

Some ideal uses of IFA systems to save energy and operating costs are:

1. Anywhere process waste heat, steam at pressure: 0.25~0.8 MPa or hot/superheated water 

2. Reciprocating engine jacket water plus exhaust gas heat

3. Gas turbine or micro turbine exhaust gas

4. Steam turbine bottoming 

5. Enhancement of summertime boiler part-load utilization

Electric grid infrastructure throughout the world is under the great stress from economic growth and is struggling to provide power quality and reliability necessary fro the digital age to come. Reducing peak electric grid requirements helps all customers save money by reducing electric grid investments and decreases the air pollution. 

IFA chillers provide cooling using heat energy and without requiring more on-peak electric generation, transmission or distribution systems, therefore improving environment quality. 

Furthermore, IFA systems use naturally occurring fluids (water and lithium bromide) and avoid ozone depleting CFCs and HCFCs.

Conclusion

In the end these are the main characteristics of the Broad-Systema absorption chillers/heaters:

Super packaged systems: integrated cooling/heating systems providing factory packaged and tested components, materials and control functions further improving the quality, reliability and operability, at the same time reducing installation and maintenance costs.

Operation flexibility: variable temperature range and flowrate.

Accurate control: all the functional parameters may be controlled on a central control panel.

Easy operation: remote operation and telephone remote control can be applied.

Simplified maintenance: scheduled inspections once every cooling and heating season and routine maintained once every few years.

Reliability: installed base of over 6.000 units. 

Long equipment life: more than 20 years for DFA - IFA and 15 year for BCT.

Faster return on investment: total installation and operating savings through high efficiency, fuel flexibility savings, reduced cooling water flow rates, low maintenance costs.

FABIO BRAIDOTTI

SYSTEMA S.p.A. 

S. GIUSTINA IN COLLE (PD)  ITALIA  

http: //www.systema.it
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