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SCOPE
The The Complete RefrigerationComplete Refrigeration SystemSystem shortly described here is shortly described here is 
the resultthe result of a Collaborative Project.of a Collaborative Project. The product was field The product was field 
tested during thetested during the lastlast summer Olympics Gamessummer Olympics Games,, AthensAthens, 2004., 2004.

In the In the domain domain of of small small commercial commercial appliancesappliances, , manufacturers manufacturers 
of of Bottle Coolers Bottle Coolers Cabinets face troubles Cabinets face troubles withwith onon--site site 
maintenancemaintenance and and challenges challenges with with environmental environmental impactimpact..

Development Development of anof an inovative cooling inovative cooling system has been system has been based based on on 
the 3 mains the 3 mains objectivesobjectives::

-- systemsystem easiereasier to to handlehandle; ; 
-- energy efficiencyenergy efficiency improvementimprovement; ; 
-- environmently friendlyenvironmently friendly..
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DECK SYSTEM
System System easiereasier to to handlehandle::

TraditionallyTraditionally, a, a refrigerationrefrigeration system in a cabinet system in a cabinet 
isis split into twosplit into two subsub--assembliesassemblies::

-- evaporatingevaporating unitunit

-- condensingcondensing unitunit

DifficultDifficult service service at at the point of sale.the point of sale.
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DECK SYSTEM SOLUTION
System System easiereasier to to handlehandle::

-- refrigeration refrigeration module;module;
-- plugplug--in type unit;in type unit;
-- replacingreplacing the the deckdeck instead instead of of thethe cabinet;cabinet;
-- standardization opportunitystandardization opportunity..
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DECK SYSTEM

MeansMeans to to Improve Energy EfficiencyImprove Energy Efficiency::

-- choicechoice of of refrigerantrefrigerant; ; 

-- optimizationoptimization of of electrical motors efficiencyelectrical motors efficiency;;

-- air air flow optimizationflow optimization..
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DECK SYSTEM
RefrigerantRefrigerant SelectionSelection:: HC vs HFCHC vs HFC

Thermodynamic and Thermodynamic and transport transport properties properties of HC of HC andand HFCHFC
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DECK SYSTEM
Refrigerant SelectionRefrigerant Selection::

Volumetric refrigerant capacity Volumetric refrigerant capacity for the for the same same cycle cycle withwith 40°C cond. temp.40°C cond. temp.
((From GranrydFrom Granryd E. E. Hydrocarbons Hydrocarbons as as refrigerantrefrigerant--an an overviewoverview. Int. J. . Int. J. 
RefrigRefrig. 2001; 24; 15. 2001; 24; 15--24)24)
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DECK SYSTEM
RefrigerantRefrigerant SelectionSelection::
HC vs HFC (R134a) main HC vs HFC (R134a) main adavantagesadavantages::

çç thermodynamic and thermodynamic and transport transport propertiesproperties
-- higher higher latent latent heat heat of phase change;of phase change;
-- lower viscositylower viscosity;;
-- higher higher thermal thermal conductivityconductivity..

çç cost savingscost savings: : 
-- smallersmaller charge size (up to 50%)charge size (up to 50%) at lowerat lower cost cost ;;
-- compliant with lower cost mineral oilcompliant with lower cost mineral oil..

çç availabilityavailability
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DECK SYSTEM
EcoEco--friendlyfriendly solution:solution:

Data Data from from National National InstituteInstitute of Standards of Standards andand TechnologyTechnology (NIST REFPROP)(NIST REFPROP)
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DECK SYSTEM

Selected RefrigerantSelected Refrigerant:  R290 (propane):  R290 (propane)

R290 PressureR290 Pressure--Enthalpy DiagramEnthalpy Diagram
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DECK SYSTEM
Electrical motorsElectrical motors designdesign optimizationoptimization::

Fan Fan motormotor: : 
-- electronically commutated synchronouselectronically commutated synchronous permanent permanent magnetmagnet;;

-- higher efficiency than shaded higher efficiency than shaded pole;pole;

-- lower lower component count component count than brushlessthan brushless..
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DECK SYSTEM DESIGN

CAD CAD fromfrom the 1the 1stst layoutlayout to the to the definitive definitive one...one...
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DECK SYSTEM

Air Air velocity fieldvelocity field Air Air temperature fieldtemperature field

Air Air flow optimizationflow optimization::
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LABORATORY TESTSLABORATORY TESTS
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DECK SYSTEM TESTING
Experimental resultsExperimental results::

BASELINE ENERGY CONSUMPTION for 32,2°C 
(90°F), 65% RH
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DECK SYSTEM

Compressor motorCompressor motor vs. vs. evaporatingevaporating temperaturestemperatures for for same same 
condensingcondensing temperature temperature byby usingusing R22R22 or or R290R290

Increased motor cooling effect Increased motor cooling effect by by usingusing R290:R290:
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LABORATORY TESTS

Performance:Performance: Pull down testPull down test
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LABORATORY TESTS

Comp. & 
Cond. fan

72%

Evap. fan
14%

Light
14%

Baseline energy consumptionBaseline energy consumption
E = 9228E = 9228 WhWh//day day 

On/off On/off cylecyle testtest
E = 6040E = 6040 WhWh//dayday
Ratio on/off = 0.49Ratio on/off = 0.49

Power Power ConsumptionConsumption ReductionReduction: 35%: 35%

Energy efficiencyEnergy efficiency measurementsmeasurements::

Cabinet size: 630 Cabinet size: 630 canscans (US size)(US size)
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SYSTEM SAFETY

SafetySafety measuresmeasures::

Design:Design:
-- spark spark free designfree design
-- fully sealedfully sealed systemsystem
-- refrigerantrefrigerant charge charge limited limited (<150g)(<150g)
-- factoryfactory--builtbuilt systemsystem

Standards:Standards:
-- EC EC rules rules : : Risk Analysis Risk Analysis (FMEA), Public Area, LVD, (FMEA), Public Area, LVD, 
PED, MD, EMC directivePED, MD, EMC directive

-- conformity withconformity with IEC60335IEC60335--22--8989
-- conformity withconformity with IEC79IEC79--15 15 
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CONCLUSION

•• A new A new Complete Refrigeration Complete Refrigeration System System usingusing HC as HC as refrigerantrefrigerant
has been has been designed and integrated designed and integrated in a in a Bottle Cooler Bottle Cooler cabinet; cabinet; 

•• Compactness and easeCompactness and ease of of handlinghandling as a as a plugplug--in in peripheralperipheral unit unit 
areare thethe main main advantagesadvantages of of thisthis HC system;HC system;

•• A power A power consumptionconsumption reductionreduction of 35% of 35% atat the the same same service service 
rate rate waswas achievedachieved by by usingusing thisthis HC system;HC system;

•• HCHC can be used safelycan be used safely asas refrigerant refrigerant in in specialyspecialy designed designed 
factoryfactory--builtbuilt systemssystems in in compliance with compliance with International International 
Standards Standards requirementsrequirements..


