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Review Article 
 

TWO-STAGE EVAPORATIVE COOLING SYSTEMS AN ENVIRONMENT FRIENDLY 

TECHNOLOGY: A REVIEW 

 

ABSTRACT 

 THIS PAPER REPORTS A REVIEW BASED STUDY INTO THE TWO STAGE 

INDIRECT- DIRECT EVAPORATIVE COOLING TECHNOLOGY, WHICH IS REFERRED 

AS TWO-STAGE EVAPORATIVE COOLING (TSEC) SYSTEM. DIRECT TYPE 

(EVAPORATIVE) COOLING SYSTEM IS WIDELY USING NATURAL COOLING 

TECHNOLOGY FOR STORAGE OF AGRICULTURAL PRODUCE PARTICULARLY 

FRUITS AND VEGETABLES BECAUSE OF ITS SIMPLICITY, ECO-FRIENDLY AND 

LOW-COST. BUT EC SYSTEM IS ENVIRONMENT BASED AND GOT THE LIMITATION 

THAT COOLING OF AIR CAN BE DONE UP TO WET BULB TEMPERATURE. TO 

OVERCOME THIS AND OWING TO THE CONTINUOUS PROGRESS IN COOLING 

TECHNOLOGY INNOVATIONS ARE DONE BY COMBINING OTHER INDIRECT 

METHODS WITH DIRECT TYPE EVAPORATIVE COOLING SYSTEM. SUCH SYSTEM IS 

KNOWN AS TWO STAGE EVAPORATIVE COOLING, INCLUDES INDIRECT AND 

DIRECT TYPE COOLING SYSTEM. INDIRECT COOLING HAS POTENTIAL TO BE AN 

ALTERNATIVE TO CONVENTIONAL MECHANICAL VAPOUR COMPRESSION 

REFRIGERATION SYSTEM TO TAKE UP THE AIR CONDITIONING DUTY. INDIRECT 

COOLING SYSTEM IS MOSTLY HEAT EXCHANGER(S) WHEREAS DIRECT COOLING 

IS WET PAD TYPE SYSTEM. COMBINATION OF THESE TWO SYSTEM HAS OBTAINED 

SIGNIFICANTLY ENHANCED COOLING PERFORMANCE, WITH NEAR TO 90% AND 

HIGH ENERGY EFFICIENCY RATIO UP TO 80. THE EXPERIMENTAL AND RESEARCH 

WORK DONE ON THE INDIRECT AND DIRECT COOLING TECHNOLOGY ON THE 

BASIS OF THEIR DESIGN, STRUCTURAL, TYPE OF INDIRECT COOLER, MATERIALS 

OF CONSTRUCTION,  PAD MATERIALS, EFFECTIVENESS AND ENERGY SAVING 

HAVE BEEN REVIEWED AND PRESENTED. THIS REVIEW PAPER EXPLAINS THE 

WORKING PRINCIPLES OF TWO-STAGE EVAPORATIVE COOLING SYSTEMS AND ITS 

PERFORMANCE ASSESSED. THIS SYSTEM IS ENERGY EFFICIENT, ENVIRONMENT 

FRIENDLY AND HAVING POTENTIAL FOR COOLING AND STORAGE OF FRUITS AND 

VEGETABLES IN COUNTRIES WHERE HOT AND DRY WEATHER PREVAILS FOR 

MOST OF THE PART. 
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1. INTRODUCTION 

FRUITS AND VEGETABLES CONTAIN HIGH PERCENTAGE OF WATER; CARRY OUT 

THEIR PHYSIOLOGICAL FUNCTION OF RESPIRATION TO THEIR ENVIRONMENT 

AFTER HARVEST & STORAGE WHICH LEAD TO THEIR RAPID DETERIORATION 

UNDER CONDITIONS OF HIGH TEMPERATURE AND LOW HUMIDITY. AS A RESULT, 

HEAVY LOSSES ARE ENCOUNTERED IN FRESHLY HARVESTED FRUITS AND 

VEGETABLES. THE LACK OF SUFFICIENT COOL STORAGE SPACE AT FARM LEVEL 

AND REFRIGERATED STORAGE AT MARKET LEVEL FURTHER ENHANCES LOSS OF 

FRUITS AND VEGETABLES (FAO 2006).  

SEVERAL FACTORS ARE RESPONSIBLE FOR THE LOSSES. ONE OF THE MAJOR 

PROBLEMS IS THE NON-AVAILABILITY OF THE SUITABLE LOW COST EFFICIENT 

COOLING SYSTEM. EVAPORATIVE COOLING IS THE MOST EFFICIENT METHOD FOR 

COOLING IN DRY AND HOT CONDITIONS. IT HAS BEEN PROVED AS AN EFFECTIVE 

METHOD OF STORAGE OF FRUITS AND VEGETABLES. THE FAVOURABLE 

ENVIRONMENT FOR STORAGE OF FRUITS AND VEGETABLES IS LOW 

TEMPERATURE AND HIGH HUMIDITY. REFRIGERATION SYSTEM DECREASES BOTH 

TEMPERATURE AND HUMIDITY WHILE EVAPORATIVE COOLING SYSTEM 

DECREASES LESS TEMPERATURE AND INCREASES HUMIDITY, WHICH IS MORE 

SUITABLE FOR AGRICULTURE PRODUCE (NITIPONG AND SUKUM, 2011). THAT IS 

REASONABLY POSSIBLE TO ACHIEVE BY TWO-STAGE EVAPORATIVE COOLING 

WITH COMPARATIVELY LOW INVESTMENT AND LESS ENERGY INPUT. 

TWO PRINCIPAL METHODS OF EVAPORATIVE COOLING ARE; DIRECT COOLING 

AND INDIRECT COOLING. DIRECT AND INDIRECT PROCESSES CAN ALSO BE 

COMBINED. IN DIRECT METHOD OF EVAPORATIVE COOLING OUTSIDE 

UNSATURATED AIR IS ALLOWED TO PASS THROUGH WET PAD, DUE TO 

EVAPORATION OF WATER AIR GETS COOLED AND HUMIDIFIED. WHEREAS, IN 

INDIRECT METHOD OF EVAPORATIVE COOLING AIR IS COOLED AS IT FLOWS 

OUTSIDE THE TUBES OF THE HEAT EXCHANGER IN WHICH COLD WATER 

CIRCULATES. THIS INDIRECT COOLING PROCESS TAKES PLACE AT A CONSTANT 

ABSOLUTE HUMIDITY. THE EFFECTIVENESS OF EITHER OF THESE METHODS IS 

BELOW ONE. THE EFFICIENCY OF DIRECT COOLING (EC) IS UP TO 90% WITH GOOD 

QUALITY RIGID PAD MEDIA (DASH ET AL.,2018, SHARMA & MANSURI, 2017, WARKE 

& DESHMUKH, 2017, VALA & JOSHI, 2010), WHILE EFFICIENCY OF INDIRECT 
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COOLING IS IN THE RANGE OF 60-70% (MOHMMAD, 2013). THE DIRECT 

EVAPORATIVE COOLING HAS GOT THE LIMITATION FOR DROP IN TEMPERATURE, 

I.E. THE MAXIMUM UP TO THE WET BULB TEMPERATURE OF AMBIENT AIR. IT MAY 

BE OVERCOME WITH THE TWO-STAGE INDIRECT-DIRECT EVAPORATIVE COOLING. 

1.1 TWO-STAGE INDIRECT-DIRECT EVAPORATIVE COOLING SYSTEM 

TWO-STAGE INDIRECT-DIRECT EVAPORATIVE COOLING SYSTEM COMBINES 

INDIRECT EVAPORATIVE COOLING UNIT IN FIRST-STAGE WITH DIRECT 

EVAPORATIVE COOLING UNIT IN SECOND-STAGE. IN THIS TWO-STAGE 

EVAPORATIVE COOLING SYSTEM, AMBIENT AIR IS PASSED OVER A HEAT 

EXCHANGER COOLING UNIT (FIRST-STAGE) WITH CIRCULATING WATER COMING 

OUT FROM THE DIRECT EVAPORATIVE COOLING UNIT. THE HEAT EXCHANGE 

PROCESS IN HEAT EXCHANGER (INDIRECT EC SYSTEM) REDUCES THE DRY BULB 

TEMPERATURE OF THE AIR STREAM WITHOUT CHANGING ITS HUMIDITY. 

THEREAFTER, THIS AIR STREAM IS INTRODUCED INTO THE SECOND STAGE I.E. 

DIRECT EVAPORATIVE COOLING SYSTEM. IN THE SECOND STAGE, THE PRE-

COOLED AIR PASSES THROUGH A WATER-SOAKED PAD. AS A RESULT, THE AIR 

TEMPERATURE APPROACHES THE WET BULB TEMPERATURE OF THE PRE-

COOLED AIR. THIS TEMPERATURE IS LOWER THAN THE WET BULB TEMPERATURE 

OF THE AMBIENT AIR. THE TWO-STAGE EVAPORATIVE COOLING PROVIDES AIR 

THAT IS COOLER THAN EITHER A DIRECT OR INDIRECT SINGLE-STAGE SYSTEM 

CAN PROVIDE INDIVIDUALLY. THE COEFFICIENT OF PERFORMANCE OF THE TWO-

STAGE EVAPORATIVE COOLING SYSTEM IS AT LEAST 20% GREATER THAN THOSE 

ACHIEVED WHEN EMPLOYING EITHER THE INDIRECT EVAPORATIVE COOLING OR 

DIRECT EVAPORATIVE COOLING SYSTEM ALONE (BOURHAN ET AL., 2001). THE 

COOLING CAPACITY OF THE TWO-STAGE EVAPORATIVE COOLING SYSTEM IS 

HIGHER THAN THAT OF THE SINGLE STAGE EVAPORATIVE COOLING SYSTEMS. 

THE SCHEMATIC ARRANGEMENT OF ALL COMPONENTS IS SHOWN IN FIG. 1. 
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FIG1: SCHEMATIC ARRANGEMENT OF TSEC SYSTEM 

1. AMBIENT AIR INLET  4.    DIRECT EC UNIT 7.  WATER TANK & 

PUMP 

2. INDIRECT COOLING UNIT  5.    COOLED AIR OUT   

3. PRIMARY COOLED AIR  6.    WATER DISTRIBUTION PIPE  

  

 

IN RECENT TRENDS, IT WAS NOTICED THAT THE IDC SYSTEMS ARE ALWAYS IN 

COMBINED OPERATION WITH OTHER COOLING MEASURES AND COMMONLY USED 

OPERATIONAL MODES ARE (1) IDC/DEC SYSTEM; (2) IDC/DEC/MECHANICAL 

VAPOUR COMPRESSION REFRIGERATION SYSTEM; (3) IDC/DESICCANT SYSTEM; 

(4) IDC/CHILLED WATER SYSTEM; (5) IDC/HEAT PIPE SYSTEM. OUT OF ALL ABOVE 

ADDRESSED EFFORT FOR LOWERING THE TEMPERATURE, ONLY COMBINATION 

OF IDC AND DEC ARE REVIEWED HERE.  LESS WORK ON TSEC SYSTEM HAS BEEN 

DONE AND PUBLISHED. THEREFORE AN ATTEMPT HAS BEEN MADE TO REVIEW 

CRITICALLY, ALL PUBLISHED LITERATURE AS READY REFERENCE FOR FUTURE 

ONWARD WORK. 

2. REVIEW OF LITERATURE: 

 DIFFERENT RESEARCHERS HAVE MADE EFFORTS TO IMPROVE THE 

PERFORMANCE OF EVAPORATIVE COOLING SYSTEM BY CHANGE IN DESIGN, 

PROCESS AND MATERIALS (KULKARNI AND RAJPUT, 2011). MANY SCIENTISTS 
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HAVE POINTED OUT THAT IN THE REGION WHERE WET BULB TEMPERATURE IS 

LOW; TWO STAGE EVAPORATIVE COOLING SYSTEM, WHICH COMBINES INDIRECT 

AND DIRECT EVAPORATIVE COOLING OFFERS ENERGY AND COST SAVING 

POTENTIAL WITH COMFORT CONDITIONS SIMILAR TO REFRIGERATED SYSTEMS 

(STANLEY ET AL., 1979, NEIL ESKARA, 1980, NAVON AND ARKIN, 1994, DUTTA ET 

AL., 1987). THE COOLING EFFECTIVENESS OF INDIRECT EVAPORATIVE COOLING 

SYSTEM IS GENERALLY LOW, AROUND 40-60% COMPARED TO DIRECT 

EVAPORATIVE COOLING (MAHESHWARI ET AL., 2001). THE PUBLISHED 

INFORMATION ON ALL THE ABOVE WAS REVIEWED AND BRIEFLY PRESENTED 

HERE.  

2.1 DESIGN AND DEVELOPMENT OF TWO-STAGE EC SYSTEM 

SCIENTISTS DESIGNED, FABRICATED, DEVELOPED AND ASSESSED TWO STAGE 

EVAPORATIVE COOLING SYSTEM; EITHER INDIRECT DIRECT TYPE EC OR DIRECT 

INDIRECT TYPE EC AND EVALUATED INDIVIDUALLY AS WELL AS COMBINED 

(SADGIR AND GHUGE, 2016, JAIN AND HINDOLIYA, 2012, KULKARNI AND RAJPUT, 

2011, HUI AND CHEUNG, 2009, RICK PHILIPS, 2009, JAIN, 2007, EI-DESSOUKY ET. 

AL., 2004, AL-JUWAYHEL ET. AL., 2004, DUTTA ET. AL., 1987).  THEY ALSO 

EVALUATED THE TWO-STAGE EVAPORATIVE COOLING SYSTEM BY PLACING 

DIRECT AND INDIRECT COOLING COMPONENTS ALTERNATIVELY WITH SUPPLY 

FAN AT UPSTREAM SIDE AND BACK SIDE (RICK PHILIPS, 2009).  IT WAS 

OBSERVED/REPORTED THAT INDIRECT-DIRECT TYPE ARRANGEMENT OF TWO 

STAGE EVAPORATIVE COOLING HAVING SUPPLY FAN AT UPSTREAM SIDE 

PERFORMED WELL AS COMPARED TO OTHER ARRANGEMENTS. THE EFFICIENCY 

OF THE TWO STAGE EVAPORATIVE COOLING SYSTEM DEPENDS ON SYSTEM 

CONFIGURATION, COMPONENT DESIGN AND CONTROL STRATEGIES. 

SOURCE OUTPUT 

SADGIR 

AND 

GHUGE, 

2016 

THEY DEVELOPED AN IN-HOUSE TWO STAGE INDIRECT DIRECT 

EVAPORATIVE COOLING SYSTEM BY USING PLATE HEAT 

EXCHANGER IN INDIRECT SECTION AND FILLED WITH COOLING 

PADS (CORRUGATED CELLULOSE) TO INCREASE THE WATER 

HOLDING CAPACITY OF INDIRECT SECTION AND REPORTED THAT 

AN OPTIMUM VELOCITY OF 1.5 M/S OF SECONDARY AIR OFFERED 

THE MAXIMUM COOLING IN DIRECT SECTION. THEY ALSO REPORTED 

THAT INDIRECT-DIRECT EVAPORATIVE COOLING SYSTEM GAVE 

BEST PERFORMANCE FOR HOT AND DRY CLIMATE REGION IN INDIA. 
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JAIN AND 

HINDOLIYA, 

2012 

THEY DESIGN AND DEVELOPED A REGENERATIVE TYPE DIRECT-

INDIRECT EVAPORATIVE COOLING SYSTEM BY PLACING DIRECT 

EVAPORATIVE COOLING IN FIRST STAGE AND INDIRECT 

EVAPORATIVE COOLING IN DOWNSTREAM AND REPORTED THAT 

THIS TYPE OF TWO-STAGE ARRANGEMENT IS MORE 

ADVANTAGEOUS FOR PROVIDING THERMAL COMFORT IN 

RESIDENTIAL AND COMMERCIAL BUILDINGS. 

KULKARNI 

AND 

RAJPUT, 

2011 

THEY DESIGN AND DEVELOPED, A DIRECT EVAPORATIVE COOLING 

SYSTEM, AN INDIRECT EVAPORATIVE COOLING SYSTEM AND 

INDIRECT-DIRECT SYSTEM (IEC/DEC) I.E. TWO-STAGE EVAPORATIVE 

COOLING SYSTEM BY PLACING INDIRECT EVAPORATIVE COOLING IN 

FIRST STAGE FOLLOWED BY DIRECT EVAPORATIVE COOLING IN 

SECOND STAGE AND REPORTED THAT TWO-STAGE EVAPORATIVE 

COOLING SYSTEM IS FOUND MORE SUITABLE AMONG ALL CLIMATIC 

CONDITIONS OF 39⁰C – 46⁰C AND 37 – 46% RH.  

HUI AND 

CHEUNG, 

2009 

THEY DESIGNED TWO-STAGE INDIRECT-DIRECT EVAPORATIVE 

COOLING SYSTEM AND EVALUATED ITS PERFORMANCE IN HOT AND 

HUMID CLIMATE. REPORTED THAT TWO-STAGE INDIRECT DIRECT 

EVAPORATIVE COOLING SYSTEMS COULD HAVE GOOD POTENTIAL 

TO COOL OUTDOOR AIR AND ENERGY PERFORMANCE THAN 

SINGLE-STAGE EVAPORATIVE COOLING SYSTEMS. THEY ALSO 

REPORTED THAT THE EFFICIENCY OF THE EVAPORATIVE COOLING 

SYSTEM DEPENDS ON SYSTEM CONFIGURATION, COMPONENT 

DESIGN AND CONTROL STRATEGIES. 

RICK 

PHILIPS, 

2009 

EVALUATED THE TWO-STAGE EVAPORATIVE COOLING SYSTEM BY 

PLACING DIRECT AND INDIRECT COOLING COMPONENTS 

ALTERNATIVELY AND REPORTED THAT, BY KEEPING THE FAN 

UPSTREAM SIDE FOLLOWED BY INDIRECT EVAPORATIVE COOLING 

UNIT, DIRECT EVAPORATIVE COOLING UNIT, THERE IS ENOUGH 

SPACE FOR UNIFORM AIR VELOCITY TO ATTAIN GOOD 

PERFORMANCE RESULTS AS COMPARED TO SUPPLY FAN PLACED 

DOWNSTREAM OF THE COOLING COMPONENTS, PLACING INDIRECT 

EVAPORATIVE COOLING DOWNSTREAM OF THE DIRECT 

EVAPORATIVE COOLING. 

JAIN, 2007 DEVELOPED AND EVALUATED A TWO-STAGE INDIRECT-DIRECT 

EVAPORATIVE COOLING SYSTEM AND REPORTED THAT THE 
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EFFECTIVENESS OF THE TWO-STAGE EVAPORATIVE COOLING WAS 

FOUND TO BE 1.1-1.2 OVER SINGLE EVAPORATIVE COOLING 

SYSTEM. RESULTS SHOW THAT TWO-STAGE EVAPORATIVE 

COOLING SYSTEM COULD DROP TEMPERATURE UP TO WET BULB 

DEPRESSION OF AMBIENT AIR AND PROVIDED 90% RELATIVE 

HUMIDITY. 

EI-

DESSOUKY 

ET. AL., 

2004 

DESIGNED AND DEVELOPED A TWO-STAGE INDIRECT-DIRECT 

EVAPORATIVE COOLING SYSTEM. THE SYSTEM FORMED OF AN 

INDIRECT EVAPORATIVE COOLING UNIT FOLLOWED BY A DIRECT 

EVAPORATIVE COOLING UNIT AND REPORTED THAT HIGH 

EFFICIENCY ARE OBTAINED IRRESPECTIVE OF THE HIGH INTAKE AIR 

TEMPERATURE. 

AL-

JUWAYHEL 

ET. AL., 

2004   

DESIGNED A SINGLE-STAGE DIRECT EVAPORATIVE COOLING, 

SINGLE-STAGE INDIRECT EVAPORATIVE COOLING, TWO-STAGE 

INDIRECT DIRECT EVAPORATIVE COOLING AND THREE-STAGE 

SYSTEM OF EVAPORATIVE COOLING AND MECHANICAL VAPOUR 

COMPRESSION. REPORTED THAT THE TWO-STAGE INDIRECT DIRECT 

CONFIGURATION ACHIEVED THE BEST VALUE OF ENERGY 

EFFICIENT RATIO, FOLLOWED BY THE DIRECT EVAPORATIVE 

COOLING, THREE-STAGE EVAPORATIVE COOLING AND INDIRECT 

EVAPORATIVE COOLING. 

DUTTA ET. 

AL., 1987 

FOR ASSESSMENT OF TWO-STAGE INDIRECT DIRECT EVAPORATIVE 

SYSTEM APPROPRIATE COMPUTER PROGRAMS WERE PREPARED 

USING FORTRAN IV. THEY DESIGNED; FABRICATED AND TESTED 8.5 

TON INDIRECT-DIRECT EVAPORATIVE COOLING SYSTEM AND 

COMPARED ITS PERFORMANCE WITH A COMPUTER PREDICTION, 

REPORTED THAT THIS SYSTEM HAS SCOPE FOR USE IN INDIA.  

 

2.2 STRUCTURAL DETAILS OF TSEC 

 MANY RESEARCHERS DESIGNED AND DEVELOPED VARIOUS SIZES 

INDIRECT AND DIRECT COOLING SYSTEM (SADGIR AND GHUGE, 2016, KONGRE ET. 

AL., 2015, REDDY ET. AL., 2012, AL-JUWAYHEL ET. AL., 2004, DATTA ET. AL., 1987). 

PROPER AND EFFECTIVE SIZE OF INDIRECT AND DIRECT EVAPORATIVE COOLING 

SYSTEM RESULTED IN BETTER PERFORMANCE WITH HIGHER EFFECTIVENESS. 

ALSO SELECTION OF PROPER INDIRECT COOLING METHOD PLAYS IMPORTANT 

ROLE IN HIGHER DROP OF TEMPERATURE MAKING IT SUITABLE FOR STORAGE OF 
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FRUITS AND VEGETABLES (JAIN D, 2007). THE EXPERIMENTAL AND THEORETICAL 

ANALYSIS OF PAPER RESULTS SHOW THAT THE TSEC SYSTEM NOT ONLY HAS 

FAVORABLE APPLICATION PROSPECT IN THE DRY REGION, BUT ALSO HAS 

APPLICATION IN THE LOW/MEDIUM HUMIDITY AREAS.  

SOURCE SIZE OUTPUT 

SADGIR AND 

GHUGE, 2016 

DIMENSIONS OF 

INDIRECT COOLER 

: 0.35X0.35X0.32MM 

 

THEY DESIGNED, DEVELOPED AND 

EVALUATED IN-HOUSE TWO STAGE 

INDIRECT DIRECT EVAPORATIVE 

COOLING SYSTEM AND REPORTED 

MAXIMUM TEMPERATURE DROP OF 21.7°C 

AND MAXIMUM EFFECTIVENESS OF 92.5%. 

KONGRE ET. AL., 

2015 

 

DIMENSIONS OF 

DIRECT COOLER: 

406X368X660MM 

DIMENSIONS OF 

INDIRECT COOLER 

: 8X10X4MM 

 

THEY HAVE DESIGNED TWO-STAGE 

COOLER CUM COLD STORAGE AND 

ANALYZED ITS PERFORMANCE IN 

LABORATORY. REPORTED DROP IN 

TEMPERATURE FROM 36⁰C TO 23⁰C IN 195 

MIN (2H 15MIN). RESULT SHOWS THAT 

TWO-STAGE EVAPORATIVE COOLER 

PROVIDES OVERALL GOOD 

ENVIRONMENT TO STORE THE 

PERISHABLE FOOD AND VEGETABLES, 

ALSO THIS CAN BE BETTER SOLUTION 

AGAINST COSTLY AIR CONDITIONERS. 

REDDY ET. AL., 

2012 

DIMENSIONS OF 

DIRECT COOLER: 

3700X2750X3200MM 

DIMENSIONS OF 

INDIRECT COOLER: 

350X350X250MM 

 

FOR EXPERIMENTAL EVALUATION, 

CONSTRUCTED A CLOSED CHAMBER 

USING PARTICLE BOARD, GLASS, BRICK 

AND PLYWOOD FOR EXPERIMENT AND 

DESIGNED SMALL INDIRECT 

EVAPORATIVE COOLER USING PLASTIC 

DRINKING STRAWS (4MM DIA). THE 

RESULTS SHOW THAT FOR A GIVEN INLET 

CONDITIONS AND FOR GIVEN LENGTH OF 

THE TUBES THE OPTIMUM DIAMETER OF 

THE TUBE 2MM GIVES BETTER COOLING.   

AL-JUWAYHEL 

ET. AL., 2004   

DIMENSIONS OF 

DIRECT COOLER: 

THEY REPORTED THAT TWO-STAGE 

INDIRECT DIRECT EVAPORATIVE COOLER 
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790X810X20MM  

DIMENSIONS OF 

INDIRECT COOLER: 

810X120X125MM 

 

SHOWN HIGHER EFFECTIVENESS VALUE 

VARYING BETWEEN 0.76 AND 1.14 THAN 

THE SINGLE-STAGE EVAPORATIVE 

COOLING SYSTEMS.  

DATTA ET. AL., 

1987 

DIMENSIONS OF 

DIRECT COOLER: 

1000X1000X1000M  

DIMENSIONS OF 

INDIRECT COOLER: 

1000X1000X150MM 

 

THEY FABRICATED INDIRECT-DIRECT 

EVAPORATIVE COOLING SYSTEM AND 

TESTED AND COMPARED ITS 

PERFORMANCE WITH A COMPUTER 

PREDICTION. THEY REPORTED THAT THIS 

SYSTEM HAS SCOPE FOR USE IN INDIA 

AND THIS SYSTEM ALSO APPLICABLE IN 

ALL ZONES WHERE THE WET BULB 

TEMPERATURES ARE BELOW 24-26°C 

FOR MOST OF THE HOT SEASON. 

  

2.3 TYPES OF PAD MATERIALS AND HEAT EXCHANGER  

 TYPES OF HEAT EXCHANGER AND PAD MATERIAL ARE IMPORTANT 

COMPONENTS OF TSEC SYSTEM. THERE IS A LOT OF RESEARCH STUDYING THE 

CHARACTERISTICS AND PERFORMANCE OF VARIOUS TYPES OF HEAT 

EXCHANGERS WITH ALTERNATIVE SHAPES AND DIFFERENT COOLING 

MEDIA/PADS, NAMELY; PLATE TYPE, CROSS FLOW TYPE FOR HE AND 

CORRUGATED CELLULOSE PAD, ASPEN PAD, GLASSDEK, PERSPEX FOR EC 

(SADGIR AND GHUGE, 2016, KONGRE ET. AL., 2015, MOHAMMED A.K., 2013, JAIN 

AND HINDOLIYA, 2012, REDDY ET AL., 2012, SODHA AND SOMWANCHI, 2012, 

KULKARNI & RAJPUT, 2011).  MATERIALS USED FOR MAKING THE HEAT 

EXCHANGER ELEMENTS (PLATE/TUBE) INCLUDES FIBRE SHEET WITH SINGLE 

SIDE WATER PROOFING, ALUMINIUM PLATE/TUBE WITH SINGLE SIDE WET WICKED 

SETTING (GROOVED, MESHED, TOUGHED ETC.), AND CERAMIC PLATE/TUBE WITH 

SINGLE SIDE WATER PROOFING. THE TYPE OF MATERIAL USED FOR 

CONSTRUCTION OF HEAT EXCHANGER AND COOLING PADS USED IN 

EVAPORATIVE COOLING SYSTEM FAR MOST IMPORTANT AS FAR AS DROP IN 

TEMPERATURE IS CONCERNED.  

SOURCE PARAMETERS OUTPUT 

SADGIR AND PAD MATERIAL: THEY DESIGN, DEVELOPED AND 
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GHUGE, 2016 CORRUGATED 

CELLULOSE (50, 100 & 

150 MM THICK) 

TYPE OF HEAT 

EXCHANGER: 

ALUMINIUM PLATE 

HEAT EXCHANGER 

(NOS. OF PLATES:14, & 

SPACING: 2 CM) 

EVALUATED TWO STAGE INDIRECT 

DIRECT EVAPORATIVE COOLING 

SYSTEM AND REPORTED EFFICIENCY 

OF THE INDIRECT SECTION INCREASED 

FROM 18.76 TO 32% WITH MAXIMUM 

TEMPERATURE DROP OF 3.35° AT 1.5 

M/S  SECONDARY AIR VELOCITY. THEY 

ALSO REPORTED THAT THICKER PAD 

PERFORMED BETTER IN DIRECT 

SECTION WITH TEMPERATURE DROP 

FROM 10.5 TO 12.50°C.  OVERALL 

MAXIMUM TEMPERATURE DROP OF 

21.7°C AND MAXIMUM EFFECTIVENESS 

OF 92.5% WAS REPORTED. 

KONGRE ET. 

AL., 2015 

 

PAD MATERIAL: ASPEN 

PAD (30MM THICK) 

TYPE OF HEAT 

EXCHANGER: COPPER 

TUBE(10MM DIA., 30FT 

LONG) 

THEY REPORTED THAT THE TWO-

STAGE EVAPORATIVE COOLER 

PROVIDED OVERALL GOOD 

PERFORMANCE AND DROP IN 

TEMPERATURE WAS OBSERVED FROM 

36°C TO 23°C. 

MOHAMMED 

A.K., 2013 

PAD THICKNESS: 15 

CM 

DESIGNED, CONSTRUCTED AND 

TESTED A TWO-STAGE EVAPORATIVE 

COOLING EXPERIMENTAL SET UP 

CONSISTING OF AN INDIRECT 

EVAPORATIVE COOLING STAGE 

FOLLOWED BY A DIRECT EVAPORATIVE 

COOLING STAGE. REPORTED THAT 

THIS SYSTEM CAN PROVIDE COMFORT 

CONDITIONS DURING THE WHOLE OF 

HOT SEASON AND CAN WORKS WELL 

IN THE DESERT LIKE ENVIRONMENTS, 

ALONE OR AS A SUPPLEMENT TO A 

CHILLER OR DIRECT EXPANSION 

REFRIGERATION SYSTEM. 

JAIN AND 

HINDOLIYA, 

PAD MATERIAL: ASPEN 

WOOD 

A COMMERCIALLY AVAILABLE DIRECT 

TYPE EVAPORATIVE COOLER WAS 
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2012 TYPE OF HEAT 

EXCHANGER: 

ALUMINIUM TUBE (7MM 

DIA.) 

EVALUATED BY ADDING A HEAT 

EXCHANGER (INDIRECT EVAPORATIVE 

COOLER) AND REPORTED 

IMPROVEMENT IN COEFFICIENT OF 

PERFORMANCE 20-25% WITH HEAT 

EXCHANGER THAN DIRECT 

EVAPORATIVE COOLER. 

REDDY ET AL., 

2012 

PAD MATERIAL: 

PERSPEX SHEET 

(12MM THICK) 

TYPE OF HEAT 

EXCHANGER: 

DRINKING PLASTIC 

STRAWS (4MM DIA.) 

 

EXPERIMENTS WERE CONDUCTED TO 

EVALUATE THE PERFORMANCE OF THE 

COOLER UNDER DIFFERENT AMBIENT 

CONDITIONS (FOR DIFFERENT INLET 

TEMPERATURES RANGING FROM 25°C 

TO 45°C. THE RESULTS SHOW THAT 

LESS RELATIVE HUMIDITY, LOW 

VELOCITY OF COMFORT AIR AND AN 

INCREASE IN THE INLET TEMPERATURE 

OF COMFORT AIR GIVES HIGHER 

COOLING EFFECT. 

SODHA AND 

SOMWANCHI, 

2012 

PAD MATERIAL: 

GLASDEK, (100MM 

THICK) 

THEY HAVE EVALUATED A MODEL FOR 

THE VALIDATION OF THE WATER 

TEMPERATURE ALONG DIRECTION OF 

FLOW IN AN EVAPORATING PAD AND 

REPORTED A NEW CONCEPT OF USING 

THE TANK WATER FOR COOLING TO 

EXTRANEOUS OBJECTS. THE STEADY 

STATE TEMPERATURE OF WATER IN 

THE TANK IS REACHED FROM 33°C TO 

23°C NEAR TO WET BULB 

TEMPERATURE IN A TIME OF THE 

ORDER OF ONE HOUR OR LESS.  

 

2.4 EFFECTIVENESS OF THE SYSTEM 

 IN THEORY, THE EFFICIENCY OF EITHER OF THE INDIRECT OR DIRECT IS 

LESS THAN 100 PER CENT, THIS IS BECAUSE, AND BOTH THE SYSTEM CAN COOL 

ENTERING AIR UP TO ITS WET BULB TEMPERATURE ONLY.  BUT THE OVERALL 

EFFECTIVENESS CAN BE ACHIEVED MORE THAN 100 PER CENT, WHEN DIRECT 
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AND INDIRECT ARE COMBINED AND WORKS AS A SINGLE UNIT. THE OVERALL 

PERFORMANCE OF INDIRECT-DIRECT EVAPORATIVE COOLING SYSTEM (TSEC) 

EVALUATED BY RESEARCHERS IN DIFFERENT CLIMATES AND SEASONS ARE 

REVIEWED HEREUNDER; 

 MOHAMMED, 2013, HAS DESIGNED, CONSTRUCTED AND TESTED A TWO-

STAGE EVAPORATIVE COOLING EXPERIMENTAL SET UP CONSISTING OF AN 

INDIRECT EVAPORATIVE COOLING STAGE FOLLOWED BY A DIRECT EVAPORATIVE 

COOLING STAGE AND REPORTED THAT EFFECTIVENESS OF TWO-STAGE 

INDIRECT DIRECT EVAPORATIVE COOLING UNIT, UNDER VARIOUS OUTDOOR 

CONDITIONS VARIES IN THE RANGE OF 90-110%, WHILE INDIRECT EVAPORATIVE 

COOLING STAGE WAS OBSERVED IN THE RANGE OF 55-65%. 

 ABBOUDA AND ALMUHANNA, 2012, HAVE DESIGNED, CONSTRUCTED AND 

TESTED A TWO-STAGE EVAPORATIVE COOLING SYSTEM CONSISTING OF A 

DIRECT EVAPORATIVE COOLING AND INDIRECT EVAPORATIVE COOLING. THEY 

REPORTED THAT THE OVERALL EFFECTIVENESS OF THE COMBINING COOLING 

SYSTEM WAS MORE THAN 100% (102.8%). THEY ALSO REPORTED THAT IN RE-

CIRCULATING TYPE EVAPORATIVE COOLING SYSTEM WITH CROSS-FLUTED 

CELLULOSE PAD, THE COLLECTED WATER IN SUMP REACHES EQUAL TO THE 

DEW POINT TEMPERATURE OF THE ENTERING AIR AFTER STEADY STATE 

CONDITION HAS REACHED. THIS SYSTEM IS ENVIRONMENTALLY CLEAN & 

ENERGY EFFICIENT, AND CAN BE USED IN VARIOUS CLIMATIC CONDITIONS. 

 KULKARNI AND RAJPUT, 2011, HAVE FABRICATED AND TESTED TWO-

STAGE INDIRECT DIRECT EVAPORATIVE COOLER HAVING WET SURFACE PLATE 

HEAT EXCHANGER TYPE INDIRECT STAGE WITH THREE DIFFERENT SHAPES AND 

THREE DIFFERENT COOLING MATERIALS. THEY REPORTED THAT SATURATION 

EFFICIENCY OF DIRECT EVAPORATIVE COOLING VARIES IN THE RANGE OF 98.3% 

TO 71.9%, FOR INDIRECT EVAPORATIVE COOLING 83.3% TO 37.2%. OVERALL 

EFFICIENCY VARIES IN THE RANGE OF 119.5% TO 74.3%. COOLING CAPACITY FOR 

COMBINED MODE RANGED BETWEEN 4679 AND 43771 KJ/H FOR DIFFERENT 

COMBINATIONS. THEY ALSO REPORTED THAT THE COOLING EFFICIENCY CAN BE 

IMPROVED BY ADDING AN INDIRECT STAGE BEFORE THE DIRECT STAGE AND THE 

DRY BULB TEMPERATURE OF INCOMING AIR CAN BE REDUCED BELOW ITS WET 

BULB TEMPERATURE. RECTANGULAR SHAPE GAVE HIGHER EFFICIENCY. 

RESULTS SHOW THAT THE TWO-STAGE EVAPORATIVE COOLING SYSTEM WILL BE 

SUITABLE FOR CLIMATIC CONDITIONS OF 39°C-46-C DRY BULB TEMPERATURE 

AND 37%-46 % RELATIVE HUMIDITY. 
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 GOMEZ ET. AL., 2010, EXPLAINED THE PHENOMENA OF MIXED 

EVAPORATIVE COOLING SYSTEMS WITH INDIRECT SYSTEM WITH TUBULAR HEAT 

EXCHANGER AND PLATE HEAT-EXCHANGER AND REPORTED THAT WHEN DRY 

OUTSIDE AIR IS ALLOWED TO PASS FROM INDIRECT EVAPORATIVE COOLING AND 

THIS OUT COMING AIR FROM INDIRECT EVAPORATIVE COOLING IS ALLOWED TO 

PASS FROM DIRECT EVAPORATIVE COOLING, THAT RESULTS, DECREASES IN 

TEMPERATURE AND ALSO INCREASES THE AIR HUMIDITY. MODERN DESIGNS OF 

THESE SYSTEMS USED PLASTICS TUBE THAT RESISTED CORROSION BETTER. 

 HEIDARINEJAD ET. AL., 2009, EXPERIMENTALLY INVESTIGATED THE 

COOLING PERFORMANCE OF TWO-STAGE INDIRECT DIRECT EVAPORATIVE 

COOLING SYSTEM IN VARIOUS SIMULATED CLIMATIC CONDITIONS. THEY USED 

PLASTIC WET SURFACE HEAT EXCHANGER AS AN INDIRECT EVAPORATIVE 

COOLING UNIT AND 15 CM THICK CELLULOSE PAD FOR A DIRECT EVAPORATIVE 

COOLING UNIT. THEY OBTAINED AN EFFECTIVENESS OF INDIRECT EVAPORATIVE 

COOLING UNIT IN THE RANGE OF 55%-61% AND EFFECTIVENESS OF INDIRECT 

DIRECT EVAPORATIVE COOLING UNIT IN THE RANGE OF 108%-111%.  SUCH 

SYSTEM IS FOUND TO BE BETTER FOR THE HOT AND HUMID CLIMATES. THEY 

ALSO REPORTED 55% MORE WATER CONSUMPTION THAN DIRECT EVAPORATIVE 

COOLING UNIT AND 33% OF MECHANICAL COOLING SYSTEMS. 

 HUI AND CHENG, 2009, HAVE ASSESSED THE PERFORMANCE OF TWO-

STAGE EVAPORATIVE COOLING SYSTEMS IN HOT AND HUMID CLIMATE AND 

REPORTED THAT THE COOLING EFFICIENCY OF THE STANDALONE INDIRECT 

EVAPORATIVE COOLING AND DIRECT EVAPORATIVE COOLING UNITS ARE LOWER 

THAN ONE, BUT THAT OF THE COMBINED TWO-STAGE EVAPORATIVE COOLING 

SYSTEM MAY BE GREATER THAN ONE. 

 RICK PHILIPS, 2009, HAS ANALYZED AN EVAPORATIVE COOLING AIR 

HANDLING UNIT USING CHILLED-WATER (RE-CIRCULATED WATER) COIL IN 

CONJUNCTION WITH DIRECT EVAPORATIVE COOLING AND REPORTED THAT 

USING DIRECT EVAPORATIVE COOLING IN CONJUNCTION WITH AN INDIRECT 

COOLING COIL, RESULTS IN 100% COOLING EFFICIENCY WITH INDIRECT COOLING 

COIL PLACED UPSTREAM OF THE DIRECT EVAPORATIVE COOLING. 

 JAIN, 2007, HAS DEVELOPED AND TESTED A TWO-STAGE EVAPORATIVE 

COOLER TO IMPROVE THE EFFICIENCY BY USING WOODEN SHAVE AS THE 

PACKING MATERIAL AND REPORTED THAT EFFECTIVENESS RANGED FROM 1.1 TO 

1.2 AND THIS SYSTEM COULD ACHIEVE FAVOURABLE TEMPERATURE AND 

RELATIVE HUMIDITY CONDITIONS FOR STORAGE OF TOMATOES FOR 14 DAYS. 

SUCH A COOLER COULD PROVIDE NECESSARY COMFORT EVEN THOUGH 
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OUTSIDE HUMIDITY IS HIGHER. THE TWO-STAGE EVAPORATIVE COOLER IS FOUND 

TO PROVIDE 20 % BETTER COOLING WHEN COMPARED TO SINGLE STAGE 

COOLER. 

 EI-DESSOUKY ET. AL., 2004, CARRIED OUT THEORETICAL AND 

EXPERIMENTAL STUDY ON SMALL-SCALE EVAPORATIVE COOLING UNIT USING 

STRUCTURED PACKING MATERIAL OF HIGH-DENSITY POLYTHENE WITH WETTED 

SURFACE AREA OF 420 M2/M3. THEY HAVE ALSO CARRIED OUT THE 

PERFORMANCE ANALYSIS OF TWO-STAGE EVAPORATIVE COOLERS. THE 

EFFICIENCY OF INDIRECT EVAPORATIVE COOLING AND DIRECT EVAPORATIVE 

COOLING UNITS WHEN OPERATED INDIVIDUALLY WERE FOUND TO BE 20-40% AND 

63-93% RESPECTIVELY, WHEREAS THE EFFICIENCY OF TWO -STAGE INDIRECT 

DIRECT EVAPORATIVE COOLING VARIED OVER A RANGE OF 90-120%. 

 BOURHAN ET. AL., 2001, REPORTED THAT THE COEFFICIENT OF 

PERFORMANCE OF THE COMBINED TWO-STAGE EVAPORATIVE COOLING SYSTEM 

WAS AT LEAST 20% GREATER THAN THOSE ACHIEVED WHEN EMPLOYING EITHER 

THE INDIRECT EVAPORATIVE COOLING OR DIRECT EVAPORATIVE COOLING 

SYSTEM ALONE. 

 EL-DESSOUKY ET. AL., 1996, EVALUATED THE CONCEPT OF PRE-COOLING 

THE AIR BEFORE DIRECT EVAPORATIVE COOLING WITHOUT USING COOLING 

TOWER I.E. TWO-STAGE INDIRECT-DIRECT EVAPORATIVE COOLING SYSTEM AND 

OBSERVED THAT EFFECTIVENESS INCREASED WITH PACKING THICKNESS AND 

FLOW RATE OF WATER TO INDIRECT-DIRECT EVAPORATIVE COOLING. 

 DATTA ET. AL., 1987, HAVE EXPERIMENTALLY STUDIED AN 8.5 TON 

INDIRECT-DIRECT EVAPORATIVE COOLING SYSTEM AND REPORTED THAT SUCH A 

SYSTEM PROVIDES A RELIEF COOLING RATHER THAN COMFORT COOLING. THE 

ROOM COULD BE MAINTAINED AT 4-5 ºC ABOVE THE INLET WET BULB 

TEMPERATURE USING SUCH A COOLER. 

 

2.5 ENERGY SAVING AND ENVIRONMENT FRIENDLY 

 IN COMPARISON WITH MECHANICAL VAPOUR COMPRESSION SYSTEMS, 

TWO-STAGE EVAPORATIVE COOLING SYSTEM USES WATER AS WORKING FLUID 

INSTEAD OF CFCS, REQUIRE LESS POWER AND SIMPLE MANUFACTURING 

TECHNOLOGY. THIS SYSTEM DOES NOT USE ANY SYNTHETIC REFRIGERANT 

THEREBY IT IS ENVIRONMENTALLY CLEAN AND ENERGY EFFICIENT SYSTEM.  THE 

PUBLISHED RESEARCH WORK IS REVIEWED HERE; 

 MOHAMMED, 2013, FOUND THAT MORE THAN 60% POWER SAVING COULD 

BE OBTAINED BY TWO-STAGE INDIRECT DIRECT EVAPORATIVE COOLING SYSTEM 
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IN COMPARISON WITH  MECHANICAL VAPOUR COMPRESSION SYSTEMS WITH 

JUST 55% INCREASE IN WATER CONSUMPTION WITH RESPECT TO DIRECT 

EVAPORATIVE COOLING SYSTEMS. HE ALSO REPORTED THAT DIRECT 

EVAPORATIVE COOLING SYSTEMS PROVIDE COMFORT IN A WIDE RANGE OF HOT 

SEASON; INDIRECT DIRECT EVAPORATIVE COOLING SYSTEMS CAN PROVIDE 

HIGHER LEVEL OF COMFORT CONDITION BY OBTAINING LOWER DRY BULB 

TEMPERATURE AND WET BULB TEMPERATURE. 

 PATIL ET. AL., 2013, EXPLAINED THE CONCEPT OF VARIOUS WAYS TO 

ATTAIN COOLING BY USING INDIRECT EVAPORATIVE COOLING AND ITS 

COMBINATION WITH DIRECT EVAPORATIVE COOLING I.E. MIXED EVAPORATIVE 

COOLING SYSTEMS AND REPORTED THAT MIXED EVAPORATIVE COOLING 

SYSTEM IS MORE EFFECTIVE IN DRY AND HOT CLIMATE AND CAN BE APPLIED IN 

WHATEVER CLIMATE. MIXED EVAPORATIVE COOLING SYSTEM IS ENERGY 

EFFICIENT AND ENVIRONMENTALLY CLEAN. 

 RICK PHILIPS, 2009, HAS ANALYZED AN EVAPORATIVE COOLING AIR 

HANDLING UNIT USING COOLING COIL IN CONJUNCTION WITH DIRECT 

EVAPORATIVE COOLING. HE EXPLAINED THE ARRANGEMENT OF COOLING 

COMPONENTS IN DIFFERENT SEQUENCES AND EXAMINED ITS EFFECT ON 

ENERGY SAVING AND REPORTED THAT USING DIRECT EVAPORATIVE COOLING IN 

CONJUNCTION WITH INDIRECT EVAPORATIVE COOLING, RESULTS IN 35% ENERGY 

SAVING AND SEQUENCE (ARRANGEMENT) OF SUPPLY FAN, UPSTREAM OF THE 

COOLING COMPONENTS WITH COOLING COIL IS PLACED UPSTREAM OF THE 

DIRECT EVAPORATIVE COOLING, LESS ENERGY IS CONSUMED. 

 MAHESHWARI ET. AL., 2001, COMPARED THE POWER REQUIREMENT OF AN 

INDIRECT EVAPORATIVE COOLING UNIT WITH CONVENTIONAL PACKAGED AIR 

CONDITIONER. THEY CONCLUDED THAT THE BEST PERFORMANCE OF INDIRECT 

EVAPORATIVE COOLING UNIT COINCIDES WITH THE HOUR OF MAXIMUM COOLING 

CAPACITY AND PEAK POWER DEMAND OF CONVENTIONAL UNIT AND IT OFFERS 

MAXIMUM REDUCTION IN COOLING CAPACITY AND PEAK POWER DEMAND. 

 EL-DESSOUKY ET. AL., 2000, HAVE DEVELOPED A MEMBRANE AIR DRYER 

AND COUPLED WITH CONVENTIONAL DIRECT INDIRECT EVAPORATIVE COOLER 

AND REPORTED THAT WHEN SUCH SYSTEM IS COMBINED WITH MECHANICAL 

VAPOUR COMPRESSION SYSTEM TO ACHIEVE TO PERFECT THERMAL 

CONDITIONS, ABOUT 50% SAVINGS IN ELECTRICITY ARE OBTAINED. 

 DATTA ET. AL., 1987, FOUND THAT MOST ZONES OF INDIA SUITABLE FOR 

EVAPORATIVE COOLING SYSTEM, WHERE THE WET BULB TEMPERATURE IS 

USUALLY BELOW 25OC AND REPORTED THAT POTENTIAL ENERGY SAVINGS 
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ENVISAGED BY REPLACING CONVENTIONAL REFRIGERATED SYSTEMS BY 

EVAPORATIVE SYSTEM IS       

 STANLEY ET AL., 1979 AND NAVON & ARKIN, 1994, HAVE POINTED OUT 

THAT IN THE REGIONS WHERE WET BULB TEMPERATURE IS LOW, TWO STAGE 

EVAPORATIVE COOLING SYSTEM, WHICH COMBINES INDIRECT AND DIRECT 

EVAPORATIVE COOLING OFFERS ENERGY AND COST SAVING POTENTIAL. 

3. CONCLUSIONS 

TWO-STAGE EVAPORATIVE COOLING SYSTEM HAVING INDIRECT- DIRECT TYPE 

CONFIGURATION PROVIDES MORE COOLING, AIR TEMPERATURE COULD BE 

MAINTAINED NEAR THE INLET WET BULB TEMPERATURE WITH MORE RELATIVE 

HUMIDITY THAN STAND-ALONE INDIRECT-TYPE OR DIRECT-TYPE COOLING 

SYSTEM. THIS COMBINED SYSTEMS IS ENERGY EFFICIENT, ENVIRONMENT 

FRIENDLY AND HAVING POTENTIAL FOR COOLING AND STORAGE OF FRUITS AND 

VEGETABLES IN COUNTRY LIKE INDIA WHERE HOT AND DRY WEATHER PREVAILS 

FOR MOST OF THE PART.  ALSO THIS SYSTEM IS SIMPLE IN CONSTRUCTION AND 

NO SO COSTLY SO FARMERS CAN ADOPT IT FOR SHORT TERM STORAGE OF 

FRUITS AND VEGETABLES. THIS SYSTEM CAN ALSO BE COMBINED WITH 

MECHANICAL REFRIGERATION SYSTEM TO ACHIEVE TO PERFECT THERMAL 

CONDITIONS WITH SAVINGS IN ELECTRICITY. 
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