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ABSTRACT	

Fruits	and	vegetables	get	deteriorated	very	fast	and	consequently	reduce	the	shelf	life	after	harvesting.	The	present	work	 is	
devoted	to	prevent	spoilage	using	advance	techniques	in	passive	cool	chamber.	The	passive	cool	chamber	is	most	suitable	for	
hot	and	dry	places.	This	article	presents	the	boot	option	used	 in	the	solar	passive	cool	chamber.	Equipment	operates	on	the	
principle	of	direct	evaporative	cooling	&	increasing	the	relative	humidity	and	reducing	temperature	inside	the	structure.	The	
passive	cool	chamber	preserves	the	vegetables	very	 fresh	and	 increasing	shelf	 life.	It	can	be	successfully	used	 for	short	term	
preservation	 after	 harvesting	 of	 vegetables.	 The	 temperature	 in	 the	 chamber	 has	 been	 found	 17‐19	̊c	 as	 compared	with	
surrounding	condition,	while	the	humidity	maintained	a	higher	level	than	85%.	The	weight	loss	under	present	study	in	tomato	
&	radish	was	noticed	prominent	as	compared	to	other	vegetables.	The	water	requirement	was	notice	45	to	50	liter.		

KEYWORDS:	‐	Deterioration,	Shelf	Life,	Evaporative	Cooling,	Weight	Loss,	Relative	Humidity,	Shrinkage.	

1. INTRODUCTION	

In	 India,	 the	 deterioration	 of	 the	 quality	 of	 fruits	 and	
vegetables	 takes	 place	 immediately	 after	 harvest	 due	 to	
lack	of	farm	storage.	India	is	the	second	largest	producer	
of	fruits	and	vegetables	in	the	world	after	Brazil	and	China	
respectively.	 Storage	 of	 fresh	 fruits	 and	 vegetables	 after	
harvest	is	one	of	the	most	pressing	problems	in	a	tropical	
country	like	India.	Due	to	the	high	moisture	content,	fruits	
and	vegetables	have	a	very	short	life	and	are	responsible	
spoil.	 Furthermore,	 they	 are	 living	 beings	 and	 conduct	
transpiration,	respiration	and	ripening	even	after	harvest.	
Because	 of	 the	 short	 shelf	 life	 of	 these	 cultures,	 it	 is	
estimated	that	30	to	35%	of	the	total	volume	of	fruit	and	
vegetables	 in	 India	 production	 lost	 during	 harvesting,	
storage,	 sorting,	 transport,	 packaging	 and	distribution	 in	
the	 year,	 which	 reduces	 Manufacturers	 separated.	 Only	
2%	 of	 these	 crops	 are	 processed	 into	 value‐added	
products.	 Therefore,	 a	 need	 exists	 for	 maximum	
Commercial	use	of	fruits	and	vegetables.	If	the	nutritional	
value	of	 food	processing	products	can	be	supported,	 this	
sector	 will	 act	 as	 the	main	 value‐added	 food	 processing	
industry.	At	present,	 the	producer	 receives	hardly	25‐35	
paise	of	a	rupee	of	the	consumer.	Thus,	there	is	a	need	to	
develop	 a	marketing	 system	where	 the	 benefit	 becomes	
dominant	 in	 both	 producers	 and	 consumers.	 Fruits	 and	
vegetables	 are	 perishable,	 you	 should	 immediately	
postharvest	 attention	 to	 reduce	 the	 microbial	 load	 and	
increase	their	shelf	life,	which	can	be	achieved	by	storing	
them	 in	 Low	 temperature	 and	 high	 relative	 humidity.	
These	conditions	are	generally	reached	in	cold	storage.	A	
few	 simple	 practices	 are	 useful	 for	 cooling	 and	 increase	
the	efficiency	of	the	storage	system,	where	they	are	used,	
and	 especially	 in	 developing	 countries,	 where	 energy	
savings	can	be	crucial.	Mechanical	refrigeration,	however,	

energy‐intensive	 and	 expensive,	 requires	 a	 significant	
initial	 investment,	and	requires	an	un	interrupted	supply	
electricity,	 which	 is	 not	 always	 available,	 and	 can	 be	
quickly	and	easily	installed.	Available	cold	storage	in	India	
is	 mainly	 used	 for	 storing	 potatoes.	 Appropriate	
technology	for	storage	of	cool,	thus	required	in	India	on	a	
farm	storage	of	fresh	fruits	and	vegetables	in	remote	and	
inaccessible	 areas,	 to	 reduce	 toll.	 Low	 cost,	 low	 energy,	
environmentally	 friendly	 refrigeration	 room,	 made	 from	
scrap	 materials,	 as	 well	 as	 that	 utilize	 the	 principles	 of	
evaporative	cooling,	so	have	been	developed	 in	response	
to	this	problem.	It's	great	Chamber	capable	of	maintaining	
the	 temperature	 at	 17‐19	 °	 C	 below	 the	 ambient	
temperature	and	relative	humidity	of	90%,	depending	on	
the	 season.	 Evaporative	 cooling	 storage	 structure	 has	
proven	useful	for	the	short‐term,	on‐farm	storage	of	fruit	
and	 vegetables	 in	 hot	 and	 arid	 regions.	 Evaporative	
cooling	 is	 an	 effective	 and	 economical	 means	 to	 reduce	
increasing	 the	 temperature	 and	 relative	 humidity	 in	 the	
housing,	 and	 is	 widely	 tried	 to	 improve	 Shelf	 life	 of	
horticultural	products,	which	is	necessary	to	maintain	the	
freshness	of	products.	Evaporative	cooling	to	ambient	air	
conditioning	 system,	 which	 operates	 using,	 induced	
processes	of	heat	and	mass	transfer	pass,	where	the	water	
and	air	of	the	working	fluids.	This	system	provides	a	low‐
cost,	energy‐saving,	environmentally	friendly	and	cooling	
potentially	attractive	system	In	this	article,	an	attempt	to	
consider	 the	 basic	 concepts	 and	 principles,	 the	 use	 of	
solar	 energy	 to	 increase	 the	 flow	 and	 equalizing	 the	 air	
bricks	to	have	more	air	flow	through	the	brick.																																				

2. CONCEPT	OF	EVAPORATIVE	COOLING	

Evaporative	cooling	is	a	natural	fact	in	which	evaporation	
of	a	 liquid,	 typically	 into	surrounding	air,	cools	an	object	
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or	a	liquid	in	contact	with	it.	Both	plants	and	animals	use	
their	methods	to	lower	their	temp.	Trees,	

Through	 the	 method	 of	 Eva	 transpiration,	 for	 example,	
remain	cooler	than	their	environment	[16.]	

Evaporative	cooling	occurs	when	air	that	is	not	too	humid,	
passes	 over	 a	 wet	 surface,	 the	 faster	 the	 rate	 of	
evaporation	 the	 greater	 the	 cooling.	 When	 water	
evaporates,	it	draws	energy	from	their	surrounding	which	
produces	 a	 considerable	 cooling	 effect.	 The	 efficiency	 of	
an	 evaporative	 cooler	 depends	 on	 the	 humidity	 of	 the	
surrounding	air	[17.]	

The	operational	effectiveness	of	an	evapora‐tive	cooler	is	
made	up	of	 a	porous	material	 that	 is	 fed	with	water	hot	
dry	air	is	drawn	over	the	material.	The	water	evaporative	
into	 the	 air	 raising	 the	 humidity	 and	 at	 the	 same	 time	
reducing	the	temperature	of	air[5.]	

3. METHODS	OF	EVAPORATIVE	COOLING	

There	 are	 mainly	 two	 types	 of	 evaporative	 cooling	
namely:‐	

3.1.	DIRECT	EVAPORATIVE	COOLING	

This	is	a	method	by	which	air	is	passed	through	a	medium	
that	is	flooded	with	water.	The	latent	heat	associated	with	
the	vaporization	of	the	water	cools	and	humidifies	the	air	
stream	now	allow	fresh,	moist	air	to	move	to	its	intended	
direction.		

3.2.	INDIRECT	EVAPORATIVE	COOLING	

A	heat	exchanger	combined	with	a	evaporative	cooler	and	
common	approach	used	 in	 the	passes	return/exhaust	air	
through	an	evaporative	cooling	process	and	then	an	air	to	
air	heat	exchanger	in	which	turn	cools	the	air,	a	different	
approach	 is	 the	 use	 of	 a	 cooling	 tower	 to	 evaporative	
cooling	 a	 water	 circuit	 by	 a	 coil	 with	 a	 cool	 air	 stream.	
Indirect	 cooling	 is	 different	 from	 direct	 cooling	 in	 the	
sense	that	the	indirect	cooling	of	the	process	air	cools	the	
evaporation	 of	 water.	 But	 there	 is	 no	 direct	 contact	 of	
water	and	process	 air,	 instead	of	 a	 secondary	air	 flow	 is	
used	for	the	evaporation	of	water.	So	the	moisture	content	
of	process	air	remains	the	same.		

4. RESEARCH	METHODOLOGY	

This	experiment	was	conducted	at	Rajasthan	Agriculture	
Research	 Institute	 Durgapura,	 Jaipur.	 Advance	 solar	
passive	cool	chamber	was	set	up	at	the	ground	level	in	the	
back	 side	of	RARI.	Average	 room	 temperature	of	 around	
30	̊C	 was	 recorded.	 The	 load	 condition	 refers	 to	
vegetables	 stored	 inside	 the	 cool	 chamber;	 the	 no	 load	

condition	 refers	 to	when	 the	 cool	 chamber	 is	 empty.	 To	
considering	 the	 physiological	 loss	 in	 weight	 as	 an	
important	 indicator	 for	 qualitative	 evaluation,	 visual	
appearance	in	terms	of	vegetables	colour	(from	bright	to	
deep	 dark	 colour)	 was	 checked,	 along	 with	 surface	
observation(	 from	 glossy	 to	 a	 spotted	 surface).	 The	
experiment	 used	 a	 total	 of	 1	 kg	 of	 tomatoes,	 1	 kg	 of	
raddish,1	 kg	 of	 cabbage,	 500gm	 of	 peas,	 250gm	 of	
coriander	in	each	cool	chamber	and	room.	

4.1.	STRUCTURE	OF	SOLAR	PASSIVE	COOL	CHAMBER	

Based	 on	 the	 principle	 of	 direct	 evaporative	 cooling	
advance	 solar	 passive	 cool	 chamber	 for	 storage	 of	
vegetables	have	been	developed.	The	greatest	importance	
of	 this	 low	cost	 cooling	 technology	 lies	 in	 the	 fact	 that	 it	
does	not	require	any	electricity	power	to	function	and	all	
the	materials	lies	bricks,	jute	bags,	coarse	sand,	glass,	iron	
stand	etc.	required	to	make	the	advance	solar	passive	cool	
chamber	 are	 locally	 available	 easily	 and	 cheaply.	 The	
mortar	used	for	brick	work	is	of	ratio	1:8.	It	is	triple	brick	
wall	structure	system.	The	dimensions	of	outer	,inner	and	
guard‐walls	are		

2080(l)x1930(b)x	610(h)x114.3(t)mm,	

1525(l)x1375.4(b)x635(h)	x63(t)mm,		

1851.4(l)	x1701.4(b)	x	610(h)	x100(t)mm.	

The	 space	 of	 100	mm	 between	 inner	 wall	 chamber	 and	
outer	wall	chamber	is	filled	with	jute	bags	and	walls	of	the	
chamber	 are	 soaked	 in	 water.	 In	 below	 the	 chamber	 is	
filled	 with	 coarse	 sand.	 Provisions	 were	 also	 made	 for	
water	 evaporation	 from	 the	 bottom	 side	 of	 the	 cool	
chamber	 by	 providing	 suitable	 channel	 system,	 which	
reduces	 the	 temperature	and	maintains	high	humidity	 in	
the	cooling	area.	In	the	south	faced	wall	extra	clear	glass	is	
used	 to	 increase	 the	passive	cooling	and	 increase	 the	air	
flow	rate	inside	the	cool	chamber.	The	glass	traps	the	heat	
and	 flow	 of	 air	 from	 colder	 region	 to	 hotter	 region	 the	
dimension	of	glass	is:	length‐810mm,	width‐660mm.	

The	 cool	 chamber	 area	 was	 covered	with	 agro	 net	 with	
double	 layer,	 so	 to	 provide	 the	 shade	 on	 the	 cooling	
chamber	 and	 also	 its	 lowers	 the	 temperature.	 In	 this	
system	water	 tank	 of	 200	 liter	was	 used	 for	 continuous	
supply	 of	 water	 in	 the	 insulating	 material.	 Pipes	 and	
valves	were	 used	 for	 the	water	 supply	 in	 jute	 bags	 is	 in	
droplet	form	in	the	whole	area,	so	that	there	is	no	wastage	
of	 water	 in	 the	 cool	 chamber.	 Pipes	 are	 arranged	 in	
between	outer	wall	and	inner	wall.	Three	gates	were	used	
in	 chamber	 to	 cover	 them.	 Gates	 are	 also	made	 of	 steel	
wire,	 jute	bags	are	wrapped	in	between	them	for	cooling	
purpose.	
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Figure	1:	Experimental	set	up	advance	solar	passive	cool	chamber	

	

Figure	2:	Diagram	of	isometric	view	of	chamber	

	

Figure	3:	Diagram	of	top	view	of	chamber	
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4.2	STORAGE	CONTAINER	

10	 Plastic	 baskets	 were	 used,	 one	 for	 each	 vegetables	
stored	 in	 both	 room	 and	 chamber.	 A	 total	 of	 1	 kg	 of	
tomatoes,	1	kg	of	radish,	1	kg	of	cabbage,	500	gm	of	peas,	
250	 gm	 of	 coriander	 in	 each	 cool	 chamber	 and	 room	
conditions	was	kept	in	these	baskets.	

4.3	 MEASUREMENTS	 OF	 TEMPERATURE,	 RELATIVE	
HUMIDITY	

The	temperature	and	relative	humidity	at	both	room	and	
cool	 conditions	 were	 simultaneously	 measured	 by	

hygrometer	HTC‐1	which	has	memory	backup	functions.	
One	 hygrometer	 was	 put	 in	 room,	 cool	 chamber	 and	
atmosphere.	This	 apparatus	was	very	useful	during	 the	
experimental	period	to	collect	the	data.	

5. RESULTS	AND	DISCUSSIONS	

The	 changes	 in	 the	 quality	 of	 stored	 vegetables	 in	 the	
chamber	 as	 well	 as	 in	 room	 are	 noticed.	 The	 cool	
chamber	maintains	the	shelf	life	of	vegetables	as	well	as	
maintains	quality	with	respect	to	the	room.	

	

	

Figure.4.	Tomato	after	5	days	(room	conditions	discard	day)	

	

Figure5.	Radish	after	3	day	(room	conditions	discard	day)	
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Figure	6.	Coriander	after	2	days	(room	condition	discard	day)	

	

Figure	7.Peas	after	5	days	(room	condition	discard	day)	

	

Figure	8.Cabbage	after	5	days	(room	condition	discard	day)	
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Table:	1	Visual	appearance	on	discard	day	of	vegetables	stored	in	room	

	

S.NO	

	

VEGETABLES	

(gms	.)	

Visual	Appearance	on	discard	day	of	
vegetables	stored	in	room	

Shelf	life(days)

COOL	CHAMBER ROOM COOL	
CHAMBER	

ROOM

	

	

1.	

	

	

Tomato(	1000)	

5%	 Shrinkage,	 Skin	
appearance	 is	 good,	 Fine	
edible,	Taste	fine	

30%	 Shrinkage,	
Skin	appearance	
became	 dull,	
Inedible		

	

12	

	

7	

	

	

2.	

	

	

Radish	(1000)	

5%	 Shrinkage,	 Skin	
appearance,	Fine,	Edible	

80%	 Shrinkage,	
Skin	appearance	
dull,	 Taste	
changed,	 Not	
edible	

	

7	

	

3	

	

	

3.	

	

	

Coriander(	250)	

10%	 Shrinkage,	 Skin	
appearance	fine,	Edible	

80%	 Shrinkage,	
color	 changed	
and	 leaves	 are	
dried,	Inedible	

	

5	

	

2	

	

	

4.	

	

	

Peas	(500)	

Fine,	Taste	is	good,	Edible 50%	 Shrinkage,	
color	 changed	
and	 dries	 but	
edible	

	

9	

	

4	

	

	

5.	

	

	

Cabbage	(1000)	

10%	 Shrinkage,	 Skin	
appearance	is	fine,	Edible		

	

70%	 Shrinkage,	
color	 changed	
and	 dried,	
Appearance	
dull,	not	edible	

	

	

9	

	

	

5	

	

6. CONCLUSION	

In	 this	 study,	 various	 modifications	 in	 cool	 chamber	
were	investigated.	Three	different	types	of	modifications	
was	 added	 to	 achieve	 better	 humidity	 and	 decrease	 in	
temperature	 line	 by	 applying	 less	 bluish	 glass	 in	 the	
south	 face	 of	 the	 chamber,	 average	 gap	 between	 the	
brick	 is	1.2	cm	in	 the	outer	wall,	 configuration	of	water	
supply	system.	

The	 solar	 passive	 cool	 chamber	 can	maintain	 relatively	
low	 inside	 temperature	 and	high	 relatively	 humidity	 as	
compared	 with	 surrounding	 temperature	 and	 relative	
humidity.	 Temperature	 inside	 the	 cool	 chamber	 can	 be	
reduced	 through	 the	 process	 of	 an	 evaporative	 cooling	
mechanism	 and	 by	 shading	 device	 to	 protect	 the	
chamber	 against	 direct	 exposure	 to	 the	 solar	 radiation.	
During	 investigation	 it	 was	 found	 that	 as	 compared	 to	
the	ambient	conditions	temperature	within	the	chamber	

is	 reduced	 by	 15‐19	̊	 C,	 which	 humidity	 is	 maintained	
above	 94%	 level,	 thus	 maintaining	 the	 quality	 of	
vegetables.	 The	 advance	 solar	 passive	 cool	 chamber	
increases	 the	 shelf	 life	 of	 vegetables	 significantly.	 Most	
significant	 change	 in	 shelf	 life	 was	 recorded	 in	 case	 of	
vegetables	which	were	given	 in	 table.16	 respectively.	 It	
is	to	be	noted	that	all	the	data	are	recorded	between	10	
A.M	to	3	P.M	because	of	research	 institute	timing.	Since	
the	 set	 up	 is	 at	 the	 open	 field	 so	 concrete	 base	 were	
installed	so	 that	 in	 case	of	 rainy	season	 there	 is	no	any	
distortion	in	the	chamber.	
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