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Selection of  Bricks and Cooler Pads for Construction of  Evaporatively

Cooled Storage Structures

S N Jha, Non-member

(Ms) S Chopra, Grad IE

Evaporative cooling is an efficient and economical means for reducing temperature and increasing the relative humidity of an enclosure, and has

been extensively tried for enhancing the shelf life of horticultural produce. The evaporative cooled storage structure has proved to be useful for

short term, on-farm storage of  fruits and vegetables in hot and dry regions. Cooling performance of  this structure depends on the construction

materials used. The effect of  various types of  bricks and cooler pads on absorption and evaporation of  water from their surfaces, at different

ranges of temperature and relative humidity (RH) were studied to select the suitable one. The clay and sand lime brick and cooler pads made

of ‘partal’ wood shavings were found to be most effective and economical for design of evaporatively cooled storage structures.
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INTRODUCTION

The fruits and vegetables, being perishable, need immediate post

harvest attention to reduce the microbial load and increase their shelf

life1, which can be achieved by storing them at low temperature and

high relative humidity conditions. These conditions are usually

achieved in cold storages2. Farmers, however, do not get the

convenience of storing their produce in cold storages because of

their unavailability near the farms, resulting into various types of

losses3 and high storage cost. They are thus in dire need of some

alternative methods of cooling, in hot seasons, on their farms. The

evaporatively cooled storage structures may be a solution for short

term storage in peak summer season of the year.

The evaporatively cooled storage structures (ECS) work on the

principle of adiabatic cooling caused by evaporation of water, made

to drip over the bricks or cooler pads. Various works on the

performance of ECS have been reported in literature4,5. The ECS

developed at the Central Institute of  Post Harvest Engineering and

Technology (CIPHET), Ludhiana6 has double walls (with sand

packing) and water dripping into the sand and bricks, while in the

ECS developed at Central Potato Research Station (CPRS),

Jalandhar7, the cooling is caused by the water evaporation through

the cooling pads. The structure at Punjabrao Krishi Vidyapeeth

(PKV), Akola8 has double walled structure with brickbat filling and

these walls are kept wet. The water evaporating through these brick

walls and brickbat filling causes the cooling. The ‘zero energy cooled

chambers9 are also based on this principle of cooling by water

evaporating through the bricks. The performances of these structures

in terms of temperature drops are limited, because of the selection

of construction materials without any study of their suitability for

the purpose.

No study has been reported, to know as to which kind of bricks

and/or cooler pads are required to be used, so that the maximum

cooling is achieved. The objectives of this investigation was thus to

study the effect of different kinds of bricks and cooler pads at

different ambient temperature and humidity conditions on the

surface water evaporation and absorption of water and to select the

most economical one for the purpose.

MATERIAL AND METHODS

Sampling of Bricks and Cooling Pads

Three different kinds of clay bricks available locally were procured

from brick kilns. Sand lime bricks were obtained from Central Building

Research Institute (CBRI), Roorkee and fire clay bricks, which are

mainly used for ovens and high temperature applications, were

collected from a brick kiln. Five bricks were randomly selected from

their stacks for experimentation. Sand lime (SL) brick was composed

of 80% flyash, 10% sand and 10% lime, whereas fireclay brick (FC)

had 30% to 40% Alumina, 70% to 60% fireclay while clay bricks (AB,

AK and M9) had 99% to 100% clay with traces of sand and silt.

The density of AK brick was highest (1870 kg/m3), followed by

FC brick (1845 kg/m3), M9 (1753 kg/m3), AB (1718 kg/m3) and

SL (1705 kg/m3).

Two types of  cooling pads, made of  wood shavings of  ‘partal’

(Abies pindrow) and ‘safeda’ (Eucalyptus eugenioides), usually available

in hot and dry areas, were procured for the experiment. The size,

weight and density of partal cooling pad was (0.9 × 0.56 × 0.05) m3,

255 g and 10.03 kg/m3, respectively, whereas, safeda cooling pad had

size (0.59 × 0.50 × 0.02) m3, weight 125 g and density 19.68 kg/m3.

Experimental Procedure

Three bricks of each kind were dried to their constant weight in hot

air oven. Dry weights were taken using digital weighing balance (range
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0 to 30 kg, least count 5 g). After bringing the bricks at environmental

temperature, these were submerged in normal tap water for 48 h.

Similarly, three completely dried cooling pads of  each kind, were

taken and their initial weights were noted. The cooling pads were

then submerged in normal tap water for 5 min, 10 min and 15 min

for water absorption. Water absorbed (Wa, % dry basis) by the bricks/

cooling pads was calculated using the following expression

Wa = (Ws - Wi )/ Wi (1)

where, Wi and  Ws are initial and saturated  weights of bricks/ cooler

pads before and after soaking in water, respectively.

Wet brick and cooling pad samples were wiped by a muslin cloth to

remove free water droplets on the surface and were kept in sun in an

orientation to have maximum exposure to sunlight. They were

allowed to dry naturally in the ambient conditions, and temperature

and relative humidity (RH) were measured by digital thermo

hygrometer (0°C to 50°C, 5 % to 95% RH). During drying of bricks,

the combination of mean ambient temperature and RH were 44°C

and 28%; 36°C and 38% and 36°C and 74%, respectively whereas

those were 38.5°C and 56.5 %; 44°C and 45% and 37.2°C and 54.2%,

respectively during the drying of cooling pads. The samples were

weighed after 15 min, 45 min, 90 min, 150 min, 210 min, 270 min,

330 min, 450 min, 510 min of  drying. The percentage moisture

content (M) and the rate of evaporation of water (Er ) in kg/m2h,

from the samples were calculated using the equations (2) and (3),

respectively, as given below

M = (Wt -Wi ) × 100/ Wi           (2)

Er = (Ws - Wt )/(At )         (3)

where A is surface area of the brick/cooling pad in m2 and Wt is

weight in kg of the drying sample at time ‘t ’ (h) . All experiments

were replicated with three different samples and the mean values are

reported.

RESULTS AND DISCUSSION

Selection of Bricks

The moisture absorbed by FC, SL, M9, AB, AK bricks when

submerged in water was 15.73%, 15.66%, 14.13%, 12.21% and 9.48%,

respectively. FC brick absorbed little more water in comparison to

the SL brick, however, the difference is minimal. More water

absorption by FC may be interpreted to its high level of dryness

during manufacture. The clay bricks exhibited more variation in water

absorption. The water absorbed by them was lower than that of by

SL and FC. This may be due to higher porosity and less density of

the FC and SL bricks as compared to other clay bricks. Lower water

absorption by bricks are however considered good for building

construction, and not making evaporatively cooled structures. Longer

duration wetability is in fact desirable for ECS construction. M9 was

found to be the best in terms of absorption amongst the clay bricks.

Moisture reduction during exposure to sun was observed in all the

bricks under low humidity conditions, but the same was almost

negligible at 74% RH as shown in Figure 1. All the bricks lost water

under low humidity and the final moisture contents were

proportional to the initial moisture contents. Thus, Figure 1 depicts

considerable loss of moisture due to surface water evaporation of

bricks at low humidity, whereas at 74% RH the same was minimal.

This may be because of the differences in partial vapour pressure at

the surface of the bricks, their constituents and environmental

conditions.

To judge the best bricks for passive evaporative cooling, the rate of

evaporation per unit area for all the bricks was also compared at the

three temperatures and humidity conditions as shown in Figure 2.

The rate of evaporation was below 0.2 kg/m2h for all the bricks at

high humidity conditions. The SL brick had the highest rate of

evaporation followed by FC and other clay bricks at high humidity

conditions.

At low humidity conditions, the rate of evaporation of all the bricks
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Figure 1 Effect of types of bricks, temperature and relative humidity on

the moisture content of different bricks
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increased to about 0.25 kg/m2h to 0.4 kg/m2h, as depicted in

Figure 2. It was highest in SL and M9, followed by other clay and fire

clay bricks. The decrease in moisture was at reducing rate for first

45 min of drying and thereafter it increased, before diminishing

after third hour of  drying. This was possibly because by then most

of the surface water had evaporated and the movement of water

from the interior of the brick to the outer level was at lower rate than

the rate of evaporation. As the temperature increased under the low

humidity conditions, the difference in the rate of evaporation of the

clay, SL and FC also increased with drying time. It increased to

0.4 kg/m2h to 0.63 kg/m2h for all the bricks at high temperature

and low humidity conditions. The figure reveals that the rate of

evaporation was highest for M9, followed by SL and other clay bricks,

whereas it was lowest in FC bricks.

The cost of water evaporation from surfaces of the bricks was higher

at high humidity conditions, as compared to that of low relative

humidity as shown in Figure 3. At higher temperature, the cost of

evaporation reduced considerably because of increase in the rate of

evaporation under those conditions. Clay bricks were found to be

economical as compared to FC and SL mainly because of the higher

purchase price of the latter. M9, AB and AK were found to be closer

in economic terms of cooling in hot and dry conditions in which

ECS is mostly required.

Selection of Cooling Pads

The cooling pads made of ‘partal’ absorbed more moisture than

those made of ‘safeda’, which  is shown in  Figure 4. ‘Partal’ and

‘safeda’ cooling pads absorbed 172% and 84% moisture (db),

respectively, after 5 min of  absorption time and 197% and 117%,

respectively, after 15 min of  absorption time. The moisture absorbed

by the ‘partal’ cooler pads was more than that of ‘safeda’ ones. More

water absorption by the cooler pads is considered good for the

effective design of evaporative cooled storage structures. The mean

density of the cooling pads made of ‘partal’ and ‘safeda’ was

10.03 kg/m3 and 19.69 kg/m3, respectively. The lower density of

the ‘partal’ cooling pads was responsible for higher amount of

absorption.

Reduction in moisture content, ie, higher surface evaporation, with

absorption time was observed for both types of  cooling pads under

all the temperature and humidity conditions as shown in Figure 4.

The moisture content reduced to a negligible amount after around

1.5 h of drying that means all water from cooling pads evaporated

and was used in cooling of the surroundings. The rate of evaporation

of the ‘partal’ cooling pads too was always higher than that of the

‘safeda’ cooling pads, which is shown in Figure 5. The ‘partal’ cooling

pad was thus considered to be the best for using in construction

of ECS.

Figure 2 Effect of types of bricks, temperature and humidity on the rate

of surface water evaporation
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Figure 5 Rate of evaporation from two different cooling pads soaked in

water for 10 min at 44°C and 45% RH
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CONCLUSION

Experiments were conducted to select bricks and cooling pads for

the construction of evaporatively cooled storage structures in various

environment conditions. Bricks made of clay were most economical

amongst the types of bricks studied. Cooling pad made of ‘partal’

wood shavings compared better than the commonly found ‘safeda’

cooling pads.
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