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Thesis Summary

Energy efficient and low cost agricultural storige burning issue of 2tentury where postharvest losses (PHL)
are ranging from 25-50% of net agricultural produiots of storage techniques have been adoptedwide in this regard
but these are either expensive or inefficient. 8fbe, Desiccant Air-Conditioning (DAC) and EvapiseaCooling (EC)
systems are investigated in this study in ordestablish low-cost, energy-efficient and environalsrbenign system. The
study focuses on theory of agricultural storage @mbsequently performs series of experiments forptirformance
evaluation of desiccant unit. Simplified mathenadtinodels of evaporative cooling are employed dieroto opt-in these
technologies into the proposed cooling systemk@&deatures of the study are highlighted as falow

Theory of agricultural storage as well as insightstorage are explained in the very first chaggeping in view
the complex mechanism of respiration, transpiratioth fermentation. The PHL in existing agriculifoatl production
system are elaborated. Factors affecting the PHiérins of products quality, quantity, storagedifel mal/nutrition are
correlated. Studied technologies are motivated-vis- typical HVAC systems, and thermodynamicstditians are
discussed. In the second chapter extensive literaas been reviewed for existing and advanceagstgractices. In
addition to the proposed storage, following stotagkniques are reviewed: drying, ice, ventilatiefiigeration, HVAC,
hypobaric, hyperbaric, heat treatment, ultravistadiation, and controlled and modified atmosphere

The chapter three is devoted for evaporative aptichnologies. Direct and indirect evaporativeimpdDEC /

IEC) technologies are explained and compared.lAlseatonventional evaporative cooling is basesverbulb cooling
conception therefore the present study emphasgewrpoint based advanced indirect evaporativengp@liamed as
Maisotsenko cycle or M-cycle cooling) for agrictdiustorage application. In addition to subjecteglieation, the
applicability of M-Cycle has also been studied@amalyzed for various applications which includdiogdower, condenser,
heat recovery from turbines using various cycles gopendices). It has been found that direct etmsgocooling is only
applicable for dry regions or climates where tlimagiobjective is to control the temperature irrethpe of air enthalpy. On
the other hand indirect evaporative cooling indgdi-Cycle cooling (MEC) can be utilized sensiblyrder to reduce the
air enthalpy and dry-bulb temperature simultangoiisk worth mentioning that the benefits of Meyintegration are
obvious due to its dew-point cooling approach.

In contrary to evaporative cooling systems, desicai-conditioning (DAC) is investigated in chapfeur for
humid climates/regions where the prime objectivie ieduce the humidity. An open-cycle experimemtgaratus was
setup for the performance evaluation of hydroppdigmer based desiccant blocks. Series of expasraee conducted for
various: ambient air conditions, regeneration ¢mmdi, cycle time, and switching time. Generalizeat sum of squares
method is used to calculate the experimental aiagtand experimental data can be reproducethviiB% error. It is
examined that when humid ambient air passes thriheglesiccant unit deep dehumidification occarshdws huge
potential of air dehumidification at low regenematiemperature (60°C). It is determined that uihdeelatively dry ambient



air conditions equivalent heat of adsorptige,)( profile approaches to net value equals zero. aMeeage effective
dehumidification slightly increases under humid iamttair conditions by changing the switching tird#o from 1:1 to 2:3
due to higher process air relative humidity. Howeti&eeps decreasing with increase in switchimg tatio for relatively
dry ambient conditions. It has been found thaswitching time depends on dehumidification amauatdtjre of application
and operating conditions. From the bunch of exaris)it has been concluded that the switchingriitieof 1.2, 2:3 and
1:1 can be selected for the operation of DAC sy#teiftigh, medium and low humidity operating candis, respectively.
The desiccant dehumidification process should/fdbenthalpic line on psychrometric chart in aigeenario when there
is no adsorption heat. The slope of dehumidifindii@ on psychrometric chart is therefore modif@dhe realization of
real desiccant dehumidification process based jperienental data. Consequently a simplified corogelas developed by
which real desiccant dehumidification process eaprédicted on psychrometric chart for polymergadant. In addition
the study also highlights the applicability of fealymer- and carbon- based nano and micro sofioeaigricultural storage
(see appendices). The correlation leads towastdhd-state analysis of DAC systems.

In chapter five, six kinds of desiccant air-conditig systems are proposed and analyzed for thenaum
conditions of Fukuoka (Japan). In each systent latad of AC was accomplished by desiccant unitredsesensible load
of AC was accomplished by M-cycle evaporative ogoliStorage compatibility of agricultural produstscrucial to
maintain the quantitative and qualitative attribLiie this regard, three different compatible gsanfippostharvest agricultural
products (fruits and vegetables) according to tteinperature and relative humidity (RH) are estadti for the
psychrometric presentation of ideal storage zdmesise of dried fruits the ideal temperature ddd:Bhes are established
using Guggenheim, Anderson and De-Boer adsorpimieirThe effects of temperature on the storagefifiried fruits
are realized by which it is found that shelf liggluces 50% by increase of 10°C temperature. bédeasfound that the
system without pre-evaporative cooling on regeineratide, require less regeneration heat due tqrésion of
regeneration air stream to the heat exchanger &{Kigher dry-bulb and lower dew-point temperatitiralso provides
higher dehumidification and wet-bulb/dew-point etffeeness. Similarly system pre-cooling does nat gositive outcomes
even when HX is not integrated in to the systemsth® other hand, system with pre-evaporativergpoln regeneration
side in the absence of MEC enables higher coalipgaity, supply air relative humidity and COP.

The study concludes that the evaporative coolirgfgably M-Cycle) systems should be consideredopn
priority for agricultural storage applications wiesr these are thermodynamically and meteorolggaggplicable. When
these are not applicable, thermally driven DACesgstcould yield advance agricultural storage systhich can control
temperature and humidity distinctly irrespectivedmventional compressor based AC systems. Theréiegration of
evaporative cooling unit(s) into DAC system wilidetowards energy-efficient and reliable low-caStsystems for various
applications. However optimum operational conditianll need to be determined and regulated foicpéat application.
Herein it has been concluded that one or other BygB=m could be efficiently utilized for the steragf agricultural
products.



