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‭Abstract:‬ ‭Greenhouses‬ ‭require‬‭various‬‭control‬‭systems‬‭to‬‭create‬‭an‬‭optimal‬‭environment,‬‭and‬‭from‬
‭an‬‭architectural‬‭engineering‬‭perspective,‬‭the‬‭uniformity‬‭of‬‭the‬‭internal‬‭environment‬‭is‬‭crucial‬‭for‬‭crop‬
‭growth.‬ ‭However,‬ ‭greenhouses‬ ‭are‬ ‭structurally‬ ‭exposed‬ ‭to‬ ‭external‬ ‭weather‬ ‭conditions,‬ ‭leading‬‭to‬‭a‬
‭high‬ ‭probability‬ ‭of‬ ‭variations‬ ‭in‬ ‭temperature,‬ ‭humidity,‬ ‭CO2‬ ‭levels,‬ ‭lighting,‬ ‭etc.,‬ ‭across‬ ‭different‬
‭zones‬ ‭within‬ ‭the‬ ‭greenhouse.‬ ‭Such‬ ‭non-uniformity‬ ‭can‬ ‭impact‬ ‭the‬ ‭growth‬‭rate,‬‭quality,‬‭and‬‭yield‬‭of‬
‭crops,‬ ‭highlighting‬ ‭the‬ ‭necessity‬ ‭of‬ ‭maintaining‬ ‭a‬ ‭consistent‬‭environment‬‭within‬‭the‬‭greenhouse.‬‭To‬
‭address‬‭this,‬‭experiments‬‭utilizing‬‭Computational‬‭Fluid‬‭Dynamics‬‭(CFD)‬‭simulations‬‭were‬‭conducted‬
‭targeting‬‭greenhouses‬‭in‬‭Pocheon,‬‭South‬‭Korea,‬‭focusing‬‭on‬‭the‬‭central‬‭heating‬‭and‬‭cooling‬‭systems‬‭to‬
‭propose‬ ‭an‬ ‭optimal‬ ‭design‬ ‭considering‬ ‭the‬ ‭uniformity‬ ‭of‬ ‭internal‬ ‭temperatures.‬ ‭Subsequently,‬
‭validation‬ ‭was‬ ‭performed‬ ‭using‬ ‭measurements‬ ‭from‬ ‭temperature‬ ‭and‬ ‭humidity‬ ‭sensors‬ ‭within‬ ‭the‬
‭greenhouses.‬ ‭The‬ ‭heating‬ ‭and‬ ‭cooling‬ ‭systems‬ ‭operate‬ ‭based‬ ‭on‬ ‭indoor‬ ‭temperatures,‬ ‭activating‬
‭cooling‬ ‭when‬ ‭indoor‬ ‭temperatures‬ ‭exceed‬ ‭the‬ ‭set‬ ‭cooling‬ ‭temperature‬ ‭in‬ ‭summer‬‭and‬‭heating‬‭when‬
‭temperatures‬‭fall‬‭below‬‭the‬‭set‬‭heating‬‭temperature‬‭in‬‭winter.‬‭A‬‭standard‬‭greenhouse‬‭model‬‭was‬‭set‬‭as‬
‭case‬ ‭1,‬ ‭and‬ ‭experiments‬ ‭were‬ ‭conducted‬‭by‬‭adjusting‬‭the‬‭position‬‭and‬‭spacing‬‭of‬‭the‬‭fabric‬‭ducts‬‭of‬
‭the‬ ‭heating‬ ‭and‬ ‭cooling‬ ‭systems,‬ ‭resulting‬ ‭in‬ ‭six‬ ‭categorized‬ ‭cases.‬ ‭Variations‬ ‭in‬ ‭temperature‬ ‭and‬
‭humidity‬ ‭distribution‬ ‭were‬ ‭observed‬ ‭among‬ ‭the‬ ‭cases,‬ ‭and‬ ‭quantitative‬ ‭analysis‬ ‭provided‬ ‭optimal‬
‭positions‬‭and‬‭spacing‬‭for‬‭the‬‭fabric‬‭ducts.‬‭The‬‭results‬‭of‬‭this‬‭study‬‭can‬‭serve‬‭as‬‭foundational‬‭data‬‭for‬
‭developing environmental control solutions for agricultural facilities.‬
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