TURJAF
CoNGREST
QC\

4™ International Congress of the Turkish Journal of Agriculture - Food Science and Technology

TURJAF 2025
ID: 567

A Comprehensive Study on Heat Balance Analyses in Grain Warehouses During the
Winter Season: The Case of Konya Province

Elif Sahin Suci'!, Nuh Ugurlu’
! Department of Agricultural Structures and Irrigation, Faculty of Agriculture,Selguk University, Konya, Tiirkiye

Abstract

The storage of agricultural products such as grains, which are of strategic importance for food security and
agricultural sustainability, has become an increasingly critical issue worldwide. In this context, preserving the
quality of stored products with minimal loss is only possible by precisely controlling the environmental conditions
within the warehouse. This study was conducted to reveal how vary depending the positive or negative flow
conditions between heat losses caused by structural elements and ventilation, as well as the heat generated by the
metabolic activities of the products, on the building materials used and the type of products in storage structures
with different constructions during the winter season. As a result of material-based analyses, it has been determined
that the thermal conductivity value of 2.62 kcal/m*h°C measured in steel warehouses is statistically significantly
higher than the value of 1.69 kcal/m?h°C in reinforced concrete warchouses. Despite the higher minimum
ventilation rate requirements in concrete silos (barley: 19, wheat: 24, corn: 74 m*-h™'-ton™), steel silos (barley: 18,
wheat: 23, corn: 73 m3-h'-ton!) exhibited higher ventilation efficiency for all products (34%, 22%, 8%). In
contrast, the efficiency values in concrete silos (17%, 11%, 4%) remained relatively low. The heat balance analyses
conducted during the winter months in different storage materials (concrete/steel) have clearly revealed product-
based ventilation differences. These findings clearly demonstrate that when designing grain storage systems, not
only structural factors but also parameters such as storage capacity, product type, the presence of ventilation
systems, and the thermal conductivity levels of structural elements must be considered. It has been concluded that
storing grains with a high respiration rate (such as corn) in steel warehouses, which provide higher ventilation
performance, would be more suitable. The results of this study prove that the selection of materials used in storage
structures plays a critical role in the energy efficiency of storage systems.

Key Words: Thermal conductivity, Heat balance, Ventilation efficiency, Concrete and steel warehouses, Grain storage.

Kis Mevsiminde Hububat Depolarinda Is1 Dengesi Analizleri Uzerine Kapsamh Bir
Arastirma: Konya Ili Ornegi

Ozet

Gida giivenligi ve tarimsal siirdiiriilebilirlik acisindan stratejik 6neme sahip olan hububat gibi tarimsal iiriinlerin
depolanmasi, diinyada giderek kritik bir konu haline gelmistir. Bu baglamda, depolanan {iriinlerin kalitesinin
minimum kayipla korunabilmesi ancak depo i¢i ¢evre kosullarmim hassas bir sekilde kontrol edilebilmesiyle
miimkiindiir. Bu ¢alisma, farkli konstriiksiyona sahip depolama yapilarinda, kis mevsimi boyunca yapi elemanlari ve
havalandirmadan kaynakli 1s1 kayiplari ile tiriinlerin metabolik faaliyetleri sonucu agiga ¢ikan 1s1 miktarlart arasindaki
pozitif ya da negatif yonlii akis kosullarmin; kullanilan yap1 malzemeleri ve iiriin ¢esidine gore nasil degiskenlik
gosterdigini ortaya koymak amaciyla yiritiilmiistiir. Malzeme bazli yapilan analizler sonucunda, ¢elik depolarda
hesaplanan 2.62 kcal/m?h°C'lik 1s1l iletkenlik degerinin, betonarme depolardaki 1.69 kcal/m*h°C degerinden
istatistiksel olarak anlamli derecede yiiksek oldugu belirlenmistir. Beton silolardaki yiiksek minimum havalandirma
debi gereksinimlerine (arpa: 19, bugday: 24, misir: 74 m*-h™'-ton™") karsin, celik silolar (arpa: 18, bugday: 23, misir:
73 m3-h!-ton™") tiim iirlinlerde daha yiiksek havalandirma verimliligi (%34, %22, %8) sergilemis, beton silolardaki
verimlilik degerleri ise (%17, %11, %4) nispeten diisiik seviyelerde kalmistir. Farkli depo malzemelerinde
(beton/gelik) kis aylarinda yiiriitiilen 1s1 dengesi analizleri, {iriin bazli havalandirma farkliliklarini net bigimde ortaya
koymustur. Bu bulgular, tahil depolama sistemleri tasarlanirken sadece yapisal degil, ayn1 zamanda depolama
kapasitesi, tiriin ¢esidi, havalandirma sistemlerinin varligi ve yapi elemanlarmim termal 1s1l iletim diizeyleri gibi
parametrelerin de dikkate alinmasi gerektigini acik¢a gostermektedir. Ozellikle yiiksek solunum hizina sahip olan
tahillarin (6rnegin musir) yiiksek havalandirma performansi saglayan c¢elik depolarda depolanmasinin daha uygun
olacagi sonucuna varilmustir. Bu caligmadan elde edilen sonuglar, depolama yapilarinda kullanilacak malzeme
seciminin depolama sistemlerinin enerji verimliligi tizerinde kritik bir rol oynadigini kanitlamaktadir.

Anahtar Kelimeler: Termal iletkenlik, Ist dengesi, Havalandirma verimliligi, Beton ve celik depolar, Hububat
depolama.
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