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ABSTRACT: Phase change materials (PCMs) are widely used in heating and cooling applications to reduce the mismatch between the
energy production and the demand. PCMs can also be incorporated into the thermal systems to maintain a constant temperature and
conduce to increase the thermal comfort. Unlike any human-made thermal system, the thermal comfort of the human body is more
crucial since a possible damage may not be recovered. In this study, PCM layers are incorporated into the textile fabric to increase the
thermal comfort of a firefighter and protect the skin layers from the thermal burn due to overheating. A transient one-dimensional
numerical model is developed in the ANSYS-FLUENT software. The effect of blood perfusion inside skin layers is simulated as an
energy source term and defined into the software using user-defined-function (UDF). The validatity of the source term implentation
into ANSYS-FLUENT is proven by repoducing a reduced model fom the literature. The predicted time-wise variations of the
temperature of the body layers are compared with the ones which are taken from the literature. After the validation procedure, the
usage of PCM inside a firefighter protective clothing is numerically investigated by varying the thermal boundary conditions acting
on the coating. Results depict that, for the longest fire exposure duration the 1%-degree burn is effective for a depth of 5.29 mm and
the 3™-degree burn is observed for a depth of 2.57 mm. Implementing the PCM inside the clothing inhibits the temperature rise in skin
layers and improves the heat storage capacity of the fabric. In the current design and working conditions, firefighter protective
clothing with 1 mm of PCM layer prevents the skin burn, even for the longest fire exposure scenario.
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ITFAIYECI KIYAFETI ICERISINDEKI ISIL DUZENLEMENIN SAYISAL INCELENMESI

OZET: Faz degisim malzemeleri (FDM) enerji iiretimi ve talebi arasindaki uyumsuzlugu azaltmak amaciyla 1sitma ve sogutma
uygulamalarinda yaygin olarak kullanilmaktadir. FDM’ler ayrica 1si1l sistemler icerisine uygulanarak sabit sicaklik saglar ve 1sil
konforun artmasma vesile olurlar. Insanoglu tarafindan iiretilen tiim sistemlerden farkli olarak olas1 bir hasarm geri doniisiiniin
miimkiin olmamast nedeniyle, insan viicudunun isil konfor kosullari ¢ok daha 6nemlidir. Bu ¢alismada itfaiyecinin 1sil konfor
kosullarinin arttirilmasi ve asirt 1sinma kaynakli deri hasarlarmin engellenmesi amaciyla tekstil kumasi tabakalari igerisine faz
degisim malzemesi yerlestirilmistir. ANSYS-FLUENT paket programinda zamana bagli 1-boyutlu bir sayisal model gelistirilmistir.
Deri katmanlari igerisindeki kan dolasimindan kaynakli 1s1 transferi etkisini programda tanimlamak i¢in kullanici-tanimli-fonksiyon
(UDF) olusturulmus ve programa aktarilmisti. ANSYS-FLUENT paket programi igerisine tanimlanan kaynak terimlerinin
uygunlugunu test etmek icin Oncelikle literatiirden alinan basitlestirilmis bir problem tekrarlanmistir. Deri katmanlari igerisindeki
zamana bagli sicaklik degisimleri literatiirden alinan sonuglarla karsilagtirilmistir. Modelin dogrulanmasindan sonra ise itfaiyeci
kiyafeti icerisinde FDM kullanimi farkli 1s1l sinir kosullart i¢in sayisal olarak incelenmistir. En uzun siireli yangin etki durumunda 1.
Derece ve 3. Derece yanik derinlikleri sirasiyla 5,29 mm ve 2,57 mm olarak belirlenmistir. FDM’nin kumas igerisine yerlestirilmesi
malzemenin 1s1 depolama kapasitesini arttirmakta ve deri katmanlarinin sicaklik artisin1 engellemektedir. Mevcut tasarim ve ¢alisma
kosullarinda, 1 mm kalinliginda FDM igeren itfaiyeci kiyafetinin en uzun yangin etki senaryosunda dahi deri hasarin1 engelledigi
saptanmuigtir.
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