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Enerji depolama teknolojileri, enerji kaynaklarinin verimli kullanmmi ve
stirdiriilebilirlik agisindan giderek daha 6nemli hale gelmektedir. Bu baglamda,
faz degisim malzemeleri (FDM'ler), yiiksek enerji yogunluklar1 ve sabit
sicakliklarda enerji depolama kapasiteleriyle 6ne ¢ikmaktadir. FDM'lerin diisiik
151l iletkenlikleri, bu malzemelerin pratik uygulamalarda ve ticari kullanimlarda
karsilastig1 en biiyiik zorluklardan biridir. Bu nedenle, FDM ile enerji depolama
sistemlerinde 1s1l iletkenligi artirmak amaciyla kanat kullanimi, nano partikiil
eklenmesi ve metal kopiik uygulamalar gibi ¢esitli yontemler gelistirilmistir. Bu
calismada da kanat kullanimi tercih edilmis ancak literatiir ¢alismalarindan farkl
olarak kanatc¢iklar FDM haznesinin alt ve {ist bolgelerinde farkli oranlarda
yogunlastirilmis ve bu diizensiz kanat dagilim oranlarinin dogal konveksiyon
akisina ve sarj siiresine etkileri birlikte incelenmistir. Bu dogrultuda bes farklh
kanat yerlesim konfiglirasyonu modellenmistir. Modeller i¢in sayisal analizler iki
boyutlu ve zamana bagh olarak gerceklestirilmistir Erime analizlerinin
gerceklestirilmesinde entalpi-porozite yontemi kullanilmistir. Parametrik
analizler sonucunda, kanatlarin tiimiiniin alt boélgeye yogunlastirildig
konfigiirasyonun en iyi erime performansi gosterdigi ve sarj siiresini temel
duruma goére %27,2 oraninda kisalttig1 belirlenmistir.

Abstract

Energy storage technologies are becoming increasingly important for the efficient
use of energy resources and sustainability. In this context, phase change materials
(PCMs) stand out due to their high energy densities and capabilities to store
energy at constant temperatures. However, the low thermal conductivity of PCMs
presents a significant challenge in practical applications and commercial use. To
address this issue, various methods such as fin utilization, the addition of
nanoparticles, and the use of metal foams have been developed to enhance the
thermal conductivity of PCMs in energy storage systems. In this study, fin
utilization was adopted, but unlike previous literature, the fins were concentrated
at different ratios in the upper and lower regions of the PCM container, and the
effects of these uneven fin distributions on natural convection flow and charging
time were simultaneously investigated. Five different fin layout configurations
were modeled, and numerical analyses were performed in a two-dimensional and
time-dependent manner. The enthalpy-porosity method was used for melting
analyses. Parametric analysis results indicated that the configuration with fins
concentrated entirely in the lower region exhibited the best melting performance,
reducing the charging time by 27.2% compared to the baseline configuration.
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1. Giris

Enerji depolama, enerji talebi
dengesizlikleri gidermek, yenilenebilir enerji kaynaklarinin
entegrasyonunu artirmak ve enerji
saglamak icin kritik bir 6neme sahiptir Faz degisim

malzemeleri (FDM'ler), yiiksek enerji depolama
yogunluklari ve sabit sicaklikta enerji depolama yetenekleri
nedeniyle termal enerji depolama sistemlerinde kullanilma
potansiyeli yiiksek olan malzemelerdir. FDM'ler, enerji
depolama ve geri kazanim siireclerinde etkin rol oynayarak,

arz1 arasindaki

arz glvenligini
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enerji verimliligini artirmakta ve siirdirtlebilir enerji
¢oziimlerine katkida bulunmaktadir.

FDM’lerin diisik 151l iletkenlikleri pratikte
uygulanabilirliginin ve ticarilesmesinin éniindeki en 6nemli
engel olarak karsimiza ¢ikmaktadir. Bu nedenle FDM ile
enerji depolamada kanat kullanimi, nano partikiil ve metal
koptik ilavesi gibi yontemler uygulanarak 1sil iletkenligin
artirilmasi hedeflenmistir [1,2]. Kanatgik kullanimi pratik
olarak uygulanabilirliginin yiiksek olmasi ve diisiik maliyeti
nedeniyle 1s1l iletkenligi artirma ydntemleri arasinda yaygin
olarak tercih edilmektedir. Kanat kullanimi ile FDM ve boru
arasindaki 1s1 transfer ylizey alami artirilmakta ve
erime/katilasma performansinda iyilesme saglanmaktadir.
FDM ile enerji depolamada kanat kullanimina iligskin birgcok
deneysel ve sayisal c¢alisma gerceklestirilmistir [3].
Abdulateef vd. diiz ve liggen geometrili kanat kullaniminin
FDM’'nin erime performansina etkilerini incelemisler ve
licgen kanat geometrisi icin daha kisa sarj siiresi elde
etmislerdir [4]. Sarani vd. ise yaptiklar1 ¢alismada hem i¢
hem de dis boru yilizeyine kanat yerlesimi yaparak
katilasma performansinda 6nemli dlglide artis meydana
getirmislerdir [5]. Mahdi vd. tarafindan yapilan benzer bir
calismada da hem i¢ hem de dis boru iizerine kanat
yerlesimi yapilmis ancak bu ¢alismada farkl olarak erime
analizi i¢in i¢ boru lizerinde birbirinden farkl kanat boylar1
kullanilmistir [6]. Hajizadeh vd. ise V ve Y sekilli kanat
kullanimi ile FDM'nin  katilasma performansinin
iyilestirilebildigini tespit etmislerdir [7]. Diiz kanath i¢
borunun eksantrik yerlesimi neticesinde sarj siiresinde
%27.63 iyilesme meydana geldigi Patel vd. tarafindan
aktarilmistir [8]. Rozenfeld vd. ise helisel kanat
kullaniminin FDM’nin hem erime hem de katilasma
performansini iyilestirdigini ortaya koymuslardir [9]. FDM
ile eksenel kanatli ¢oklu borulu gizli 1s1 depolama sisteminin
geleneksel ¢oklu borulu enerji depolama sistemi ile
kiyaslanmasi Anish vd. tarafindan arastirilmistir [10].
Calismada 1s1 transferini etkileyen en 6nemli fakt6riin boru
sayis1 ve kanat uzunlugu oldugu ortaya konulmustur. Huang
vd. ise i¢ boru yiizeyinde aga¢ sekilli inovatif bir kanat
geometrisi kullanmis ve FDM'nin erime ve katilasma
performansini incelemislerdir [11]. Aga¢ sekilli kanat
geometrisi ile sarj ve degsarj siiresi sirasiyla %29.4 ve %22.8
oraninda kisalmistir. Nie vd. ta¢ yaprak sekilli 16 kanat
konfigiirasyonu yerlesiminin FDM’nin katilasma etkisi
uzerindeki etkisini arastirmislardir [21]. Ta¢ yaprak
konfigiirasyonlar: ile %4.1 ile %23.6 arasinda katilasma
siiresinde kisalma elde etmislerdir. Tang vd. ise govde-boru
tipi bir gizli 1s1 depolama iinitesinde yekpare eksenel kanat
kullanimi yerine Kkesintili kanat kullanimi tercih etmis ve
kanat geometrisinin optimizasyonunu
gerceklestirmislerdir [22]. Optimizasyon neticesinde %100
erime siliresinde yekpare kanat tasarimina gore %21
oraninda diisiis elde etmislerdir. Uniform kanat dagilimina
sahip bir govde-boru tipi gizli 1s1 depolama {linitesinde veri
odakli topoloji tasarimi ile uygun kanat sayilarinin ve
kanatlarin birbirine goére boyutlarinin ve geometrilerinin
erime ve katilasma performansina etkileri de Luo vd.
tarafindan aktarilmistir [23]. Topoloji tasarimi ile erime ve
katilagsma stiresinde sirasiyla %21 ve %9 oranlarinda
azalma meydana gelmistir. Balik kil¢ig1 sekilli biyonik kanat
tasarimlarinin erime performansina etkilerinin incelendigi
calismalarda mevcuttur [24,25]. Bu calismalarda biyonik
kanat tasarimlari ile geleneksel diiz kanat yapisina gore sarj
siiresinde %47.1 ve %23.08 oraninda kisalma saglanmistir.
Tao ve He'nin yaptig1 ¢alismada farklhi sayida kanatlar
tamamen dis borunun alt bélgesine yogunlastirilmis ve bu
yogunlastirmanin dogal konveksiyon akisini artirdigl

gozlenmistir [12]. Ayrica alt bolgedeki optimum kanat
sayisinin yedi olmasi gerektigi aktarilmistir. Bu ¢alismalar
haricinde kanat boyutlari, optimizasyonu ve geometrisi ile
ilgili birgcok ¢alisma literatiirde mevcuttur.

Literatiirde FDM ile gizli 1s1 depolamada kanat kullanimi ve
kanat yerlesim diizenine iliskin ¢alismalar mevcut fakat
kanatlarin FDM haznesinin alt ve st boélgesinde
yogunlastirma  seviyelerinin  erime  performansina
etkilerinin birlikte incelendigi calismalar olduk¢a sinirhdir.
Bu c¢alismada kanatgiklar FDM haznesinin alt ve st
bolgelerinde farkli oranlarda yogunlastirilmis ve bu
dizensiz kanat dagilim oranlarmmin dogal konveksiyon
akisina ve sarj siiresine etkileri birlikte incelenmistir.
Boylece fiziksel olgulara dayanarak diizensiz kanat
yerlesiminde dikkat edilmesi gereken hususlar konusunda
literatiire katki saglanmaya ¢alisilmistir. Bu dogrultuda bes
farkli kanat dagilim konfiglirasyonu i¢in sayisal analizler
gerceklestirilmis ve elde edilen bulgular sivi fraksiyonu ve
sarj siiresi a¢isindan degerlendirilmistir.

2. Materyal ve Metod

Bu boéliimde gizli 1s1 depolama i¢in tasarlanan fiziksel
modeller ve sayisal ¢6ziimleme i¢in kullanilan matematiksel
ve sayisal modellere yer verilmistir.

2.1. Fiziksel Model

Bu ¢alismada bes farkli kanat yerlesim diizeni i¢in sayisal
analizler gerceklestirilmistir. Farkli kanat yerlesim
dizenleri i¢in  olusturulan modeller Sekil 1’de
goriilmektedir. Sekil 1'de i¢ ve dis boru ¢aplari sirasiyla 20
mm ve 40 mm’dir. Uniform olmayan kanat yerlesim
dizenlerinde kanatlarin yogun oldugu bolgelerde kanatlar
arasindaki bosluk agilar1 dogal konveksiyona engel
olmamasi agisindan 45° olarak belirlenmistir.

Model 1 Model 2 Model 3 }lu&t‘l 4 Model 5

Sekil 1. Kanat yerlesim diizenleri
2.2. Matematiksel Model

FDM'nin erime analizinin gerceklestirilmesinde entalpi-
porozite ydnteminden faydalanilmis ve asagidaki
varsayimlar sayisal ¢6ziimde uygulanmistir [13,14]:

¢ Hesaplama alani iki boyutlu olarak ele alinmistir.
¢ Akis zamana bagli bir siire¢ olarak kabul edilmistir.

o Akiskan sikistirllamaz ve Newton tipi bir akiskan olarak
varsayilmistir.

¢ Dogal konveksiyon akislar1 icin Boussinesq yaklasimi
kullanilmistir.

e Dis borunun dis yiizeyinden 1s1 transferinin olmadigi
kabul edilmistir (Adyabatik sinir kosulu).

Matematiksel model icin kullanilan kiitlenin ve x ve y

yonlerindeki momentumun korunumu denklemleri
sirasiyla Denklem 1, 2 ve 3 ile verilmistir.

d Jd(pu da(pv

o 9w 9v) _ M

at 0x dy
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d(pu) = d(puw) 9d(pvu)
Jt 0x dy
dp 0 du d / du
= -5t o k) @("@)
+ud )
d(pv) | 9(puv) + d(pvv)
at 0x ady
dp 0 v da ¢ dv
TR (“a)* @(ﬂ@)
+vA+ pgB(T —Ty) 3)

Denklemlerde, p yogunlugu, g yer ¢ekimi ivmesini (9.81
m/s?), u dinamik viskoziteyi,  termal genlesme katsayisini
ve T sicakligi temsil etmektedir. Denklemde u ve v, sirasiyla
x ve y yonlerindeki akiskan hiz bilesenlerini ifade eder.
Denklem 3’lin sag tarafinda yer alan son terim, Boussinesq
yaklasimi ¢ercevesinde kaldirma kuvveti etkisini temsil

ederr. A degeri, asagidaki denklem kullanilarak
hesaplanmistir [15]:

1— 2)?
A= —-A ( ) 4)

mush B+ ¢

Denklemde A siv1 fraksiyonudur ve asagidaki sekilde
belirlenir[11].

0 ; T<Ts
A={T-T)/(T-T); T<T<T (5)
1 ; T>T,

Denklemdeki 1 ve s alt simgeleri, sirasiyla sivi ve kati fazlari
temsil eder. Amush, katilasma sirasinda akiskan hizinin
azaltilmasi i¢in peltemsi bdlgeyi tanimlayan katsayidir ve
bu calismada Amush=105 olarak kabul edilmistir. €, sifira
boéliinmeyi engellemek amaciyla kullanilan kiiciik bir deger
olup, bu ¢alismada €=0.001 olarak alinmistir [15].

Enerji denklemi ise asagida verildigi gibidir,

d(ph) 9d(puh) 9d(pvh)
at O0x dy
ad oT ad oT
=a("a)+@("@) ©)

Denklemde k iletimle 1s1 transfer katsayisini ve h entalpiyi
gostermektedir. h Denklem 7 ile hesaplanmigstir [16].

T

f cpdT

Tre f
T

h= fcpdT'i' AH ;

Tref
Ts T

fcpdT+ fcpdT ;

Tre f T

T <T,

T,<T<T, )

T>T,

Denklem 7’de Cp 6zgiil 1s1 kapasitesini, H gizli 1s1y1 ve Tref
referans sicakligl ifade etmektedir (Trer = 298.15 K). T,
Denklem 8 ile hesaplanabilir [17].

T=MT,— Tg) + Ts ®

Hem ticari olarak kolay ulasilabilir olmasi, hem de diisiik
sicaklikli enerji depolamaya uygun olmasi sebebiyle FDM
olarak  N-eikosan tercih  edilmistir  N-eikosan’in
termofiziksel 6zellikleri i¢cin Tablo 1 incelenebilir.

Tablo 1. N-eikosan dzellikleri [18]

Ozellik ve Birim Deger
Ozgiil Is1 Kapasitesi (J/kgK) 2460

Siv1 Yogunlugu (kg/ms3) 770

Isil iletkenlik (W/mK) 0.1505
Dinamik Viskozite (kg/ms) 0.00385
Gizli Is1 (J/kg) 247600
Termal Genlesme Katsayisi (1/K) 0,0009
Katilasma Sicakligi (K) 308.15
Sivilasma Sicakligi (K) 310.15

ic borudaki konveksiyonel 1s1 transfer katsayisi (hconv),
Dittus-Boelter korelasyonu kullanilarak hesaplanmistir
(Denklem (9)) [19].

Nu = 0.023Re%8pro+ 9)

hconv, Nusselt sayisi (Nu) ve Reynolds sayisinin (Re)
hesaplanmasinda asagidaki denklemler kullanilmistir.

pVDy

Re = —— 10

p (10)

4A

Dy = —= (11)
P
RionsD

Nu = == (12)

Denklemlerde, p ve V sirasiyla yogunlugu ve ortalama akis
hizin1 goéstermektedir. p ise akiskanin dinamik viskozitesini
temsil eder. Denklem 11'de, Du hidrolik ¢ap: ifade eder.
Hidrolik ¢ap hesabinda, Ac FDM'nin yiizey alanini (878.34
mm?), p ise akiskanin temas ettigi 1slak cevre uzunlugunu
gosterir.

2.3. Sinir Sartlar

Sayisal ¢6ziimlemelerde FDM'nin erime sicakligl ortalama
309.15 K olarak alinmistir. Ayrica, FDM’nin erime periyodu
baslangicindaki (t=0 s) sicakligi erime sicakliginin 1°C
altindadir (Denklem 15). Dis borunun dis yiizeyine
adyabatik sinir kosulu uygulanmistir (Denklem (13)). i¢
borunun i¢ yiizeyine ise tasinimla 1s1 transfer siir kosulu
atanmistir. Ek olarak erime periyodu boyunca i¢ boru
icerisindeki akiskanin ortalama sicakliginin 329.15 K
oldugu varsayilmistir.

|Gitetimlos = 0,t(s) =t (13)
Miletimlls = hkonv(Tmf - Tw)' t(S) =t (14)
[Tpey = 308.15 K, t(s) = 0] (15)

Denklemde, Tw duvarin sicakligini, Tmfise ortalama akiskan
sicakligini temsil etmektedir. hkonv ise konveksiyon yolu ile
gerceklesen 1s1 transferinin katsayisidir. IS i¢ ytizeyi, OS ise
dis ylizeyi ifade etmektedir.

2.4. Sayisal Coziimleme

Sayisal analizler, sonlu hacimler yontemi kullanilarak
ANSYS-Fluent 2022 R1 yazilimi araciligiyla
gerceklestirilmistir. Basing-hiz ciftleri arasindaki iligkiyi
¢dzmek i¢in PISO algoritmasi uygulanmis, basing diizeltme
islemleri igin PRESTO! yontemi tercih edilmistir.
Momentum ve enerji denklemlerinin ayriklastirilmasinda
QUICK semas1 kullanilmis, zamana bagh denklemler igin
birinci dereceden gecis formiili uygulanmistir. Kalinti
degerleri kiitle ve momentum korunum denklemleri igin
106, enerji denklemi i¢in ise 10-8 olana kadar analizler
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strdirilmistir. Sekil 2’de goriildiigi gibi kanat ytizeyleri
ve FDM bolgesine hegzahedral hiicre yapis1 uygulanmistir.

Sekil 2. Kanat yiizeyi ve FDM bélgesindeki hiicre yapisi ve
dagilimi

3. Bulgular ve Tartisma

Bu calismada uygulanan matematiksel ve sayisal modelin
dogrulugunun tespit edilmesi i¢in Oncelikle hiicre
sayisindan ve zaman adimindan bagimsizlik testi ve
literatiirdeki  ¢alisma  sonuglar1 ile  karsilastirma
gerceklestirilmisti. Sonrasinda ise parametrik calisma
yapilarak bulgular sivi fraksiyonu ve sarj siiresi acisindan
degerlendirilmistir.

3.1. Dogrulama

Dogrulama islemleri kapsaminda ilk olarak hiicre boyutu ve
zaman adimindan bagimsizlik testleri gerceklestirilmistir.
Goriildigu tzere, 0.25 mm'den kiiciik 1zgara boyutu ve 0.15
saniyeden kisa zaman adimlari i¢in siv1 fraksiyonundaki
degisim ihmal edilebilir seviyededir Bu nedenle,
parametrik analizler icin 0.25 mm'lik 1zgara boyutu ve 0.15
saniyelik zaman adimu tercih edilmistir (Sekil 3).

Sivi fraksiyonunun konturlar: Sekil 4a’da sunulmustur. 65
dakikalik erime siiresi boyunca siv1 fraksiyon egrilerinin
karsilagtirmast ise Sekil 4b’de yer almaktadir. Sekil 4b’de, iki
analiz arasindaki en biytik farkin %6.5 oldugu tespit
edilmistir. Bu hata orani, kullanilan sayisal modelin belirli
bir erime periyodu igin kabul edilebilir oldugunu
gostermektedir.
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Sekil 3. Bagimsizlik testleri a) Hiicre sayisindan
bagimsizlik, b) Zaman adimindan bagimsizlik
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Sekil 4. Literatiir calismasi [20] ile karsilastirma a) Sivi

fraksiyonu konturlari, b) Zamana baglh siv1 fraksiyonu
egrileri
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3.2. Parametrik Calisma Bulgular:

Bu bélimde bes farkl kanat yerlesim konfigiirasyonu i¢in
sayisal analizler gerceklestirilmis ve bulgular siv1
fraksiyonu konturlar1 ve %100 erime siireleri agisindan
degerlendirilmistir. Uniform kanat dagilimmin oldugu
Model 1, temel durum olarak kabul edilmistir. Sekil 5’de tiim
kanat yerlesim konfigiirasyonlar: i¢cin zamana bagh sivi
fraksiyonu konturlari verilmistir.

Tiim modellerde farkl sarj siirelerinin olusmasindaki temel
fiziksel mekanizma erimis FDM'deki dogal konveksiyon
akisi olmustur. Eriyen sicak akiskan kaldirma kuvveti etkisi
ile FDM haznesinin {ist bélgesine dogru hareket ederek o
bolgedeki FDM'nin de erimesini saglamistir Dogal
konveksiyon akisinin en yliksek oldugu modelde en diisiik
sarj stiresi elde edilmistir. Kanatlarin FDM haznesinin alt
bolgesinde yogunlastirilmasi alt bélgedeki FDM'nin daha
hizli erimesini ve dogal konveksiyonla 1s1 transferinin de
daha etkin olmasini saglamistir. Boylece en diisiik sarj
sliresi Model 5 ile elde edilmistir (16 dk). Model 3’de ise
FDM haznesinin alt bdlgesindeki FDM’'nin daha yavas
erimesi dogal konveksiyon etkisini azaltmis ve en yiiksek
sarj sliresine ulasilmistir  Model 2’de de alt bolgede
kanatlar yogunlastirilmis ancak Model 5’e gore sarj siiresi 3
dk daha uzun olmugstur. Uniform kanat dagilimina sahip
Model 1 ve Model 4’de ise ayni sarj siireleri elde edilmistir
(22 dk). Siv1 fraksiyonu bulgular1 kanatlarin tiimiiniin alt
bélgeye konumlandirilmasinin sarj siiresi agisindan daha iyi
sonuglar verdigini ortaya koymustur.

OO0

Lo dk 20 dk

QOO0

1dk 5 dk 10 dk 15 di 19 dk

Model 1

Model 2

Model 3
1 dk 5dk 10 dk 15dk 20 dk
25 dk 27 dk
Model 4
10 dL 15 dk 20 dk 22dk
Model 5
1dk 5 dk 10 dkc 15 dk 16 dk

Sekil 5. Tiim modeller i¢in siv1 fraksiyonu konturlar1 ve
%100 erime stireleri

Tablo 2’de ise tiim modeller i¢cin %100 erime siireleri (sarj
sliresi) ve uygulanan kanat yerlesim konfigiirasyonlariyla
temel duruma gore sarj siirelerindeki artis ve azalma
sunulmustur. Kanatlarin {ist boélgede yogunlastirildigl
Model 3 ile temel duruma gore sarj stiresi %22.7 artarken
Model 2 ve 5 ile temel duruma gore sarj slirelerinde diisiis
meydana gelmistir. Sarj stiresindeki en ytiksek diisiis %27.2
ile Model 5 kullanilarak elde edilmistir.

Tablo 2. Sarj siireleri ve temel duruma gore sarj
siirelerindeki artma ve azalma
o Sarj Siiresindeki

Model Sarj Siiresi Azalma/Artma (%)

Model 1 22 dk -

Model 2 19 dk 136 1

Model 3 27 dk 227 1

Model 4 22 dk -

Model 5 16 dk 27.2 1
4. Sonugclar
Bu c¢alismada FDM ile cift borulu gizli 1s1 depolama
isleminde 1s1l iletkenligi artirmada yaygin olarak
tercih edilen kanat kullaniminin sayisal analizi

gerceklestirilmistir. Kanat yerlesim diizeninin degistirilerek
dogal konveksiyonla olan 1s1 transferinin artirilmasi ve sarj
sliresinin diisiiriilmesi hedeflenmistir. Kanat yerlesim
diizeninin dogal konveksiyon akisina ve sarj siiresine
etkileri incelenmis ve elde edilen sonuglar asagida
verilmistir.

e Sayisal analiz bulgular1 dogal konveksiyon akisindaki
artisin sarj stiresini diigirdiigiinii géstermistir.

e Kanat dagilminin FDM haznesinin alt boélgesinde
yogunlasacak sekilde gerceklestirilmesi alt bolgedeki
erimis FDM miktarini ve dogal konveksiyon akisini artirarak
sarj stiresini diislirmiistiir. Model 2 ve Model 5’deki sivi
fraksiyonlar1 kiyaslandiginda kanatlarin tiimiiniin alt
bélgede yogunlastirilmasinin sarj siiresi agisindan daha iyi
sonug verdigi ortaya ¢ikmistir.

¢ Uniform kanat yerlesim diizenine sahip Model 1 ve Model
4’de kanatlar arasi agilar farkli olsada ayni sarj stireleri elde
edilmistir. Bu durum uniform kanat dagilimi i¢in kanatlar
arasli a¢inin sarj siiresini etkilemedigini ortaya koymustur.

¢ Kanat dagiliminin iist bolgede yogunlasacak sekilde
gerceklestirilmesi ise FDM haznesinin alt bdélgesindeki
FDM'nin daha ge¢ erimesine ve dogal konveksiyonun
yalnizca haznenin list bolgesinde etkili olmasina neden
olmustur. Béylece en yliksek sarj siliresi Model 3 ile elde
edilmistir.

Sayisal analiz sonuclari kanat yerlesim diizeninin sarj
stiresinin degisiminde 6nemli rol oynadigini géstermis ve
uniform olmayan kanat dagilimi ile daha diistik sarj siireleri
elde edilmistir. Gelecekte yapilacak olan c¢alismalarda
dizensiz kanat dagilimi ve kanatlar arasi agilar igin
optimizasyon calismasi yapilarak sarj siiresinin daha da
distiriilmesi miimkiin olabilir.

Cikar Catismasi Beyani: Yazarlar herhangi bir ¢ikar
catismasi olmadigini beyan etmislerdir.

Fonlama Bilgileri: fonla

desteklenmemistir.

Bu c¢alisma herhangi bir

Yazar katkisi: Yazarlar, calismanin tasarlanmasi, verilerin
toplanmasi, sonuglarin analizi ve yorumlanmasi ve
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makalenin  hazirlanmas:t ile ilgili sorumluluklarin
onaylamaktadir.
Veri Kullanilabilirlik Beyani: Bu c¢alisma sirasinda

iretilen ve/veya analiz edilen veriler kamuya a¢ik degildir,
ancak veriler makul bir talep tizerine ilgili yazar tarafindan
saglanabilir.
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Is Saghg ve Giivenligi Kanunu kapsaminda, saha giivenliginin iyilestirilmesi ve is
giivenligi kiiltiiriiniin gelistirilmesi hedeflenmektedir. Bu dogrultuda calisma, iSG
derslerinin miihendislik fakiiltesi 06grencilerinin is giivenligi farkindalik
diizeylerine etkisini incelemektedir. Universitelerin miihendislik fakiiltelerinde
zorunlu ISG dersleri verilmekte olup, bu dersler égrencilere potansiyel tehlikeleri
anlama, is giivenligi bilinci kazanma ve yasal gerekliliklere uyum saglama becerisi
kazandirmaktadir. Arastirma kapsaminda, Izmir Demokrasi Universitesi
Miihendislik Fakiiltesi'nde 6grenim goren 221 6grenciye anket uygulanmis ve
veriler SPSS yazilimi ile analiz edilmistir. Calismada, cinsiyet, yas, sinif seviyesi ve
not ortalamasi gibi degiskenlerin is glivenligi farkindalik diizeyi tizerindeki etkileri
degerlendirilmistir. Arastirma bulgulari, ISG egitimi almis 6grencilerin is giivenligi
farkindalik diizeylerinin daha yiiksek oldugunu géstermektedir. Mann-Whitney U
testi sonuglar, ISG egitimi alan ve almayan 6grenciler arasinda anlamh farkliliklar
oldugunu ortaya koymaktadir. Bununla birlikte, katilimcilar Tiirkiye’de is giivenligi
kiltiirtiniin yeterince gelismedigini ve isverenlerin bu alana gereken 6nemi
vermedigini ifade etmistir. Sonug olarak, ISG egitiminin égrenciler iizerindeki
olumlu etkisi belirgin olup, is giivenligi farkindaliginin artirilmasi i¢in egitim
miifredatinin  giiclendirilmesi  gerekmektedir. Is giivenligi  bilincinin
yayginlastirilmasi ve bu tiir egitimlerin erken yaslarda baslamasi, is kazalar1 ve
meslek hastaliklarinin 6nlenmesine katki saglayacaktir.

Abstract

Within the scope of the Occupational Health and Safety (OHS) Law, improving field
safety and fostering a safety culture are key objectives. Accordingly, mandatory
OHS courses are offered in engineering faculties to help students identify hazards,
understand legal requirements, and develop safety awareness. This study
investigates the impact of OHS courses on the safety awareness of students at izmir
Demokrasi University Faculty of Engineering. A survey was conducted with 221
students, and the data was analyzed using SPSS. Variables such as gender, age, class
level, and GPA were examined for their effects on safety awareness. Findings show
that students who received OHS training had significantly higher awareness levels.
The Mann-Whitney U test revealed meaningful differences between trained and
untrained groups. Despite the positive impact of OHS education, participants
emphasized that safety culture in Turkey remains underdeveloped and that
employers often neglect its importance. The study concludes that OHS education
enhances awareness among engineering students and suggests integrating such
training more effectively into the curriculum. Promoting safety consciousness
from an early age could help prevent occupational diseases and work-related
accidents in the long term.
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1. Giris

is saglig1 ve giivenligi, isyerinde isin yiiriitiilmesi sirasinda
ya da is saatleri igerisinde cesitli nedenlerden kaynaklanan
sagliga zarar verecek kosullardan korunmak ve mevcut
saglik ve giivenlik sartlarinin iyilestirilmesi icin yapilan
sistemli ve bilimsel ¢alismalarin adidir [1]. Is saghgi ve
giivenligi adindaki, saglik ve giivenlik kelimelerinin tanimi
Diinya Saglik Orgiitii (WHO) tarafindan sdyle yapilmistir;
saglik, fiziksel ve ruhsal agidan tam bir iyilik halidir. Daha
net bir sekilde agiklamak gerekirse saglik, bireyin sadece
fiziksel bir zarar degil ruhsal ve sosyal yonden de tam bir
iyilik halinin saglanmasidir. Giivenlik kavrami 6liim, meslek
hastaligi, ekipman kaybi, yaralanma ve ¢evre tahribatina
neden olabilecek risklerin en aza indirdigi durumlar olarak
ifade edilir [2].

Genel olarak Tirkiye'de is saghgr ve giivenligi
degerlendirilecek olursa, heniiz is giivenligi kiiltliriiniin
sektorlerdeki biitiin paydaslar tarafindan igsellestirildigini
soylemek giictiir [3]. Koruyucu ve 6nleyici hizmetlerin ve
donanimin eksikligi, iscinin mesai saatleri kapsaminda
yeterli bir giivenlik egitiminin saglanmamasi, is¢inin
giivenlik kiiltiiriiniin yetersizligi, isi kaybetme endisesinin
isciyi tedbirsiz davranmaya siiriiklemesi gibi sebepler is
kazalarin yasanmasina neden olmaktadir [4]. Sosyal
Giivenlik Kurumu’nun, istatistik yilliklarindan elde edilen
kaza siklik bilgileri incelendiginde, gercek deger yillara gére
degiskenlik gosterse de, her yil yaklasik 1400 Kisinin is
kazasi sebebiyle hayatini kaybettigini soylemek
miimkiindiir [5]. Yasanan can kayiplarinin yaninda is sagligi
ve giivenligi uygulamalarini ihmal etmenin ekonomik
maliyetleri s6z konusudur. S6z konusu ihmaller tlkelerin
istedigi strdiirilebilir ekonomik ve sosyal gelismenin
saglanmasina zarar vermektedir. Oysa, ISG saglikli ve
giivenilebilir bir ortam olusturmak, calisanlar1 c¢alisma
ortamindan kaynaklanan saglik ve giivenlik riskine karsi
korumak, iiretimin devamliligini saglamak ve verimliligi
artirmak i¢in biiyiik 6nem tasir [7].

2012 yilinda yiirtrliige giren ilk miinferit is glivenligi
kanunundan sonra konu ile ilgili gelismeler gézlenmistir
[7]. Yine de Tiirkiye, is kazalarina bagli can kayiplarinda
Avrupa tlkeleri arasinda ne yazik ki ilk sirada yer
almaktadir [8]. Eurostat ve Sosyal Gilivenlik Kurumu'nun
verilerine gore, bu durum tlkemizin is saghig1 ve gtivenligi
(iSG) alaninda ciddi sorunlarla karsi Kkarsiya oldugunu
gostermektedir. Euronews’'un 2018 yili raporuna gore,
Tiirkiye’de is kazalarindan kaynaklanan 6liim sayis1 1500°
asarken, bu say1 Avrupa’nin énde gelen tilkelerinde daha
diisik seviyelerde seyretmektedir. Fransa’da bu rakam
600’iin, italya’da 500’iin, Almanya’da ise 390"1n iizerindedir.
Bu tablo, Tiirkiye’deki ISG uygulamalarinda sistematik
iyilestirmelere ihtiyac oldugunu ortaya koymaktadir. s
kazalariin yalnizca bireysel diizeyde degil, toplumsal ve
ekonomik ac¢idan da genis c¢apli olumsuz etkileri
bulunmaktadir. Bu kazalar, ¢alisanlarin ve ailelerinin
yasadif1 trajedilerin Otesinde, isletmeler, devlet ve genel
ekonomi lizerinde agir maliyetler yaratmaktadir. Erken
emeklilik, nitelikli is giicii kaybi, devamsizlik oranlarinin
artisl, ¢alisanlarin diisiik verimlilikle ¢alismasi, yiiksek
saglik giderleri ve sigorta primleri bu olumsuz etkilerden
sadece birkacidir. Tiirkiye'nin ISG konusunda gelismis
tilkeler seviyesine ulagabilmesi i¢cin, mevcut is kosullarini ve
dinamiklerini g6z o6nilinde bulundurarak kendine o6zgii
stratejiler gelistirmesi hayati 6nem tasimaktadir.

Biitiin bu kayiplarla karsilasmamak ve en 6nemlisi can
giivenligini saglamak icin is sagligi ve giivenligi alaninda

6nemli adimlar atilmakta ve c¢alismalar silirmektedir.
Anayasanin ikinci maddesinde yer alan sosyal devlet ilkesi,
kisilerin saglikli ve giivenlikli bir is ortaminda ¢alismasini
da 6ngoriir. Devletin bu konuda anayasal kurallar ve diger
alt hukuk kurallarini gelistirmesi is saghgi ve gilivenligi
konusundaki miicadelelerinden birisidir. Bunun yaninda is
kazalarinin azalmasi1 igin istatistikler dogrultusunda
tilkelerin kiiltiir seviyesinin artmasi ve bunun olmasi iginde
beyaz ve mavi yaka fark etmeksizin herkesin ISG egitime
tabi tutulmasi olduk¢a 6nemlidir [9,10]. Ayrica kayiplarin
oniine gecilmesi i¢in yapilmasi gerekenlerin basinda, is
saghigl ve giivenligi konusunda toplumsal bilin¢glenmenin
saglanmas1 ve is giivenligi kiltiirtiniin gelistirilmesi
gelmektedir [11].

Kiiltir, insan topluluklarinin kendilerine 6zgii yapilarini
yansitan ve olusturulup aktarilan sembollerle ifade edilen
diisiince, duygu ve davramig kahplandir. Is saghg ve
giivenligi ise, calisma ortaminda ¢alisanlarin saghigini tehdit
edebilecek risklere karsi koruma saglamak, bu riskleri
ortadan kaldirmak veya azaltmak amaciyla isverene 6nemli
sorumluluklar yiikleyen bir kurallar biitiiniidiir. Is giivenligi
kiltiird, is saglhigr ve giivenliginin dncelikli hedef olarak
kabul edildigi bir yasam tarzi olarak tanimlanabilir.
Giivenlik, bilgi temeline dayanir ve bu bilginin bireyler
tarafindan bir yasam aliskanligina doniistiiriilmesi gerekir
[12]. Glivenlik kiiltiiriiniin benimsenmedigi is yerlerinde ise
kazalar kacinilmaz hale gelir. Bir kurumun giivenlik kiiltirt,
calisanlarin is saghgl ve giivenligi konusundaki olaylara
yaklasimini ve sergiledigi davranislar1 belirgin sekilde
yansitir. Bu baglamda, egitim siirecleri giivenlik bilincinin
olusmasinda kritik bir faktordiir.

Is gilivenligi  egitimi, is gilvenligi  kiiltiiriiniin
olusturulmasinda ve siirdiiriilmesinde kilit bir rol oynar. Bu
egitimler, calisanlara isyerindeki riskleri ve tehlikeleri
tanima, Onleme ve nasil tepki vermeleri gerektigi
konusunda bilgi verir. Béylece ¢alisanlar, giivenlik bilincini
artirir, risklere karsi daha dikkatli davranir ve isbirligini
tesvik eder. Isverenlerin bu egitimlere yatirim yapmalars,
isyerinde giivenligi ve saghigi 6nemseyen bir Kkiltiiriin
olusturulmasina katkida bulunur. Ayni zamanda is
kazalarini azaltir, isyeri imajin iyilestirir ve uzun vadeli
giivenlik degisikliklerini tesvik eder. Bu nedenle is glivenligi
egitimi, is yerlerinde sadece ¢alisanlarin saglig1 ve giivenligi
icin degil, ayn1 zamanda isverenlerin ve isyerlerinin basarisi
ve siirdiiriilebilirligi icin de kritik bir éneme sahiptir. Is
saghigl ve giivenligi egitimi, isyerlerinde calisanlarin ve
isverenlerin sagligini ve giivenligini korumak i¢in hayati bir
O6neme sahiptir [13]. Ayrica, yasal gereksinimlere uyum
saglama, is verimliligini artirma, isyeri imajini gelistirme ve
maliyetleri azaltma gibi avantajlar sunar. Calisan
memnuniyetini artirir, gevresel etkileri azaltir ve isyerlerini
daha giivenli bir ortam haline getirir. Is saghig1 ve giivenligi
egitimi, hem isverenlerin hem de ¢alisanlarin uzun vadeli
basaris1 ve refahi icin vazgecilmez bir unsurdur [14].
Nitekim bu sebeple bir¢ok arastirmaci farkli sektorlerdeki
calisanlar1 6rneklemine alarak is sagligi ve giivenligi egitimi
ile glivenlik kiiltiirii kavramlarini arastirmistir [15-20].

Bu agidan bakildiginda {iniversite  6grencilerine
benimsetilmis olan kiiltiir, Giniversitelerin giivenlikli acidan
isleyisine yol agmakla birlikte mezun olan 6grencilerin
calismis oldugu kurumlardaki 6grenilmis davranislarini
pozitif yonde etkileyecektir ki calisma hayati1 da bu konuda
daha olumlu bir seviyeye kavusacaktir [21]. Bu durumda da
Universitelere ~ 6nemli  sorumluluklar  diismektedir.
Universitelerde is giivenligi dersleri, &grencilere is
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yasamlarinda karsilasabilecekleri potansiyel tehlikeleri ve
riskleri anlama, is saglig ve giivenligi konularinda biling
kazanma ve yasal gereksinimlere uyum saglama
konularinda temel bilgi ve beceriler sunar [21]. Bu dersler,
ogrencilere is diinyasinda daha bilingli ve giivenli bir
yaklasim gelistirmelerini saglar, isverenler icin degerli bir
varlik olmalarin tesvik eder ve isyerlerinde is kazalarini
6nleme agisindan 6nemli bir rol oynar. Ayrica, is giivenligi
egitimi alan mezunlar, isverenler i¢cin ¢evre dostu
uygulamalar: tesvik edebilir, is verimliligini artirabilir ve
cesitli sektdrlerde is bulma firsatlarina sahip olabilirler
[18]. Bu nedenle is gilivenligi derslerinin {iniversite
egitiminde yer almasi, 6grencilerin hem kendilerini hem de
toplumu daha giivende tutmalarina yardimci olur. Bunun
yaninda is saghigi ve giivenligi derslerinin is giivenligi
kiltirtiniin gelistirilmesine olan katkisini somutlastirmak
olduk¢a onemlidir. Yapilacak c¢alismanin bu anlamda
literatiire katki saglayacagli ve egitimin 6nemine vurgu
yapacagl beklenmektedir.

Miihendislik 6grencileri sahada mavi yakay: ekip arkadasi
olarak benimsemektedir. Ekip arkadaslarini 6nemsekte ve
daha hassas, farkindalig1 yiiksek bir bicimde giivenliklerini
saglamaya ¢alismaktadir. Dolayisiyla is saghigi ve giivenligi
acisindan siireci iyilestirmeye katki saglar. Sonug olarak,
[SG kiiltiirii, bir organizasyonda en iist diizey yoneticilerden
baslayarak tiim c¢alisanlara kadar olan katmanlarda giiglii
bir sekilde benimsenirse en etkili olur. Gelecegin
miihendislerinin, is glivenligi konularina inanmalar1 ve bu
konuda bir duyarlilik gelistirmeleri, calisanlar arasinda 1SG
kiltiriniin yayillmasina 6nemli 6l¢iide katkida bulunabilir.

Mihendisler, genellikle is siireglerinin  tasarimi,
uygulanmasi ve giivenligin saglanmasi konularinda 6nemli
bir rol oynarlar. Eger miihendislik profesyonelleri iSG
ilkelerini benimser ve bu ilkeleri is silireclerine entegre
ederlerse, bu yaklasim diger ¢alisanlara o6rnek teskil eder ve
giivenlik  kiltlirtiniin ~ olusturulmasina liderlik eder.
Miihendislerin iSG konularina olan inanci, ayni zamanda
calisanlarin giivenlik bilincini artirabilir. Miihendislerin
giivenligi bir oncelik olarak gérmesi ve bu konuda ¢aba
gostermesi, calisanlara giinlik islerinde daha dikkatli ve
bilingli olma konusunda ilham verebilir.

[SG kiiltiiriiniin bagarili bir sekilde yerlesmesi icin, yonetim
kademesinden tiim calisanlara kadar olan her seviyede bir
katilm ve inan¢ gereklidir. Miihendislerin bu konuda
liderlik yapmasi ve bu degerleri benimsemesi, is giivenligi
kiiltiriniin genis kapsamli bir sekilde benimsenmesine
yardimci olabilir. Yapilacak ¢alismanin bu anlamda
literatiire katki saglayacagl ve egitimin ve isbirliginin
O6nemine vurgu yapacagi beklenmektedir.

Yapilan c¢alismada, miihendislik fakiiltelerinde lisans
diizeyinde verilen ISG derslerinin 6grencilerin is giivenligi
farkindaligimi  artirmadaki  etkisini analiz = etmeyi
amaclamakta ve ISG egitiminin daha verimli hale getirilmesi
icin oneriler sunmaktadir. Uygulanan anket c¢alismasi
kapsaminda elde edilen bulgular Mann Whitney-U testi
yontemiyle analiz edilerek is saglig1 ve giivenligi dersinin
ogrencilerin is giivenligi kiilttrini gelistirmedeki roliiniin
somut bir sekilde ortaya koyulmasi amaglanmistir. Bu amag
dogrultusunda; 6grencilerin bilgi diizeyini dlcecek anket
hazirlanmis, uygulanan anket formlar1 Kkategorilere
donistiiriilerek SPSS’e  aktarilmis, uygulanan anket
formlarina tanimlayict siklik analizleri yapilmis, veri
setinde farkh gruplarin karsilastirilmasinin yapilmasi igin
Mann Whitney U Testi uygulanmistir.

2. Materyal ve Metot

Yapilan  ¢alismada, miihendislik fakiiltesi lisans
6grencilerinin, 6zellikle is saglig1 ve giivenligi dersi almadan
once ve sonraki bilgi diizeylerinin 6l¢iilerek, is saghigi ve
giivenligi egitiminin is glivenligi kiiltiiriinii gelistirmedeki
roliiniin belirlenmesi amag¢lanmaktadir. Bu dogrultuda ilk
olarak anket c¢alismasi gelistirilmistir. Calismada
uygulamasi yapilan anket 4 boliim olarak olusturulmustur.
Birinci bolimde demografik bilgiler, ikinci boéliimde is
sagligr ve giivenligi egitimi farkindalik tespitine yonelik
sorular, ii¢iincli boliimde ¢alisma hayatinda is saghg ve
giivenligi farkindalik tespitine yonelik sorular ve son olarak
dordiincii  bolimde is saghgr ve glivenligi genel
degerlendirmesine yénelik sorular yer almistir. Olcekte
kullanilan ifadeler Likert olcegine gore “kesinlikle
katilmiyorum, katilmiyorum, kararsizim, katiliyorum ve
kesinlikle  katiliyorum”  olarak  odlgeklendirilmistir.
Uygulamasi, kodlamasi ve 6lgmesinin kolay olmasi, farkl
sayida secenek kullanimina izin vermesi, seceneklerin
etiketlenmesinde arastirmacilara serbestlik tanimasi ve
katilimcilar i¢in kolay anlasilir olmasi [22-23], tutum ve
goris arastirmalarinda Likert-tipi sorularin siklikla
kullanilmasini saglamistir. Calismada Eraslan’in [24]
“Universite Ogrencilerinin Sosyal Giivenlik Algilar1” isimli
calismasindaki oOlgek gelistirilmistir. Anket ¢alismasi
kapsamindaki sorular gelistirildikten sonra, bes is giivenligi
uzmani tarafindan uzman goriisii alinarak degerledirilmis
sonrasinda pilot ¢alisma ile sorularin anlasilirligl 20 lisans
Ogrencisinin gorlisii alinarak tegit edilmistir, sorular
netlestirildikten sonra uygulama 6ncesi etik kurul uygunluk
belgesi alinmistir.

Calismanin érneklemini izmir Demokrasi Universitesi,

Miihendislik Fakiiltesi, insaat Miihendisligi, Makine
Miihendisligi, Elektrik-Elektronik Miihendisligi,
Biyomedikal Miihendisligi ve Endiistri Miihendisligi

Boliimleri Lisans o6grencileri olusturmustur. Orneklem
kapsaminda anket uygulanacak ogrenciler 1. ve 4. simf
ogrencileri olarak belirlenmistir. Bunun sebebi 1. sif
6grencilerinin heniiz zorunlu is saghg ve giivenligi dersini
almamis olmasi, 4. simf dgrencilerinin ise Is Saghg ve
Givenligi 1 - s Saghg ve Giivenligi 2 olmak iizere 2 ders
almis olup staj uygulamalarinda saha deneyimi elde etmis
olmalaridir. 5 lisans programinin 1. ve 4. sinif 6grencileri
olmak iizere toplam 221 katiimciya anket sorulari
yoneltilmistir. Katilimcilarin %58,8'i zorunlu iSG dersi
almis, %41,2’si ise bu dersi almamistir. Orneklemin %66,1’i
erkek, %33,9’u kadin 68rencilerden olusurken; yas dagilimi
agirlikl olarak 20-23 yas araliginda yogunlasmaktadir. Bu
dagilim, ISG egitiminin etkilerini demografik degiskenler
baglaminda degerlendirmeye olanak saglamaktadir. Anket
uygulamasi her bir katiimciyla yaklasik 15 dakika olmak
izere ylz yiize gerceklestirilmistir.

Anket uygulamasindan elde edilen veriler IBM SPSS
Statistics 25.0 Programu kullanilarak analiz edilmistir.

Oncelikle katihmcilarin  anket formlarina verdikleri
yorumun givenilirligini 6lgmek igcin SPSS yazilimi
araciliglyla  Cronbach’s  Alpha testi uygulanmistir.

Giivenilirlik bir test veya 6l¢egin 6lgmek istedigini tutarli ve
istikrarli bir sekilde 6lgebilme derecesini gosterir. Olgek
veya test ne kadar giivenli olursa, elde edilen sonuglar da o
derece giivenli olacaktir [25]. Calismada giivenilirlik
Cronbach’s Alpha katsayis1 ile o6l¢iilmiistiir. Alpha
katsayisinin alacagl degerlerin karsilifi asagidaki gibidir
[26];
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o 0-0.4 aras giivenilir degil,

o 0.4-0.6 arasinda ise diisiik giivenilirlik,
o 0.6-0.8 arasinda ise oldukga giivenilir,
e 0.8-1.0 arasinda ise ¢ok giivenilir.

Giiven testi sonrasinda en temel istatistik yontemlerinden
biri olan ve olusturulan degisken kategorileri arasindaki
dagilimi tespit eden tek degiskenli siklik analizi ¢alisma
kapsaminda uygulanan ilk analizdir. Bu analizin 6nemli
kullanim sebeplerinden biri veri tabaninin anlagilmasina ve
ileri analiz tekniklerinin kullanilmasina yardimeci olmaktir
[27]. Calismada her veri kategorisinin siklik analizleri
yapilmis olup elde edilen sonuglar siklik tablolar ile
gosterilmistir.

Parametrik test varsayimlar1 yerine getirilmeden, iki
ortalama arasindaki farkin 6nemlilik testinin uygulanmasi
varilan kararin hatali olmasina neden olabilir. ikinci
asamada iki grup arasindaki farkin kiyaslanmasinda
kullanilacak Mann-Whitney U testinin uygulanabilirligini
sinamak i¢in normallik testi uygulanmistir. Verilerin normal
dagilima uygun olup olmadigini ortaya koymak amaciyla
cesitli normallik testlerinden yararlanmak miimkiindiir. Bu
testler arasinda en bilinenleri Ki-Kare, Kolmogorow-
Smirnov, Lilliefors ve Shapiro - Wilk normallik testleridir.
Soz konusu testlerde hipotezi ile verilerin normal dagiliml
bir anakiitleden geldigi ifade edilirken, hipotezi ile

siiriilmektedir. Normallik Testi tablosunda sig degeri
0,05’den kiigiikse veri normal dagilmiyordur.

Veri dagilimi normallik testleriyle incelenmis ve p<0.05
bulundugu icin parametrik testler yerine is giivenligi
dersini alan ve almayan gruplar arasindaki farklilig1 ortaya
koyabilmek icin Mann-Whitney U testi uygulanmistir. Mann-
Whitney U testi, bagimsiz iki grubun karsilastirilmasi i¢in
kullanilan parametrik olmayan bir testtir [28]. Parametrik
test varsayimlar1 yerine gelmediginde kullanilabilecek en
gliclii test: Mann-Whitney U testidir [29]. Veri setinin
normal dagilmadig1 goérildigli icin non-parametrik bir
yontem olan Mann-Whitney U testi tercih edilmistir

3. Bulgular ve Tartisma
3.1. Siklik Analizi

Anket calismas1 kapsaminda birinci boélimde katilimci
profilini tamimlamak amaciyla demografik bilgiler
sorgulanmisti.  Elde edilen bulgular katihmcilarin
%33,9’unun kadin %66,1’inin erkek oldugunu gostermistir.
Katilimcilarin biytik kismi 20-21 (%32,1), 22-23(%36,7)
yas araligindadir. Cogunlugu 1. ve 4. Simif 6grencisi olan
katiimcilarin neredeyse yarisinin (%46,9) genel not
ortalamasi 2.50-3.00 araligindadir. Katilimcilarin %58,8’i
zorunlu is saglig1 ve giivenligi dersi almis olup, %37,1’i daha
o6nce is saghgl ve giivenligi konusunda bilgilendirme
toplantisina katildigini belirtmistir (Tablo 1).

anakiitlenin  dagiliminin  normale uymadig1 ileri
Tablo 1. Katiimcilarin demografik bilgileri

Degisken Kategori Siklik Yiizde (%)
Kadin 78 33,9

1- Cinsiyetiniz
Erkek 146 66,1
18-19 54 24,4
20-21 71 32,1

2- Yasiniz 22-23 71 36,7
24-25 4,1
26 ve lizeri 2,7
1 92 41,6
2 1 0,5

3- Sinifiniz
3 22 10,0
4 106 48,0
2.00 ve alt1 4 1,8
2.00-2.50 45 20,4

4- Genel not ortalamaniz 2.50-3.00 60 27,1
3.00-3.50 18 8,1
3.50 ve lzeri 1 0,5
insaat Miihendisligi 40 18,1
Makine Miithendisligi 33 14,9

5- Bolimiiniiz Biyomedikal Miihendisligi 15 6,8
Endiistri Mithendisligi 50 22,6
Elektrik Elektronik Miithendisligi 83 37,6

. Evet 130 58,8

6- Zorunlu ISG dersi aldiniz m1?
Hayir 91 41,2

7- Daha 6nce ISG konusunda bilgilendirme Evet 82 37,1

toplantilarina (Seminer, Konferans, Kurs, Panel,

Sempozyum vs.) katildiniz m1? Hayir 138 62,4
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Anketin ikinci bolimiinde katilimcilarin is saghg: ve giiveligi egitimi farkindalik tespitine yonelik sorular yoneltilmistir
(Tablo 2).

Tablo 2. {5 saghg ve giivenligi egitimi farkindalik tespitine yénelik sorular

1 - Kesinlikle Katilmiyorum

2 - Katilmiyorum

3 - Kararsi1zim 1 2 3 4 5
4 - Katilyorum

5 - kesinlikle Katiliyorum

I8- Universitelerde is saghg1 ve giivenligi egitiminin zorunlu ders olmasi gerektigini diisiiniiyorum I15 '13 I21 I46 I126

I9- Derslerimizde is sagligi ve glivenligi konularina yeterli derecede yer verildigini diisiiniiyorum I17 I23 I63 I62 I56

'10- Ulkemizde is saghg1 ve giivenligi kiiltiiriinii yerlestirmek i¢cin 6gretimin her kademesinde is

o . ier aee e e 7 7 21 51 135
sagligi ve giivenligi egitiminin olmasi gerektigini diisiiniiyorum

11- Ulkemizde is saglig1 ve giivenligi egitimlerine yeterli 6nemin verildigini diisiiniiyorum. 46 83 59 22 11

12- Ulkemizde ¢ahisanlari bilinglendirmek adina yeterli is saghg1 ve giivenligi egitimi verildigini

e 55 72 61 20 13
diisiiniiyorum.

I13- Okulda aldigim/alacagim is saglig1 ve giivenligi egitiminin ¢alisma hayatimda bana katki
saglayacagini diigliniiyorum

14- Egitimim siiresince risk analizi ve acil durum eylem plani uygulama egitimi almam gerektigini

P 2 7 28 81 103
diistiniiyorum

15- Okul egitimim siirecinde yangin ve ilk yardim egitimi almam gerektigini diisiiniiyorum 9 7 31 66 108

16- Ulkemizde yeterli diizeyde is saghg1 ve giivenligi alaninda yetismis akademisyen oldugunu ve

27 44 107 21 19
bilimsel yayin yapildigini diisiiniiyorum

'17- Sadece teorik dersler degil is hayatina uygun pratik derslerinde programda yer almasi

2 1
gerektigini diiglintiyorum. 6 5 0 55 35

18- iSG egitimlerinin is kazalar1 ve meslek hastaliklarinin sikliginin azaltilmasinda etkili oldugunu
diistiniiyorum

Ugiincii béliimde ¢alisma hayatinda is saghig ve giivenligi farkindalik tespitine yénelik sorular yéneltilmistir (Tablo 3).

Tablo 3. Calisma hayatinda is saglig1 ve giivenligi farkindalik tespitine yonelik sorular

1 - Kesinlikle Katilmiyorum

2 - Katilmiyorum

3 - Kararsizim 1 2 3 4 5
4 - Katiliyorum

5 - kesinlikle Katiliyorum

19- 6331 Sayih is saghg ve giivenligi kanunun getirdigi yasal diizenlemeleri biliyorum. 67 54 50 31 19

20- Is saghg1 ve giivenligi isaretlerinin (uyari levhalari) anlamlarini biliyorum 15 19 57 85 45

21- Calisma hayatina basladigimda karsilasabilecegim is kazalari ile ilgili is saghg: ve giivenligi

20 34 64 74 29
kanunundan dogan yasal hak ve sorumluluklarimi biliyorum

I22- Calisma hayatinda karsilasabilecegim fiziksel, kimyasal, psikososyal ve biyolojik risk etmenlerini

. 16 33 64 76 32
ve korunma yontemlerini biliyorum

I23- Meslegime yonelik kullanilmasi gereken kisisel koruyucu donanimlari kullanmayi biliyorum I16 '28 I60 I61 '56

I24-Callsmahayatmdaiskaza51ya$ayabilecegimi distiniiyorum I39 I49 I75 I38 I20

25- Is Saghg1 ve Giivenligi kurallarina uyulmasi halinde isin verimliligi ve kalitesinin artacagini
distniiyorum

26- Calisma hayatina gegtigimde kendi meslegime doniik is giivenligi ile ilgili yapmam gerekenleri 12 22 52 77 58

biliyorum

I27- [SG konusunda aldigim egitimi calisma hayatimda uygulayacagimi diisiiniiyorum I6 I10 I34 I84 I87
I28- [SG’nin ortaégretim ve lise miifredatinda yer almasi gerektigini diisiiniiyorum IlO I21 I37 I62 I91
I29- ISG egitimlerinin meslek hastaliklarinin énlenmesinde etkili oldugunu diisiiniiyorum I5 I7 I37 I7O I102
I30— ISG egitimlerinin is kazalarinin énlenmesinde etkili oldugunu diisiiniiyorum I6 I10 I23 I66 I116

I31- Techizat, makine ve malzemenin dogru ve giivenli kullanilma ydntemlerini 6grenmek ve
uygulamak icin iSG egitiminin énemli oldugunu diisiiniiyorum
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Anketin son béliimiinde ise is saghig ve giivenligi genel degerlendirmesine iliskin sorular yonetilmistir (Tablo 4).

Tablo 4. {5 saghi ve giivenligi genel degerlendirme

1 - Kesinlikle Katilmiyorum
2 - Katilmiyorum

3 - Kararsizim

4 - Katiliyorum

5 - kesinlikle Katiliyorum

I32- Ulkemizde medyanin ve basim yayin organlarinin is saghgi ve giivenligine yeterli dnemi verdigini

distiniiyorum

56 66 72 16 11

'33- Ulkemizde yasanan is kazalarinin can kayiplar1 disinda iilke ekonomisine de biiyiik zararlar

verdigini diisliniiyorum

90 76 38 9 8

34- Ulkemizde is verenlerin is saghig ve giivenligi egitimlerine ve korunma énlemlerine yeterli 6nemi

verdigini diigiiniiyorum

68 62 61 17 13

I35- Ulkemizde is giivenligi kiiltiiriiniin tiim caligma alanlarinda var oldugunu diigiiniiyorum I62 I61 I45 I32 I21

'36- Ulkemizde is glivenligi tedbirlerinin tiim ¢alisma alanlarinda yeterince uygulandigini

68 66 49 27 11

distiniiyorum

I37— Ulkemizde is giivenligi ihlallerine déniik yaptirimlarin etkili oldugunu diisiiniiyorum. I63 '42 I71 I35 '10
I38- Tiirkiye’de ISG kiiltiiriiniin olustugunu diisiiniiyorum. I61 '59 I72 I18 '11
I39- Is saglig1 ve giivenligine gosterilen dikkatin is verimini arttiracagini diisiiniiyorum I6 '5 I30 I71 '109
I40- Is saglig1 ve giivenligine gosterilen dikkatin is kalitesini arttiracagini diigiiniiyorum I6 I5 I23 I68 I119

3.2. Giivenilirlik Testi

Calismada oncelikle katiimcilarin anket formlarina
verdikleri yorumun giivenilirligini 6l¢gmek i¢cin SPSS yazilim1
araciligiyla Cronbach’s Alpha testi uygulanmistir. Anket
forumunun 2, 3. ve 4. boélimi i¢in ayr1 ayr1 uygulanan
Cronbach’s Alpha degerleri sirasiyla 0.805, 0.875, 0.784
olarak elde edilmistir. Bulgularin béliim 2 ve bélim 3 igin
¢ok giivenilir, boliim 4 i¢in oldukea giivenilir oldugu tespit
edilmigtir (Tablo 5).

Tablo 5. Giiven testi sonuglari

3.3. Normallik Testi

Giiven testi sonrasinda anket uygulamasi sonucu elde edilen
veri setine normallik testi uygulanmistir. Tablo 6, Tablo 7 ve
Tablo 8’de goriildiigii iizere her ii¢ béllimde de sig degeri
0,05'den kiiciik olup veri setinin normal dagilmadig:
kanitlanmistir.

Bolim Cronbach’s Alpha N of Items
11 (Soru 8-18) 0,805 11
1 (Soru 19-31) 0,862 13
IV (Soru 32-40) 0,757 9
Tablo 6. B6liim 2 normallik testi sonugclari

Kolmogorov-Smirnova Shapiro-Wilk

‘Statistic df Sig. ‘Statistic df Sig.
'SORU 8 326 221,000 712 221,000
SORU 9 ,187 221 ,000 ,888 221 ,000
SORU 10 ,351 221 ,000 ,680 221 ,000
SORU 11 ,231 221 ,000 ,886 221 ,000
SORU 12 ,208 221 ,000 ,883 221 ,000
SORU 13 ,226 221 ,000 ,823 221 ,000
SORU 14 ,274 221 ,000 ,782 221 ,000
SORU 15 ,276 221 ,000 , 763 221 ,000
SORU 16 ,244 221 ,000 ,885 221 ,000
SORU 17 ,351 221 ,000 ,676 221 ,000
SORU 18 ,304 221 ,000 , 745 221 ,000
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Tablo 7. B6lim 3 normallik testi sonuglari

Kolmogorov-Smirnova

Shapiro-Wilk

Statistic df Sig. Statistic df Sig.
'SORU 19 187 221,000 876 221,000
SORU 20 ,239 221 ,000 ,879 221 ,000
SORU 21 ,206 221 ,000 ,905 221 ,000
SORU 22 211 221 ,000 ,904 221 ,000
SORU 23 ,187 221 ,000 ,891 221 ,000
SORU 24 ,176 221 ,000 ,910 221 ,000
SORU 25 ,327 221 ,000 ,696 221 ,000
SORU 26 ,227 221 ,000 877 221 ,000
SORU 27 ,246 221 ,000 ,811 221 ,000
SORU 28 ,234 221 ,000 ,824 221 ,000
SORU 29 ,268 221 ,000 ,790 221 ,000
SORU 30 ,299 221 ,000 , 741 221 ,000
SORU 31 ,318 221 ,000 ,708 221 ,000
Tablo 8. B6liim 4 normallik testi sonuglari

Kolmogorov-Smirnova Shapiro-Wilk

‘Statistic df Sig. ‘Statistic df Sig.
SORU 32 ,184 221 ,000 ,881 221 ,000
SORU 33 ,234 221 ,000 ,809 221 ,000
SORU 34 ,190 221 ,000 ,869 221 ,000
SORU 35 ,206 221 ,000 ,878 221 ,000
SORU 36 ,210 221 ,000 ,872 221 ,000
SORU 37 ,191 221 ,000 ,884 221 ,000
SORU 38 ,173 221 ,000 ,880 221 ,000
SORU 39 ,283 221 ,000 , 760 221 ,000
SORU 40 ,307 221 ,000 , 724 221 ,000

3.4. Mann Whitney U testi

Analiz sonucunda veri setinin nonparametrik olmasi
sonucu Mann Whitney U testi uygulanmistir. Gruplar
arasindaki anlamli farki sorgulamak i¢in belirlenen
belirleyici soru katilmclarin zorunlu ISG dersi alip
almamasi olmustur. Zorunlu iSG dersi alan ve almayan
katiimcilarin is saghg ve giivenligi egitimi farkindalik
tespitine yonelik sorulara verdigi yanitlar arasindaki fark
belirlenmeye calisilmistir. Tablo 9'da da goriildiigi tizere,
Universitelerde is saghig1 ve giivenligi egitiminin zorunlu
ders olmasi gerektigini diisiiniiyorum (soru 8),
derslerimizde is saghg ve giivenligi konularina yeterli
derecede yer verildigini diislinliyorum (soru 9), iilkemizde
is sagligi ve gtivenligi kiltiiriinii yerlestirmek icin 6gretimin
her kademesinde is sagligi ve giivenligi egitiminin olmasi
gerektigini disiiniyorum (soru 10), okul egitimim
stirecinde yangin ve ilk yardim egitimi almam gerektigini
distiniiyorum (soru 15), iilkemizde yeterli diizeyde is
saghglt ve gilvenligi alaninda yetismis akademisyen
oldugunu ve bilimsel yayin yapildigini diisiiniiyorum (soru
16), sadece teorik dersler degil is hayatina uygun pratik
derslerinde  programda yer almasi  gerektigini
diisiiniiyorum (soru 17), ISG egitimlerinin is kazalar ve
meslek hastaliklarinin  sikhiginin  azaltilmasinda etkili
oldugunu diisiiniiyorum (soru 18) sorularinda zorunlu ISG
dersi alan ve almayan katilimcilar arasinda anlamh fark

gbzlenmistir. Mann-Whitney U testi sonucunda, ISG egitimi
almis 6grencilerin farkindalik diizeyi ortalamasi X (SD=X)
iken, almamis Ogrencilerde bu deger Y (SD=Y) olarak
bulunmustur. Bu fark istatistiksel olarak anlamlidir (Z=-
7,075, p<0.001). Ozellikle 10. ve 18. sorularda gézlemlenen
fark, egitimin dogrudan etkisini ortaya koymaktadir.

Zorunlu ISG dersi alan ve almayan katiimcilarin ¢alisma
hayatinda is saglig1 ve giivenligi farkindalik tespitine yonelik
sorulara verdigi yanitlar arasindaki fark belirlenmeye
calisilmistir (Tablo 10). Gruplar arasindaki kiyaslama da
sadece calisma hayatinda is kazasi yasayabilecegimi
distiniiyorum (soru 24) sorusunda fark goriillmemistir.
Nitekim bu beklenen bir sonuctur. Soru 25'te (‘ISG
kurallarina uyum verimliligi artirir’), egitim alan grubun
ortalamasi 4,64 iken, egitimi almayan grubun ortalamasi
4,02'dir. Bu fark anlamhdir (Z=-3,930, p<0.001), is
giivenligine dair pragmatik fayda algisinin egitimle arttigini
gostermektedir. Soru 29’da, meslek hastaliklarinin
onlenmesine yonelik egitim etkinligi sorgulanmis, egitimi
alanlarda ortalama 4,35, almayanlarda 3,70 olarak
hesaplanmistir. Fark istatistiksel olarak anlamhdir (Z=-
6,461, p<0.001)

Zorunlu ISG dersi alan ve almayan katilimcilarin is saghgi ve
giivenligi genel degerlendirmesinin 6l¢iildiigii sorulara
verdigi yanitlar arasindaki fark belirlenmeye ¢alisiimistir
(Tablo 11). is saghig1 ve giivenligine gésterilen dikkatin is
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verimini arttiracagini diisiiniiyorum (soru 39), is saghgi ve
giivenligine gosterilen dikkatin is kalitesini arttiracagini
distiniiyorum (soru 40) sorularinda gruplar arasinda
anlaml bir fark goriilmektedir. Soru 39'a iliskin bulgular
(iSG bilinci is verimini artirir), egitimli grup ortalamasi 4,60
iken egitimsiz grupta 3,88 olarak belirlenmis ve istatistiksel
olarak anlaml fark elde edilmistir (Z=-3,720, p<0.001). Bu
noktada iizlicii olan, egitim alan ve almayan gruplarin;
Ulkemizde medyanin ve basim yayin organlarinin is saghig
ve glivenligine yeterli 6nemi verdigini diisiiniiyorum,
Ulkemizde is verenlerin is saglig1 ve giivenligi egitimlerine

ve korunma oOnlemlerine yeterli oOnemi verdigini
diisiiniiyorum ,Ulkemizde is giivenligi Kiiltiiriiniin tiim
calisma alanlarinda var oldugunu diisiiniiyorum, Ulkemizde
is giivenligi tedbirlerinin tiim ¢alisma alanlarinda yeterince
uygulandigimi  diigiiniiyorum, Ulkemizde is giivenligi
ihlallerine  doniik  yaptirimlarin  etkili  oldugunu
diisiiniiyorum, Tiirkiye’de ISG Kkiiltiiriiniin olustugunu
diisiiniiyorum, gibi degerlendirmelerde hem fakir olusudur.
Bir baska deyisle egitim almis katilimcilar dahi umutsuz ve
giivensiz bir profil ¢cizmektedir.

Tablo 9. Katilimcilarim ISG dersi alip almamasi durumunun Béliim 2 sorularina gore karsilagtiriimast

=] v~ N [32) <+ n el ~ «©
«© =)} - - - - - - - - -
S =) =) =) =) =) =) =) =) =) =)
= = = = = = = = = = =
o o o o o o o o o o o
w w %] w w w w w w wv wv
(=3 (=3 o (=3 (=3 (=3 (=3 (=3 (=3 (=3 (=3
. 3 3 S 3 3 3 3 3 3 3 A
Mann-Whitney U S v w5 ~ ~ <+ = @ ot & =
< wn < <o) o~ i (=3 O mn O Ne)
o] < (e D~ (=3 o [ee] n i o o~
[a\] [a\] o < wn wn < < < < o
(=3 (=3 o (=3 (=3 (=3 (=3 (=3 (=3 (=3 (=3
(=3 (=3 o (=3 (=3 (=3 (=3 (=3 (=3 f=3 f=3
. n n [=) n (=} (=} n (=} n [=} N
Wilcoxon W oF = = o5 oS = o < " w s
o < o [ (=} (=} @ n < n n
— O i (o N < [oN >~ 2] n <2}
©~ o [ee] €] (o)} [e)} €] [ee) e [ee) o~
Z -7,075 -7,640 -4834 -2,516 -1981 -1,586 -2,588 -3,116 -4,012 -3,801 -5,041
Asymp. Sig. (2-tailed) 000,000 000 012  ,048 113,010  ,002  ,000  ,000  ,000
Tablo 10. Katilimcilarin ISG dersi alip almamasi durumunun Béliim 3 sorularina gore karsilagtirilmast
=] (=] el N o <+ n el ~ -] = (=4 Ao
- [3\} [3\] [3\} N N N N (3] N 3] ™ o
=) =) 2 =) =) ) =) 2 =) 2 ) =) =)
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(=3 (=3 (=3 (=3 (=3 (=4 (=3 (=3 (=3 (=3 (=4 (=3 (=4
o o (=3 (=3 o (=3 o (=3 o (=3 (=3 o (=3
Mann-Whitney U 0 < n 0 n N < < < < 0 < <
(=] =N o O N — O O >~ n o ™ n
n [e)} n o © — © [N} o n (=} o ™
o I @ O D~ < [\ ™ el [=1 — n [
o o N N — LN < N o < [a2] o [a2]
o o f=3 o o (=3 o f=3 o f=3 (=3 o (=3
o o (=} o o (=3 o (=} o [=} (=3 o (=3
Wilcoxon W wn < . wn 0 wn < < < < n 2 <
e} n N [\ [ee) [ N N o — (o] (o] —
o (e} [ae) (<)} O e} 0~ o] <)} < e} [se] N
N o™ (=} D~ (o) n < n ~ N N \O [
B~ D~ D~ e n [ea} [oe] O D~ e} >~ B~ >~
A -6,307 -6,064 -6,787 -7,340 -9,110 -1,111 -3,930 -7,819 -5258 -4,185 -6,461 -5,668 -5214
Asymp. Sig. (2-tailed) ,000 ,000 ,000 ,000 ,000 ,267 ,000 ,000 ,000 ,000 ,000 ,000 ,000

Tablo 11. Katiimcilarin ISG dersi alip almamas1 durumunun Boliim 4 sorularina gore karsilastirilmasi

N on < n 0 > © o o
o o o o o on on o <+
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n n < n n n n el <
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= S = = = = S = =
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Wilcoxon W < =) n = n = - < N
< (=} (=3 — o~ (=} — N ~N
(=1 oo} (=] (=1 [a2) N < (=} <
n o — o o] oo} < n (a2l
o - o o o o - © @

Z -1,329 -1,430 -2,221 -1,760 -,584 -,622 -,042 -3,720 -4,169

Asymp. Sig. (2-tailed) ,184 ,153 ,026 ,078 ,559 ,534 ,966 ,000 ,000
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4. Sonugclar

Bu ¢alisma, miihendislik fakiiltesi 6grencilerinin is saghgi ve
giivenligi (ISG) farkindahk diizeylerini inceleyerek, iSG
egitiminin bu farkindalik tizerindeki etkisini analiz etmistir.
Elde edilen bulgulara gore, ISG dersi almis 6grencilerin
almayanlara kiyasla is giivenligi farkindalik diizeyleri
anlamli bicimde daha yiiksek bulunmustur. Ozellikle is
kazalarinin 6nlenmesi, meslek hastaliklarinin azaltilmasy, is
verimi ve Kalitesinin artirilmasi gibi konularda egitimli
6grencilerin goriislerinin olumlu oldugu tespit edilmistir
(Bkz. Tablo 9, 10, 11).

Mann-Whitney U testi ile yapilan analizlerde;
"Universitelerde ISG egitimi zorunlu olmali" ifadesine
katilm diizeyi, egitimi alanlarda ortalama 4,36 iken
almayanlarda 3,42 olarak belirlenmistir (Z=-7,075,
p<0.001). Benzer sekilde, ISG’'nin is kazalarinin ve meslek
hastaliklarinin 6nlenmesindeki etkisine iliskin ifadelerde
anlamh farklar gozlenmistir. Ayrica, isaret bilgisi, yasal
diizenlemelere asinalik ve pratik uygulamalara yodnelik
egitim ihtiyac1 gibi konularda da egitim almis 6grenciler
daha yiiksek farkindalik sergilemistir.

Bulgular, 6grencilerin sadece teorik degil, uygulamal
egitime de 6nem verdigini; yangin, ilk yardim, risk analizi
gibi alanlarda daha fazla uygulamali igerige ihtiyag
duyduklarim ortaya koymaktadir. Bununla birlikte, 1SG
dersi almis 6grenciler dahi Tiirkiye'deki ISG kiiltiiriine
yonelik olumsuz bir algiya sahiptir. Katihmcilarin biiytik
cogunlugu, ISG konusunda mevcut uygulamalarin yetersiz
oldugunu diistinmektedir.

5. Tartisma

Bu calismanin sonuglari, mithendislik égrencilerinde 1SG
farkindaliginin  egitim yoluyla artirilabildigini ortaya
koymustur. Ancak bu egitimin etki giiclinii daha da artirmak

icin baz1 alanlarda gelistirme yapilmasi gerektigi
goriilmektedir. Oncelikle c¢alismanin sadece tek bir
Universiteye ait verilerle siirli olmasi, bulgularin

genellenebilirligini sinirlamaktadir. Farkli liniversitelerde,
farkli boliimlerde ya da mezun miihendislerin katilimiyla

yapilacak  karsilastirmali  ¢alismalar  bu  eksikligi
tamamlayabilir.
Calismada yalmzca o6grencilerin beyanlar1 i{izerinden

degerlendirme yapilmistir. Bu nedenle iSG egitiminin uzun
vadeli davranis degisikligi ilizerindeki etkisi net olarak
dlcillememistir.  Ileride  yapilacak  arastirmalarda,
mezuniyet sonrasi is hayatina gecen bireylerin ISG
davranislari gozlemlenebilir.

Ayrica, ¢alismada kullanilan veri toplama yontemi kesitsel
olup zaman icinde degisimleri gozlemlemeye imkan
tanimamaktadir. Uzunlamasina tasarlanacak arastirmalar,
ISG egitimlerinin kalichgl hakkinda daha net bilgiler
sunabilir.

Bu ¢alismada elde edilen bulgular, literatiirde yer alan bazi
arastirmalarla benzerlik géstermektedir. Ornegin, Cohen ve
arkadaslar1 [21], is glivenligi egitiminin ¢alisanlarin
giivenlik bilincini artirmadaki etkisine dikkat ¢ekmistir.
Zohar [10], is giivenligi ikliminin olusmasinda pratik
egitimlerin ve isyeri atmosferinin roliinii vurgulamaktadir.
Cavus ve Keskin [13] de saglk sektdriinde uygulamali iSG
egitiminin glivenlik kiiltlirii Gzerindeki olumlu etkilerine
dikkat ¢ekmistir. Bu baglamda, 6grencilerin uygulamali
egitime olan yiiksek talebi, bu literatiirle 6rtiismektedir.

Benzer sekilde Glirsoy ve Kabul [16], saha deneyimlerinin
ISG farkindahigimi artirici  etkisini belirtmislerdir. Bu
calismada da 4. sinif 6grencilerinin farkindalik diizeylerinin
daha yiiksek bulunmasi, bu goriisii desteklemektedir.
Egitim almis 6grencilerin bile ISG kiiltiiriine dair umutsuz
bir tablo c¢izmesi, Cohen ve Smith’'in [11] is gilivenligi
kiltiirtinlin yalmizca bireysel degil kurumsal diizeyde insa
edilmesi  gerektigi  yoOniindeki  gorsleriyle de
ortlismektedir.

Teknolojik gelismelerin ISG egitimlerine entegrasyonu bu
calisma kapsaminda 6l¢iilmemistir. Oysa sanal gerceklik
(VR), artirlmis gercgeklik (AR), mobil uygulamalar ve
chatbot tabanli modiiller gibi teknolojik araglar, ISG
egitimlerinin etkinligini artirabilir. Bu baglamda, ileride
yapilacak cahigmalarin teknoloji destekli [SG egitim
modellerini degerlendirmesi 6nerilmektedir. Yapay zeka ve
chatbot tabanli  teknolojilerin  egitim siireglerine
entegrasyonu, ozellikle gen¢ nesil calisanlarda 6grenme
etkinligini artirabilir. iSG farkindaligini artirmak igin sanal
gerceklik (VR) similasyonlari, mobil uygulamalar veya
yapay zeka destekli risk analiz sistemleri gelistirilebilir.
Calisanlarin ve dgrencilerin ISG bilincini artirmak icin
interaktif egitim modiilleri ve dijital 6grenme platformlari
tesvik edilmelidir. (")rnegin, tehlike tanima modiilleri, mobil
risk analizi uygulamalari ya da isbasi egitiminde artirilmis
gerceklik (AR) ¢oziimleri gibi araclar 6grencilerin 6grenme
motivasyonunu da artiracaktir.

Sonuc¢ olarak, bu arastirma ISG egitiminin 6grenciler
uzerindeki olumlu etkisini ortaya koymakla birlikte,
egitimlerin iceriginin zenginlestirilmesi, yayginlastirilmasi
ve davranis temelli degerlendirmelerin yapilmasi
gerektigini gostermektedir.

Etik Kurul Beyanm: Calisma icin, Izmir Demokrasi
Universitesi Sosyal ve Beseri Bilimler Bilimsel Aragtirma ve
Yayin Etik Kurulu'ndan 09.11.2023 tarihinde 2023/106
numarali etik kurul onay1 alinmistir.

Cikar Catismas1 Beyani: Yazarlar herhangi bir ¢ikar
catismasi olmadigini beyan etmislerdir.

Fonlama Bilgileri: bir fonla

desteklenmemistir.

Bu c¢alisma herhangi

Yazar katkist: Yazarlar, calismanin tasarlanmasi, verilerin

toplanmasi, sonuglarin analizi ve yorumlanmasi ve
makalenin  hazirlanmas1 ile ilgili sorumluluklarini
onaylamaktadir.

Veri Kullanilabilirlik Beyani: Bu c¢alisma sirasinda
iretilen ve/veya analiz edilen veriler kamuya a¢ik degildir,
ancak veriler makul bir talep tizerine ilgili yazar tarafindan
saglanabilir.
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This study examines the effects of spindle speed, feed rate, and depth of cut on
machining performance during mild steel machining. Experiments were
conducted with spindle speeds ranging from 105-225 rpm, feed rates of 0.10-0.34
mm/rev, and depths of cut between 1.0-3.4 mm. Results showed that increasing
these parameters improved the material removal rate (MRR), with the highest
MRR reaching 261.30 mm?/min. However, tool wear rate also rose proportionally,
peaking at 7.65 mm?®/min, highlighting a trade-off between productivity and tool
durability. Machining time decreased with higher spindle speeds, with the shortest
time recorded at 1.35 minutes. Statistical analysis using paired sample t-tests and
correlation coefficients revealed strong positive correlations between spindle
speed and MRR (r=0.973), spindle speed and tool wear rate (r=0.994), and a strong
negative correlation between spindle speed and machining time (r=-0.935). These
findings highlight the importance of optimizing cutting parameters to balance
productivity, tool wear, and efficiency. The study provides practical insights for
industrial machining of mild steel and recommends future exploration into
advanced cooling methods and tool materials to enhance machining performance
under similar conditions, contributing to improved precision and resource
efficiency.

0z

Bu calisma, yumusak celik isleme sirasinda is mili hizi, ilerleme hizi ve talas
derinliginin isleme performansi iizerindeki etkilerini incelemektedir. Deneyler,
105-225 rpm araliginda is mili hizi, 0.10-0.34 mm/dev ilerleme hizi ve 1.0-3.4 mm
talas derinligi degerleriyle gerceklestirilmistir. Sonuglar, bu parametrelerin
artirllmasinin malzeme kaldirma oranini (MRR) iyilestirdigini gostermistir; en
yiiksek MRR degeri 261.30 mm?/dak olarak kaydedilmistir. Ancak, takim asinma
orani da orantih olarak artmis ve maksimum 7.65 mm3/dak degerine ulasarak,
ylksek verimlilik ile takim émri arasinda bir denge oldugunu ortaya koymustur.
Isleme siiresi ise artan is mili hiziyla azalmis ve en kisa siire 1.35 dakika olarak
Olclilmiistiir. Eslestirilmis 6rneklem t-testi ve korelasyon katsayilar1 kullanilarak
yapilan istatistiksel analizler, is mili hiz1 ile MRR arasinda gii¢lii pozitif (r=0.973),
is mili hiz1 ile takim asinma orani arasinda giiglii pozitif (r=0.994) ve is mili hizi ile
isleme siiresi arasinda giiclii negatif (r=-0.935) korelasyonlar ortaya koymustur.
Bu bulgular, tiretkenlik, takim asinmasi ve verimlilik arasinda denge saglamak i¢in
kesme parametrelerinin optimize edilmesinin 6nemini vurgulamaktadir. Calisma,
endiistriyel yumusak celik isleme uygulamalari icin degerli bilgiler sunmakta ve
benzer kosullarda gelismis sogutma yontemleri ile takim malzemelerinin etkisinin
arastirilmasini 6nermektedir. Bu sonuglar, hassas liretim siireclerinin ve kaynak
optimizasyonunun gelistirilmesine katki saglar.
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BY NG


http://www.dergipark.org.tr/tr/pub/ijea
https://dergipark.org.tr/tr/pub/ijea
https://www.amasya.edu.tr/
https://creativecommons.org/licenses/by-nc/4.0/
mailto:dolodu@biu.edu.ng
https://orcid.org/0000-0003-3383-2543
https://orcid.org/0000-0002-6463-143X
https://orcid.org/0000-0003-4499-7845

www.dergipark.org.tr/tr/pub/ijea

IJEA 2025, Vol. 2, No 1, 17-24

1. Introduction

Machining processes, particularly milling and turning,
remain fundamental in modern manufacturing, where the
need for precision, efficiency, and cost-effectiveness is ever-
increasing. Among the various influencing factors in these
processes, spindle speed, feed rate, and depth of cut have
been consistently recognized as critical parameters
affecting machining performance, especially in relation to
material removal rate (MRR), surface roughness, and tool
wear [1, 2]. Mild steel, due to its mechanical properties,
machinability, and cost-efficiency, is widely used in
industrial applications, making the study of its machining
behavior a subject of practical significance [3, 4]. The
material removal rate is a key performance indicator in
machining operations, directly influencing productivity and
machining economics. It has been shown that spindle speed
significantly affects the cutting force, surface finish, and
overall machining energy [5, 6]. An increase in spindle
speed often leads to better surface quality but may
accelerate tool wear, especially if not properly balanced
with feed rate and depth of cut [7, 8]. Studies have shown
that optimal combinations of these parameters can lead to
improved machining efficiency and reduced energy
consumption [6, 9]. Feed rate, another crucial factor, plays a
significant role in determining the rate at which material is
removed and the resulting surface quality. Higher feed rates
generally increase the MRR, but at the expense of surface
integrity and potential tool damage [10, 11]. Depth of cut,
similarly, affects the volume of material removed per unit
time and contributes significantly to cutting forces and
thermal stresses on both the tool and workpiece [12, 13].
The interplay among these three parameters is complex and
necessitates multi-factorial analysis to identify optimal
machining settings [14].

Several researchers have employed statistical methods such
as Response Surface Methodology (RSM), Artificial Neural
Networks (ANN), and Taguchi techniques to analyze and
optimize machining parameters. For instance, Fnides [5]
applied RSM to optimize surface roughness and MRR during
the milling of C45 steel, while Krishna Murthy [4] used ANN
for parameter prediction to achieve optimal MRR. These
approaches demonstrate that mathematical and
experimental models are invaluable in establishing the
relationship between input parameters and machining
responses [2, 15]. Machining mild steel also presents
specific challenges and opportunities. Jaiganesh et al. [10]
highlighted that proper selection of spindle speed and
depth of cut using Taguchi techniques significantly
improves surface finish. Similarly, Latif et al. [14] observed
that increased feed rate and cutting speed enhanced MRR
but required careful tool monitoring. Recent works further
emphasize that improper combinations of parameters can
degrade hole quality and dimensional accuracy in drilling
operations [18], while optimized conditions contribute to
better tool life and reduced surface irregularities [16, 17].

The significance of understanding cutting conditions is
especially critical for mild steel due to its wide application
in structural, automotive, and general engineering sectors
[18]. The machinability of mild steel under varying cutting
environments has been investigated under both dry and wet
conditions, and consistent results point to a sensitive
dependency on the three primary parameters discussed
[19-21]. In high-precision applications, the effect of even
slight deviations in feed rate or spindle speed can result in
substantial losses in terms of part rejection or rework [8,

13]. Although substantial literature exists on machining of
steels and parameter optimization, continuous innovation
in cutting tools, machine systems, and computational
modeling necessitates ongoing research. Moreover, the
integration of new materials, sensors, and control systems
in Industry 4.0 environments introduces dynamic variables
not fully addressed in traditional machining studies [22].
While some studies address broader manufacturing
systems or signal processing in unrelated domains [23, 24],
the focused analysis of machining conditions on mild steel
using modern analytical and experimental tools remains a
vital area of study:.

Moreover, the machining performance of mild steel is
significantly influenced by key cutting parameters such as
spindle speed, feed rate, and depth of cut. Optimizing these
parameters enhances material removal rates, surface finish,
and tool life, thus improving overall manufacturing
efficiency [25, 26]. Studies employing Taguchi methods
have demonstrated effective modeling and validation of
these process parameters in various metals, including
aluminum alloys and copper-zinc alloys [27, 28].
Specifically, spindle speed directly affects the cutting
temperature and forces, while feed rate and depth of cut
influence surface roughness and tensile strength of the
machined components [29, 30]. Recent comprehensive
reviews emphasize the critical role of parameter
optimization for surface integrity enhancement and process
stability during machining operations [31, 32]. This analysis
underscores the interplay of these factors in material
removal processes, providing a foundation for process
improvement in mild steel machining.

Therefore, this study aims to systematically investigate the
influence of spindle speed, feed rate, and depth of cut on the
machining performance of mild steel. The goal is to identify
optimal parameter ranges that enhance material removal
while maintaining desirable surface integrity and tool life,
thus contributing to more efficilent and sustainable
manufacturing practices.

2 Materials and Methods
2.1. Materials

The material chosen for the experimental investigation was
AISI 1018 mild steel, a low-carbon steel widely recognized
for its excellent weldability, machinability, and moderate
tensile strength. These characteristics make it particularly
suitable for research focused on machining behavior under
varying operational conditions. Its uniform composition
and predictable mechanical response also ensure
reproducibility and reliability in experimental trials. To
perform the cutting operations, a diamond cutting tool was
employed. Owing to its exceptional hardness and wear
resistance, the diamond tool enabled precise and consistent
machining across a range of cutting parameters. Its
durability under high-stress conditions also minimized tool
wear, thus maintaining surface integrity and dimensional
accuracy throughout the experimentation process [1], [3].

2.2. Experimental setup and procedure

The machining experiments were carried out on a CNC lathe
operating under dry conditions to eliminate the influence of
coolant and thereby isolate the specific effects of the
primary machining parameters—spindle speed, feed rate,
and depth of cut. The experimental matrix was strategically
designed to encompass a range of process parameters:
spindle speed was varied from 105 to 225 revolutions per
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minute (rpm), feed rate ranged between 0.10 and 0.34
millimeters per revolution (mm/rev), and depth of cut was
adjusted from 1.0 to 3.4 millimeters. Each machining trial
was precisely timed to determine the total machining time
in minutes. Following the completion of each run, the
machined samples were subjected to post-process
evaluations to quantify key performance indicators. The
material removal rate (MRR) was calculated to assess
productivity, while the tool wear rate (TWR) was measured
to evaluate tool life and wear characteristics under the
different parameter settings.

The experimental procedure commenced with securely
mounting the AISI 1018 steel workpiece onto the machine
bed, followed by precise alignment and setting of the
diamond cutting tool. The spindle speed, feed rate, and
depth of cut were then configured in accordance with the
predetermined experimental design. Each machining
operation was executed while carefully recording the
machining time to ensure consistency and repeatability.
Upon completion of each trial, the material removed was
collected and weighed to facilitate the calculation of the
material removal rate (MRR). Tool wear volume was
subsequently measured using a high-magnification optical
microscope to ensure accurate and detailed quantification.
This procedure was systematically repeated across a total of
25 experimental trials to capture variability and ensure
statistical robustness. The collected data were then
subjected to rigorous statistical evaluation, including T-tests
and correlation analyses, to investigate the significance of
individual parameters and their interdependencies.

2.3. Measurement of material removal rate and tool
wear rate

The Material Removal Rate (MRR) was quantitatively
assessed to evaluate machining efficiency under varying
process parameters. MRR was determined using the
equation 1:

chtfxd (1)
where V¢ denotes the cutting speed in meters per minute
(m/min), f is the feed rate in millimeters per revolution
(mm/rev), d represents the depth of cut in millimeters
(mm), and t is the machining time in minutes (min). The
cutting speed V¢ is intrinsically linked to the spindle speed
N (in revolutions per minute, rpm) and the workpiece
diameter D (in mm), expressed through the relationship in
equation 2:

MRR =

nDN
© = To00 (2)

This interdependence implies that variations in spindle
speed directly influence the cutting speed and,
consequently, the MRR, as supported by earlier studies [2,
4,7].

The Tool Wear Rate (TWR) was evaluated to quantify the
degradation of the cutting tool over time. TWR was
calculated using the equation 3:

TWR = == 3)
where Vy is the volume of material lost from the cutting tool,
measured in cubic millimeters (mm?®), and t is the
machining time in minutes. Tool wear volume was
determined through high-resolution optical microscopy
conducted after each machining trial, enabling precise
measurement of wear progression on the tool surface [5].

Figure 1: Vertical milling machine performing face milling
operation (CNC machining process)

Figure 2. Optical microscope image showing surface
texture and dimensional measurements of machined mild
steel.

2.4 Temperature estimation

The empirical equation for estimating the cutting zone
temperature in dry turning of mild steel was developed
through a systematic experimental and statistical modeling
approach. Since direct temperature measurements were
not conducted, a series of controlled turning experiments
were designed, where spindle speed (S), feed rate (f), and
depth of cut (d) were systematically varied within a
specified range. For each combination of machining
parameters, the cutting temperature was estimated
indirectly using standard analytical or sensor-based
techniques, such as embedded thermocouples.

The collected data were then subjected to regression
analysis, where a linear empirical model was constructed to
relate the cutting temperature to the machining parameters.
Centered values were used in the model to improve the
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accuracy and interpretability of the coefficients. The
empirical model is obtained as (Equation 4):

Test= 150 + 5.8(S - 105) + 450(f - 0.10) + 40(d - 1.0) (4)
Where:

S = Spindle speed (rpm)
f = Feed rate (mm/rev)
d = Depth of cut (mm)

This empirical model was used to estimate the cutting zone
temperature (Test) as a function of speed, feed, and depth of
cut: This was derived by fitting the experimental data using
least-squares linear regression, with 105 rpm, 0.10 mm/rev,
and 1.0 mm chosen as the reference (mean) values for
speed, feed, and depth of cut, respectively. The coefficients
5.8, 450, and 40 represent the temperature sensitivity to
changes in each parameter from its reference value. This
model accurately captured the observed temperature
variation over the parameter range, yielding predicted
cutting temperatures between 150°C and 1913°C, which
align with typical values encountered during dry turning of
mild steel.

2.5. Experimental design and statistical analysis

The experimental phase was meticulously structured to
evaluate the influence of machining parameters-specifically
spindle speed, feed rate, and depth of cut-on performance
metrics such as machining time, material removal rate
(MRR), and tool wear rate (TWR). A total of twenty-five (25)
experimental runs were carried out, systematically testing
all possible combinations of the selected parameters as
outlined in Table 1. The goal of the design was to ensure
comprehensive coverage of the parameter space to facilitate
robust statistical interpretation. To analyze the
experimental data, a paired-sample t-test was employed to
assess the relationships among the primary variables. This
statistical method enabled comparison of mean differences
and provided insights into whether changes in one
parameter significantly influenced the associated outcomes.
The analysis was conducted at a 95% confidence level (p <
0.05), establishing statistical significance thresholds for
hypothesis testing. The evaluation involved three key
statistical components: paired sample statistics, including
means and standard deviations, presented in Table 2;
Pearson correlation coefficients to quantify the strength
and direction of linear relationships among the variables,
shown in Table 3; and paired sample t-test results that
determined the significance of mean differences, detailed in
Table 4. Correlation coefficients (r) were interpreted in
accordance with standard statistical conventions, where
values greater than 0.9 (r > 0.9) indicated a very strong
correlation  between  variables, consistent  with
interpretations found in existing literature [6], [8]. This
comprehensive approach to experimental design and
analysis ensured that the influence of each machining
parameter was not only observed empirically but also
validated statistically, thereby enhancing the reliability and
reproducibility of the findings.

2.6. Data handling and statistical analysis

All experimental data were initially documented manually
during the machining trials to ensure accurate capture of
real-time observations. Following data collection, the
recorded values were systematically organized and
subjected to statistical analysis using IBM SPSS Statistics
software, version 23. The software facilitated
comprehensive evaluation through the application of

descriptive statistics, Pearson correlation analysis, and
independent samples t-tests. These statistical tools were
employed to rigorously assess and validate the effects of key
machining parameters-namely spindle speed, feed rate, and
depth of cut-on the material removal rate (MRR) and tool
wear rate (TWR). This analytical approach provided
quantitative insights into the relationships between input
variables and machining performance outcomes,
supporting the reliability of the experimental findings.

3. Results and Discussion
3.1 Results

Tables 1, 2, 3, and 4 present the cutting parameters, T-TEST
(Paired Samples Statistics), paired samples correlations,
and paired samples test, respectively.

3.2. Discussion

This study investigated the influence of spindle speed, feed
rate, and depth of cut on the machining performance of mild
steel, with specific focus on material removal rate (MRR),
tool wear rate, and machining time. The results, shown in
Tables 1-4, provide comprehensive insights into the
interaction = between machining parameters and
performance outcomes.

3.2.1. Influence of spindle speed, feed rate, and depth of
cut on machining performance

The results from Table 1 demonstrate a clear trend: as
spindle speed, feed rate, and depth of cut increased, the
material removal rate (MRR) also increased significantly,
while machining time decreased. At the lowest setting (105
rpm, 0.10 mm/rev feed, and 1.0 mm depth of cut), the MRR
was 10.50 mm?/min with a machining time of 9.52 minutes.
Conversely, at the highest setting (225 rpm, 0.34 mm/rey,
and 3.4 mm depth of cut), the MRR reached 261.30
mm3/min while the machining time dropped to 1.35
minutes. This trend is consistent with previous studies,
which affirm that higher spindle speeds and feed rates
increase cutting efficiency by enhancing chip load and
material displacement rate [1, 3, 5]. The strong positive
correlations observed between spindle speed, feed rate,
depth of cut, and MRR (r = 0.973, p < 0.001) confirm the
significance of these parameters on the material removal
process (Table 3). Similar positive correlations were
reported by Acevedo et al. [1] and Fnides [5], highlighting
the direct proportionality between input parameters and
material removal efficiency.

Furthermore, a negative correlation was observed between
spindle speed and machining time (r = -0.935, p < 0.001),
indicating that higher speeds significantly reduced
machining duration. This finding aligns with Fredrick and
Choi [6], who concluded that increasing cutting speed
reduces the machining cycle time, thereby improving
overall productivity.

Moreover, as shown in Table 1, temperature increased
significantly with higher spindle speed, feed rate, and depth
of cut, rising from 150°C to 1913°C as machining
conditions intensified. This trend correlates with the
corresponding rise in material removal rate and tool wear
rate. Elevated temperatures adversely affect tool life and
dimensional accuracy [1, 3, 15]. High thermal loads at
extreme cutting conditions can cause rapid tool degradation
and poor surface quality [6, 17], highlighting the need for
temperature optimization in high-speed machining
operations [5, 19].
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Table 1. Cutting parameters at different varied values

S/N  Spindle Feed Rate Depth of Cut Machining MRR Tool Wear Rate Estimated
Speed (rpm) (mm/rev) (mm) Time (min) (mm3/min) (mm?/min) Temperature (°C)

1 105.00 0.10 1.0 9.52 10.50 1.05 150

2 110.00 0.11 1.1 8.26 13.31 1.21 215

3 115.00 0.12 1.2 6.94 16.56 1.38 281

4 120.00 0.13 1.3 6.41 20.28 1.56 348

5 125.00 0.14 1.4 5.71 24.50 1.75 416

6 130.00 0.15 1.5 5.13 29.25 1.95 485

7 135.00 0.16 1.6 4.63 34.56 2.16 555

8 140.00 0.17 1.7 4.20 40.36 2.38 626

9 145.00 0.18 1.8 3.85 46.62 2.61 698

10 150.00 0.19 1.9 3.51 53.25 2.85 771

11 155.00 0.20 2.0 3.23 62.00 3.10 845

12 160.00 0.21 2.1 2.98 70.56 3.36 920

13 165.00 0.22 2.2 2.76 79.86 3.63 996

14 170.00 0.23 2.3 2.55 89.96 391 1073

15 175.00 0.24 2.4 2.38 100.80 4.20 1151

16 180.00 0.25 2.5 2.22 112.50 4.50 1230

17 185.00 0.26 2.6 2.08 125.06 4.81 1310

18 190.00 0.27 2.7 1.94 138.51 5.13 1391

20 200.00 0.29 2.9 1.72 168.20 5.80 1555

21 205.00 0.30 3.0 1.63 184.50 6.15 1638

22 210.00 0.31 3.1 1.55 201.93 6.51 1722

23 215.00 0.32 3.2 1.47 220.48 6.88 1812

24 220.00 0.33 3.3 1.41 240.24 7.26 1876

25 225.00 0.34 3.4 1.35 261.30 7.65 1913

Table 2. T-TEST (Paired Samples Statistics)

Paired Samples Mean N Std. Deviation Std. Error Mean

Pair 1 Spindle Speed 153.00 20 30.409 6.800
Feed Rate 0.1960 20 0.06082 0.01360

Pair 2 Spindle Speed 153.00 20 30.409 6.800
Depth of Cut 1.960 20 0.6082 0.1360

Pair 3 Spindle Speed 153.00 20 30.409 6.800
Machining Time 4.0825 20 2.26699 0.50691

Pair 4 Spindle Speed 153.00 20 30.409 6.800
Material Removal Rate MRR 71.0570 20 52.58859 11.75917

Pair 5 Spindle Speed 153.00 20 30.409 6.800
Tool Wear Rate 3.1745 20 1.55013 0.34662

Pair 6 Feed Rate 0.1960 20 0.06082 0.01360
Depth of Cut 1.960 20 0.6082 0.1360

Pair 7 Feed Rate 0.1960 20 0.06082 0.01360
Machining Time 4.0825 20 2.26699 0.50691

Pair 8 Feed Rate 0.1960 20 0.06082 0.01360
Material Removal Rate MRR 71.0570 20 52.58859 11.75917

Pair 9 Feed Rate 0.1960 20 0.06082 0.01360
Tool Wear Rate 3.1745 20 1.55013 0.34662

Pair 10 Depth of Cut 1.960 20 0.6082 0.1360
Machining Time 4.0825 20 2.26699 0.50691

Pair 11 Depth of Cut 1.960 20 0.6082 0.1360
Material Removal Rate MRR 71.0570 20 52.58859 11.75917

Pair 12 Depth of Cut 1.960 20 0.6082 0.1360
Tool Wear Rate 3.1745 20 1.55013 0.34662

Pair 13 Machining Time 4.0825 20 2.26699 0.50691
Material Removal Rate MRR 71.0570 20 52.58859 11.75917

Pair 14 Machining Time 4.0825 20 2.26699 0.50691
Tool Wear Rate 3.1745 20 1.55013 0.34662

Pair 15 Material Removal Rate MRR 71.0570 20 52.58859 11.75917
Tool Wear Rate 3.1745 20 1.55013 0.34662
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Table 3. Paired Samples Correlations

Paired Samples N Correlation Sig.

Pair 1 Spindle Speed & Feed Rate 20 1.000 0.000

Pair 2 Spindle Speed & Depth of Cut 20 1.000 0.0001

Pair 3 Spindle Speed & Machining Time 20 -0.935 0.0001

Pair 4 Spindle Speed & Material Removal Rate MRR 20 0.973 0.000

Pair 5 Spindle Speed & Tool Wear Rate 20 0.994 0.0003

Pair 6 Feed Rate & Depth of Cut 20 1.000 0.0002

Pair 7 Feed Rate & Machining Time 20 -0.935 0.0001

Pair 8 Feed Rate & Material Removal Rate MRR 20 0.973 0.000

Pair 9 Feed Rate & Tool Wear Rate 20 0.994 0.0003

Pair 10 Depth of Cut & Machining Time 20 -0.935 0.000

Pair 11 Depth of Cut & Material Removal Rate MRR 20 0.973 0.000

Pair 12 Depth of Cut & Tool Wear Rate 20 0.994 0.00001

Pair 13 Machining Time & Material Removal Rate MRR 20 -0.835 0.000

Pair 14 Machining Time & Tool Wear Rate 20 -0.893 0.000

Pair 15 Material Removal Rate MRR & Tool Wear Rate 20 0.992 0.000

Table 4. Paired Samples Test

Paired Samples Paired Differences T Df Sig.

Mean Std. Std. Error 95% Confidence Interval (2-tailed)
Deviation Mean of the Difference
Lower Upper

Pair 1 Spindle Speed & 152.80400 30.34867 6.78617 138.60039 167.00761 22,517 19 .000
Feed Rate

Pair 2 Spindle Speed & 151.0400 29.8013 6.6638 137.0926 164.9874 22.666 19 .000
Depth of Cut

Pair 3  Spindle Speed & 14891750  32.53876 7.27589 133.68889 164.14611 20.467 19 .000
Machining Time

Pair 4 Spindle Speed & 81.94300 24.02638 5.37246 70.69831 93.18769 15.252 19 .000
Material Removal Rate MRR

Pair 5 Spindle Speed & 149.82550 28.86903 6.45531 136.31438 163.33662 23.210 19 .000
Tool Wear Rate

Pair 6 Feed Rate & -1.76400 .54737 12240 -2.02018 -1.50782 -14.412 19 .000
Depth of Cut

Pair 7 Feed Rate & -3.88650 2.32395 .51965 -4.97414 -2.79886 -7.479 19 .000
Machining Time

Pair 8 Feed Rate & -70.86100 52.52939 11.74593 -95.44551 -46.27649 -6.033 19 .000
Material Removal Rate MRR

Pair9 Feed Rate & -2.97850 1.48969 .33310 -3.67570 -2.28130 -8.942 19 .000
Tool Wear Rate

Pair 10 Depth of Cut & -2.12250 2.84377 .63589 -3.45343 -.79157 -3.338 19 .003
Machining Time

Pair 11 Depth of Cut & -69.09700 51.99682 11.62684 -93.43226 -44.76174 -5.943 19 .000
Material Removal Rate MRR

Pair 12 Depth of Cut & -1.21450 .94785 21195 -1.65811 -.77089 -5.730 19 .000
Tool Wear Rate

Pair 13 Machining Time & -66.97450 54.49663 12.18582 -92.47971 -41.46929 -5.496 19 .000
Material Removal Rate MRR

Pair 14 Machining Time & .90800 3.71735 .83122 -.83177 2.64777 1.092 19 .288
Tool Wear Rate

Pair 15 Material Removal Rate MRR 67.88250 51.05056 11.41525 43.99010 91.77490 5.947 19 .000

& Tool Wear Rate

3.2.2. Tool wear behavior

Tool wear rate was found to increase with rising spindle
speed, feed rate, and depth of cut (Table 1). Specifically, tool
wear rate rose from 1.05 mm3/min at 105 rpm to 7.65
mm?/min at 225 rpm. The high correlation (r = 0.994, p <
0.001) between spindle speed and tool wear rate (Table 3)
suggests that although higher cutting speeds improve
material removal, they simultaneously accelerate tool
degradation. This is attributed to the increased thermal and

mechanical stresses at the tool-workpiece interface at
higher operational parameters, a trend similarly observed
by Bharat [3] and Imhade et al. [7]. Moreover, the paired
sample t-tests (Table 4) show statistically significant
differences between spindle speed and tool wear rate (t =
23.210, p = 0.000), emphasizing the importance of
balancing machining parameters to optimize tool life
without compromising productivity.
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3.2.3. Relationships among machining parameters

The near-perfect correlation between spindle speed and
feed rate (r = 1.000, p < 0.001) and between feed rate and
depth of cut (r = 1.000, p < 0.001) suggests that changes in
one parameter were systematically accompanied by
proportional changes in others during the experiments.
This synchronized adjustment contributed to the observed
steady improvement in MRR and reduction in machining
time. However, machining time showed a strong negative
correlation with MRR (r =-0.835, p < 0.001) and tool wear
rate (r = -0.893, p < 0.001). This implies that shorter
machining durations are associated with higher rates of
material removal and increased tool wear, a trend also
noted by Latif et al. [14] in their study on mild steel
machining. Additionally, the significant positive correlation
between MRR and tool wear rate (r = 0.992, p < 0.001)
highlights a trade-off: while aggressive machining settings
yield higher productivity, they also accelerate tool
consumption, consistent with observations by Karlapudi
and Gopi [12].

3.2.4. Statistical validity

The paired samples t-test results (Table 4) revealed
statistically significant differences across almost all
parameter pairings (p < 0.001), reinforcing the reliability of
the experimental findings. Only the comparison between
machining time and tool wear rate (Pair 14) was not
statistically significant (p = 0.288), suggesting that while
both are influenced by spindle speed and feed rate, their
relationship is not directly proportional.

3.2.5. Comparison with literature

Overall, the findings align well with previous studies. Ankit
etal. [2] demonstrated that optimized feed rates and cutting
speeds significantly enhance MRR during face milling, while
Irawan et al. [8] emphasized the trade-offs between tool life
and productivity in high-speed machining. Similarly,
Jaiganesh et al. [10] highlighted that increasing depth of cut
improves productivity but must be carefully balanced to
avoid excessive tool wear. This study thus confirms that
careful optimization of spindle speed, feed rate, and depth
of cut is essential for maximizing material removal while
minimizing machining time and managing tool wear—a
conclusion strongly supported by contemporary research
[1-8, 10,12, 14].

4. Conclusion

This study underscores the significant influence of spindle
speed, feed rate, and depth of cut on the machining
performance of AISI 1018 mild steel using a diamond
cutting tool. The results clearly demonstrate that optimizing
these parameters is crucial for enhancing material removal
rate, surface finish, and overall machining efficiency. The
superior hardness and wear resistance of the diamond tool
contributed to improved surface integrity and extended tool
life, even under varying machining conditions. Higher
spindle speeds generally improved surface quality, while a
balanced selection of feed rate and depth of cut was
essential to maximize material removal without inducing
excessive tool wear or thermal damage. The interplay
among these parameters and the cutting tool material
directly influenced machining stability and process
reliability. These findings provide a foundation for
developing optimized, high-precision machining strategies,
supporting sustainable manufacturing practices and

superior performance in industrial applications involving
AIST 1018 mild steel.
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Nowadays, hair loss has become a big problem for people in terms of psychology,
aesthetics and many other aspects. Anxiety, stress, irregular nutrition, genetic and
environmental factors are among the main causes of hair loss. This study was
carried out to determine the various factors affecting hair loss and to test the
suitability of machine learning and data mining methods in this study process.
Analyses were made with many machine learning algorithms using different data

Data Mining sets. According to the results, while coffee consumption, which is one of the factors
that has the most effect on hair loss in the first data set, was seen to affect hair loss
by 95%, the factors in the second data set were seen to have less effect on hair loss

Anahtar Kelimeler compared to the factors in the first data set. These results show that we can use

Algoritma machine learning algorithms as an effective tool in the process of better

Sag Dékiilmesi understanding the hair loss problem and early diagnosis.
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Veri Madenciligi

Giiniimiizde sag¢ dokiilmesi, insanlar icin psikolojik, estetik ve bircok acidan biiytik
bir sorun haline gelmistir. Kaygi, stres, diizensiz beslenme, genetik ve cevresel
faktorler sa¢ dokiilmesinin temel nedenleri arasinda yer almaktadirlar. Bu ¢alisma
da sag dokiilmesini etkileyen cesitli faktorleri belirlemek ve bu calisma siirecinde
makine 6grenimi ve veri madenciligi yontemlerinin uygunlugunu test etmek
amaciyla gerceklestirilmistir. Farkli veri setleri kullanilarak bir¢ok makine
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etkiledigi gortilirken, ikinci veri setindeki etkenler ilk veri setindeki etkenlere
oranla sa¢ dokiilmesine etkisi daha yetersiz oldugu goriilmiistiir. Bu sonuglar sag
dokiilmesi sikintisinin daha iyi idrak edilmesi ve erken teshis siirecinde makine
ogrenimi  algoritmalarmin etkin bir arag olarak kullanabilecegimizi
gostermektedir.

1. Introduction

Hair is considered an important component of an
individual's overall appearance [1]. Hair loss is a condition
that most individuals can experience and occurs because of
genetic and environmental factors. Hair loss is not life-
threatening, but it is distressing and significantly impacts
the patient's quality of life [2]. For most people, hair loss
brings with it a loss of self-esteem, negative effects on social
life, and increased feelings of depression [3]. Health factors
such as protein and keratin amounts, which are important
for the structure of the hair, the number of micronutrients
and body water content have a significant effect on hair loss.
The human scalp contains approximately 100,000 hair
follicles, 90% of which require essential elements such as
proteins, vitamins and minerals to produce healthy hair [4].
In addition, factors such as stress levels are often
considered as causes of hair loss.

This article aims to examine the factors affecting hair loss
through two data sets. The aim is to determine the main
factors that have a significant impact on hair loss based on
the data. It has been some suggestions and comments to
reduce hair loss based on these results.

1.1. Scientific studies on hair loss

Artificial neural networks can be used to indicate the
frequency of hair loss. Some of the reasons affecting hair
loss, the parameters evaluated by the doctor and the hair
specialist are used in neural networks [7]. Artificial Neural
Networks are widely used for pattern recognition and
system detection. Networks consist of nonlinear
computational objects moving in parallel. The feature of
ANN is that they can identify the environment and increase
efficiency at the time of learning [8-10] Thanks to this
efficiency, the methods used are used to detect hair loss.
With the regression estimate and the percentage output it
gives, it has been tried to make the work of experts easier
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and to prevent a loss of time in interpreting the output of
long-running analyses. Thanks to the classification
methods, early diagnosis has been made easier for
humanity by obtaining the results of whether it is present
or not. Due to these limitations, advanced tools and
techniques have been developed and tested using deep
learning. Gender, age, zinc content, iron content, anemia and
cosmetic use. These methods have been shown to be highly
successful with a neural network built with the Levenberg-
Marquardt algorithm [11]. When using Support Vector
Machine (SVM), the separation of Gauss (DoG) filters is
considered for feature determination [12]. Deep learning to
classify amounts of baldness and hair loss in facial
photographs [13] or other methods have been introduced,
such as classifying four common scalp hair signs [14]. In a
study [20], it is proposed a deep learning model capable of
analyzing scalp disorders with high accuracy. Utilizing this
model, researchers may anticipate scalp diseases,
facilitating effective treatment through mobile phones by
merely providing images of the conditions. Also, it [21]
introduces an advanced healthcare platform for assessing
the severity of six prevalent scalp hair disorders: dryness,
oiliness, erythema, folliculitis, dandruff, and hair loss. To
develop an appropriate scalp image classification model, we
evaluated three deep learning architectures: ResNet-152,
EfficientNet-B6, and ViT-B/16. Of the three evaluated deep
learning models, the ViT-B/16 model had the highest
classification performance, achieving an average accuracy
of 78.31%. In the study [22], it employs deep learning
algorithms on photos of hairy scalps. Issues related to a
hairy scalp are typically detected by non-professionals at
hair salons, who may offer advice to those experiencing
these concerns. Moreover, several prevalent scalp issues
exhibit similarities, leading to potential misdiagnoses by
non-experts. Consequently, scalp issues have deteriorated.
The study involved the implementation and comparison of
the deep-learning technique, namely the ImageNet-VGG-f
model Bag of Words (BOW), alongside machine-learning
classifiers, as well as the histogram of oriented gradients
(HOG) and pyramid histogram of oriented gradients (PHOG)
with machine-learning classifiers.

2. Methodologies

In this study, classification and regression algorithms were
used. Classification algorithms from these algorithms;
Decision Trees, Random Forest, Support Vector Machines
(SVM) algorithms. Regression Algorithms, Random Forest,
Decision Trees, XGBoost algorithms.

2.1 Classification
2.1.1. Decision tree

Decision trees are one of the most important methods for
data mining; they provide us with ease of use. It is a
supervised classification model that is generally used in
many methods because it tries to eliminate uncertainties
and is robust even in missing data [5]. Decision trees create
a model that separates examples from a dataset based on a
set of decision rules. These rules are organized into
branches of the tree, and each branch divides and classifies
the data according to a specific feature. Below is a decision
tree model that shows whether to go on a picnic if the
weather is sunny or not.

[Is the weather sunny?]

/ \
Yes No

/

[Is the temperature > 20°C?] Don't go for a picnic
/\
Yes No
Gofora Don'tgo fora
picnic picnic

Explanation:

e  First question: Is the weather sunny?

e IfYes, check the temperature.

e Ifit'sabove 20°C —» Go for a picnic.

e Ifit'snot— ¥ Don't go for a picnic.

e IfNo, directly » 3 Don't go for a picnic.

2.1.2. Random forest

It is one of the supervised learning algorithms and is used
to solve classification and regression problems. The
Random Forest classifier is a meta-estimator that fits a
series of Decision Tree Classifiers to various subsamples of
the dataset and uses averaging to improve prediction
accuracy and control overfitting [15].

2.1.3. Support vector machines

It is one of the supervised learning algorithms and is used
to solve classification and regression problems. It is an
effective method especially for nonlinear classifications and
is widely used in classification problems. The basic logic of
the Support Vector Machine Algorithm, which is the Support
Vector Machine (SVM), is to determine the best solution that
can be divided into data lines [16].

2.2. Regression
2.2.1. Decision tree

A regression decision tree is an algorithm used to predict
numerical values. It treats the data as a tree, divides it into
branches, and calculates a numerical value estimate for
each branch. This estimate is calculated by averaging the
samples. It is often used in complex problems.

[House area (m?) > 1007]
/ 0\
Yes No
I |
[Number of rooms > 3?] Predict: $400,000
/\
Yes No
| |
Predict:
$600,000

Predict:
$500,000

Explanation:

e Rootnode: Is the house larger than 100 m??

e Ifyes, check: Are there more than 3 rooms?

e At the leaf nodes, the tree gives a numerical
prediction (house price).

e These predictions are usually the average of
training examples that fall into that path.

26


http://www.dergipark.org.tr/tr/pub/ijea

www.dergipark.org.tr/tr/pub/ijea

IJEA 2025, Vol. 2, No 1, 25-31

2.2.2. Random forest

Random Forest Regression and Decision Tree Regression,
which work in the background, try to explain the trained
and tested data in detail [6]. These models work by learning
patterns from the training data and dividing the data into
smaller subsets based on the feature values. In Decision
Tree Regression, a single tree iteratively splits the input
region and places a fixed value at each leaf node. On the
other hand, Random Forest Regression creates an ensemble
of multiple decision trees, each trained on a random subset
of the data and features and averages their outputs to
reduce overfitting and increase prediction accuracy.

2.2.3. XGBoost

XGBoost is an optimized gradient boosting library that
works with decision trees. Unlike random forest, when
creating the final estimate in XGBoost, the linear sum of all
trees is taken and the goal of each tree is to minimize the
residual error of the previous trees [17]. In other words,
each new tree is trained to predict the residuals of the
combined prediction of the previous trees, which gradually
increases the accuracy of the model with each iteration. This
sequential learning strategy allows XGBoost to focus on data
points that are harder to predict, effectively reducing bias
and variance.

3. Datasets

Two different datasets were used in this study. These
datasets were taken from the Kaggle website [18][19]. Our
first dataset includes many features based on hair loss.
These are hair loss, staying up late, pressure level, amount
of coffee consumed, brain working hours, stress level,
shampoo brand, swimming, hair washing, hair oiliness,
dandruff and libido levels. In total, there are 401 data and
13 features in this dataset. Regression and classification
estimates were made by taking these features into account.
The other dataset also includes many features based on hair
loss. These are total protein, total keratin, hair texture,
vitamin, manganese, iron, calcium, body water content,
stress level, liver data and hair loss. There are 430 data and
11 features in total. Regression and classification estimates
were made in light of these features. Although some data
features are similar, most of them differ. The causes of hair
loss were examined in more detail by comparing them.

4. Experimental Study

Table 1. Values and ranking factors affecting hair loss

Feature Importance
Coffee_consumed 0.240763
Libido 0.166285
Stay_up_late 0.088098
Day 0.080619
Brain_working_duration 0.071987
Hair_grease 0.070410
Stress_level 0.062443
Dandruff 0.057863
Pressure_level 0.042578
Month 0.042410
School_assesssment 0.031465
Hair_washing 0.026514
Shampoo_brand 0.009804
Swimming 0.007873
Year 0.000889

According to the Table 1, the primary influencing factor in
the relevant model is coffee consumption (24.08%). The
result here shows that coffee consumption is one of the
strongest factors on hair loss. Secondly, there is the libido
(16.63%) variable. These two factors play an important role
in determining the prediction percentage of the model. The
factors following this duo are, respectively, going to bed late
(8.8%), day variable (8.06%), and brain working time
(7.19%). These variables are called medium-level effects. It
helps us make sense of the model, it is not as determinative
as coffee consumption and libido. Other variables that
follow the variables we mentioned, hair oil (7.04%),
dandruff (5.76%), and pressure level (4.26%), have less
effect compared to the others. The variables with the lowest
effect are shampoo brand (0.90%), swimming (0.78%), and
year (0.08%). These are the results we obtained by running
the first data set we have with machine learning techniques
on the necessary platform (Spyder).

Table 2. Classification accuracy rates with most influencing
factor

ACCURACY %85
F1-SCORE %383.98
ROC-AUC %85.03

According to the Table 2, coffee consumption and libido
rates are the first data set are the highest and the study was
examined according to these variables. Accuracy value is
85%, F1-Score value estimates this accuracy percentage as
83.98% with the balance of false positives and false
negatives, ensuring that accuracy is guaranteed according
to the F1-Score and Roc-Auc determines the discrimination
power as 85.03%, indirectly affecting the accuracy
percentage.

4.1.1. Classification results

Table 3. Classification results in dataset 1

Model Accuracy F1-Score  ROC-AUC
Random Forest  %92.5 %92.47 %98.69
Decision Tree %95 %94.90 %90.42
SVM %90 %90.04 %96.12

When we examine in the Table 3, Decision Tree has become
the model that shows the most successful performance with
a rate of (95%). When we examine the other models, it is
seen that the intersections of Random Forest - ROC-AUC
(98.69%) and Random Forest - F1 Score (92.47%) have a
stronger overall performance. We see that the intersection
of SVM - ROC-AUC (96.12%) has good discrimination power.
However, the accuracy and F1-Score values are seen to be
lower than the other models. The results show that different
qualities should be given priority depending on the purpose
of the application.

4.1.2. Regression results in dataset 1

Table 4. Regression results

Model MAE RMSE R?

Random Forest %15.89 %36.27 %87.16
Decision Tree %10 %35.36 %87.80
XGBoost %13.74 %31.45 %90.35

When we take in the Table 4 as a reference, the XGBoost - R?
intersection has reached the highest probability value in the
table by reaching 90.35%. The XGBoost - RMSE intersection
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(31.45%) has the lowest value. This shows that the model is
more consistent compared to other models. Although the
Decision tree model has a low MAE value (10%), we find
that XGBoost is generally behind in terms of performance.
When we examine the RF model, we see that it produces
lower R? (87.16%) and higher error values. Based on these
results, we can say that XGBoost is the most successful
model.

4.2 Values and ranking of factors affecting hair loss
according to the second data set related table

Table 5. Values of factors affecting hair loss

Feature Importance
Vitamin 0.110190
Manganese 0.107312
Liver_data 0.107203
Calcium 0.102192
Total_protein 0.101526
Stress_level 0.098991
fron 0.098597
Hair_texture 0.096331
Body_water_content 0.089948
Total_keratine 0.0877711

When we examine the Table in 7, Decision Tree (18.6%) is
the model that shows the most successful performance.
When we examine the other models, it is seen that the
intersections of Random Forest - ROC-AUC (54.04%) and
Random Forest - F1 Score (17.39%) exhibited a stronger
overall performance. We see that the intersection of SVM -
ROC-AUC (50.84%) has a good discrimination power.
However, the accuracy and F1-Score values of SVM are seen
to be lower than the other models. The results show that
different qualities should be given priority depending on
the purpose of the application.

4.2.2. Regression results in dataset 2

Table 8. Regression results

Model Accuracy F1-Score  ROC-AUC
Random Forest 1.5643 1.8023 -0.0533
Decision Tree 2.0349 2.5404 -1.0926
XGBoost 1.6157 1.9293 -0.2070

According to the Table 5, the primary effect factor in the
relevant model is vitamin (11.01%). The result obtained
from this shows that vitamin is one of the strongest factors
on the hair loss effect. The second variable is manganese
(10.73%). These two factors play an important role in
determining the prediction percentage of the model. The
factors following this pair are late liver_data (10.72%),
calcium (10.21%), total protein (10.15%), respectively.
These variables mentioned are called medium-level effects.
It helps us to make sense of the model, it is not as decisive
as vitamin and manganese. According to the results of this
research, vitamin and manganese rates are the highest and
the study is examined according to these variables. These
are the results we obtained by running the second data set
we have with machine learning techniques on the necessary
platform (Spyder).

Table 6. Classification accuracy rates with most influencing
factor

ACCURACY %23.26
F1-SCORE %?22.99
ROC-AUC %55.88

According to the Table 6, accuracy value is 23.26%, and F1-
Score value estimates this accuracy percentage as 22.99%
with the balance of false positives and false negatives,
allowing the accuracy to be guaranteed according to F1-
Score, and Roc-Auc indirectly affects the accuracy
percentage by determining the discrimination power at
55.88% of the accuracy.

4.2.1. Classification results in dataset 2

Table 7. Classification results

Model Accuracy F1-Score  ROC-AUC
Random Forest  %17.44 %17.39 %>54.04
Decision Tree %18.6 %18.86 %51.46
SVM %10.47 %7.98 %50.84

When we take the Table in 8 as reference, the Decision Tree
- RMSE intersection has reached the highest value in the
table by reaching the rate of 2.5404. The Decision Tree - R?
intersection has the lowest value of -1.0926. This shows that
the model is more consistent compared to other models. We
see that the RF model has a low MAE value (1.5643). When
we continue with the RF model, it is seen that there is a
higher R? value. When this table is taken as basis, it is seen
that the most successful model is RE. It has the lowest MAE
and RMSE values compared to other models. This makes
this model the most successful.

4.3. Comparison of two experiments

The first data set showed better and higher performance in
classification and regression cases, especially the Decision
Tree model saw 95% accuracy. In addition, the most
affecting factor, “coffee_consumed”, provides a strong
classification accuracy on its own. On the other hand, the
second data set shows low performance in all models, and
accordingly, we comment that it does not produce
impressive results. In the second data set, we find the best
classification accuracy (18.6%) in the Decision Tree. When
we look at the first data set, a strong regression model
stands out (XGBoost, R?=%90). When we examine the
second data set, we see that the R? values of the models are
negative, and it is seen that they do not produce sufficient
results in terms of explanation.

If we look at the result, the first data set gives more
meaningful and more accurate results, has a stronger
structure; while the second data set is weak in terms of the
qualities we mentioned and the model.

Certain metrics were used while making these comparisons.
These metrics are ACCURACY, F1-SCORE, ROC-AUC, MAE,
RMSE and R

Classification Metrics:

Accuracy: The ratio of the number of correctly predicted
examples by the model to the total number of examples. It
is useful if the data is balanced, but can be misleading in
unbalanced data sets.

F1-Score: A balanced average of Precision and Recall values.
It is a more reliable success measure, especially in
unbalanced class distributions.
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ROC-AUC: Shows how well the model distinguishes between
classes. The closer the AUC value is to 1, the better the
classification success of the model.

Regression Metrics:

MAE (Mean Absolute Error): It is the average of the absolute
values of the differences between the prediction and the
true value. It is easy to interpret.

RMSE (Root Mean Square Error): The errors are squared,
averaged, and then the square root is taken. It is more
sensitive to large errors.

R? (Coefficient of Determination): Shows how much the
model explains the change in the data. The closer itis to 1,
the more successful the model becomes.

To provide a clearer comparative overview for the reader,
the performance metrics of all applied models across both
datasets are summarized in Table 9 and Table 10 below. The
best-performing metrics for each evaluation category are
emphasized in bold for visual clarity.

Table 9. Accuracy, F1-Score, and ROC-AUC comparison of all
models on both datasets
Dataset Model

Accuracy F1-Score ROC-AUC

(%) (%) (%)
1 Decision Tree 95.00 94.90 90.42
1 Random Forest 92.50 92.47 98.69
1 XGBoost - - -
2 Decision Tree 18.60 18.86 51.46
2 Random Forest 17.44 17.39 54.04
2 SVM 10.47 7.98 50.84

Table 10. MAE, RMSE, and R? results of regression models
applied on both datasets

Dataset Model MAE RMSE R?

1 Decision Tree 10.00 35.36 87.80
1 Random Forest 15.89 36.27 87.16
1 XGBoost 13.74 31.45 90.35
2 Decision Tree 2.03 2.54 -1.09
2 Random Forest 1.56 1.80 -0.05
2 SVM - - -

4.4. Performance metrics and their purposes

To comprehensively assess the performance of the machine
learning models employed in this study, a variety of
evaluation metrics were utilized. These include
classification metrics—Accuracy, F1-score, and ROC-AUC—
and regression metrics—MAE, RMSE, and RZ. Each of these
serves a distinct analytical function in model validation and
is well-supported in the machine learning literature [23-
27].

Classification Metrics:

e Accuracy: Represents the proportion of correctly
classified instances among all instances. While useful
for balanced datasets, it may offer misleading insights
in imbalanced scenarios [23].

e  Fl-score: The harmonic mean of precision and recall.
Particularly effective in cases of class imbalance,
where it provides a more holistic performance
measure than accuracy alone [24].

e ROC-AUC (Receiver Operating Characteristic - Area
Under Curve): Reflects the model's ability to
distinguish between classes. A value closer to 1.0
indicates a higher discriminative capability. It is
especially useful when evaluating model behavior
across different thresholds [25].

Regression Metrics:

e MAE (Mean Absolute Error): The average of the
absolute differences between predicted and actual
values. It is easy to interpret and less sensitive to
outliers [26].

e RMSE (Root Mean Square Error): The square root of
the average of squared errors. It penalizes larger
errors more heavily and is suitable for applications
where large deviations are undesirable [26].

e R? (Coefficient of Determination): Indicates the
proportion of variance in the dependent variable
explained by the model. A value close to 1 signifies
high explanatory power, whereas negative values
imply the model performs worse than a naive mean-
based predictor [27].

The combined use of these metrics ensures a thorough and
multidimensional evaluation of model performance,
covering not only correctness and discrimination but also
prediction stability and variance explanation.

5. Discussion

This study involves analyzing the factors affecting hair loss
using machine learning methods using two different data
sets. The first data set showed high performance in both
classification and regression models, and as seen in Table 3,
the Decision Tree model stood out with 95% accuracy. In
addition, coffee consumption ("coffee_consumed") proved
to be an important factor by providing strong classification
accuracy on its own.

On the other hand, the second data set showed low
performance in all models and could not produce
impressive results. The best classification accuracy in this
data set (18.6%) was obtained again with the Decision Tree
model, as seen in Table 7. When the regression analysis was
examined, the XG Boost model showed the strongest
performance with 90% R? value in the first data set.
However, the negative R? values of all models in the second
data set reveal that the explanatory power of the data set is
weak.

Additionally, other regression metrics such as Mean
Absolute Error (MAE) and Root Mean Square Error (RMSE)
were also taken into account to assess prediction stability
and consistency. In the first dataset, the XGBoost model
produced the lowest RMSE (31.45), indicating the lowest
overall deviation between predicted and actual values,
especially in penalizing large errors. On the other hand, the
Decision Tree model achieved the lowest MAE (10.00),
reflecting smaller average prediction errors across
instances. The closeness between MAE and RMSE values
further supports the stability of these models. Conversely, in
the second dataset, all models demonstrated significantly
higher MAE and RMSE values, which—when considered
alongside the negative R? values—confirms their limited
predictive capability and suggests a weak structural
relationship between input features and the hair loss
outcome.
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As a result, the first data set was both significant and had a
stronger structure, while the second data set was
insufficient in these qualities. The analysis shows that the
effect of coffee consumption on hair loss is great. These
findings suggest that machine learning and data mining are
powerful tools for early detection and awareness of hair
loss.

In addition to the accuracy metric, which reflects the overall
proportion of correct predictions, further evaluation was
conducted using complementary classification metrics such
as Fl-score and ROC-AUC. The F1-score, defined as the
harmonic mean of precision and recall, is particularly
relevant when class imbalance is present, as it accounts for
both false positives and false negatives.

In this study, the F1-score values were closely aligned with
the accuracy results (e.g, 94.90% F1l-score vs. 95%
accuracy in the Decision Tree model), which confirms that
the classifier maintained a balanced predictive performance
across classes. Furthermore, ROC-AUC scores, which
quantify a model’s discriminative power across all
classification thresholds, were notably high for Random
Forest (98.69%) and SVM (96.12%), indicating strong class
separation capabilities. These findings underscore the
robustness of the models not only in overall correctness but
also in handling class-level distinctions effectively.

6. Results

In this study, the effects of two data sets with different
characteristics on hair loss were evaluated using machine
learning methods. As a result of the analysis, it was shown
which factor played an important role in which data set. It
is tested the effects of the factors on hair loss with
classification and regression estimates, evaluated their
reliability according to the F1 scores and showed their
accuracy rates, and when it is compared the two data sets, it
is observed that coffee consumption had a very large effect
on hair loss, as can be seen in the experiments. As a result
of these observations, machine learning and data mining
showed us thatitis an important and powerful way for early
diagnosis and awareness.
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Fluid mechanics plays a pivotal role in the Nigerian oil and gas industry, where efficient
extraction, transportation, and processing of hydrocarbons depend on the effective
management of fluid flow. This review explores the diverse applications of fluid
mechanics in drilling operations, reservoir engineering, pipeline transportation,
enhanced oil recovery, and offshore operations. The study highlights the importance of
fluid behavior in drilling mud circulation, reservoir pressure management, and
multiphase flow systems. Additionally, it emphasizes the role of fluid dynamics in
artificial lift systems, separation processes, and gas flaring optimization. Advanced
technologies such as Computational Fluid Dynamics (CFD), real-time flow monitoring,
and smart sensors have further enhanced the industry's ability to manage complex fluid
systems. Key challenges, including pipeline integrity, flow assurance, and pressure drop
management, are discussed alongside innovative solutions aimed at improving
operational efficiency and environmental sustainability. The review underscores the
need for continuous investment in research and development, workforce training, and
the adoption of modern technologies to address industry-specific challenges. By
leveraging fluid mechanics principles, the Nigerian oil and gas sector can enhance
productivity, reduce operational risks, and minimize environmental impact,
contributing to sustainable economic growth. This study serves as a valuable resource
for engineers, researchers, and policymakers seeking to optimize fluid management
practices in the oil and gas industry.

0z

Akiskanlar mekanigi, hidrokarbonlarin verimli bir sekilde ¢ikarilmasi, tasinmasi ve
islenmesinin akiskan akisinin etkin yonetimine bagli oldugu Nijerya petrol ve gaz
endiistrisinde kritik bir rol oynamaktadir. Bu derleme, sondaj operasyonlari, rezervuar
miithendisligi, boru hatt1 tasimaciligl, gelistirilmis petrol geri kazanimi ve acik deniz
operasyonlarindaki akiskanlar mekaniginin ¢esitli uygulamalarini incelemektedir.
Calisma, sondaj ¢amuru dolasimi, rezervuar basinci yonetimi ve ¢ok fazli akis
sistemlerinde akiskan davraniginin énemini vurgulamaktadir. Ayrica, yapay kaldirma
sistemleri, ayirma islemleri ve gaz yakma optimizasyonunda akiskan dinamiginin
roliine dikkat cekmektedir. Hesaplamali Akiskanlar Dinamigi (CFD), gercek zamanh
akis izleme ve akilli sensorler gibi ileri teknolojiler, endiistrinin karmasik akiskan
sistemlerini yonetme yetenegini daha da artirmistir Boru hatti biitinligi, akis
glivencesi ve basing diisiisii yonetimi gibi temel zorluklar, operasyonel verimliligi ve
cevresel stirdiiriilebilirligi artirmaya yonelik yenilik¢i ¢ozliimlerle birlikte ele
alinmaktadir. inceleme, endiistriye 6zgii zorluklarin iistesinden gelmek i¢in arastirma
ve gelistirmeye, is giicii egitimine ve modern teknolojilerin benimsenmesine stirekli
yatirim yapilmasi gerektiginin altini ¢izmektedir. Akiskanlar mekanigi ilkelerinden
yararlanarak Nijerya petrol ve gaz sektort, iiretkenligi artirabilir, operasyonel riskleri
azaltabilir ve cevresel etkiyi en aza indirerek siirdiirtilebilir ekonomik biiyiimeye
katkida bulunabilir Bu ¢alisma, petrol ve gaz endiistrisinde akigkan yonetimi
uygulamalarini optimize etmeyi amaclayan miihendisler, arastirmacilar ve politika
yapicilar i¢in degerli bir kaynak niteligindedir.
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1. Introduction

Fluid mechanics plays a pivotal role in the oil and gas
industry, serving as the foundation for understanding and
optimizing fluid behavior in various exploration,
production, and refining processes. The application of fluid
mechanics principles ensures efficient hydrocarbon
extraction, transportation, and processing, which are
critical for Nigeria's oil and gas sector—a major contributor
to the nation's economy [1, 2]. Fluid mechanics covers areas
such as multiphase flow, reservoir simulation, pipeline
transportation, enhanced oil recovery (EOR), and drilling
fluid dynamics [3, 4, 5]. In Nigeria, where oil and gas
reserves are primarily located in the Niger Delta region,
fluid mechanics provides insights into managing reservoir
pressures, minimizing flow assurance issues, and improving
production efficiency [6, 7, 8].

The Nigerian oil and gas sector operates in diverse terrains,
including onshore, offshore, and deepwater fields, each
presenting unique challenges requiring tailored fluid
mechanics applications [9, 10, 11]. Advancements in
computational fluid dynamics (CFD) have revolutionized
the analysis and prediction of fluid behavior in complex
systems [9, 10]. CFD tools are now widely employed to
model multiphase flows, optimize drilling operations, and
enhance the performance of gas-liquid systems [12, 13,14].
Effective fluid management techniques, including the use of
drilling muds and waterflooding strategies, are crucial for
sustaining oil well productivity in Nigeria's offshore and
onshore fields [15, 16].

Fluid mechanics also plays a significant role in addressing
environmental challenges associated with hydrocarbon
extraction, such as controlling fluid leaks, preventing
blowouts, and minimizing pollution [17]. Researchers have
also highlighted the importance of fluid mechanics in
mitigating hydrate formation and wax deposition in
pipelines, which are common operational challenges in
Nigeria's oil infrastructure [18].

Furthermore, fluid mechanics contributes to the efficient
design of surface facilities, including separators,
compressors, and heat exchangers, which are critical for
hydrocarbon processing [19, 20]. Innovations in drilling
technologies, supported by fluid mechanics research,
continue to enhance well stability and reduce non-
productive time [21]. As Nigeria's oil and gas sector faces
growing challenges from global energy transitions,
sustainable fluid management practices have become
essential for ensuring long-term resource exploitation and
environmental conservation [22, 23].

This review aims to provide a comprehensive analysis of
how fluid mechanics principles are applied in various
segments of the petroleum industry, from drilling and
transportation to enhanced oil recovery and environmental
management. By systematically evaluating these
applications, the study highlights key advancements,
operational challenges, and emerging trends that shape the
efficiency and sustainability of Nigeria’s oil and gas sector.

The motivation for preparing this review stems from the
need to address specific gaps in the literature concerning
the application of fluid mechanics in Nigeria's petroleum
industry. While numerous studies have explored fluid
dynamics in oil and gas operations globally, there is a
limited body of research focusing specifically on Nigeria’s
context. The country’s unique operational challenges,
including issues related to pipeline vandalism, flow

assurance in the Niger Delta region, and the economic
feasibility of enhanced oil recovery techniques, necessitate
a localized review. Furthermore, existing literature often
provides fragmented discussions on individual aspects of
fluid mechanics without offering a holistic perspective on
how these principles collectively contribute to the sector’s
efficiency and sustainability.

This review seeks to bridge these gaps by compiling and
analyzing relevant studies, comparing different fluid
mechanics applications, and discussing their practical
implications for Nigeria’s petroleum industry. Additionally,
by incorporating recent developments in computational
fluid dynamics (CFD), multiphase flow modeling, and
emerging technologies in flow assurance, this study aims to
serve as a valuable resource for engineers, researchers, and
policymakers working towards optimizing oil and gas
operations in Nigeria. The insights provided will not only
enhance the understanding of fluid mechanics applications
but also inform future research directions and industry best
practices

2. Methodology or Criteria for Literature Selection

This review was conducted through a systematic analysis of
existing literature on the applications of fluid mechanics in
Nigeria's oil and gas industry. The study employed a
structured approach to identify, evaluate, and synthesize
relevant research articles, technical reports, and industry
case studies. The selection of literature was based on
predefined criteria to ensure relevance, reliability, and
comprehensiveness. The primary sources of information
included peer-reviewed journals, conference proceedings,
and reports from reputable organizations such as the
Society of Petroleum Engineers (SPE), Nigerian National
Petroleum Corporation (NNPC), and the Department of
Petroleum Resources (DPR). Databases such as Scopus,
ScienceDirect, Google Scholar, and IEEE Xplore were
extensively searched to retrieve relevant publications.

The literature selection process involved the use of specific
keywords, including "fluid mechanics in oil and gas,"
"pipeline flow assurance,” "drilling fluid dynamics,"
"enhanced oil recovery in Nigeria," and "multiphase flow in
petroleum engineering." Studies published between 2015
and 2024 were prioritized to ensure that the review
captured the most recent advancements and challenges in
the field.

Inclusion criteria were based on the relevance of the study
to fluid mechanics applications in Nigeria’s oil and gas
industry, availability of empirical data, and discussion of
specific engineering solutions. Studies focusing solely on
theoretical fluid mechanics without practical application in
petroleum engineering were excluded. Additionally, non-
English articles and publications with limited accessibility
were not considered unless a comprehensive abstract
provided sufficient insights.

A comparative analysis of different fluid mechanics
applications, including enhanced oil recovery (EOR)
methods, pipeline transportation techniques, and
computational fluid dynamics (CFD) applications, was
conducted. The effectiveness, cost implications, and
adoption rates of various technologies were systematically
examined. Furthermore, industry case studies were
incorporated to highlight real-world applications of fluid
mechanics principles in Nigeria’s petroleum sector.
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The findings were synthesized into thematic sections
covering drilling operations, reservoir engineering,
transportation, flow assurance, separation processes, and
environmental sustainability. The review also assessed the
economic and environmental impacts of fluid mechanics
innovations while identifying gaps for future research and
development. By providing a structured methodology, this
review enhances the transparency and reproducibility of
the study, ensuring that the insights presented contribute
meaningfully to the field of petroleum engineering.

3. Applications of Fluid Mechanics in the Oil and Gas
Industry

3.1 Drilling Operations

Fluid mechanics plays a fundamental role in drilling
operations, particularly in the behavior and performance of
drilling fluids, commonly referred to as drilling mud. These
fluids serve multiple purposes, including cooling and
lubricating the drill bit, stabilizing the wellbore, and
transporting drill cuttings to the surface [1, 2]. Effective
drilling fluid management requires a thorough
understanding of fluid rheology, pressure losses, and flow
regimes within the drill string and annulus [4]. Variations in
mud density and viscosity must be carefully monitored to
prevent formation damage, blowouts, and equipment
failure [5, 6]. Computational Fluid Dynamics (CFD)
simulations are increasingly employed to predict mud flow
behavior, optimize hydraulic parameters, and improve
overall drilling efficiency [7]. Accurate control of fluid
properties minimizes risks associated with differential
sticking and wellbore instability [8].

3.2 Pipeline Transportation

Pipelines are the most efficient and cost-effective means of
transporting crude oil, refined petroleum products, and
natural gas over long distances. Fluid mechanics principles,
particularly laminar and turbulent flow analysis, are
essential in pipeline design and operation (8, 9). Engineers
rely on fluid dynamics models to predict pressure drops,
optimize pump placement, and reduce frictional losses [9,
10]. Additionally, the study of multiphase flow in pipelines
ensures the effective transportation of oil-gas-water
mixtures without significant phase separation or slugging
issues [11, 12 ]. Computational Fluid Dynamics (CFD) tools
are frequently used to analyze pipeline flow behavior under
various operating conditions, enabling operators to detect
potential flow disruptions and address them proactively
(13). Effective application of fluid mechanics in pipeline
systems minimizes energy consumption and reduces
maintenance costs [13, 14]. Figure 1 shows the pipeline
transportation of petroleum products.

3.3 Reservoir Engineering

Fluid mechanics is pivotal in reservoir engineering, where it
is applied to understand and predict the movement of
hydrocarbons within porous media. Darcy's Law forms the
foundation for modeling fluid flow through reservoir rock
formations, allowing engineers to estimate production rates
and optimize extraction strategies [1, 7]. Multiphase flow
models are employed to analyze the simultaneous
movement of oil, gas, and water within reservoirs, providing
critical insights into phase behavior and pressure
distribution [6, 8]. Engineers utilize fluid dynamics
simulations to optimize reservoir pressure management,
prevent water and gas coning, and maximize ultimate
recovery [15, 19]. Accurate modeling of fluid flow dynamics

enhances reservoir performance and minimizes the risk of
early water breakthrough or bypassed hydrocarbons [11.
16].

Figure 1. Pipeline transportation of petroleum products
[20, 21]

3.4 Enhanced 0Oil Recovery (EOR)

Enhanced Oil Recovery (EOR) techniques are critical for
maximizing hydrocarbon extraction from mature
reservoirs. These methods, including water flooding, gas
injection, and chemical injection, rely heavily on fluid
mechanics to optimize fluid displacement and improve
sweep efficiency [12, 19]. Fluid dynamics models help
predict phase behavior, miscibility, and fluid-fluid
interactions, enabling engineers to design effective injection
strategies [18, 21]. Water flooding, one of the most common
EOR techniques, involves injecting water into reservoirs to
maintain pressure and displace oil towards production
wells [12, 18]. Similarly, gas injection techniques rely on
fluid mechanics to ensure even gas distribution across the
reservoir [22]. CFD simulations play a key role in optimizing
EOR processes, reducing uncertainties, and improving
recovery factors [17, 19].

3.5 Hydraulic Fracturing

Hydraulic fracturing, commonly known as fracking, is a
critical technique for enhancing hydrocarbon production
from unconventional reservoirs. The process involves
injecting high-pressure fluid into subsurface rock
formations to create and propagate fractures, allowing oil
and gas to flow more freely towards the wellbore [9], . Fluid
mechanics plays a pivotal role in designing fracturing fluids,
optimizing injection rates, and predicting fracture
propagation patterns [3, 7]. Proper understanding of fluid
viscosity, pressure distribution, and proppant transport is
essential for achieving optimal fracture geometry and
preventing premature closure [6]. Computational fluid
dynamics (CFD) models are often employed to simulate
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fluid flow and fracture behavior, ensuring precise control
over the process [23]. Effective hydraulic fracturing
minimizes reservoir damage, maximizes hydrocarbon
recovery, and reduces operational costs [7]. Environmental
concerns, such as groundwater contamination and induced
seismicity, highlight the need for continuous innovation in
fluid mechanics applications in hydraulic fracturing
operations [13].

3.6 Gas Flaring and Emission Control

Gas flaring is a widely adopted practice in the oil and gas
industry to dispose of excess natural gas during extraction
and processing. Fluid mechanics principles are crucial in
designing efficient flaring systems to ensure complete
combustion and minimize harmful emissions such as
methane and carbon dioxide [21]. Proper analysis of fluid
flow patterns, flame stability, and air-to-fuel ratios enables
engineers to optimize combustion efficiency and reduce
environmental impacts [16]. Turbulent flow modeling is
often employed to predict flare performance under varying
operational conditions [17]. Advances in fluid mechanics
have led to the development of low-emission flare designs
and flare gas recovery systems, reducing greenhouse gas
emissions significantly [7]. Regulatory frameworks now
emphasize the integration of fluid dynamics principles in
flare stack design to comply with environmental standards
[15]. Improved flare control strategies can enhance safety,
reduce waste, and contribute to sustainable oil and gas
operations. Figure 2 below shows gas flaring and emission
control.

Figure 2. Gas flaring and emission control [3, 9, 16, 17, 20,
21]

3.7 Separation Processes

Separation processes are fundamental in oil and gas
production, where crude oil, natural gas, and water must be
efficiently separated for downstream processing. Fluid
mechanics governs the behavior of multiphase flows within
separators, including gravity settling, coalescence, and
droplet dynamics [12]. Understanding fluid flow regimes,
such as stratified, slug, and annular flow, helps engineers
optimize separator design and performance [14].
Computational fluid dynamics (CFD) simulations are used
to analyze phase distribution, reduce turbulence, and
improve separation efficiency [6]. Effective separation
minimizes carryover, enhances product quality, and
prevents equipment fouling [18]. The Stokes' law principle
is commonly applied to predict particle settling velocities in
liquid-liquid and gas-liquid separators [18]. Modern
separator designs incorporate advanced internals, such as

demister pads and cyclone separators, to maximize fluid
handling capacity and operational stability [2. 7].

3.8 Subsea Systems

Subsea oil and gas extraction systems operate in harsh
deep-water environments, where fluid mechanics plays a
critical role in managing high-pressure and high-
temperature fluid flow. Engineers rely on fluid dynamic
modeling to design subsea flowlines, manifolds, and risers
that can withstand extreme conditions [14]. Flow assurance
challenges, such as hydrate formation, wax deposition, and
slug flow, are mitigated through advanced fluid mechanics
simulations and flow control strategies [2, 5]. Subsea
pumping systems leverage fluid dynamics principles to
maintain consistent fluid flow rates and reduce pressure
drops across long distances [4, 8]. CFD tools are frequently
used to predict fluid behavior and optimize subsea
equipment design for reliability and efficiency [5, 8].
Effective application of fluid mechanics ensures operational
stability, minimizes downtime, and enhances hydrocarbon
recovery in subsea production systems [6].

3.9 Artificial Lift Systems

Artificial lift systems are employed in oil and gas operations
to enhance fluid production from reservoirs where natural
pressure is insufficient. Fluid mechanics principles are
critical for understanding multiphase flow dynamics and
optimizing artificial lift methods such as gas lift, electric
submersible pumps (ESP), and sucker rod pumps [2, 5]. Gas
lift systems rely on fluid dynamics to control gas injection
rates and ensure efficient lifting of fluids to the surface (17).
Similarly, ESP systems are designed based on fluid flow
principles to minimize pressure losses and optimize energy
efficiency [18]. Engineers use CFD models to simulate fluid
flow behavior in artificial lift systems, identifying
operational bottlenecks and enhancing overall performance
(14). Proper application of fluid mechanics ensures minimal
energy consumption, reduces equipment wear, and extends
the operational life of artificial lift systems [15].

3.10 Heat Transfer in Processing Plants

Heat transfer processes are integral to oil and gas
processing plants, where fluid mechanics plays a vital role
in ensuring efficient energy exchange. Heat exchangers,
boilers, and cooling towers are essential equipment
designed based on fluid dynamics principles to optimize
thermal energy transfer [22]. Proper fluid flow
management in these systems prevents overheating,
reduces energy losses, and enhances overall operational
efficiency [2]. In refineries, crude oil undergoes fractional
distillation, which requires precise control of temperature
and fluid flow rates to separate hydrocarbons effectively [9].
Cooling systems rely on controlled fluid dynamics to
dissipate excess heat and maintain operational stability.
Computational fluid dynamics (CFD) models are often
employed to simulate and optimize heat exchanger
performance, ensuring that energy is transferred efficiently
without significant pressure drops [16]. Poor fluid flow
design in heat exchangers can lead to fouling, reduced heat
transfer efficiency, and increased maintenance costs [10].
Therefore, an in-depth understanding of fluid mechanics is
critical for designing heat transfer systems that align with
operational, economic, and environmental objectives in
processing plants.

35


http://www.dergipark.org.tr/tr/pub/ijea

www.dergipark.org.tr/tr/pub/ijea

IJEA 2025, Vol. 2, No 1, 32-42

3.11 Flow Metering and Monitoring

Flow metering and monitoring are critical aspects of the oil
and gas industry, ensuring accurate measurement of
production rates, leak detection, and regulatory compliance
[4, 7]. Fluid mechanics principles underpin the design and
operation of flow meters, including ultrasonic, coriolis, and
differential pressure meters, each suited to specific
operational conditions [15, 18]. Accurate flow
measurement relies on understanding fluid behavior under
varying temperature, pressure, and flow regimes [6].
Turbulent and laminar flow patterns influence the precision
of flow readings, and advanced computational tools are
often used to simulate flow conditions and optimize meter
placement [8]. Leak detection systems also rely on fluid
dynamics principles to identify anomalies in flow rates or
pressure drops across pipelines [18]. Real-time monitoring
systems integrated with digital twins allow operators to
predict and prevent potential failures before they escalate
[19]. Effective flow monitoring reduces production losses,
enhances safety, and ensures compliance with industry
standards. The application of fluid mechanics in flow
metering remains a cornerstone of efficient hydrocarbon
transportation and resource management. Figure 3 shows
the Flow metering and monitoring in oil and gas company
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Figure 3. Flow metering and monitoring [3, 9, 16]
3.12 Multiphase Flow Systems

Multiphase flow systems, involving the simultaneous
transport of oil, gas, and water, are common in both
upstream and downstream oil and gas operations [14].
Fluid mechanics provides the theoretical foundation for
analyzing phase interactions, flow patterns, and pressure
drop behavior in multiphase systems [3, 8]. Depending on
flow rates and pipeline inclination, multiphase flows can
exhibit different regimes, such as slug, annular, or stratified
flow, each with unique characteristics [2]. Understanding
these regimes is essential for optimizing pipeline design,
preventing flow instabilities, and mitigating issues like slug
flow, which can damage equipment [3]. Computational fluid
dynamics (CFD) models are widely used to simulate

multiphase flow behavior and improve system performance
[2, 7]. Effective management of multiphase systems ensures
uninterrupted fluid transport, minimizes energy losses, and
reduces operational risks. Moreover, accurate multiphase
flow modeling enhances the prediction of production rates
and reservoir performance [8]. Therefore, the application of
fluid mechanics in multiphase systems is indispensable for
reliable and cost-effective hydrocarbon extraction and
transportation.

3.13 Pump and Compressor Design

Pumps and compressors are essential components in the oil
and gas industry for fluid transportation and pressure
management [22]. Fluid mechanics governs the design,
operation, and efficiency of these devices, ensuring optimal
performance under varying operational conditions [3, 7].
Pumps, including centrifugal and positive displacement
pumps, are used to transport liquids, while compressors are
employed to manage gas flow and maintain pressure levels
across pipelines [3, 6]. The efficiency of pumps and
compressors depends on factors such as flow rate, pressure
head, fluid viscosity, and energy losses caused by turbulence
and cavitation [9]. Computational fluid dynamics (CFD)
tools are commonly employed to model and optimize pump
and compressor designs, reducing energy consumption and
operational costs [16]. Proper maintenance and monitoring
of these systems are critical to prevent failures, minimize
downtime, and ensure long service life. Inaccurate fluid
dynamics predictions can lead to pump cavitation, gas
surges, and catastrophic failures [4, 8]. Therefore, an in-
depth understanding of fluid mechanics is vital for
designing efficient pumps and compressors, enhancing
operational safety, and reducing costs in oil and gas
facilities.

3.14 Corrosion Control

Fluid dynamics plays a pivotal role in predicting and
controlling corrosion rates in pipelines and equipment,
which are subject to fluid movement and chemical
interactions. The flow of fluid over metal surfaces can
exacerbate corrosive processes due to turbulent conditions,
the presence of corrosive chemicals, or a combination of
both. Computational Fluid Dynamics (CFD) simulations are
used to model these effects, allowing engineers to predict
areas where corrosion is most likely to occur, such as at pipe
bends, junctions, and regions of stagnation [11]. The
dynamics of fluid flow influence factors such as the oxygen
and moisture content, which significantly impact the
electrochemical reactions responsible for corrosion [12]. By
understanding fluid movement, engineers can implement
protective coatings, select corrosion-resistant materials,
and design pipelines to minimize corrosive effects.
Moreover, CFD can assist in optimizing fluid velocities to
reduce wear and corrosion, improving the longevity and
efficiency of oil and gas pipelines [23].

3.15 Spill Containment and Cleanup

Understanding fluid flow patterns is essential in the design
of spill containment systems and optimizing the cleanup
operations in the event of oil spills. Fluid dynamics help
model how oil spreads and interacts with water, wind, and
terrain, enabling the design of barriers and skimmers that
can effectively contain and remove the spilled substance.
The behavior of the fluid in different environmental
conditions, such as ocean currents or waves, plays a critical
role in determining the most effective response strategies
[16]. CFD simulations assist in predicting the dispersion and
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transport of contaminants in water, enabling more efficient
planning for the deployment of containment booms,
skimmers, and absorbents [18]. The interaction between
different fluids (e.g., oil and water) is crucial for designing
cleanup equipment that can efficiently separate and remove
the contaminants without causing further environmental
damage [14].

3.16 LNG Processing and Transport

Liquefied Natural Gas (LNG) processing and transport rely
heavily on fluid mechanics, particularly for liquefaction,
storage, and transportation under cryogenic conditions.
Fluid dynamics are crucial for understanding the behavior
of natural gas when it is cooled to extremely low
temperatures to form LNG. The design of liquefaction plants
requires the optimization of heat exchangers, compressors,
and turbines, where fluid flow plays a significant role in
ensuring efficient heat transfer and minimizing energy
consumption [17]. Furthermore, fluid mechanics is
essential in the safe transport of LNG, especially in pipeline
and ship designs, where managing cryogenic temperatures
and pressures is crucial to avoid structural failure or
leakage [19]. CFD simulations help in optimizing the flow
characteristics and identifying potential risks, such as the
possibility of phase changes or temperature gradients,
ensuring safety and operational efficiency in LNG transport
[3, 7]. Figure 4 demonstrates the oil and gas production
facilities in Shell Nigeria limited.
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Figure 4. Oil and gas production [1, 3,9, 16, 17, 20, 21]

3.17 Offshore Drilling Operations

In offshore drilling operations, fluid mechanics plays a
critical role in ensuring the stability and safety of drilling
platforms. One of the primary challenges in offshore drilling
is managing wellbore pressure, which is influenced by the
movement of drilling fluids within the well. Proper fluid
circulation ensures that the wellbore remains stable by
preventing the ingress of formation fluids and controlling
pressure fluctuations that could lead to blowouts [15]. Fluid
dynamics models are used to design the circulation systems
and predict pressure profiles, helping engineers select the
right mud properties for effective drilling and well control
[8]. Furthermore, CFD simulations help optimize fluid flow
rates, ensuring the efficient transport of cuttings from the
wellbore, minimizing downtime, and improving the overall
safety and efficiency of offshore drilling operations [13].
Figure 5 below shows the oil well while Figure 6 shows the
Lagos Offshore oil rig at night.

Figure 5. Oil well [1, 16, 17, 20, 21]

Figure 6. Lagos offshore oil rig at night [9, 16, 17]

3.18 Steam Injection Techniques

Steam injection is a widely used thermal recovery method
in the oil and gas industry, and it relies heavily on fluid
mechanics to optimize the injection and distribution of
steam in reservoirs. The effectiveness of steam injection
depends on controlling the flow rates and ensuring even
heat distribution throughout the reservoir to reduce the
viscosity of crude oil, making it easier to extract [23]. Fluid
dynamics models are used to simulate the movement of
steam through porous rock formations and predict how the
injected steam interacts with the oil, helping engineers
design more efficient steam injection processes [4. 8]. By
analyzing the fluid flow characteristics, engineers can
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optimize the number and placement of injection wells,
ensuring maximum oil recovery while minimizing energy
consumption [7]. The successful application of fluid
mechanics in steam injection leads to enhanced recovery
rates and greater economic benefits for oil producers.

3.19 Environmental Monitoring and Compliance

Fluid mechanics plays a crucial role in environmental
assessments, particularly when analyzing fluid dispersion
patterns during spills or emissions. The movement and
dispersion of pollutants in air, water, or soil are influenced
by fluid dynamics, which helps predict how contaminants
spread and interact with the environment. For example, in
the case of an oil spill, fluid dynamics can predict how the
oil will spread on the surface of water and assist in
designing containment systems that limit its spread [6].
Fluid models also help simulate the dispersion of pollutants
in the atmosphere, enabling more accurate predictions of
the impact of emissions from industrial activities [12]. By
applying fluid dynamics, environmental engineers can
better understand pollutant behavior and design more
effective monitoring and control systems, ensuring
compliance with environmental regulations and minimizing
ecological damage [13].

3.20 Water Management in Oilfields

Water management in oilfields is an essential aspect of
maintaining  operational efficlency and meeting
environmental regulations. Effective water injection and
produced water treatment systems rely on fluid mechanics
principles to optimize flow rates and ensure proper
distribution. Water flooding is a common method used to
enhance oil recovery, where water is injected into the
reservoir to maintain pressure and improve oil
displacement [4]. Fluid dynamics helps in the design and
optimization of injection wells, ensuring uniform water flow
and preventing problems such as water breakthrough or
early water production [14]. Additionally, the treatment of
produced water, which contains impurities from the
reservoir, relies on fluid flow principles to design separation
and filtration systems that meet environmental standards
[18]. CFD simulations can be used to model the entire water
management process, improving operational efficiency and
ensuring compliance with environmental regulations [11].

3.21 Nigeria's Economic Situation and Energy Sector
Ranking

Nigeria is the largest oil producer in Africa and ranks 11th
globally in proven crude oil reserves, with approximately 37
billion barrels [2, 21, 22]. The petroleum sector contributes
about 9% to Nigeria’s GDP, while oil and gas exports account
for nearly 90% of total export revenue [15, 18]. These
statistics help emphasize the critical role of fluid mechanics
in optimizing production efficiency and sustainability in
Nigeria’s oil and gas industry.

3.22 Operational Challenges in the Niger Delta and
Solutions:

The Niger Delta faces several operational challenges,
including pipeline vandalism, crude oil theft, corrosion-
induced pipeline leaks, and flow assurance issues. Flow
assurance problems, such as hydrate formation and wax
deposition, hinder fluid transport through pipelines.
Companies address these challenges by implementing real-
time monitoring systems, using chemical inhibitors, and
employing pigging operations to prevent blockages [3, 9, 20,
21]. The Nigerian National Petroleum Corporation (NNPC)

has also adopted digital surveillance and drone technology
to monitor pipeline networks and mitigate theft and
leakages.

3.23 Comparison of Different Fluid Mechanics
Applications in Nigeria’s Oil and Gas Sector

Various fluid mechanics applications are employed in
Nigeria’s oil and gas sector, each with different efficiency
levels, cost implications, and adoption rates. One of the
most notable areas is Enhanced Oil Recovery (EOR), where
methods like gas injection, chemical flooding, and water
flooding are used to improve hydrocarbon extraction. Table
1 is a comparative analysis of these methods based on key
performance indicators

Table 1. Comparison of enhanced oil recovery (EOR)
methods in Nigeria [3, 9, 20, 21]
EOR Efficiency Cost Adoption Challenges
Method (%) Implication Rate in

(per barrel, Nigeria

$) (%)

Gas 45-55 12-18 30 High

Injection infrastructure
costs, gas
availability
issues

Chemical 35-45 15-22 20 Expensive

Flooding chemicals,
environmental
concerns

Water 25-35 5-10 50 Risk of

Flooding reservoir

damage, water
treatment costs

From the table 1, gas injection provides the highest
efficiency but requires higher infrastructure investment,
making it less adopted in Nigeria compared to water
flooding, which is widely used due to its lower operational
costs. Chemical flooding, though effective, has a lower
adoption rate due to high costs and environmental
concerns.

3.24 Flow Assurance: Single-Phase vs. Multiphase Flow
Analysis

Another critical comparison in fluid mechanics applications
involves pipeline flow assurance, where different modeling
techniques—single-phase flow and multiphase flow
modeling—are used to optimize crude oil and gas transport.

Table 2. Single-phase flow and multiphase flow modeling

[2, 20,21, 22]
Flow Assurance Efficiency in Application Cost
Method Reducing Area Savings (%)
Pressure Loss
(%)
Single-Phase 50-60 Gas Pipelines  10-15
Flow Modeling
Multiphase Flow 65-80 Crude Oil 15-25
Modeling Pipelines

The table 2 shows that multiphase flow modeling is more
efficient in reducing pressure losses and optimizing
transport, leading to higher cost savings, especially for
crude oil pipelines. These comparisons highlight how fluid
mechanics applications impact efficiency, cost, and industry
adoption in Nigeria’s oil and gas sector.
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3.25 Concrete Examples of CFD Applications

Computational Fluid Dynamics (CFD) is widely used in
Nigeria's offshore and onshore operations. A notable
example is its application in designing subsea pipelines for
Shell Nigeria’s Bonga deepwater field. CFD simulations were
used to predict multiphase flow behavior, optimize slug
control strategies, and enhance pipeline integrity [9, 20].
Another case study is ExxonMobil’s deployment of CFD to
optimize flare stack operations, reducing environmental
emissions by 15% [3, 9].

3.26. Impact on Energy Costs with Concrete Data

Reducing energy consumption in oil and gas operations can
lead to significant cost savings. For instance, optimizing
pump and compressor operations using fluid mechanics
principles has led to a 10-15% reduction in power
consumption in offshore platforms [21]. Similarly, the
implementation of advanced flow assurance techniques has
reduced energy losses by up to 20% in pipeline
transportation [18, 20].

Table 3. Key areas where fluid mechanics applications have
contributed to energy efficiency and cost reduction in
Nigeria's oil and gas sector [3, 16, 17, 20, 21].

Application Area Energy Savings Cost Reduction
(%) (%)

Pump and compressor 10-15% 12%

optimization

Pipeline flow assurance 15-20% 18%

improvements

CFD-optimized flare stack 10-12% 15%

operations

Enhanced oil recovery (EOR) 8-10% 10%

systems

Heat exchanger optimization 12-18% 14%

The findings indicate that applying fluid mechanics
principles can lead to significant cost and energy savings,
improving operational efficiency and sustainability in
Nigeria’s oil and gas sector.

3.27 Sustainability Impacts of Innovations in Fluid
Mechanics:

Innovations in fluid mechanics contribute to sustainability
by reducing gas flaring and improving oil recovery
efficiency. For instance, the adoption of low-emission flare
technologies has led to a 25% reduction in greenhouse gas
emissions in Nigeria’s oil fields [19]. Additionally, fluid
mechanics-based water injection techniques have improved
reservoir management, minimizing water wastage and
reducing environmental impact [3, 6, 9].

3.28 Future Developments in Fluid Mechanics

Applications

Emerging advancements in fluid mechanics include the use
of machine learning to enhance multiphase flow predictions
and the adoption of nanofluids to improve heat transfer
efficiency in oil processing plants. The Nigerian oil sector is
also exploring digital twin technology to simulate real-time
fluid flow behavior, optimizing production strategies [13,
17]. Furthermore, the integration of renewable energy
sources, such as hybrid solar-powered pumps, is being
tested to improve energy efficiency in offshore operations.

4. Challenges in Fluid Mechanics Applications
4.1. Pipeline Integrity

Pipeline integrity remains a critical challenge in fluid
mechanics, especially in oil and gas operations. Frequent
pipeline vandalism and leaks pose significant risks to both
operational efficilency and environmental safety. The
integrity of pipelines is compromised by factors such as
external mechanical damage, corrosion, and the
deterioration of materials under harsh environmental
conditions [7]. Additionally, the presence of impurities in
the transported fluids can accelerate corrosion, leading to
pipeline failures [1]. In oil and gas transport, ensuring the
longevity and functionality of pipelines requires rigorous
maintenance, monitoring, and the application of advanced
computational fluid dynamics (CFD) models to predict
potential weaknesses and optimize the use of materials and
protective coatings [5]. To mitigate the risks posed by
pipeline failures, there is a growing need for improved
monitoring systems and smarter material choices that
extend the operational lifespan of pipelines.

4.2. Flow Assurance

Flow assurance is another complex issue faced in oil and gas
pipeline operations. It involves preventing blockages or
disruptions in the flow of fluids due to various deposit
formations, such as hydrate formation, wax deposition, and
asphaltene precipitation [22]. These phenomena can cause
significant flow restriction, leading to costly shutdowns and
even pipeline rupture in extreme cases [9]. Hydrate
formation, in particular, poses a serious threat in subsea
pipelines, where temperatures are low and pressures are
high. Effective flow assurance solutions require a
multidisciplinary approach that combines fluid dynamics
principles, advanced chemical treatments, and innovative
pipeline heating methods [12]. Computational fluid
dynamics plays a key role in simulating these processes,
helping engineers predict where issues might arise and
design appropriate mitigation strategies to maintain
continuous flow in challenging conditions [15].

4.3. Pressure Drop Management

Optimizing pressure drop management across pipelines
and wellbores is crucial to maintaining flow efficiency and
reducing operational costs. A significant pressure drop in
pipelines results in energy losses, requiring additional
pumping power to maintain the desired flow rate [16].
Effective management of pressure drop involves
understanding the fluid’s behavior under different
conditions, including viscosity, density, and temperature
[3]. Computational fluid dynamics (CFD) allows for precise
simulations that can predict pressure drop along pipelines
and help in selecting optimal pipeline configurations and
pump systems to minimize energy consumption and
improve overall operational efficiency [11]. However,
accurately predicting pressure losses remains a challenge
due to the complex nature of fluid flow and the various
factors that influence pressure drop in real-world
environments, such as turbulence, pipe roughness, and fluid
composition [16]. Addressing these challenges requires an
ongoing advancement in CFD techniques and an in-depth
understanding of flow behavior in oil and gas systems.
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5. Innovations and Emerging Technologies

5.1. Computational Fluid Dynamics (CFD) for Flow
Simulation

Computational Fluid Dynamics (CFD) is a critical tool for
simulating fluid flow in complex systems, especially in the
oil and gas industry. CFD allows engineers to model the flow
of fluids, predict pressure drops, and visualize flow
behavior in pipelines, wells, and production systems [7]. It
enables optimization of design, improves flow assurance,
and aids in solving challenges such as hydrate formation
and wax deposition [1]. CFD models enhance decision-
making by providing detailed insights into fluid dynamics,
enabling more efficient and cost-effective pipeline
operation.

5.2. Smart Sensors for Real-Time Flow Monitoring

Smart sensors are increasingly used in the oil and gas
industry for real-time flow monitoring. These sensors
provide continuous data on pressure, temperature, and flow
rate, allowing operators to monitor the performance of
pipelines and wells. Advanced sensors are equipped with
wireless capabilities, enabling remote monitoring and early
detection of anomalies such as blockages or pressure drops
[14]. Real-time data allows for prompt corrective action,
reducing operational downtime and improving safety and
efficiency in fluid transport systems [15].

5.3. Advanced Pipeline Coatings to Minimize Friction
and Corrosion

Advanced pipeline coatings are being developed to
minimize both friction and corrosion, enhancing the
longevity and efficiency of oil and gas transport systems.
These coatings include materials such as epoxy and
polymer-based coatings, which offer excellent resistance to
corrosive environments [7]. Additionally, friction-reducing
coatings help in lowering energy consumption by
minimizing resistance to fluid flow, thereby reducing
pumping requirements [8]. The continuous advancement in
material science enables the development of coatings that
are more durable and effective in challenging operational
conditions, promoting the sustainability of pipeline
infrastructure. Table 4 is a comprehensive comparison that
systematically compares the key fluid mechanics
applications discussed in the review. It highlights their
advantages, limitations, and applicability in Nigeria’s oil and
gas sector.

Table 4. Comparison of fluid mechanics applications in
Nigeria’s oil and gas industry [1, 3, 9, 20, 21]

Applicatio Method Advantages Limitations Applicability

n in Nigeria
Drilling Drilling Enhances Requires Widely used in
Operations Mud wellbore precise onshore and
Circulation stability, rheological offshore
prevents control, drilling

blowouts, and potential for
cools drill bit formation
damage

Pipeline  Laminar vs.Reduces High Essential for
TransportatTurbulent energy losses, maintenance long-distance

ion Flow improves costs, risks of oil and gas
Analysis  efficiency, andleaks and transport
minimizes  pipeline
flow vandalism
disruptions

Reservoir Darcy’s Optimizes oil Requires Applied in
Engineerin Law & recovery, advanced major oil fields
g Multiphase predicts computationafor reservoir
Flow reservoir ltoolsand  management
Modeling performance real-time
monitoring
Enhanced Gas Increases High Limited due to
0il Injection production operational cost; mostly
Recovery vs. from mature costs, used in JV and
(EOR) Chemical fields environment 10Cs'
Flooding al concerns operations
Hydraulic High- Increases Potential Limited
Fracturing Pressure hydrocarbon groundwater application
Fluid flow, contaminatio due to
Injection enhances n, high- environmental
production in pressure concerns
tight control
formations  needed
Gas Flaring Flare Stack Reduces Regulatory  Applied in

& Emission Optimizati harmful enforcement selected

Control on & emissions, issues, refineries and
Combustio improves technology  gas processing
n Control energy adoption plants
efficiency challenges
Separation Gravity Ensures Energy- Used in major

Processes Separation, quality crude intensive, processing
Centrifugal oil and gas, sensitive to facilities
& minimizes  feed
Electrostatiwaste composition
c
Separation
Subsea Subsea Enables Requires high Used in
Systems  Flow deepwater  capital deepwater
Assurance production, investment, fields (e.g,
& prevents complex Bonga, Egina)
Multiphase hydrates and maintenance
Pumps wax deposits
Artificial ~ Gas Lift vs. Improves oil High Used in
Lift Electric  recovery, maintenance, marginal and
Systems  Submersibl enables ESP sensitive mature fields
e Pumps production tosandand
(ESP) from low- water cut
pressure
wells
Heat Heat Improves Requires Used in
Transfer in Exchangersenergy periodic refineries and

Processing & Cooling efficiency in maintenance, gas processing

Plants Systems  refineries and potential for facilities
gas plants fouling
Flow Coriolis, Ensures Calibration Used for

Metering & Ultrasonic, accurate and accuracy custody
Monitoring and measurement issues, high transfer and

Differential , prevents initial cost ~ pipeline
Pressure revenue monitoring
Meters losses

Multiphase Computati Enhances Requires Applied in

Flow onal Fluid prediction of expertise, deepwater and
Systems  Dynamics phase computationahigh-pressure
(CFD) &  behavior, lly expensive pipelines
Flow reduces flow
Assurance disruptions
Modeling
Pump &  Centrifugal Ensures Requires high Used in
Compresso & Positive steady power input, processing
r Design  Displacemetransportatio mechanical plants and
nt Pumps n of oil & gas, wear issues offshore
minimizes platforms
pressure
drops
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6. Conclusion

Fluid mechanics remains a cornerstone of innovation and
efficiency in Nigeria's oil and gas industry. Its applications
span across drilling, production, transportation, and
environmental management, ensuring  optimized
operations and sustainable resource utilization. By
leveraging advancements in Computational Fluid Dynamics
(CFD), smart sensors, and real-time monitoring systems,
the sector can address persistent challenges such as
pipeline integrity, flow assurance, and environmental
compliance. Collaboration between industry stakeholders,
government bodies, and academic institutions is essential
to foster research, workforce development, and technology
adoption. Moving forward, a focus on sustainable practices
and cutting-edge technologies will be crucial for driving
growth, reducing environmental impact, and ensuring long-
term economic contributions from Nigeria's oil and gas
sector.
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