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Oz

Bu c¢alismada, AISI 1020 celik ve Ti-6Al-4V titanyum alasim
malzemelerinin kati partikiil (parcacik) erozyon davraniglari deneysel
ve sayisal olarak incelenmistir. Deneyler ve sayisal simiilasyonlar, farkl
partikiil carpma hizlari (100, 127, 170, 210, 250 m/s) ve acilar (20, 30,
45, 60, 90°) icin gerceklestirilmistir. Bununla birlikte, ayni
malzemelerin bir helikopter pali asinma kalkanindaki erozyon
performanslari, 0° hiicum agisi ve 230 m/s carpma hizi sartlarinda MIL-
STD-3033 standartina gére yapilmisken sayisal erozyon analizleri
Eulerian-Lagrangian yaklasimli ayrik faz metodu ve ampirik erozyon
esitligi kullanan ticari ANSYS_Fluent 15.0 paket programi ile
gergeklestirilmistir. Calismadan elde edilen sonuglara gére, sayisal
sonuclar deneysel veriyle iyi derecede uyumlu ve AISI 1020 celiginin
kalkan  yiizeyindeki erozyon performanst Ti-6Al-4V  alasim
malzemesinden daha iyi elde edilmistir.

Anahtar kelimeler: Kati partikiil erozyonu, Hesaplamal akigkanlar
dinamigi, Helikopter pali, Asinma kalkani, AISI1020, Ti-6Al-4V

Abstract

In this paper, solid particle erosion behaviors of AISI 1020 steel and
Ti-6Al-4V  titanium alloy materials were experimentally and
numerically investigated. Experiments and numerical simulations were
carried out for the conditions of different particle impact velocities
(100,127,170, 210, 250 m/s) and angles (20, 30, 45, 60, 90°). Moreover,
erosion performances on the erosion shield of a helicopter rotor blade
of aforementioned materials were numerically determined for the
condition of angle of attack of 0° and impact velocity of 230 m/s.
Numerical erosion analyzes were performed with ANSYS_Fluent 15.0
package program using discrete phase method with Eulerian-
Lagrangian approach and an empirical erosion equation while
experimental erosion tests were conducted by MIL-STD-3033 standard.
As a result, numerical results were in good agreement with the
experimental data, and it was obtained that erosion performance on the
shield surface of AISI 1020 steel material is better than Ti-6Al-4V
titanium alloy material.

Keywords: Solid particle erosion, Computational fluid dynamics,
Helicopter blade, Erosion shield, AISI1020, Ti-6Al-4V
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erozyonunun HAD ile analizleri yapilirken genellikle en iyi Malzeme sabiti ecel Tizey Yalzemesl
. . ~ AISI 1020 Ti-6Al-4V
yakinsama ve hassas sonuglar vermesi nedeniyle ‘Q 7 SST o 2187 2308
tirbiilans modeli tercih edilmektedir [11],[21]. Bu ¢alismada, K 4.021x 108 1.689 x 108
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30 1.021 0.788
45 0.871 0.701
60 0.724 0.559
90 0.503 0.488
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Sekil 7’de ise AISI 1020 celigi ve Ti-6Al-4V alasim
malzemelerinin partikill c¢arpma acgisina gore erozyon
degisimleri verilmistir. AISI 1020 geligi 30" ¢carpma agisinda, Ti-
6Al-4V titanyum alagimi 20" ¢arpma agisinda en koti erozyon
performans1 sergilemistir. Malzemeler en koétii erozyon
performansi sergiledikleri ¢arpma agisindan (20-30 ) sonra
literatiirle uyumlu olarak 90" ¢arpma agisina kadar daha iyi

42 Sayimoadlel in dogrul anmasi

Carpma hizina bagh olarak AISI 1020 celigi ve Ti-6Al-4V
titanyum alasim numunelerinde elde edilen deneysel ve sayisal
erozyon degerlerinin karsilastirmasi Tablo 3’te verilmistir.
Tablo 3’ten de anlasilacagl lizere tiim c¢arpma hizlarn igin
deneysel ve sayisal erozyon degerleri birbirleriyle uyum
icerisinde elde edilmistir.

erozyon performansi sergilemislerdir [7]. Tablo3:1 ) 3) prc m-68-ABEAE Aﬁé | QBESET
160 e OAUa OAl AOT UUI1 OiI1.061 AOal al
160 ——Ti Erozyon Orani (m;
g 140 oA C"’Hrf’z’fa AISI 1020 s (mE/E] Ti-6AL-4V
E 120 Lo (m/s) Deneysel  Sayisal H(Zia Deneysel  Sayisal Hzota
g 10 ~ RENN 100 0.451 0470 4213 0.341 0340 0293
© & R 127 0.797 0.800 0376 0.600 0590  1.667
S & T, 170 1.629 1510  7.305 1.160 1159  0.086
8 wt// 210 2.368 2400 1351 1.870 1.887  0.909
w bl 250 3.456 3.520  1.852 2.810 2.823  0.463
o b . . . . ‘ . AISI 1020 celigi icin deneysel ve sayisal erozyon degerleri
0 15 3 45 60 75 90 arasindaki hata, 100 m/s ¢arpma hizinda % 4.213 ve 170 m/s
Carpma Acist (%) carpma hizinda % 7.305 olarak elde edilmisken Ti-6Al-4V
SAEEl xd KAODIA AeaOal A GEOAILKYdm Kin WO/ ve A78 mfs sargma hizlarinda
AAGERELOAGE) . 6 deneysel ve sayisal erozyon verileri arasindaki hata ¢ok diisiik
seviyelerde elde edilmistir.
Sekil 8’ de erozyon testleri sonucunda erozyon numunesinin
metalografi mikroskobu ve tarama elektron mikroskobu 43 Malzemelerin hel i kopter pali asin
altinda incelenmesi sonucunda numune yiizeyinde elde edilen yluzeyindeki kati1 partikil ero

8(a)’dan da
olusan  hasar

gosterilmistir.  Sekil
ylizeyinde

mekanizmalari
lUzere numune

hasar
goriilecegi

mekanizmalar1 kazima, ¢ukurlasma, mikro kesme ve plastik
deformasyon olarak elde edilmistir. Sekil 8(b)’de numune
ylizeyine yapisan partikiillerin numune yiizeyinde olusturdugu
detayl

plastik deformasyon hasarlari olarak

goriilebilmektedir.

AISI 1020 celigi ve Ti-6Al-4V alasim malzemelerinden olusan
helikopter pali asinma kalkani icin 230 m/s partikiil carpma
hizina sahip partikiillerin kalkan yiizeyindeki birikme hizlari ve
ylzeydeki erozyon hizi degisimleri Sekil 9’da {i¢ boyutlu olarak
verilmistir. Sekil 9(a)’da goriilecegi lizere partikiillerin birikme
hizinin yiiksek oldugu yerlerde erozyon hizi degerleri daha
yluksek elde edilmistir Sekil 9(b).

Birikme Hizi
[kg/(m?.s)]

P 9.554e-001
8.957e-001
8.360e-001
7.763e-001
7.166€-001
6.569e-001
5.971e-001
5.374€-001
4.777e-001
4.180e-001
3.583e-001
2.986€-001
2.389e-001
1.791e-001
1.194e-001
5.971e-002
0.000e+000

-

()

Erozyon Hizi
[mis] Ti-6AI-4V

5.051e-007 I

f— =

-aﬁi'

(b)

AlS| 1020

.
]

3.4726-007
3.157e-007
2.841e-007
2.525e-007
2.210e-007
1.894e-007
1.578e-007
1.263e-007
9.470e-008
6.314e-008
3.157e-008
0.000e+000

Ugp): AT UUT 1
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o AEE®) veolD)® A 1) 3)  pric-BAFEA ] Klpkh DA | b) o
i Al UAT AT AOET AAT 11 0hAT Ahgli A EA b 0AGGEE|P
€eAODIi A EaUg EeéEI DAOOEEI T 1 AOET mis] 8 OA
Ui GAUAAEE AOoT uuili EaqUa AAgaglagll ‘ = \) | = 100000 A|JOAE
CEOOAOEI i EROEOS 0 Al AGOOTI AEI G = AHSBSSQ'JE_EOA
AGOOI O1 AAT Al 1 AUg DAOOEEI T 1 AOET U AE
OAOGEUAT AOAA 11 KPoulolgede PartikitleArE ET  p 1 77.778
eAODIi A AégOa wn) AEOAOal AA T11AC 66.667 E|g Ug
AAgAOI AOE Ui EOAE AiI(AA8 ABKEI | AGHD 55.556
EAI EAT a1l a1l AHBwg ADAOCEFIEGATI AGEITA AEOF AR
e AODI A Aeagl AOgT A AAgiag 11 AOAE AOI ' AA AOOI A
OAUA AUAIT T A 1T110h00608 0AI AhaiiA 33393 PTCT
e Al E-BAET 64 EOEOAT UOI Al Ahgigl A CEOA 22,222
DAOAEI Oi AT 6a CEOOAOI EROEOS 1111
§ 0.000
1 o AEE] $pAQiOUiT 17TAAIET AR &6AODI
numune ytizeyine garpan partikUIl&vOEl _EauU OA UEO
_osf AAgal ga): b6 AD®ARBL (che m(diwTi
(\2
% 06 =
=2
©
o 04 F
£ 0ADOEE
D o2l \ [m/s]
\ 230.000
o qu«
S R EAr 9?53Aéi§5131$ 178.889
153.333
(a) L 127778
102.222
oos 76.667
© [ 51.111
o0 H 25.556
- TN 0.000
— 0.36
> o AEE(APEETI DPOAO 01 01 O DPAIE Ahaglli A
Dol [ partikillerin EEE OA e AT UGOI 6 EaU OA
Fe) r h
B [ —— Ti-6AF4V
og2 | ff AISI 1020 \ . o o 5 ’Sv)nuglar o o o
L "0 eAl 4 BAA MG T -GAAIGE oOFE O UDE Al
0 B i AT UAT Al AOET ET AGAWDgI T B AKOOEEATI g h ]
Kalkan9 | EOAET EE () | OAE eAOPIi A EqUi AOg OA Aeal AOg hAOOQI
I'1T AOAE AATEOI ATTEROEO8 di AOGA 11
(b) AEO EATEET DPOAO 01 61 O DPAITETET A
Ao e AQELOAT QL. AO on | A0 Aek@mi A ARk
@AEEl pnd 1hallA Edipeskiian ool 2R EFARMOLRBT 0% “TT aohe ARl ol AT
UTUAUAA  AE QB:EAOA UD4 Ua EQUa ﬁAﬁ%]%A@ﬁOAJ eAlahi Al AO ahasal AA A
(s Aol uuil AjzgplALA‘[lAAlglAAgg,lolq&é,géogew Ahal LA L. . .
I"E'AI’ EA--I a Ul UAAUIAOE i U%OEI AAEE DA&IQ EK%ts alrf)lzr%inalrznfgi k{ﬁléﬁ‘nﬁ%@b%i%r%lxljrzekl .el OAEE
EaqU OA U EQ[ I (;qu OAQ&EI A | quﬁAOapA pPGo énodellenebilmektedir,

A B N o o 3 2. Helikopter aginma kalkaninda AISI 1020 celigi,
c AEEAATp p&EOCI 1 AAET AR o e A GEIAA  Awa) @ ari-6AIMV titanyum alagimina gore daha iyi erozyon

PAOOEEI 11 A0 101 0T A Ui UAUET AAT  CA OEpdrbrménk goQddmektdiit, 04 OEAT AEg A0
e AODI A Aeagl AOgl AA Ui UAUI A DAOOBE iTi-6AlADtitankumhAlyani vAMSE1B20 & @BprhaA
AegOal A Agla 11 ABAH ADAOGH BBIOQ ARA OBMREI3e° arasinda en kotii erozyon davranist

AAg
AAAOAE 1061 OT A Ui UAUET AAT OUAEIT Ahi 3 fdgibiricad®8 " OT A EAOhal h DAI

AhgTi A EAITEAT g Ui UAUET A &AODAT 4 DHdOEdrah] khtAparékiil carpnga UibiAifkinarus® A
UEOI T CAI AOE Ahgl i A EAI EAT g CAT i AOQEsPHaaRonethdedecde drthak@ivE ET Al T E
AAOAAAAA AAsEREI CEOOAOI EROEO a AEEI pg¢g 8
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