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SUMMARY

Thesis name . Effects of Steps orthe Performanceof Torpedoes:
3-D CFD Analysis

Nameand Surname : Bilal ULU

Supervisor : Prof. Dr. Mehmet Ali BAYKAL

Field : Defence Technology

As a result of rapid progress in defense sector and rapid development
in computer technology, Computational Fluid Dynamics has become an
indispensable methadd the development of the existing systems. To reach cost
based solutions and more efficient technologies, these methods are widely used
in engineering calculations. By using Computational Fluid Dynamics, results
that are close to real are obtained withany need to high cost experiment
pools. Complex computations that are hard to solve by other methods are
solved easily. By using these programs many types of engineering areas can

reach rapid and efficient results.

In this thesis, to an addition to togue ship; performance effects of
step applications are analyzed by checking pressure, turbulent kinetic energy,
velocity and force parameters. In high velocities, behavior of the geometry
with step and the change of step diameter are interpeted by thecdatas

from the program.

Keywords :Torpedo, CFD, Fluid Mechanic, Steps, Analysis
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n teé¢rbel®Mns Kion

..... L.n..hez..deder | er i

0n.K.s.me.p..a9%k as é t

J.n...has.én9 dejer
in te¢ér b.g9Bans ki

n..h.ez..de6 er | er
b.p.l..a8.0.2.p.0.96U K U Mu

i.n..haséen9 dejer

in te¢ér b.g97ans ki

n..h.ez.de/7q erl er
l..0....s.f.e.p...@7r kasé
analiz verileri
.n...b.as.én.:..98dejer |

n te¢rhbel.®Bns kin

..... L.n..hez..de98er | er i

Nn..s.t.ep..a®9k as é t

i.n..haséen99 dej er

idefer bhg®anbsnkd

..z lL.n..hez..dederl er
l...0.....s.1..e.p..1@&0r k as é

i.n..hasemnmoed dej er

in te¢rb.éldlans ki
eir.i.n.i.n...d.adli ki mi
l...0....s.f.e.p..1@r kas é
analiz verileri
.n...b.as.én.:102dej er |

n te¢rbelld2ns kin

..... L.n...hez..dep2er | eri

kekil 145 V=15 m/ sn i
MODEL 4 (D2:580mm)i - i n g°rsel
kekil 146 _ V=5 m/ sn i -
kekil 147 V=5 m/sn i -
kekil 148_ V=5 m/sn i.
kekil 149 _ V=5 m/smsiae
kekil 150 V=10 m/ sn i
kekil 151 V=10 m/ sn i
kekil 152_ V=10 m/ sn

kekil 153 _ V=aookamgant §
kekil 154 V=15 m/ sn i
kekil 155 V=15 m/ sn i
kekil 156_ V=15 m/ sn

kekil 157_ V=15 m/sn i
MODEL 4 (D2:600mm)i - i n g°r sel
kekil 158 V=5 m/sn i -
kekil 159 V=5 m/sn i -
kekil 160_ V=5 m/sn 1.
kekil 161 V=5 m/sn i -
kekil 162 V=10 m/ sn i
kekil 163_ V=10 m/ sar|j
kekil 164_ V=10 m/sn i
kekil 165_ V=10 m/ sn i
kekil 166 _ V=15 m/ sn i
kekil 167 _ V=15 m/ sn i
kekil 168 _ nVHhESY md/ejreril.
kekil 169 _ V=15 m/ sn i
MODEL 4 (D2:620mm)i - i n g°r sel
kekil 170_ V=5 m/sn i -
kekil 171_ V=5 m/sn i -
kekil 172 _ V=5 m/sn i.
kekil 173_ V=5 m/sn i -
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kekil 174 _ V=10 m/ sn i -..n..bhas.enb3 dejer
kekil 175 V=10 m/ sn 1 -in tg¢grhgld3ans ki
kekil 176 _ V=10 m/ sn i..d.n..héz.deq erl er
kekil 177 _ Ve OamkK assé it d.mb.slt.ansl0d | ukum
kekil 178_ V=15 m/ sn i -..n..bhas.eno4 dejer
kekil 179 V=15 m/ sn 1 -in tg¢rbigldbans ki
kekil 180_ V=15 m/ sn i..nd.n..héz.de5 erl er
kekil 181 V=15 m/ sn i - i.n..s.t.e.p.1l@r kasé
5i -in g°rsel analiz veriler:i
IV=1582m/ sn i-in baseén.:..delj.er.10ér i ni n
< I 183 _ V=5 m/sn i-in tg¢rbell@dns kin
k e I 184 V=5 m/sn i..d.n..héz.depeer | er i
kekil 185_ V=5 m/sn i-1in..t.or.pil.do’7 etraf
kekil 186_ V=10 m/sn i -..nh..hasénd7 dejer
kekil 187 _ V= 10m/ksrenierijn tder edd7eemrs nkin
kekil 188 V=10 m/ sn i..nd.n..héz.deg erl er
kekil 189_ V= 10m/sn i -i.n..t.0r.plild8o etr a
kekil 190_ V=15 m/sn i.zd.n..heéez.deg erl er
kekil 191 V=15 m/ sn 1i-in tg¢rhbglfQans ki
keki
keki

I 192 Vséb-mdehert t.eni.b.bn...de9 i ki mi
n

I 193 V=15 m/ s i - i.n..t.Qr.pild9 etr a

Xiv
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1.GKRKK
Torpidolar g ¢ n ¢ rkgdarfear k1 & gt¢a-slaerredre veer et i | mi

ihtya - | ar é doj rul t utseumid a e nSvaavrutnenral e ISi 8 e (
Torpidol arl a il gliilt eraditga&rmmecl el eednadri |y anpdéel a
tahri k, aplaé&nvdd ek ekadysa i € jbigisayar teknolojisinin

gel i kmesi naenglairzal prl cedorgarmcaraés y gap e ht e kK ene
g°r ¢l megeegmremegzde geli ken savak stratej
kull anél maseée i -1in dyéKumg |-¢arlséek maed vacr uetn tod

czerinde artée dejer katacak her bir yel

ka-énél mazder .

Bud¢k¢gnaecéwnlve, step uygul amal amrfenén pc¢
ol d ujAnsysuNorkbench Fluentp r o g kullanéérak g © st er Stépmi Kt i r
uy gul amalsde tfddenp i d 0 %3%ilpatp ddacde] i ken f ar k| €
b¢yekl ¢kt ekiorpbadememi bak késméndan farl
ol ukt ur velderencsiel diilj e .&rmlegpk edypd leadmaseée il e
torpidonun hareket halindeyken ®&uep ar
bl gel erde de]j i kleperforsnansat & ntmer de tr lkeinl- @ reirn
gerebil mektir.

¢al égkmaddtl gp uzumwd farkkllaér é s dapndeb ¢y ¢ k|
torpido modellerive kar K €l akt ér ma yap adstepdizbic e] i mi |
torpdogeometri si.Skapllianéelamext &rt gp2POl)z - aps
dej i Ki me el a@dtei¢ er ¢ ® rlderedilen analiz veriletiablolar ve
grafi klerle desteklenmiktir.



2TARKHCE

Latincede wuyuktur mak, omda se@dm@mmenmek e
pervanesibulunas uy un glst ¢ weyhdavadas uy abileat éldg meni ni
ve pervanesini kullanarak hedefine ilerleyem,tpl a p&@ €9 ansuadak € si | ¢

tanéml.anGe2rkdlérol arak deni zaltél at.énda, :

Torpidoileilgili i | k - Buriye@nilgglnHasan ERamaht ar af éndan
1275 yél énda yapélméek -izimlerdir. Ra ma
roket¢, zer i ne. Kolkeyndnt ye | | aortdiap --eaxliét«lanioa | parro ty ¢
al anda h a8 &l éaxdeadl daalr aar tééenlamlatkgdi érrkli m$ nd e ;
sil aheén S u alténda patl amasénégrou gemiy
dojrultuda gelikmel er i lh@éundaknékmayeéndz
saplayép a-éldektan sonra ya da mayén
Kekl i mdee dpPrkatimk kt gFr ékmal at obphadaol a&sré k €K
ol masmaen rajfenen verimlerin al é&nmamasé
48 barda ha8 akislek exa, B3 &y d@gx b@ e nEN RO dla
180 mt. gideben A Aurmhmt i v e T or p ¢opidotar Awustueya d a
Donanmas é namayvaep ek ul |.EAE kL MbRERT 0l 46cQ@Ccak a ma
1877de birOs mavapurgo | an ¢emisii8bHra 8 Os-Rasn| $andaak!| ar é
otomati k tahrikli trewtpurdoyl a bat ér él an

*www.wikipedia.com, aranan kelimefi Tor ped o 0
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kekii 11870061l 1i yéllarda yapeélan tor
Té¢rkiyedbde torpido konusundaki bil i

ol ar ak 120 sene nce Osmant ar ab cemamm:e

ger-eklexktirilmiktir. Temel ol ar ak Ru :
patl amamék Kngiliz yapéemé torpilin ter
-ekitli sebeplkerle ilerleyememiktir

*http\\uskudar.bi , aranan kelimefiSavunmasanayio
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Torpidol ar ; sekektérel mék hava, sé
ve éslak esétécele sistemlerle itik gg¢
me s af e al Topidokaratatpido bhomndan, torpide o v a n @estrbygemn
deni zalteé) ve hava ®Bi a-Ilo&r érednarnz aktuevlvaeht
ajérl ékta torpido kullanmaktadér. Bunl a
Hafi f: Genelli kle hava ar a- (Fats, 0dgdan keés
Ajér: Uzak hedefilalarht eli @r genel de

Farkl é& -aplarda torpido ¢retimleri
324 mmHafiftorpi dol ar i -in eh-zekdkull aneéel :

406 mm SovyetASW Torpido- a p € . Bu t o Bqvyettlaiel, ar én t

Echove yeniDeltas énéf & deni zalteéel aréna, nd33 mm |

450 mmEskiJaponyal eni z kuvvetl erinin hafif |

-aplrar édeé

533 mm Aj] ér torpidol arcefl len Dg¢onky ak ud al vaar
M¢cttefi k t oJapmyadoelnairzé , k uBssvkeit | eri nin bazé
Deniz Kuvvetleri tor pbBayetNeRusteq r (NIA®Il d ro& p

610 mmEskiJaponyad e ni z kuvvetTiepi @3 nt dupi daol

650 MmEN geni kK t Busgpe rdioz -lapvewde&Emip6dr it ar
tor pi dlodlalr@&mallaér

*www.wikipedia.com, aranan kelime i Trop e d 0 0

4


http://tr.wikipedia.org/wiki/Denizalt%C4%B1
http://tr.wikipedia.org/wiki/Sovyet
http://tr.wikipedia.org/w/index.php?title=ASW_Torpido&action=edit&redlink=1
http://tr.wikipedia.org/wiki/Sovyet
http://tr.wikipedia.org/wiki/Hotel
http://tr.wikipedia.org/w/index.php?title=Echo&action=edit&redlink=1
http://tr.wikipedia.org/wiki/Delta
http://tr.wikipedia.org/wiki/Japonya
http://tr.wikipedia.org/w/index.php?title=II._D%C3%BCnya_Sava%C5%9F%C4%B1nda&action=edit&redlink=1
http://tr.wikipedia.org/wiki/Japonya
http://tr.wikipedia.org/wiki/Sovyet
http://tr.wikipedia.org/wiki/Rus
http://tr.wikipedia.org/wiki/Japonya
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3. G!N!M!Z TORPKDOLARI

G¢engmegzde geliken teknolojiyle para
gel itkenkknko|l oj il erl e donatél mék torpidol a
al mépbaka. - o0k haberl ek me Si st emigrede y e
torpidolar i-in y¢ksek héz ve y¢gksek hi
sistemini g¢-1¢ tutmak isteyen ¢l kel er

edimektedirrBu anl amda Rus 6fiBhkvae(supersazitatinglipi ol d uj
torpdove Al man yapémé fABarracudaaPep@mn @avi
-al ekxmal ar éneén Buradab ugruqn ¢y aplémiek tsuirv.r i ar
gevdenin bir hava ~cebi I -inde gitmesi

i -erisindekinéint iggicrgin¢p &tull dyaeaega&k yapar.

230300 mits a a t h e-20emil dnanzils gidébimektediBe nzer - al € Kk m
°zellikle ¢in, ABD taraféendan da yojun
kull anél makta olanosadedcah®&i vasdeer Ba
kul | ameévccéustét ur : Rusya, ¢in ve Kran

Turbtilans direnci
Siradan bir denizalti l

— -}

Superkavitasyon v‘,

Roket Hava NN
Motoru |

—

.,_/ , Kavitator

’ burnunda hava
2 olusumu

k e Ri 3 ¢epKavitasyon

* http\\uskudar.biz , aranan kelime fiSavunmesanayio
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T¢rk Deniz kuvvetlerinin kull anémda

toplam on¢- -exkit i1ithal torpido mevcutt
alté hedef mé&r kezli -al ékmaktader
Cumhuriyet d°nemi boyunca da b u é
gP ¢l ememektedir. Son ol ar ak 2009 yel e
faaliyetlerin yapeéldéejé duyurul muxktur.
Roket san, Armerkom arasénda 2009 ve 20
geliktirillmeemn aviom @d] eriinde bir s°zl

AAkyao ol masé beklenen torpido 533 mm

geliktirilmesinde T¢gbitak, harp baxkl é]j
sorumlu ol acaj & bideidevamestmekeedri r . Hal i hazé
Tahrik Sistemi

----- Jetpompa pervane

’ Kordon Baslangical e |
Konnektor
Ayirma

’ Enjektor

,,,I,AA,, ) IBoyler

Yonlendirme ve Kontrol Sistemi

Alternator
Turbin ve Digli

‘Besleme Suyu

Deposu
Kondenser

Termal Pil
) SF-6 Tank
2 Enerji Santrali Kontroli

-

/_/‘/_“ Savas Bashgi

k elBiBirtorpi donun ke mg@itd,2004p° st er i mi

*http\uskudar.bio , aranan kelime fiSavunmesanayio
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4AKI KKANMERANKJK ve HAD ¢ALI k MAL /

4.1 Ak é k k avire Ik a mDerjklemleri

Akékkanl ar mékenijik)] eankBkkadurgun (:

(dinami k) durumunda incelenmesini I -eri

Buge¢n akékkanllarmsmd k avrei jtiekni k ej i ti
sayél maktader . G¢e¢negmegzde akéekkanl ar me

kadar -ok genik bir uygulama alané bulu

Ge-mi kte karkeélakélan akék sorunl ar
matemé i k s e | y°ntemler kullanél mék ancak

akéekkanl ar yerine s¢rteéenmesioz akeéekkan

kur amsal hidrodinami k doj muktur. Fakat
sorunl ar eénan¢glthyemad &sjléeeri -diemeysel yol |l ard
-%zmeye - &l ékméexl arder

Bu -al ékmayée daha 1ivyi CCxyomuaey atki |

t ¢r b ¢Me tamiseladk BeekRe yno |l dda sdgyleisle éwmakalketw
kavr ael lairgérake k

Bu be°l dmare Rkh&kreeketi ni kKaammll arz nredkrerki j
temel diferansiyel denklemleri verilecektir.

*Akékkanl ar Mekani i ders notl ar é, Do -



41. 1 K¢ tdruaumunan dikeransiyel denklemi

y
I /Kontrol hacmi
1
1
1
]
1
1
1 3

Pt dy dz —f S E - [pu+ 5= V’u)dxjdydz
f“:}_———_# T g
!1' £“
7
/ dx
k e ki Hartezy@k oor di natl arda k¢tle girik ve - @

go°steri mi

K¢tl e akék terimleri é - giri kK ve ¢-
czerinde old&xumsad&e&ki k¢t e akékéneéen f
g°esrtmekt e ol up, dijer Ayo vedézg°®°ygPagm
gerekirse( Yél maz, 2007)

Yiin Giren Kiitlesel Akis Cikan Kiitlesel Akis
X pu dy dz pu + f ol :a’.r} dv dz
i dx
y pvdxdz pv+ i— pvdy |dxdz
ay ]
z pwdx dz pw+ :— aw u’:] dx dy
dz
B 4.11)
Tablol K¢t e k@ kKenhreandiexki i fadel eri

Téeém t emel di f er aelemnangat denetomehadml yarda e r y

el emansal kiséilsereenk dig¢egretil ebilir. Bur a
t¢retil mesi anl at él madan dojrudan veril
denklemiaa] edaki gi bi i fade edilir.



,,,,,,,,,,,,,,

ap . - _ eeéeééééceeceeeéeéé . (4112
—+div(pV)=0

ot

Sonsuz k¢-¢k bir denetim hacmi i-0r
hezén s¢rekli fkdmd a&kiayp @amil rar k aod ula s § e rdeek t
sékl ékla s¢reklili k denkdaemya deodiaianr ak a

ol mayan, s¢rtéomemeblzd € p@lkakmikl B arretl ypandeaz scelka
S¢rekl il i kajdeedrakkiie dhendaha a-ék bir for md

a—p+ilpu)+i(p.r)+i(p-w):0
2

o ox oy 0

,,,,,,,,

4.1.2 Momentumun korunumunun diferansiyel denklemi

Akékka nl ar mekanijinde di f eaxkajnasd yleil
formegl | e (iYfeddna ze di210i0r7.)

Mo ment um denkl eminin t¢gm bilekenler

op or, or, or., (ou ou  Ou  ou
lf.:' Ig'. _1— T - t - t _‘-' = If.:' e 1 H_\— + 11-\._ W -

ox olx oy (-4 i cx oy oz )

op or_, oOr_ or_ ‘ov v ov v
pg——t—t——t——=p - tu_—tv_—tw_—

v cx oy oz \ o i v Oz |

oP ot oOr. Ot (ow  dw  dw  ow)
pg.——+t——+—+—= —tu—+v—+w—_—

e ox oy 44 o X oy oz | .

: ' : ‘e (4.12))
Yukaredaki momentum denkl|l eml er i
hareket. i -1n ge- er | viskoo benlpe térimlerilile a k é K k

karakterize edilirler.



4.1.3 Newton tipi &ké kK k a n  {Stokés dnklemieri )

Newt on tipi bir akekkan i -1in

kat sayeéesé
denklemind® | u Kk an

vi sko

viskozite &l @ -0omanit-é | adyeut.l uS

kayma geri(lYreelmaz, nih0®%)ek i
ou - ow
T, =2pu— T, =2pu— T.=2u—
(R v oz
. )
ou o cw  cu
T, =T =i — H—‘ T :T-,z.”[ - J-.
OV \Ox ¢z
(dv o
r_=T :.u[ﬁ—+—
\ 0z O

é é .(4.13.0

keklinde yazéla&leiklkiarn. i Néewt ona laint yoj L

durumunda diferansiyel denklemi yeni den

] (6°u  u  Ou due
pg ——tp—+—+—|=p—

ox Lo oz dt

~ (=2 ~ 2 2

) av dv dv dh
P g.—1—+.“[“'ﬁ *“J=ﬁ—

dv \dx~ av  dz dt

rrrrrrrr

Denkl em t akeéemlanmléareél dte¢ reedtielni rC.vle. M. |

(17851836) ve Sir George G. STOKES(1819 0 3) 6 a

a-$tdkes n Navi
denke ml er i ol

arak anéel érl ar .

10



4.2.He s a p | Aknmeakl kéaDn h a nfHAD) ve AnsysFluent

HAD; akekkanl ar mekaniJi probl eml er
sayésal y°ntem ve algoritmalareén kull ar
Bu y°ntemaele ol arak ¢ - ana denklem (sg¢
d

hez, secakl ék dajél émlarakveéei buok av amie
0

D

nkl emleri) esas al énér ve bu denkl em

jmeghendi sl i k priobkemmagéebimej é nedeni
-%z¢l ememekte ancak geometrinin sonlu
-%z¢l ebi(l Yelkmeaea,i r2007)

Genel olarak HAD 9 nt eml er i yakl akéek bir he
anal i ti kt asm nkui-r gkeébsi nl i kte -°z¢mler ol
hassasiyet. hesapPamelii-Ritngdéeskei n el e ma
b¢yeéekl ¢kl eri ntegr | kkogn upnelng r échar,t gen t emel
form¢gl acdojnumnsaal ) Baff&edenmzvys 2007)

Bir HAD uygulamag rdt® t emel akKkamadan meydana
L ¥ni gkl em geometrinin ol ukturul mas
hesaplam8 r g¢s¢neé¢gn ol ukturul maseé, sénér kKar
2. ¢°z¢m; pr oyl geum n bitrer ¢ ne®z¢m y

ol arak hesapl anmasé.

3. Sonu-1ar ; -%z¢mde el de edilen sonu-1 a
4. Deneysel dpr ul;ammazé verilerin deney son.!
sonu-yleatreernl i hassasiyettealod d@uM @alsuanz ,do
2007)

42. 1 HAD nerede kull aneél éer ve ne zaman
1 Hesaplama ve tasarém -al ékmal ar énda
1 Deney yap | mas énén gé - ya da i mkOnséz

modellenmesi,
| Aké k kan f i zyiejnii hkaukrkaémldaar én gel i Kt i ri |l
1 Mal i yet etkili kwWwlzlgameelrérger ekt i j i nd e

11
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4.2.2 AnsysFluentya z € | é mé

1 AnsysF | uent programé genel maksatl e h
pr ogr aFnméudeenrt ., sonlu hacimler y°ntemini
genel ama-1é& bir HAD yazéléemé ol arak ¢

beyaz ekya endg¢gstrisi, turbomakina (f e
vb.) end¢strisyjy&cenwaemdggthri ird imidgnb f
bir-ok end¢gstriye ait akéekkanl ar me K :
-%z¢megnde kull anélabilir

Program 3 ana késémdan ol ukmaktadeéer.

1 Hazérl ék késmeé, burada olukturul an
sénér «kartlareée girilir, anal i z tipi
- ok il gilendiren késméder. Burada he

ol duju gi gnlr. progr ama

1 ¢t°z¢m késméenda, program hazeéerl ék Kk
bel i r tenklemi rmsistamleriyle- © z er . Bu -%z¢m
aj y aplélgisayaEemeé zenveg¢egcene bajl e ol ar ak
Bi r ka- rdhaftayd kadarysrkeibi | i r .

1 Sonu | ar késménda, -°%z¢smde bul unan
kal it eboyutiud e¢ zeey |l er haci ml er ol ar
i ncelenip dejerlendirilir.

ANSYS FLUENT xpiafziesel moddlemg kapasitesine sahip
olupale,k t ¢rbegl ans, i & ymmaEms fue raik HKeasmapléa
akektan bir férén i-indeki yanmaya, kar
tasaréméndan, at ék fsaur ka réyelamaldrgdasansliz s | er i
i mkanl ar &na sahiptir

Geli kmi kK -9z¢c¢s¢ sayesinde hézl e ve
bu -°9z¢c¢ hareket edebilen ve defor me ¢
ve paralel i K| e ans &abili/etiti de synsnakigd( Y@ é miaar m
2007; Keéele-, 2012)

*www.figes.com.tio , aranan kelime fiFluend
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4.2.3 AnsysFluenti Kk 1°erng ¢ S ¢

Anal i z -al exmaseé sérasénda izl ene
czetl enebilir
KATI MODEL ISTENEN SONUCLAR
OLUSTURULUR GRAFIKSEL VE TABLOSAL
OLARAK ELDE EDILIR,
" YAZDIRILABILIR.
"ANSYS FLUENT
GEOMETRY" f
SEKMESINE ANALIZ SONUCLARINI
TANITILIR GOREBILECEGIMIzZ
"RESULT" SEKMESi
" ACILIR
MODELIN iCINDE "
OLACAGI AKISKAN o o
MODELI, VISKOZITE, YOGUNLUK,
‘, SICAKLIK, ALAN, ANALiZ METODU
SECILEREK ISTENEN [TERASYON
SINIRKOSULLARI SAYISINDA ANALIZ BASLATILIR
BELIRLENIR '
"ANSYS FLUENT ANSYS FLUENT
MESH" SEKMESINE SETUP” SEKMESINE
GECILIR GECILIR

SINIR KOSULLARI VE
YUZEY MESH
AYARLARI YAPILIR

kelbi | ANSYS FLUENT iklem °rg¢sé

13



4.2.4 Torpido optimizasyonranaliz-dizaynp r o g r(TaOA&)

Ar-Ge kapsaménda yurt dekénda far kI é
czerinde -al ékél maktadeéer . Bunl ardan b
analiz ve dizaynén birlikte d¢gkegnegl er e
her bi r bil eken czeruitnban d@aeg r @analyir2 rmhoc
kull anél arak istenen di z(Fig,R004) ukt ur ul m

TOAD progr amé torpido araktér mal a
i -in ©°zel ol ar ak g@®lmext ikaaldrei] k€ kb ivre pJrz
Si st eml eraib alraastaurveammn &L ve Donanma Deni zal
yapél an P Kbirli7Ji il e gel i ktirilen 0

kol ayl akt ér an
b¢gt-e 1 -in en

performansa sahip

GMC) Boyutlandirma
Direnc Modeli [ ) Boy

(ASDLEN ) Shaped Charge

modg¢l er bir

d¢KéKk

mal i yetl i

progrramdEeér

torpidoy

torpi ddghitg,2004)1 makt a Kk

sensor
(ASDL & NUWC)

4— Savas Bashg Toplu Sar]

) Warhead (NSWC)
Akustik Model {NSWC) ) o
(ASDL) Imha Kabiliyeti
(NSWC)

Piston / Tlrbin Motor

Hiz ve Kontrol (TECAP-NUWC)

(AsBL) SCEPS Motor

(TECAP-NUWC)
Kumanda yilizeyi
boyutlandirma ve manewr:
(ASDL)

| g Enerji Hesaplama
{ASDL)

4— Elektrik Motoru
(NUWGC)

4 |MP (NUWC)

Pervane
[TECAP-NLIWC)

k e ki TOAD Yetenekleri

Bu programileto pi do

tahrik si

st emi

(g¢- yo
sSson

ma k s i mu m ahpEriormang, kavigasyongipi
edi | aredrt rag (Frisgd@yma |

torpido uzunbi j u ,

°lgd er anali z dej er |
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Hesaplamalar;

o _ m ) ' ) I‘ 'IT
Sw=7D (’1"1 AR el L D

Co.=153,vzs,
feplaTwggééééeééééceeéeéé(4422.

. 0.0776 6i)

f = - 5 T

o Fi g — bt Y s 7
logio(H: —L88)"  H. s s 66666666, éé(43)2.
V.L

Re=—

V=5m/sn héz i-in;hesaplamal ar yapeéel
Sw="/4x 5@B31)XX¥6aAo=m0xxee)f) : 0.1 al én
sabittir)

Cd= 533 / (1/2x1x@248x9. 0375)

El de edilen diren- kat sayésé (Cd

edilen verieri | e kéyasé¢ihboomddéegendafarkl e torpi
V:5m/ sn deki direnel dgfBayébalrEna -ok
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5. ANALKZE GKRKK

5.1. Ka tM®delOl ukt ur ma
Anali ze

belirlenerekh e r ha n g i
piISod ri alm\éo r &kl&kaurpatka g BE=H3E MMe r .
uzun!l ofopidokat éliwebederd ul a

model | eme
-lE=@ 0O v mm.

sonra analizyape | @a s ¢ ¢ etgphoyutla néa

déKkK

edildi. B u

modeli de & n é

Analizl erde su i -erisinde torpidoya
kat el maknag kétdear .t abl odadmoaeb®regled pgpd egi Ibia
yéksekl i ] i ne6plotaipile stepdizogold Sen/snd 10m/sn-15m/sni

stepli

bir

model |l erl e

héezl ar

bakl amadan

kat é

i -in

40 m/srh € z led rdcka e (@ablb2ni Kkt i r

°nce,

mo d e |

torpido i -

progr ame

of Carr e& pré@otipklde

keyas!| amak

a n eftilar sun uel dmul knbi ukr .

\

ANALKZK YAPI LAN TORPKDO MODEL

MODEL V (m/sn) | L1 (mm) | L2 (mm) | D1 (mm) D2 (mm)
10111213 5 6000 500 533 550580600620
2.02.1-:2.2-2.3 10 6000 500 533 550580600620
3.03.1:3.23.3 15 6000 500 533 550580600620
4.04.1-4.24.3 40 6000 500 533 550580600620
5.05.1:5.25.3 5 6000 1000 533 550580600620
6.06.1-6.2-6.3 10 6000 1000 533 550580600620
7.07.2-7.2-7.3 15 6000 1000 533 550580600620
8.08.1-8.28.3 40 6000 1000 533 550580600620
9.09.1-:9.29.3 5 6000 50-500 533 550580600620

10.010.2:10.210.3 10 6000 50-500 533 550580600620
11.011.2:11.211.3 15 6000 50-500 533 550580600620
12.012.2:12.212.3 40 6000 50-500 533 550580600620
13.013.1-132-13.3 5 6000 50-1000 533 550580600620
14.0-14.1-14.2-14.3 10 6000 50-1000 533 550580600620
15.0-15.1-15.2-15.3 15 6000 50-1000 533 550580600620
16.016.1-16.2-16.3 40 6000 50-1000 533 550580600620
17.32-3-4-56-7-8-9 | 510152030 | 000 - 533 533
40-80-120-160
Tablo2. Analizi Yapeélan Torpido
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Analiz -al ékmasé her Dbjverilempdreojtiokteinp r
stepli -apén stepsiz -apa or anlBar é, d

analiz verileri -alékmanén ilerleyen s

Model_1
L1
L2
Model 2 (i —— ————
L1

Model 3 QullBZa e DT D

L1

L2
Model 4 (L [D2 p B

L1

l

Stepsiz @l DL

L1
kekriD° f ar k literpidoleestppsizorpidomodeli

5.2.AnsysFluentPr ogr anviesh(hp Y aPesw®et ur ul mas é
SolidWorks programenda el de edil en
Ansys Fluent prograména taneéteéel ép etKki
(-°z¢:ml akw.Br st eme t aneéefi@RWnt ikmmag ® drordeen
sabit duruyormuk gi bi varsayel ép etra
dejerl erinde har e.k(Baker, 20d4)iojre rk atbeurl | ¢e da
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yapéldejéndadidagapmaok @éerekecek ayr ec
sonu-|laré yaklakéek bir gBeemmzeakeéem!| £ Kme
ger-ekte sirke¢lasyon ketl ae lélr enrai nid-ei nd evne

edi |l mi ktir Burada da c ibgliedimetegibBut |, aké
-al deamaorpi do geometrisinin -eyrek al a
hezl é -°9z¢;me GPUdmethg& g nhémegdesr bu y?©°,
verilerine negatif Beheekat ké&séatl mama
-eyrleakndaa - al ékmanén bu vyP° Gwrelk 200lavant a
¢°z¢m ajé olukturulurken dikkat edi | m
gradyanlem meydana gel eceji b°l gel erde aj
sajl agachkeksék ol maseder. Buna g°re

yeter |l i sékl ekta ol acakk ulil-a nmé&drek eonl uykat p
gerelen se-im k°yledir; ya | aminer seéneér

da bu b°l genimd n° zdgunvéanre fFowakeunctiod nl ar ér

berakacak kadar seyrek ol maiheid€irne Ba?° 1y

daha -ok d¢gjé¢m noktasé dolayéseéeyla da
zamanger ektireceji bilindikieikkinct i ny°® btuem
uygul agKekeer 2012)

Mesh girdileri i-in bex farkl e sén
mesh girdileri ve verimli bir analiz
boyunca tarayan inflatiorg i r di | er i yapél mekter. Bu

kesménda seénéarerlkdkk ulslternég | el iirtlee asyon
bakl at él ér .

k e I8i 90derecelik alandsorpido ve su hacmi
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0.000 3.500 7.000 ()

kelWiJu hacmi ve torpido y¢zeyi i-in

kekKOl Torpido ¢zerinde g°r ¢l en mesh

kekKllLl] Torpido bak tarafé mesh yoju

19



53S nkarr t | aOl @axémwr ul mas é

Wor kbenacjhdtyeapéseé ol ukturul dukt an
tanéeml anmasé I K1 emi F 1 ybeunday tcenditi@)}e n € r k
aracel éjBuy hra@da ptéd @lr aand eotl asréanké rb ettk®lr ge s i
Bunlar;inlet, outlet torpedo, symetrylkeseni ve owgurfacédir. K n veeotitlets é n é r
kKartlae o | ar a kdir.T@pedossgetry,dumisur f ace sénér «kar
duvar s eT-¢j rl by | Kat ni sK-Oméga r(ka k SST (Shear $
Transport ¢ r b mddalia 8 - itil. mi K

k-¥ S Srfiodel duvar y ak & n éaeaswalkregiorb ®© | gel
isabetli olan k ¥ i | e uztakfield° Iseercbee st ( akl@kt an
model |l erinin etkin kekilde bir araya g

akem ayr él mas g° =ll &n epr okbd remd kea kd et gvreb ¢

ajl arénda di

é
] er te¢e¢rbelansl @ modell ere
araktérmal ar é.nf

Kanh e-hi 12i0ngkt edir

Fl uent, probl emi - © z neeltionimethagls - © z ¢ n
kéesméndan dejikik y°ntemlré8Bru sye€-nitlemd sirn
belirl enmesinde Fl uent kel avuzundan
faydal apkélmext €é2012)

¥ncel i kJ|hez ba speedsurevelatity @uple -%z¢ée¢meg 0=
bir Kemad s.e- Bumédleisapl amaCauplebepr mae& K
se-i| MBiawtéinr ., kinetik enerji vV e t ¢r b
deji kkenlerin hepsi I -in Afirst order

secondorderupwth A y°nt emiKésleé-i,| nmd &1 2)r

Fl uent Il e el de edi |l en sonu-1| ar é
yapabil mek i-in °ncelikle HADyt{yal €k mal
pl us) boyutsuz sayéseén e nberdberjba boyutsuzi i rd

sayenen fiziksel anl ame haKKenmda , K ke&Ddc«
Baker, 2004)
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yt+ boyutsuz duvar wuzakl éjé sénér te

tanéeml anmaséenda sékl ékla kullanél an b
duvar iszerinde hézén t ¢revi veyt ak ek Kk :
dejerinden bir duasrjag n éent rlad lelnara&li a n- °-z9%,:

uygun olup ol madéjénée tespit etmekte f
tabaka ajée at gl édekjeenr i anrez ug °ercei lheensapl am

en yakeén h¢gcrenin .duvara uzakl éjé bel.i

k-omega S3M yi°nitne Fl uent kelyvuzund
dej er i yakl akék-50merdlebeddindekFakat d4£]
tabakada kal ma k(Bayraktatve grkd., 2010) y gundur .

Suda y¢zen ara-larla iyt gdeéj'a800i ug+ ar
tutul maya -al éxkel er K i buradalihpa ket

yakl aktérmak delf moukt sef éra yakl akt ék-a

da o denl yYaakpl éal kaénl méikt eorlaw+¢.rd egreawt &ir-n
°neril en Kkpurroasleldasrr ivhecel endi Jjinde sonu- |
y+ i -1 n hangi aral ekl arda -ékmasé ger
al enarak analizler yapél méek VBakeri deal e
2004; ITTC, 2011)

Yapél an t ¢mucgui ridell ierr] esnoen bir It er e
bakl atél arak veriler elde edilir.

5.4. AnsysFluent Solution Verileri

ANSYS FLUENT ©programé ¢zervenleden vya
akajeda g°rfgfResulktekd |ede kdiirettei hird ek i | de
torpido y¢pkevganzelri adeu-I|lare ve nokt e
m¢ mk ¢ nDd2¢=r6.2 0 mm ,42=&@@mmstep gen K | vie V310 m/sn
hez dej eri i-in akajéeda verilen sonu-

sonuna dojrlumiawtrier ayré ver.i
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-2.910e+003
-1.049e+004
-1.807e+004

-2.565e+004
[Pa]

kekK2ITorpido ¢zerinde olukan baseén- de

kekKlBMTorpido ¢zerinde olukan t¢rbel ans ki

e -

1.171e+000

0.000e+000
[m s*-1]

keKi4dTorpido ¢zerinde olukan héez deje
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2.645e-005
[J kg™-1]

kekib| Step arkasé olukan te¢grbel al

6,ANALKZ VERKLBDEKERLENDKRMELER

Bu- amagladej i ki k step ©°1 - ¢ IlAesysFluent- i n t c
pr ogr aanadzyelda | nD «jtiiken hezlarda stepl:i
diren-1ler ayr éTopyasez adrediklie I a s & migkrabrgrl.ahné
ki neti k eneywytvie diesjtiekniend ieh Buavketlair(drag - i n

force9 bulunmuwtur.

Bul unan TabtorBdesluanru | nMemerdg r st enen heéz
boyutlari - i n  hes a(@dagooefliea)t dCedj er+ edie] eyl er i
kuvvet dejerl erii-i herel her ediodmi Kkt i r.
dejerbehdtdekei -diefjf eayied i le&F a xli dqsrodruca ar

grafikler halindede sunularay or uml ar yapeél méxkt ér .
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I b! [ T%

+tOwWT[ 9wT

Model L (mm) |D1 (mm) |D2 (mm) |D2/D1| Xx-y |T{dSNJ| Cd| Y+ | V(m/sn)| Forces (N.)
Model 1.1.0 6000 533 550 1.03 | 50-500 1000 0.18|1.10 5 152.6
Model 1.1.1 6000 533 580 1.09 | 50500 1000 0.34|1.06 5 294.5
Model 1.1.2 6000 533 600 1.13 | 50-500 1000 0.45|1.01 5 380.9
Model 1.1.3 6000 533 620 1.16 | 50500 1000 0.54]0.99 5 460.9
Model 1.2.0 6000 533 550 1.03 | 50500 1000 0.17]2.26 10 596
Model _1.2.1 6000 533 580 1.09 | 50-500 1000 0.45|2.02 10 1178
Model_1.2.2 6000 533 600 1.13 | 50-500 1000 0.44)1.96 10 1518.3
Model _1.2.3 6000 533 620 1.16 | 50500 1000 0.54|1.87 10 1846.2
Model _1.3.0 6000 533 550 1.03 | 50500 1000 0.17]3.32 15 1331.1
Model 1.3.1 6000 533 580 1.09 | 50500 1000 0.35|3.00 15 2696.4
Model 1.3.2 6000 533 600 1.13 | 50500 1000 0.44]2.86 15 3429.8
Model 1.3.3 6000 533 620 1.16 | 50500 1000 0.53]2.74 15 4094.2
Model _1.4.0 6000 533 550 1.03 | 50500 1000 0.17/8.11 40 9211.1
Model_1.4.1 6000 533 580 1.09 | 50500 1000 0.35|7.30 40 18864.9
Model 1.4.2 6000 533 600 1.13 | 50500 1000 0.48| 7.00 40 24513
Model_1.4.3 6000 533 620 1.16 | 50500 1000 0.53| 6.60 40 29301

MODEL _1
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Model 2.5.0 | 6000 | 533 | 550 1.03 | 50-1000 1000 | 0.21 1.23 5 126.7
Model 2.5.1 6000 | 533 | 580 1.09 | 50-1000 1000 | 0.26 1.13 5 221.5
Model_2.5.2 6000 | 533 | 600 1.13 | 50-1000 1000 | 0.32 1.10 5 275.5
Model 2.5.3 | 6000 | 533 | 620 1.16 | 50-1000 1000 | 0.39 1.06 5 335.3
Model 2.6.0 | 6000 | 533 | 550 1.03 | 50-1000 1000 | 0.15 2.35 10 489.1
Model 2.6.1 6000 | 533 | 580 1.09 | 50-1000 1000 | 0.25 2.14 10 868.6
Model_2.6.2 6000 | 533 | 600 1.13 | 50-1000 1000 | 0.32 2.08 10 1094.3
Model 2.6.3 | 6000 | 533 | 620 1.16 | 50-1000 1000 | 0.39 2.02 10 1335.3
Model_2.7.0 | 6000 | 533 | 550 1.03 | 50-1000 1000 | 0.14 3.44 15 1079.9
Model 2.7.1 6000 | 533 | 580 1.09 | 50-1000 1000 | 0.29 3.15 15 1951.2
Model_2.7.2 6000 | 533 | 600 1.13 | 50-1000 1000 | 0.32 3.07 15 2468.5
Model 2.7.3 | 6000 | 533 | 620 1.16 | 50-1000 1000 | 0.39 2.97 15 3006.8
Model 2.8.0 | 6000 | 533 | 550 1.03 | 50-1000 1000 | 0.13 8.47 40 7196
Model 2.8.1 6000 | 533 | 580 1.09 | 50-1000 1000 | 0.29 7.70 40 13563
Model_2.8.2 6000 | 533 | 600 1.13 | 50-1000 1000 | 0.32 7.55 40 17295
Model 2.8.3 | 6000 | 533 | 620 1.16 | 50-1000 1000 | 0.39 7.22 40 21382

MODEL_2
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Model_3.9.0 | 6000 | 533 550 1.03 500 1000 | 0.12 1.28 5 105.3
Model 3.9.1 | 6000 | 533 580 1.09 500 1000 | 0.15 1.25 5 131.6
Model_3.9.2 | 6000 | 533 600 1.13 500 1000 | 0.18 1.23 5 152.2
Model_3.9.3 | 6000 | 533 620 1.16 500 1000 | 0.20 1.22 5 167.8
Model_3.10.0 6000 | 533 550 1.03 500 1000 | 0.15 2.46 10 395.5
Model 3.10.1] 6000 | 533 580 1.09 500 1000 | 0.15 2.38 10 505.6
Model_3.10.2| 6000 | 533 600 1.13 500 1000 | 0.17 2.35 10 587.8
Model 3.10.3] 6000 | 533 620 1.16 500 1000 | 0.19 2.33 10 665
Model_3.11.0 6000 | 533 550 1.03 500 1000 | 0.12 3.62 15 875.3
Model 3.11.1] 6000 | 533 580 1.09 500 1000 | 0.14 3.50 15 1118.2
Model_3.11.2| 6000 | 533 600 1.13 500 1000 | 0.17 3.46 15 1296.6
Model 3.11.3] 6000 | 533 620 1.16 500 1000 | 0.19 3.43 15 1452.8
Model_3.12.0 6000 | 533 550 1.03 500 1000 | 0.10 8.84 40 5633
Model 3.12.1] 6000 | 533 580 1.09 500 1000 | 0.13 8.60 40 7470
Model_3.12.2| 6000 | 533 600 1.13 500 1000 | 0.17 8.47 40 9409
Model 3.12.3] 6000 | 533 620 1.16 500 1000 | 0.18 8.40 40 9964

MODEL_3
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Model 4.13.0| 6000 | 533 | 550 | 1.03| 1000 1000 | 0.18 | 1.30 5 101.4
Model 4.13.1| 6000 | 533 | 580 | 1.09 | 1000 1000 | 0.14 | 1.28 5 121.8
Model 4.13.2| 6000 | 533 | 600 | 1.13| 1000 1000 | 0.16 | 1.27 5 135.6
Model 4.13.3| 6000 | 533 | 620 | 1.16 | 1000 1000 | 0.13 | 1.27 5 151
Model 4.14.0| 6000 | 533 | 550 | 1.03| 1000 1000 | 011 | 2.50 10 380.9
Model 4.14.1| 6000 | 533 | 580 | 1.09 | 1000 1000 | 0.13| 2.46 10 464.4 <
Model 4.14.2| 6000 | 533 | 600 | 1.13| 1000 1000 | 0.15 | 2.43 10 520 !
Model 4.14.3| 6000 | 533 | 620 | 1.16 | 1000 1000 | 0.17 | 2.43 10 579.1 n
Model 4.14.0| 6000 | 533 | 550 | 1.03| 1000 1000 | 0.11| 3.70 15 835.2 8
Model 4.151| 6000 | 533 | 580 | 1.09 | 1000 1000 | 0.13| 3.62 15 1024.5 =
Model 4.15.2| 6000 | 533 | 600 | 1.13| 1000 1000 | 0.15| 3.59 15 1153.4
Model 4.153| 6000 | 533 | 620 | 1.16 | 1000 1000 | 0.16 | 3.57 15 12747
Model 4.16.0| 6000 | 533 | 550 | 1.03| 1000 1000 | 0.09 | 9.00 40 5369.4
Model 4.16.1| 6000 | 533 | 580 | 1.09 | 1000 1000 | 0.12| 8.80 40 6803.8
Model 4.16.2| 6000 | 533 | 600 | 1.13| 1000 1000 | 0.14| 8.80 40 77415
Model 4.16.3| 6000 | 533 | 620 | 1.16 | 1000 1000 | 0.16 | 8.70 40 8818.2
Model 5.17.1] 6000 | 533 | 533 | 1.00 | Stepsiz | 1000 | 0.11] 1.33 5 91.9 =
Model 5.17.2| 6000 | 533 | 533 | 1.00 | Stepsiz | 1000 | 0.10| 2.57 10 340.5 o
Model 5.17.3| 6000 | 533 | 533 | 1.00 | Stepsiz | 1000 | 0.09| 3.78 15 743.85
Model 5.17.4| 6000 | 533 | 533 | 1.00 | Stepsiz | 1000 | 0.09| 4.90 20 1274.3 ©
Model 5.17.5| 6000 | 533 | 533 | 1.00 | Stepsiz | 1000 | 0.09| 7.14 30 2728.8 .
Model 5.17.6| 6000 | 533 | 533 | 1.00 | Stepsiz | 1000 | 0.08 | 9.20 40 4592.9

Tablo3_Modellere aitanaliz verileri
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6.1 Model_ 1- ikmaliz Verilerinin Grafiksel G° st er i ml er i

~—~

=
(%]
(]
(&)

=
o

V=5m/ sn I
500
450 /40609
400 A :
350 380.9
300 /
250 / 2904 .5
200
100 O :
50 91.9
O T T T T T 1
520 540 560 580 600 620 640
D2 (mm)

—o—Model_1.1
=i— Stepsiz

k e Kl6_NM=5m/sn de Model1.0-1.1-12-1.3 i - i

nekewvbvetid
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V=10m/ sn | -1n;
2000
1800 /LlBA&Z
1600
1518.
1400 AW 15183
< 1200 /475
© 1000
g 800 / =i— Stepsiz
L
600 596 o—Model_1.2
400 3705
200
0 T T T T T 1
520 540 560 580 600 620 640
D2 (mm)
k e KLT_IV=10 m/sn de Model2.0-2.1-:2.2-2.3i - i n lijevaéterd



V=15m/sn 1 -1n;
4500
4000 2
3500 .
< 3000
< 00 ¥ 2696.4
(%]
2 7 |
g 2000 =fii— Stepsiz
11500 & 13311 —o—Model_1.3
1000 M 743.85
500 :
0 T T T T T 1
520 540 560 580 600 620 640
D2 (mm)
k e KL8 V=15 m/sn de Model3.03.1-:3.23.3i - i n kuvvet daj él eéme
V=40m/ sn 1 -1in;
35000
30000
— 25000 24513
£
20000
% /18864.9 _
g 15000 —i— Stepsiz
v 10000 4.1 == Model_1.4
5000 B 45929
0 T T T T T 1
520 540 560 580 600 620 640
D2 (mm)
k e Kl9 V=40 m/sn de Model4.04.1-4.243i - i n kuvvet dejerler
Yukareda verilen il k d°rt grafik Model _
i-in el de edilen veribdteradkrnolGralfakéeeéni a
artan step -aplarénda kmevkvteetd idre.] eStleeprsiinzi nm
edildijinde V=5 m/sn ve D2=550 mm de bir
ul aktéejé s°ylenebilir.
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62Model _2 K-in Analiz Verilerinin Grafi
V=5m/ sn -1 n;
400
350
300 /2?';?
Z 250 2755
@ 200
8 /221-5 —— Stepsiz
© 150
v —o—Model_2.5
100 m 126.7
50 +—91.9
0 T T T T T 1
520 540 560 580 600 620 640
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k e RO _V=5m/sn de Model5.05.1-5.253i - i n lej\vev éterd
V=10m/ sn | -1n;
1600
1400 /0 1335.3
1200
- - #71094.3
Z 1000
2 800 #8686
= / —i— Stepsiz
2 600
& 189.1 —o—Model 2.6
400 w3405
200
0 T T T T T 1
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63Model 3 K-in Analiz Verilerinin Grafikse
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64Model _ 4 K-in Analiz Verilerinin Grafikse
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6.5 Stepli ¢a p éStepsiz¢apaOr a n | gD2®dh)a> r \Eerilerin Kdelenmesi

czerinden

36

Verilerden yeolhpénéekaephki gt eplpia oranl arée (D2/ D1)
Model L (mm) |D1 (mm)| D2 (mm)| D2/D1 Xy TGSN) Cd Y+ |V (m/sn)|Forces (N.
Model 1.1.0 | 6000 533 550 1.03 50-500 1000 0.18 1.10 5 152.6
Model_11.1 | 6000 533 580 1.09 50-500 1000 0.34 1.06 5 294.5
Model 1.1.2 | 6000 533 600 1.13 50-500 1000 0.45 1.01 5 380.9
Model 1.1.3 | 6000 533 620 1.16 50-500 1000 0.54 0.99 5 460.9
Model 25.0 | 6000 533 550 1.03 50-1000 1000 0.21 1.23 5 126.7
Model 2.5.1 6000 533 580 1.09 50-1000 1000 0.26 1.13 5 221.5
Model 2.5.2 6000 533 600 1.13 50-1000 1000 0.32 1.1 5 275.5
Model 2.5.3 6000 533 620 1.16 50-1000 1000 0.39 1.06 5 335.3
Model 3.9.0 | 6000 533 550 1.03 500 1000 0.12 1.28 5 105.3
Model_3.9.1 6000 533 580 1.09 500 1000 0.15 1.25 5 131.6
Model_3.9.2 6000 533 600 1.13 500 1000 0.18 1.23 5 152.2
Model_3.9.3 6000 533 620 1.16 500 1000 0.2 1.22 5 167.8
Model 4.13.0/ 6000 533 550 1.03 1000 1000 0.18 1.3 5 101.4
Model 413.1| 6000 533 580 1.09 1000 1000 0.14 1.28 5 121.8
Model 4.13.2| 6000 533 600 1.13 1000 1000 0.16 1.27 5 135.6
Model 4.13.3| 6000 533 620 1.16 1000 1000 0.13 1.27 5 151
Model 517.1| 6000 533 533 1.00 Stepsiz 1000 0.11 1.33 5 91.9
Model 517.2| 6000 533 533 1.00 Stepsiz 1000 0.10 2.57 10 340.5
Model 517.3| 6000 533 533 1.00 Stepsiz 1000 0.09 3.78 15 743.85

Tablo4 V=5m/ sn héz dejeri ve Stepsiz model
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Model L (mm) |D1 (mm)| D2(mm)| D2/D1 X-y TGSNY Cd Y+ |V (m/sn)|Forces (N.
Model 1.2.0 | 6000 533 550 1.03 50-500 1000 0.17 2.26 10 596
Model 1.2.1 6000 533 580 1.09 50-500 1000 0.45 2.02 10 1178
Model 1.2.2 6000 533 600 1.13 50-500 1000 0.44 1.96 10 1518.3
Model_1.2.3 | 6000 533 620 1.16 50-500 1000 0.54 1.87 10 1846.2
Model 2.6.0 6000 533 550 1.03 50-1000 1000 0.15 2.35 10 489.1
Model 2.6.1 6000 533 580 1.09 50-1000 1000 0.25 2.14 10 868.6
Model_2.6.2 6000 533 600 1.13 50-1000 1000 0.32 2.08 10 1094.3
Model 2.6.3 6000 533 620 1.16 50-1000 1000 0.39 2.02 10 1335.3
Model_3.10.0/ 6000 533 550 1.03 500 1000 0.15 2.46 10 395.5
Model 3.10.1| 6000 533 580 1.09 500 1000 0.15 2.38 10 505.6
Model_3.10.2| 6000 533 600 1.13 500 1000 0.17 2.35 10 587.8
Model_3.10.3| 6000 533 620 1.16 500 1000 0.19 2.33 10 665
Model 4.14.0| 6000 533 550 1.03 1000 1000 0.11 2.5 10 380.9
Model 4.14.1| 6000 533 580 1.09 1000 1000 0.13 2.46 10 464.4
Model 4.14.2| 6000 533 600 1.13 1000 1000 0.15 2.43 10 520
Model_4.14.3| 6000 533 620 1.16 1000 1000 0.17 2.43 10 579.1
Model 5.17.1| 6000 533 533 1.00 Stepsiz 1000 0.11 1.33 5 91.9
Model 5.17.2| 6000 533 533 1.00 Stepsiz 1000 0.1 2.57 10 340.5
Model 5.17.3| 6000 533 533 1.00 Stepsiz 1000 0.09 3.78 15 743.85
Tablo5 V=10m/snh éz dejeri ve Stepsiz model i -in analiz ver
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Model L (mm) |D1 (mm)|D2 (mm)| D2/D1 x-y |TGSNJ Cd Y+ |V (m/sn)|Forces (N.
Model 1.3.0 | 6000 533 550 1.03 50-500 1000 0.17 3.32 15 1331.1
Model_1.3.1 6000 533 580 1.09 50-500 1000 0.35 3 15 2696.4
Model_1.3.2 6000 533 600 1.13 50-500 1000 0.44 2.86 15 3429.8
Model 1.3.3 | 6000 533 620 1.16 50-500 1000 0.53 2.74 15 4094.2
Model_2.7.0 6000 533 550 1.03 50-1000 1000 0.14 3.44 15 1079.9
Model 2.7.1 6000 533 580 1.09 50-1000 1000 0.29 3.15 15 1951.2
Model_2.7.2 6000 533 600 1.13 50-1000 1000 0.32 3.07 15 2468.5
Model 2.7.3 6000 533 620 1.16 50-1000 1000 0.39 2.97 15 3006.8
Model 3.11.0| 6000 533 550 1.03 500 1000 0.12 3.62 15 875.3
Model_3.11.1| 6000 533 580 1.09 500 1000 0.14 3.5 15 1118.2
Model 3.11.2| 6000 533 600 1.13 500 1000 0.17 3.46 15 1296.6
Model_3.11.3| 6000 533 620 1.16 500 1000 0.19 3.43 15 1452.8
Model 4.15.0/ 6000 533 550 1.03 1000 1000 0.11 3.7 15 835.2
Model_4.15.1| 6000 533 580 1.09 1000 1000 0.13 3.62 15 1024.5
Model_4.15.2| 6000 533 600 1.13 1000 1000 0.15 3.59 15 1153.4
Model 4.15.3| 6000 533 620 1.16 1000 1000 0.16 3.57 15 1274.7
Model 5.17.1| 6000 533 533 1.00 Stepsiz 1000 0.11 1.33 5 91.9
Model 5.17.2| 6000 533 533 1.00 Stepsiz 1000 0.10 2.57 10 340.5
Model 5.17.3| 6000 533 533 1.00 Stepsiz 1000 0.09 3.78 15 743.85
Tablo6 V=15m/ sn héz dejeri ve Stepsiz model i -in anal i
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Model L (mm) |D1 (mm)|D2 (mm)/D2/D1 |Step(mm)|T & SNJ Cd Y+ |V (m/sn)|Forces (N.
Model_14.0 | 6000 533 550 1.03 50-500 1000 0.17 8.11 40 9211.1
Model 14.1 6000 533 580 1.09 50-500 1000 0.35 7.3 40 18864.9
Model_1.4.2 6000 533 600 1.13 50-500 1000 0.48 7 40 24513
Model_14.3 | 6000 533 620 1.16 50-500 1000 0.53 6.6 40 29301
Model_28.0 | 6000 533 550 1.03 50-1000 1000 0.13 8.47 40 7196
Model_2.8.1 6000 533 580 1.09 50-1000 1000 0.29 7.7 40 13563
Model_2.8.2 6000 533 600 1.13 50-1000 1000 0.32 7.55 40 17295
Model_2.8.3 | 6000 533 620 1.16 50-1000 1000 0.39 7.22 40 21382
Model_3.12.0, 6000 533 550 1.03 500 1000 0.10 8.84 40 5633
Model_3.12.1| 6000 533 580 1.09 500 1000 0.13 8.6 40 7470.1
Model_3.12.2| 6000 533 600 1.13 500 1000 0.17 8.47 40 9409
Model_3.12.3] 6000 533 620 1.16 500 1000 0.18 8.4 40 9964
Model_4.16.0f, 6000 533 550 1.03 1000 1000 0.09 9.00 40 5369.4
Model_4.16.1] 6000 533 580 1.09 1000 1000 0.12 8.8 40 6803.8
Model_4.16.2| 6000 533 600 1.13 1000 1000 0.14 8.8 40 7741.5
Model_4.16.3] 6000 533 620 1.16 1000 1000 0.16 8.7 40 8818.2
Model 5.17.1) 6000 533 533 1.00 Stepsiz 1000 0.11 1.33 5 91.9
Model 5.17.2| 6000 533 533 1.00 Stepsiz 1000 0.10 2.57 10 340.5
Model 5.17.3] 6000 533 533 1.00 Stepsiz 1000 0.09 3.78 15 743.85
Model 5.17.6| 6000 533 533 1.00 Stepsiz 1000 0.08 9.2 40 4592.9
Tablo7.V=40m/ sn héz dejeri ve Stepsiz model i -in anal i
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6.6. T¢, mAnaliz Verilerinin Birarada G°® st er i mi

Tablo3dekianalizs onund@ aa€ti je yanséettéjémeézda;
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Grafi k verileri incelendijinde stepsiz model e en ymvergennede] er |
birlikte;bakeéel déj énda
Model L (mm) |D1(mm) D2 (mm) xc¢y |TGSNJ] Cd Y+ |V (m/sn |Forces (N.)
Model 5.17.1 6000 533 533 Stepsiz 1000 0.11 1.33 5 91.9 ccs
Model 5.17.2 6000 533 533 Stepsiz 1000 0.1 2.57 10 340.5 .
Model 5.17.3 6000 533 533 Stepsiz 1000 0.09 3.78 15 743.85 i
Model 5.17.4 6000 533 533 Stepsiz 1000 0.09 4.9 20 1274.3
Model 5.17.5 6000 533 533 Stepsiz 1000 0.09 7.14 30 2728.8 +
Model 5.17.6 6000 533 533 Stepsiz 1000 0.08 9.2 40 4592.9 3
Model 5.17.7 6000 533 533 Stepsiz 1000 0.076 20.2 80 16709 —
Model 5.17.8 6000 533 533 Stepsiz 1000 0.073 28.89 120 36290
Model 5.17.9 6000 533 533 Stepsiz 1000 0.070 37.20 160 63184
Model 4.13.0 6000 533 550 1000 1000 0.18 1.3 5 101.4
Model 4.14.0 6000 533 550 1000 1000 0.11 2.5 10 380.9
Model 4.15.0 6000 533 550 1000 1000 0.11 3.7 15 835.2 <
Model 4.15.0.1] 6000 533 550 1000 1000 0.1 4.8 20 1447.8 |
Model 4.15.0.2] 6000 533 550 1000 1000 0.1 5.89 25 2206.7| @
Model 4.15.0.3 6000 533 550 1000 1000 0.1 6.9 30 3130 8
Model 4.16.0 6000 533 550 1000 1000 0.09 9 40 5369.4 =
Model 4.16.01| 6000 533 550 1000 1000 0.093 19.7 80 20461.3
Model 4.16.02| 6000 533 550 1000 1000 0.091 28.1 120 45058
Model 4.16.03| 6000 533 550 1000 1000 0.090 36.2 160 78821

Tablo8 Model_4 ve Stepsiz modelin analiz verileri
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6.7. Ay nHe ve¢ap Or a n IkaiMe@rilerin De J e r tilresid StepsizModelleKé 'y as | a ma
Tablo3deki verilerden yol a enwdguamoddtibelirlgmek geekireep ° | - ¢ er i

L Forces
Model (mm) |D1 (mm)| D2 (mm)|D2/D1 xy |TGSN] Cd Y+ |V (m/sn) |(N.)
Model 1.1.0 |{6000 533 550 1.03 50-500 | 1000 0.18 1.1 5 152.6
Model 25.0 |6000 533 550 1.03 | 50-1000| 1000 0.21 1.23 5 126.7
Model_3.9.0 {6000 533 550 1.03 500 1000 0.12 | 1.28 5 105.3
Model 4.13.0 | 6000 533 550 1.03 1000 1000 0.18 1.3 5 1014
Model 5.17.1|6000 533 533 1.00 Stepsiz| 1000 0.11 1.33 5 91.9
Tablo9 D2=59mm-V=5 m/ sn i -in analiz veriler:i
D2=55mm ve V=5 m/sn de en uyglhodelimizin4.13.001 duj u g°r ¢l mektedir.
¥ cd v+ Forces
Model L (mm) |D1 (mm)|D2 (mm)|D2/D1 Y 16 8N V (m/sn)| (N.)
Model 1.1.1 6000 533 580 1.09 50-500 | 1000 0.34 1.06 5 294.5
Model 25.1 6000 533 580 1.09 |50-1000| 1000 0.26 1.13 5 221.5
Model 39.1 6000 533 580 1.09 500 1000 0.15 1.25 5 131.6
Model 4.13.1) 6000 533 580 1.09 1000 1000 0.14 1.28 5 121.8
Model 5.17.1| 6000 533 533 1.00 Stepsiz| 1000 0.11 1.33 5 91.9
Tablo10 D2=5&8mm-V=5 m/ sn i -in analiz veriler:i

D2=58mm ve V=5 m/sn de en uygun Modelimizii3.1o0l duj u g°r ¢l mektedir.
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Forces

Model L (mm) |D1 (mm)|D2 (mm)| D2/D1 XY |rgsng ¢ Y v misn)| (N
Model 1.1.2 | 6000 533 600 1.13 | 50500 | 1000 0.45 1.01 5 380.9
Model_25.2 | 6000 533 600 1.13 | 50-1000| 1000 0.32 1.10 5 275.5
Model 39.2 | 6000 533 600 1.13 500 1000 0.18 1.23 5 152.2
Model 4.13.2| 6000 533 600 1.13 1000 1000 0.16 1.27 5 135.6
Model 517.1| 6000 533 533 1.00 | Stepsiz| 1000 0.11 1.33 5 91.9

Tabloll D2=@0mm-V=5 m/ sn i -in analiz veriler:i

D2=620mm ve V=5 m/sn de en uygun Modelimizit3.2o0 | duj u g°r ¢l mektedi r .
«.- A cd Ve Forces

Model L (mm) |D1 (mm) D2 (mm)|D2/D1 Y T3 8N V (m/sn)|  (N.)
Model 1.1.3 | 6000 533 620 1.16 | 50500 | 1000 0.54 0.99 5 460.9
Model_25.3 | 6000 533 620 1.16 | 50-1000| 1000 0.39 1.06 5 335.3
Model_3.9.3 | 6000 533 620 1.16 500 1000 0.20 1.22 5 167.8
Model 4.13.3| 6000 533 620 1.16 1000 1000 0.13 1.27 5 151
Model 5.17.1| 6000 533 533 1.00 | Stepsiz| 1000 0.11 1.33 5 91.9

Tablo12 D2=620mmV=5m/ sn i -in analiz verileri:i

D2=620mm ve V=3n/sn de en uygun Modelimiz#13.30| duj u g°r ¢l mektedir.

48



Model L (mm) |D1(mm)|D2 (mm)|D2/D1| x-y |TGSNJ] Cd Y+ |V (m/sn)| Forces (N.

Model_1.2.0 6000 533 550 1.03 | 50500 1000 0.17 2.26 10 596

Model_2.6.0 6000 533 550 1.03 | 50-1000 | 1000 0.15 2.35 10 489.1

Model_3.10.0f 6000 533 550 1.03 500 1000 0.15 2.46 10 395.5

Model_4.14.0 6000 533 550 1.03 1000 1000 0.11 2.50 10 380.9

Model 5.17.2| 6000 533 533 1.00 | Stepsiz 1000 0.10 2.57 10 340.5
Tablol3 D2=59mm-V=10 m/ sn i -in analiz veriler:

D2=55mm ve V=10 m/sn de en uygun Modelimizii4d0o |l duj u g°r ¢l mektedi r .

Model L (mm) |D1 (mm)| D2 (mm)| D2/D1 X-y TGSN] Cd Y+ V (m/sn)| Forces (N.
Model 1.2.1 6000 533 580 1.09 | 50500 1000 0.45 2.02 10 1178
Model 26.1 6000 533 580 1.09 | 50-1000 1000 0.25 2.14 10 868.6
Model_3.10.1| 6000 533 580 1.09 500 1000 0.15 2.38 10 505.6
Model_ 4.14.1] 6000 533 580 1.09 1000 1000 0.13 2.46 10 464.4
Model 5.17.2| 6000 533 533 1.00 | Stepsiz 1000 0.10 2.57 10 340.5
Tablol4 D2=58mm-V=10m/ sn i -in analiz verileri

D2=58mm ve V=10 m/sn de en uygun Modelimiziid.1ol duj u g°r ¢l mektedi r .
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Model L (mm) |D1(mm)|D2 (mm)|D2/D1| x-y |TGSNJ] Cd Y+ |V (m/sn)| Forces (N.
Model_1.2.2 6000 533 600 1.13 | 50500 1000 0.44 1.96 10 1518.3
Model_2.6.2 6000 533 600 1.13 | 50-1000 | 1000 0.32 2.08 10 1094.3
Model_3.10.2| 6000 533 600 1.13 500 1000 0.17 2.35 10 587.8
Model_4.14.2| 6000 533 600 1.13 1000 1000 0.15 2.43 10 520
Model 5.17.2| 6000 533 533 1.00 | Stepsiz 1000 0.10 2.57 10 340.5
Tablol5 D2=600mmV=10m/ sn i -in analiz verileri

D2=60mm veV=10 m/sn de en uygun Modelimiz#hl42o0 | duj u g°r ¢l mekt edi r .

Model L (mm) |D1 (mm)| D2 (mm)| D2/D1 X-y TGSN] Cd Y+ V (m/sn)| Forces (N.
Model_1.2.3 6000 533 620 1.16 | 50500 1000 0.54 1.87 10 1846.2
Model 2.6.3 6000 533 620 1.16 | 50-1000 1000 0.39 2.02 10 1335.3
Model_3.10.3] 6000 533 620 1.16 500 1000 0.19 2.33 10 665
Model_4.14.3] 6000 533 620 1.16 1000 1000 0.17 2.43 10 579.1
Model 5.17.2| 6000 533 533 1.00 | Stepsiz 1000 0.10 2.57 10 340.5
Tablo16 D2=620mmV=10m/sni - i n analiz veriler:

D2=620mm ve V=10 m/sn de en uygun Modelimizii4d.3ol duj u g°r ¢l mektedi r .
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Model L (mm) |D1(mm)|D2 (mm)|D2/D1| x-y |TGSNJ] Cd Y+ |V (m/sn)| Forces (N.
Model_1.3.0 6000 533 550 1.03 | 50500 1000 0.17 3.32 15 1331.1
Model_2.7.0 6000 533 550 1.03 | 50-1000 | 1000 0.14 3.44 15 1079.9
Model_3.11.0f 6000 533 550 1.03 500 1000 0.12 3.62 15 875.3
Model_4.15.0 6000 533 550 1.03 1000 1000 0.11 3.70 15 835.2
Model 5.17.3| 6000 533 533 1.00 | Stepsiz 1000 0.09 3.78 15 743.85
Tablol7 D2=550mmV=15m/ sn i -in analiz verileri

D2=55mm ve V=b m/sn de en uygun Modelimizid.15.00 1 duj u g°r ¢l mektedi r .

Model L (mm) |D1 (mm)| D2 (mm)| D2/D1 X-y TGSN] Cd Y+ V (m/sn)| Forces (N.

Model 1.3.1 6000 533 580 1.09 | 50500 1000 0.35 3.00 15 2696.4

Model 2.7.1 6000 533 580 1.09 | 50-1000 | 1000 0.29 3.15 15 1951.2

Model_3.11.1| 6000 533 580 1.09 500 1000 0.14 3.50 15 1118.2

Model 4.15.1| 6000 533 580 1.09 1000 1000 0.13 3.62 15 1024.5

Model 5.17.3| 6000 533 533 1.00 | Stepsiz 1000 0.09 3.78 15 743.85
Tablo18 D2=580mmV=15 m/ sn i -in analiz veriler:

D2=580mm ve V=15 m/sn de en uygun ModelimiZi 5. 1 ol duju g°r ¢l mektedir.
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Model L (mm) |D1(mm)|D2 (mm)|D2/D1| x-y |TGSNJ] Cd Y+ |V (m/sn)| Forces (N.
Model_1.3.2 6000 533 600 1.13 | 50500 1000 0.44 2.86 15 3429.8
Model_2.7.2 6000 533 600 1.13 | 50-1000 | 1000 0.32 3.07 15 2468.5
Model_3.11.2| 6000 533 600 1.13 500 1000 0.17 3.46 15 1296.6
Model_4.15.2| 6000 533 600 1.13 1000 1000 0.15 3.59 15 1153.4
Model 5.17.3| 6000 533 533 1.00 | Stepsiz 1000 0.09 3.78 15 743.85
Tablo19 D2=600mmV=15 m/ sn i -in analiz veriler:

D2=600mm ve V=15 m/sn de en uygun ModelimiZiL 5. 2 ol duju g°r ¢l mektedir.

Model L (mm) |D1 (mm)| D2 (mm)| D2/D1 X-y TGSN] Cd Y+ V (m/sn)| Forces (N.
Model_1.3.3 6000 533 620 1.16 | 50500 1000 0.53 2.74 15 4094.2
Model_2.7.3 6000 533 620 1.16 | 50-1000 1000 0.39 2.97 15 3006.8
Model_3.11.3] 6000 533 620 1.16 500 1000 0.19 3.43 15 1452.8
Model_4.15.3] 6000 533 620 1.16 1000 1000 0.16 3.57 15 1274.7
Model 5.17.3] 6000 533 533 1.00 | Stepsiz 1000 0.09 3.78 15 743.85
Tablo20_ D2=620mmV=15 m/ sn i -in analiz veriler:

D2=620mm ve V=15 m/sn de en uygun ModelmiZilL 5. 3 gP du] mekt edi r .
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99 ANALKZK YAPILAN LHERBKR HODE EDKI
G¥RSELLER

9.1. Model 11.1-12.1-131 k iAnalizSonu - | ar é

KIl k mo dBe2 551810z , mm , stepe gen k-1 ai pj & 500mmLve =
V=5-1015 (m/ sin)i méell de edi |l mi ktir. 1000 iter
I | e btacsrébnkihetkneseriji hezt eprearkasée ol ukan tg¢rk

torpido y¢zeyi czerindeki dejikimlerini g°

- 6.814e+003
[Pa]

kel3 V=5m/ snbasén- dejerlerinin dejiKkir
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1.843e-007
[J kg™-1]

kelkB9 V=5m/ snt g rbpl ans dkeijneertliekr iennienr jdiej i Ki mi

T 2.324e+000
1.743e+000
1.162e+000

0.000e+000
[m s?-1]

keldd V=b6m/ snheédzeifrer |l erinin deji Ki mi
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kel | V=5 m/ sn i-1in step arkaseée t¢rb

kel V=10m/ snbas@&eaj-erl erinin deji ki mi
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3.125e-006
[J kg™1]

kek8 V=10m/ snt i,k bpl ans dkeijneertliekr iennienr jdej i Ki m

Comedt
gy 1.168e+001
F 1.051e+001
- 9.346e+000
F 8.177e+000
[ 7.009e+000
l[ 53.41?"009
T 4.673e+000

L 3505€+000 .

2.336e+000

l1.1sse+000 A
0.0006+000

[ms™1]

kekd V=10m/ snhézidejdeerjliekriimii n
ANSYS

1.632e+000

3.809e-005
[J kg™1]

kekb V=10m/ snsitepnarkasé t¢rbeglansén ol u
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k ek V=15m/ snbasén- dejerlerinin dejiKkxi

kel |l V=15 m/ sn ki nienitke;emegrans dejerl erini

ke8| V=15 m/ sn i-in héz dejerlerinin
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kek9 V=15 m/ sn i-in step arkasé t¢irbela

9.2 Model 1.1.2-1.2.2132 k iAnalizSonu - 1| ar é

Kk i madelimiz, D2=6 00 mm , stépegpn K- a j é500mmlve =
V=5-1015 (m/ sin)imeel de edi |l mi ktir. 1000 iter
i | e btacsrébnkihetkneserij hezt eprearkasée ol ukan tg¢rk

torpido y¢zeyi czerindeki dejikimlerini g°

kelbd V=56m/ sn i -dea] éralsémi-ni n dej i ki mi

59



6.691e-001

5.018e-001
3.345e-001
1.673e-001

9.757e-009
[J kg"-1]

kelbl V=6m/ snt g rbpl ans kinetdekj iekniemij i dej er

Velocity
Contour 1

' 5.757e+000

- 5.181e+000
- 4.605e+000
- 4.030e+000

- 3.454e+000 ‘

287801000

- 2.303e+000
- 1.727e+000

1.151e+000
I 5.757e-001

0.000e+000
[m s?-1]

kelb2 V=bm/snhéz dejerlerinin deji ki mi

60



3.106e-007
[J kg*-1]

kelb8!| V=5 m/ sn i-in basén- dejerlerin

kelkbd | V=10 m/ sn i-in basén- dejerlerirt

kelbb | V=10 m/ sn i-in t¢grbeglans kineti k en
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kelkb | V=10 m/ sn i-in héez dejerlerinin

1.951e-005
[J kg*-1]

kel ] V=10 m/ sn i-in step arkasé t¢rbye

ke8| V=15 m/ sn i-in basén- dejerleri
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kelkd | V=15 hez dejerlerinin dejikim

kekd!l V=15 m/ sn i-in t¢grbeglans kineti k en

3.385e-003
[V kg*1]

kel | V=15 m/ sn i-in step arkasé t¢rbyg

9.3.Model 1.1.3-123-133K iAnalizSonu -1 ar €

Sonraki modelimizD2 =620 mm , step@gh kK1 & p HSOOMmMve =
V=5-1015 (m/ sin)i méell dae e di | nsonygcu elde.edileh@ediler i t er
i | e btacsrébnkihetikneserij hegt eprearkasée ol ukan tg¢rk

63



torpido y¢zeyi ¢zerindeki dejikimlerini g°

= NNSYES

Contour 1
l 1.256e+004

1.068e+004
8.795e+003
6.914e+003
5.032e+003
 3.150e+003

1.269¢+003 = .
-6.130e+002 |
-2.495e+003
l -4.376e+003
-6.258e+003
[Pa]

kel62 V=5 m/ sthad@&ejned ¢ jeir ki mi

D

3.659e-001

1.830e-001

1.827e-008
[J kg*-1]

kek8 V=5 m/ stngribdlnans kineti k enerji dej e

yoloty NNSHES

Contour 1

l 5.877e+000
5.289e+000

4.701e+000

4.114e+000
3.526e+000

2.938e+000 ‘
r 2.351e+000 P —
s A
1.175e+000
l 5.877e-001
0.000e+000
[m s*-1]

kelbd V=6 m/ sméz -denj erl eri deji ki mi
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ANSYS

[ 4.436e-001

6.355€-006
[ kg™1]

kelb V=5 m/ sn i -4mbadtlaupsuanruk as é t

kekb IV=I0m/ sn i -de] ddadsj@imi-i mi

kel | V=10 m/ sn i-in t¢grbe¢glans kinetik e
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kek8 V=10m/sn - i n héz dejerleri deji ki mi

kel | V=10 m/ sn i-in step arkasé t¢rbe

kekldl V=15 m/ sn i-in basén- dejerlerir
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ANSYS

kekill V=15 m/ sn ie-tiink te¢gnrebr¢jliandse Jkeirn er i ni n

keki2l V=15 m/ sm héez dejerleri dejiKki

5.371e-005
[ kg™1]

keki3l V=15 m/ sn i-in step arkasé t¢rbyg

9.4.Model 25.1-:26.1-27.1 k iAnalizSonu- | ar é
D°r d gnodelgniz,D2 =580 mm, step gep K F iajp ie0OOmnv@ = 1 0
V=5-1015 (m/ sin)imeel e edil mi ktir. 1000 iter

67



I | e btacsrébnkihetkneseriji hezt eprearkasée ol ukan tg¢rk
torpzegiy¢ezerindeki dejikimlerini g°rebil

kekidl V=5 m/ sn i-in basén- dejerleri

kekibl V=5 m/ sn te¢rbeglans kineti k enerji

kekibl V=5 m/ sn i-in héz dejerlerinin
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kekKtl V=5 m/sn i-in step arkaseé tg¢rbgl

keki8l V=10 m/ sn i-im basén- dejerleri

kekil9l V=10 m/ sn i-in t¢grbeglans kineti k e

69



kekB0Il V=10 m/ sn i-in hez dejerleri d
\NSYS

kel V=10 m/ sn i-in step arkasée t¢rbyg

kelB2 IV=15m/ sn i -in basén- dejerleri dej

70



kelB8Il V=15 m/ sn i-in t¢grbeglans kinetik e

kekB4d |l V=15 msn i-in héz dejerleri de

kel8b V=15m/sn -in step arkasé t¢rbeglans ol
9.5.Model 252-26.2-27.2 K iAnalizSonu- 1| ar €
Bekinci D2no6d0ed mm , stéepegen k-lagéa O0Omrh2e= 10
V=5-1015 (m/ sin)i méell dae e di | nsonygcu elde.edileh@ediler i t er
i | e |btacsrébnkihetiknegerij hegt eprear kasée ol ukan tg¢rk

torpido y¢zeyi czerindeki dejikimlerini g°
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-3.674e+003
-5.700e+003

L .7.725¢+003
[Pa]

kelB6 |l V=5 m/ sn dejar lbasiénde] i Ki mi

kelB87 1l V=5 m/ sn i-in t¢grbeéeglans kineti k en

2.904e+000

| 2.324e+000 - ———
1.743e+000
1.162e+000

5.809e-001

0.000e+000
[m s*-1]

ke8| V=5 m/sn i-in héz dejerleri de

72



7.318e-008
[J kg"-1]

kekB9 | V=5 m/ sn i-iamnsstoeelpukaunkuasé t ¢r bl

keld!l V=10 m/ sdej] eddjeibrism@in -

kekil V=10 m/ sn i-in tg¢r bdgperems kineti k e
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kel21l V=10 m/ sn id-eifjrerihéz idej i Ki mi

\NSYS

kel@3 |l V=10 m/arnkasé& nt ¢srebt¢gl ans ol ukumu

kelod V=15m/ sn i -d e] édadsj@imi-i mi
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kelOb V=15m/ sn i -in tg¢rbel adeperl&ri neti k ener j

Velooity W
Contour N
1.743e+001

1.568e+001
T 1.394e+001

kel V=15m/ sn i -indegerrdefi ki mi

kelO7_N=15m/ s n iarikrms®ett ¢rb¢l ans ol ukumu
9.6. Model 25.3263-273 Kk iAnalizSonu- 1| ar €
Al t énc £gD2mBdRedl mm |, stepegen k-lagé O00mme= 10
V=5-1015 (m/ sin)i méell de edi |l mi ktir. 1000 iter
i | e btacssrébnkihetiknegerij hegt epvearkasé ol ukan tg¢rk

torpido y¢zeyi ¢, z%erre bnidleekci e jdiemii zk i smo neur-ilnar ga
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ke8| V=5 m/ sn i-in basén- dejerlerin

>

kel |l V=5 m/ sn i-i t¢e¢rbeglans kineti k ene

keKWOI V=5 m/ sn i-in hez dejerlerinin
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[ kg™1]

kekKdoll V=5 m/sn i-in step arkaseé t¢rbgl

kekido2l V=10 m/ sn i-in basén- dejerleri

kekKd3l V=10 m/iosh¢ilaine kineti k enerji dej e
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kekiodl V=10 m/ sn i-in héz dejerleri d

5.481e-005
[J kg™1]

kekKlo5I V=10 m/ sn i-in step arkasé tg¢r by

k e KlO6l V=15m/sn - i n basén- dejerlerinin dej
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kekid7l V=15 m/ sn i-in t¢grbeglans kineti k er

Yooty NNSHS

Contour 1
1.726e+001

1.554e+001

kekid8f V=15 m/ sn i-in héz dejerlerinir

| | 7.320e+000

' 3.660e+000
7.963e-005

[Ukg™1]

keKIDIIV=5mén i -in step arkaseé t¢igrbel ansl

9.7.Model 39.1-310.1-:3111 K iAnalizSonu- | ar é

Model ,t7oropliedo °n késméndan 500 mm wuzak
bakl ekl & tor-poildo (mMmd denl}ii mMeé=3 de edi | mi ktir.
sonucu el de edi,lt egnbgiketkiedegir hiébze,e pvaca BEkhkasé o
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te¢rbel anstolrpkdourygmrz ey czerindeki dej i Ki

akajeéeda sunul muktur.

kekliof V=5 m/ san id-eifjrerdegd@ nin deji kKi mi

keKlill V=5 m/sn i-in t¢grbeglans kineti k en

keki2l V=5 m/ sn i-in héz dejerlerin d

80



keKi3l V=5 m/ sn asé& nt ¢srthe¢gpl aamrsk ol ukumu

kekiidl V=10 m/ sn i-in basén- dejerleri

keKisl V=10 m/ sn i-in t¢grbeglans kineti k en
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kekKi6lV=10m/sn - in héz dejerlerin dejickin

el

[ kg

kekKi7l V=10 m/ sn i-in step etrafeée akécxk

keK18l V=15 m/ sn i-in basén- dejerl eri
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kekKi9l V=15 m/ sn ie-tiink tegrebr¢jliandsejkeirnl er i ni n

3.643e+000
1.822e+000

0.000e+000
[m s1]

keKl20l V=15 m/ sn i-in hez dejerlerinir
ANSYS

4.833e-005
[J kg"*-1]

keK2ll V=15 m/sn i-in step arkasé akeécxk
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9.8. Model 39.2-3102-311.2k iAnalizSonu -1 ar &

Model 86 dteor pi do °n késméndan 500 mm wuzak
bakl ekl & tor-poildo (mMmd denl}ii mMeé=3 de edi | mi ktir.
sonucu el de edi,lt e@n bgiketkiedegjr hiébze,e pvaca Ekhkasé o

terbelkamubnaenpi do y¢ézeyl czerindeki dej i Ki

akajeéeda sunul muktur.

kek?22l V=5 m/sn i-in basén- dejerlerin

keki23l V=5 m/ sn Ki-net itk reorgydrajnis dej erl eri ni
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keki2zdl V=5 m/ sn i-in héz dejerlerinin

kekKl25l V=5 m/ sn i-in step arkasé tg¢rbygl

keki2zl V=10 m/ sdejerhebasén-deji ki mi
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kekK271 V= 10m/ sn i-in t¢grbelans kinetik er

3.674e+000
2.449e+000
1.225e+000
0.000e+000
[m s*-1]

kekKl28l V=10 m/ sn i-in hez dejerlerinir

3.920e-005
[ kg™1]

keKl29l V=10m/ sm kiasién tgtrdoopg lans ol ukumu
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keki80dl V=15 m/ sn i-in basén- dejerleri

kekKB8ll V=15 m/sn i-in t¢grbeglans kineti k er

1.654e+001
1.470e+001
1.286e+001

keKK®lV=15m/sn -in héz dejerleri deji Ki mi
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keK33 V=15 m/ sn i-in step arkaseé tg¢r by

9.9.Model 39.3-3103-3113 k iAnalizSonu -1 ar €

Model ,t9oropiado °n késméndan 500 mm wuzak
bakl @kl éodeti ¥=35p0ildbo (m/ sn)i meelde edil mi ktir.
sonucu el de edi,lt @n bgiketkiedegjr hiébze,e pvaca Ekasé o
terbel anstolrpkdmmuriygmrz ey i czerindeki dej i Ki

akajeéeda sunul muktur.

kekKl34l V=5 m/ sn i-in basén- dejerlerin
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o

262264000 & : -

I

J‘ 1.748e+000

T—

8.740e-001

0.000e+000
[m s*-1]

keki8sl V=5 m/ sn i-in héz dejerlerinin

kekKl3l V= 5m/sn i-in t¢grbeglans kineti k en
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keK37 V=5 m/sn i-in step arkasé ol ukan

kekKl88 V=10 m/ sn i-in basén- dejerl eri
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kekKl89 V=10 m/ sn i-in t¢grbelans kineti k er

Velocity
Contour 1

1.224e+001
1.102e+001
9.792e+000
8.568e+000
7.344e+000

kekKl40 V=10 m/ sn i-in hez dejerlerinir
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kekKd4l V=10 m/ sn i-in sumep arkasé tg¢r by

kekd42l V= 15 m/ sn i-in basén- dejerler

kekKl43l V=15 m/ sn i-in t¢grbeglans kineti k en
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kekKdd4VvV=15m/sn - i n héez dejerlerinim dejiKk

kekKd4s5l V=15 m/ sn i-in step arkasé tg¢r by

9.10. Model 4131-4.141-4151 k iAnalizSonu- | ar é

Model ltOorpdao °n késméndan 1000 mm uz
-apta torpidol neoldeli &/=510-1 5 (m/ sn) i hézllare edi | mi
iterasyon sonucu el dte¢ rebdkihbakneseryy e thiéktepr viel e
arkase ol ukan tetbEgpands ghaeymunagner i nde

g°rebilecejimiz sonu-Ilar akajeéda sunul muxkt
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keKl46l V=5 m/ sn i-in basén- dejerlerin

keKl47T V=5 m/ sn i-in t¢rben adnesy ikkiinneit i k e n

kekKl48l V=5 m/ sn i-in hez dejerlerinin
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7A\\ BRES

2.744e-001 3

2.696e-006
[V kg*1]

keki49l V=5 m/sn i-in step arkaseé t¢rbgl

kekKlb0l V=10 m/ sn i-in basén- dejerl eri

kelkibl V=10 m/ sn i-in t¢grbeglans kineti k er
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kekKlb2l V=10 m/ sn i-in hez dejerlerinir

kekib3dl V=10 m/ sn i-in step arkasé tg¢r by

kekb4 V=15 m/sn i-in basén- dejerleri
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kekb5 V=15 m/sn i-in t¢grbeglans kineti k er

kekKlbl V=15 m/ sn i-in hez dejerlerinir

kekb7l V=15 m/ sn i-in step arkasé tg¢r by

9.11 Model 4.13.2-4.14.2-4152 Kk iAnalizSonu- 1| ar é
Model 11  6tder,pi do °n késméndan 1000 mm uz
-apta baxkl ékl é -10b5 pi(dndzlarmp d énleiel M=5 edi | mi ¢

iterasyon sonucu el dte¢ rebdgihbaknesery e hiéktepr viel e
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ar kase ol ukan t¢etbegpadse gheeymunygner i nde

g°rebilecejimiz sonu-I|lar akajéda sunul muxkt

kekib8l V=5 m/ sn i-in basén- dejerlerin

kekKl99l V=5 m/ sn i-in t¢grbeglans kineti k en

NANSYS

2.418¢+000
1.813e+000
1.209e+000
6.044€-001

0.000e+000
[ms™1]

keK6Ol V=5 m/ sn i-in hez dejerlerinin
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kek6ll V=5 m/sn i-in step arkaseé tg¢rbygl

keki62l V=10 m/ sn i-in basén- dejerleri

kekKl6dl V=10 m/ sn i-in t¢grbeglans kineti k en
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kekiédf V=10 m/ sn i-in héz dejerlerinir

" 3.994e-005
[V kg™1]

keKl5l V=10 m/ sn i-in step arkaseé tg¢r by

kekloél V=15 m/ sn i-in basén- dejerl eri
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keki67l V=15 m/ sn i-in t¢grbeglans kineti k er

5.447e+000
3.631e+000
1.816e+000

0.000e+000
[ms™1]

keKl68l V=15 m/ sn i-in hez dejerlerinir

6.081e-005
[J kg™1]

keki69l V=15 m/ sn i-in step arkasé tg¢r by

9.12 Model 4.133-4.14.3-4153 K iAnalizSonu- 1| ar é
Model 2 @de,t or pi do °n késméndan 1000 mm uz
-apta baxkl ékl e -10db5 pi(dnd s mpd dléeizzll Mre5 edi | mi ¢
iterasyon sonucu el dte¢ rebdfihbtkneseryy e hiéktepr viel e

arkase ol ukan t¢etbegpads vhaueymunygner i nde
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g°rebilecejimiz sonu-1lar akajéda sunul mucxt

kekvol V=5 m/ sn i-in basén- dejerlerin

keKlfll V=5 m/sn i-in t¢grbeglans kineti k en

kekKf2l V=5 m/ sn i-in hez dejerlerinin
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keklr3dl V=5 m/sn i-in step arkaseé t¢rbgl

kekKlrdl V=10 m/ sn i-in basén- dejerl eri

kekKlYsi V=10 m/ sn i-in t¢grbeglans kineti k en
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keklt6l V=10 m/ sn i-in héz dejerlerinir

- 5,615e-005
[Jkg*1]

keKlf7lT V=10 m/ sn i-in step arkaseé tg¢r by

keKf8IlV=15 m/ sn i-in basén- dejerlerini
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kekKlydl V=15 m/ sn i-in t¢grbelams kineti k er

. NNSHES)

Contour 1
1.831e+001

T 1.648e+001
1.465e+001
1.282e+001
1.099e+001

kekKl80 V=15 m/ sn i-in hez dejerlerinir

7.524e-005
[J kg"-1]

keki8ll V=15 m/sn i-in step arkasé tg¢r by

9.13 StepsizModelinAnalizSonu - | ar é
Stepsiz modelimizde/=5-10-1 5 ( m/ s n) iyaipe | aé&E@0 oz luer
iterasyon sonucu el de ¢ rehldkiHeskmeseni e rhmadel r il e

.St ¢nde akeékekegialkeldgild ceac egunmuilzmukt ur .
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keki82lV=5 m/ sn i -in basén- dejerlerinir

keKl83 V=5 m/sn i-in t¢grbeglans kineti k en

kekKl84 V=5 m/sn i-in hez dejerlerinin
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