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O ABSTRACT 0O

The flow around the DTMB 5415 hull form had been simulated using the finite volume
code ANSYS Fluent 2020 R2. Besides, the frictional and the pressure resistance or called
as the total resistance for DTMB 5415 hull form, had been calculated at different speed and
different draft. The results obtained from the calculation using computational fluid
dynamic for model had been compared with it's of experimental result and Maxsurf result
(approximate values). It was found that the values of resistance obtained from the ANSYS
Fluent 2020 R2 were almost similar with it's of experimental data, as the biggest
percentage of error was only 3.79 percent for DTMB 5415 model and the error values
obtained from the calculation using Maxsurf result (approximate values) were increasing.
For future study, the predicted numerical results for the DTMB 5415 model hulls can be
improved by using finer mesh elements on the surface of both units and by utilization of
more advanced turbulence models such as Detached Eddy Simulation (DES).

Keywords: flow, draft , resistance, ship, simulation, speed.

" Professor — Faculty of Mechanical and Electrical Engineering — Damascus University, Damascus,
Syria.
“ Associate Professor - Faculty of Mechanical and Electrical Engineering — Tishreen University,
Lattakia, Syria.

Postgraduate Student (PhD) - Faculty of Mechanical and Electrical Engineering — Damascus
University — Damascus- Syria.

journal.tishreen.edu.sy Print ISSN: 2079-3081 , Online ISSN:2663-4279
78



Senall cdena cdsla CFD Abuall &) sall elialiny alad5uly "DTMB 5415 Aidasl) da glie Ciluss

- -

14adla
:Abd) AS at slal) daglia cilS e —1
Aileie e gl Yos (g lShe sae ) Leliad 2 Al A5a) slaall Aoglie 58 yaats Ay Jaed
A Bl ) Dol Qi) 5y L mnd) gmny
(V) LAl A€l gned) sl oladl po saalaiall o Aylsall laladl dpilly cl€dl) 2285 —1
((R) aasyy;
(e ANED (A 3l) Aidad) 4 @Dt A Jlull Aplhall (alally b€l i -2
p O e Aniad) AS)aT oluall aglie 358l 48lll LSl e uad o (S 238 Lo ) Tl
R=R +R; +R, (1)

s
folaall dag3l e Aealill Y| daglie — Ry
Salin g el Jaall i e slaall dagil il e daali o(Aplias) o dualgs daslia) S8 daglie — R4
tAidall O3 e pulalall andll 5A%a 5 dadia o
ol andl) e Saalinngjagl) Jasiall ayjsi sale) b Abiall 5 oluall AlE e daalill zoaill daslia =R,
olaadl 8 Ahul) ASa Lghand 3 z1se) s G2l (ge
A ARl 2383 LAt slaall daglia (b Aaliiie daives Aniud) A5a (5% Letie 4l (55 ey

R=R +R;{ +R, =R, + R, (2)
At
olaall Ayl Aaslie =R )
tALi) ASjat oluall Aaglia pyanil Ay jail) 48y kY -2
Csadly Jleel) 8 aadiid by gl ASal slual doslie panil GululY) A6l Ayl ddgylal) el
il an LSa) Lgnalsa ity ddpal QIS clagly hall il JSbel Gpapanail) Ciludyall it o L Zsalal)
gile ol phall Agdal)l JSedl o L) N8 Cylad Gob oo Al AS5a] sl daslie 3aa (gya
LJSLgl) o3a (<D 5a)
paaty aplia) ke Glal S pabal 8 cau) JSLa zile o culat sha) (B A8k o3 aga jeasiy
ol oda s sale) (m ASaalinng pagl) bl Lylai ) Taliiad 2 ccDlasall o3a AS)at olud) daslia
cOdall aaall JSbel) AS)ad oluall dajlia yaaiy
DR pae e dunlie Guliey gl JShel DL se paRE Cumy LAY (sl b culail) dulle
O b ey il (il au ) ) Do) D sl piaal eouladll w8 e Gl Calyay dp)
Gloa sale) oW e lide 2581K0 daiia’ Jiagal) Slie] Say Cumy da JSG eadadd Jioas (%0 + %5)
o dlly) gloall Chlaial alse Jiagall desie 4 il Agdall Gaull JShel sliall daslia aail jlall il
cstial) Il Aadan) ARkl il el el (Adls IS

journal.tishreen.edu.sy Print ISSN: 2079-3081 , Online ISSN:2663-4279
79



Tishreen University Journal. Eng. Sciences Series € 2021 (2) 2asll (43) alaall avigl) aglall . 050 daals dlas

) e st oty ASaddl e pud) en o cpladl di
f(Ale) 540 el (s (z3) Dlasa -

3 e hal (z3l) eDlase -

e gnse b LS gl el Ragill (s 300D G et ) inidl) e Aatil) (3 Jonns i
:(1) J=a

Akl e pud) e 330 elad) ge Jisall sl daglia = R (V. )

Adkad) eyl e (gole dS8) B elad) e dinsall bl aslie = Ry (Vi)

R

Vm
Jagal) Ao yuy Jaagall ASsad olual) Aaglia ¢y ABlal) (1) Joil)

148y ual) dsan

O dss plpall 38l ehalsy ol dea gloall c¥ales da Gyl e ddtad) daglie a3 ) Sl Gangy
s vl alalal) die dudnd) oda daslidd [1] dayail) Lkl 358 s DTMBS5415 g5 (e il
b v dasliall llua shals Al Oy Ciast Gel Ay A8 ol DA Ge @l 3500 chaY)
Maxsurf gyl zalipl) alasinlys (ANSYS Fluent 2020 R2) zaliy alasiuly ellyg ddidg uhle

t0dlgay Ciad) ik

N obeall Gyl 2 LS gl gl pa s Al Al o Ll asliag Cayyaill Ak Ay elya) Aad) & &
Gl dalas Jal (e Aa DU doaal) 5Saall dlee a5 Gaglaall Gyl Zagdll hlluad Lo U Lol
e Lo Jpmall 5 ) i) 45560 Nl s ANSYS Fluent 2020 R2 by alasi il clld s daladl)
Maxsurf g adl zmalipdl alasiuly £ sunall Gyl aily L paall gl Gy atl) )

journal.tishreen.edu.sy Print ISSN: 2079-3081 , Online ISSN:2663-4279
80



2eaall (dena il CFD 4yl &) sall ¢lialipy alasinly 'DTMB 5415° A da slia il

:AdiBlialy gl

syl Jpagall —1

Losliall all gyl byl oY (David Taylor Model Basin) DTMB 5415 digul sSlad) ¢l &
2] Sl a8 dg paal) A5l o By5ea (2) JSAN g ([1] 85855 Andudl o8 Gy e

y

=

DTMB 5415 &biud) ¢l 5500 (2) Jeial
(2] 73 sl Aihal] Aliaiil cilidanal) (1) Jsaall e S

isadl) Aol A duaitl) cildanal) (1) Jgaad
z s« (Model) el iyl
£ Scale factor = 24.830 Jasanll dis
5.72 (Lpp) (M) length between prependicular O gandl G Jghall
5.726 (LwL) (m) length of waterline el b Joha
0.7242 B(m) Breadth Ul
0.248 D(m) Draft AR
4.861 (m?) Wetted Surface Area Jlall o) Aalisa

t¢uay (3) JRAL mase o LS Computational domain definition lia Jlaw oL
((0.7Lpp) dilee all lacd) e gslal) antans i) aly .

(0.7Lpp) (sl Al mhaudl chat diee °

-(1.048LppP) (sl dibua z3saill o Jlaall Jade 22y .

-(4.37LpP) (ssbutt Al z3saill (e Jlaall )30 22y .

journal.tishreen.edu.sy Print ISSN: 2079-3081 , Online ISSN:2663-4279
81




Tishreen University Journal. Eng. Sciences Series € 2021 (2) 2asll (43) alaall avigl) aglall . 050 daals dlas

Blslaal) £)2Y o3l a3 ) alual) Jlanall (3) Jea

Mesh generation 4.8l <.l

Ailaie 8 A e o5 Cum 4S8 Aasiioad) LAY sae (L Gl Aid) (5 Couall 58Il elya) o
LAY dae 3ab) & LS A8y il e Jgpaall d8haiall oda (& € S0 WIAT aae 8ol clldy all sl
Cuny A8 Basa JLER) 5 4dld L ) o Ragliall ZiSan o G o Jpemall Jaldl il oy e
saie 3820817 asall aae g 43la 2072454 WA ae 55

DTMB 4iiull (mesh) 4.8, A, (4) Jel

DTMB Liiull (mesh) Ayl dsuall (5) Jedl

journal.tishreen.edu.sy Print ISSN: 2079-3081 , Online ISSN:2663-4279
82



2anall (dena Cagla CFD 4yl &) sall ¢lialipy alasinly 'DTMB 5415° A da slia il

DTMB 4iiull (mesh) Lua8) A, (6) Jeul

4.\..33“3\ O d}; \Ajb.’h) ({J L;\S\ (Mesh) M e (6)3 (5) 6(4) d\S.J&\ C...Aji

034 :LU\AA C_my LS daliaa U_ﬂ.c)u Qe :’\AJ\AAH Jalza h@j CJ)A.\X‘ :\_x;xs...uﬂ slSladll C_‘itu (2) d}.};l\ O

() DY Gt 3l Ul gal) il g i) adll aa all
CT(exp)—CT(fluent) 3
CT(exp) ( )

error% =

Force(exp)—force(Maxsurf
error% = (exp) ( ) 4)
Force(exp)

L adl) Aasliall Jalaa aby gz dgall) Abbedl 5\Slaall qilii (2) Jgaad

Froude 0276 | 0325 | 0371 | 0413

V(mis) 20637 | 24345 | 27791 | 3.0937
Ct(Fluent)*10-3 5849 | 6.1537 | 6.472 6.85
CH{EXP) *10-3[1] | 592 6.24 6.55 7.12

Error% 1.2 1.38 1.19 3.79

Lgunall leady T=0.248M aseaill (ulalall i g yail) dnsull daglia ad =800 (3) Jdeaadl Gaw WS
. Maxsurf (gyaall zaliyll Cua Al c¥alaal) aladiuly

Maxsurf .8 ae T=0.248m asaaill (ublal) die 4 il Aldad) daglia ad 4jliag cilua ilid (3) Jgaad)

Froude 0.276 0.325 0.371 0.413
V(m/s) 2.0637 2.4345 2.7791 3.0937
Maxsurf -van Oortmerssen(N) 62 97 131 252
Maxsurf-holtrop(N) 57 83 125 188
Force experement 60.55 88.486 121.28 159.058
erorr%(van Oortmerssen) -2.394715 -9.62186 | -8.01451 | -58.43277
erorr%(holtrop) 5.862923 6.199851 | -3.06728 | -18.19588

journal.tishreen.edu.sy

83

Print ISSN: 2079-3081 , Online ISSN:2663-4279




Tishreen University Journal. Eng. Sciences Series € 2021 (2) 2asll (43) alaall avigl) aglall . 050 daals dlas

il Jpsal Tl afl s 33 a8 Radlly Regal @bl Sl sl (7) JSE ey
Maxsurf 5yl zalipl) 225y &gl 2ills DTMB 5415

250
200
150
van Oortmerssen(N) o
I
experement (N) Q
holtrop(N) 100
50
0
0.46 0.41 0.36 0.31 0.26

Froude

358 oyl Apuailly aglial) it Jakaia (7) Jo

@l galind) o Al SV el alasiinlyy CFD aladiinly duiad) daglie o il (4) Jsandl Gan LS
chead Alla € 3 Aggial) Ul Cansi o e Fr=0.066 2558 28 43,6 Aoy dilide (pubalse a8 xie Maxsurf

Maxsurf o) galindl cuwa A &8l cN el aladiulyg CFD aladiuly Addad) daglia o gilii (4) Jgaad)

Draft(m) 0.15 0.2 0.248 0.26
Maxsurf -van Oortmerssen(N) 4 4 5 5
Maxsurf-holtrop(N) 3 3 4 4
Fluent CFD( N) 3.343153 3.925258 4.26553 4.32629
erorr%(van Oortmerssen) -19.64754 -1.90414 -17.2188 | —15.57247
erorr%(holtrop) 10.26435 23.57189 6.22496 | 7.5420279

(8) UK & (e ail) 03¢l primsall i) Jalaadll

journal.tishreen.edu.sy Print ISSN: 2079-3081 , Online ISSN:2663-4279
84




2eaall (dena il CFD 4yl &) sall ¢lialipy alasinly 'DTMB 5415° A da slia il

Froude=0.066

6

\ 5
4 —
\ E
holtrop(N) 3 8
S
van Oortmerssen(N) (@)
P LL

fluent( N)
1
0
0.3 0.25 0.2 0.15 0.1
Draft(m)

(Aaliaal Jraadl) c¥) ubalid) dad a0 aa dagliall it hbia (8) Jsa

Lt el o Cus CFD a8 (e ST Maxsurf —van Oortmerssen (s iy susall dasliall ad of Jaadl
s Ao e of us CFD o (o J8 3a il ad (i Maxsurf-holtrop i Wi 19.64754 o s
.23.57189

Maxsurf s adl malill dgals 8 smnal dagiall a8 (9) JSE cpun

o; /
1% L S s - l
15 25 § 35 45 55 6
008 012 (X3 02 r::::%u:w 028 032 036 [
Maxsurf gaul) malipl) dgaly & Lguaal) dagliall ad (9) Joil)
journal.tishreen.edu.sy Print ISSN: 2079-3081 , Online ISSN:2663-4279

85



Tishreen University Journal. Eng. Sciences Series € 2021 (2) 2asll (43) alaall avigl) aglall . 050 daals dlas

t@lbuagilly clalitiuy)

ralaliiiay)

ol 3 Ale 48y a0 Aihudl o3 Ayl adil) e Apad ) SIS Laal il A jliay Jilat DA (1a .
BACPA(

sie Al il e (CFD) Gavs dasliall dad d3)lie xie @lldy 3.79% o Uaall dus e o .
earanaill alalal

o Sl Maxsurf -van Oortmerssen (s (uhlall datias ald die dyguadll daglid) i o aadu .
:19.64754 & Uas 4 el of &um CFD o3

Cua CFD a8 (e 3 Maxsurf-holtrop Gy Gulalall dabide o8 die 4y punall dagliall ad o G .
23.57189 o lax i el

(CFD) dyluall ailsall clulipn ayii il a8y of Laay by d3dul) (udaliy degliall lpis Jasis .
Agpad) el aladinly f Ayl 3kl ae 43)lhe Al
O alaay Aud) dlal Lgum j laanh (385 Aagliall ad Clus (Se Maxsurf galiy aladiuly .

BAS) 210203 b OFD bl ailpall clualinn 4 Loty Liay JS8 (5 eamt ) slas¥) cansi s La 530
ol Jsas gloall g iy ol asall Cona il J s Gl JISS

tlua i)

gsasdl CiliSinl e Cpuvigally o lalell gl A5al oluall daglie lilua Joa Cand) 38 oy .
I3 Jlaall o 28 JI5 Y Alls cdaglaad) il Cagpla (& Slalally Gaull ) JSLA dsls e Sl
Aaalina g yael) alslall s3gr Alaa¥) oy 2 Y1 5K Al

dcyw on dobad) SO0 Geel agd LSy Al dediia) Lagl oSl Uaia o pualal) cdgll b .
Go Dl Bl Loy il Ui jes sty o(dibide (ulalse ad) Ailide Juead cVls 8 LS)a daglies Liud)

Detached (e dadiie ohlaial z3la ladls duddyll 305 & LAY aae salyhy sSlally Zuball D
S e e oS ) AdlaYl canlall 336aY dle claalge ) Uas i) Eddy Simulation (DES)
Cliahly s gyl (8 dndall daglie paas ALy bl G Joa Oloall 3w e)) Wiy LS .

23wl Laaglall Lo yally ol pulls ddlaia (g4

References:

[1] Larsson, L., Stern, F. and Bertram, V., “Benchmarking of Computational Fluid
Dynamics for Ship Flows: The Gothenburg 2000 Workshop”, Journal of Ship Research,
47, No.1, pp. 63-81. (2003)

[2] http:./SIMMAN2008.dk/5415/5415_geometry.htm

[3] Yasser M. Ahmed a, ¢, O. B. Yaakoba, b,*, M. F. A. Rashid a, A. H. Elbatran a, d
Determining Ship Resistance Using Computational Fluid Dynamics (CFD), Journal of
Transport System Engineering 2 : 1, 20-25. (2015)

[4] Hino, T. (ed.), “Proceedings of the CFD Workshop Tokyo 2005”, Tokyo, Japan. (2005)

[5] Montgomery, D. (2005) Design and Analysis of Experiments. John Wiley & Sons, Inc.

journal.tishreen.edu.sy Print ISSN: 2079-3081 , Online ISSN:2663-4279
86



dasall cdlasa ccagld CFD auluall é\\}d\ Sladlin r\\' sl 'DTMB 5415° Auaul) 4a gl Clus

[6] Leo Lazauskas, Cyberiad, First Draft: 16 Dec. Resistance and Squat of Surface
Combatant DTMB Model 5415: Experiments and Predictions. (2009),

[7] Burg, C.O.E, Sreenivas, K., Hyams, D.G. and Mitchell, B., “Unstructured
Nonlinear Free Surface Simulations for the Fully-Appended DTMB Model 5415 Series
Hull Including Rotating Propulsors”, Proceedings of the 24th Symposium on Naval
Hydrodynamics, Fukuoka, Japan, 8-13. (2002)

[8] Suleyman Dumanl ve Sakir Bal2, NUMERICAL INVESTIGATION OF SCALE
EFFECTS ON MANEUVERING COEFFICIENTS OF DTMB 5415 HULL.2017

[9] S. Bal, “Prediction of wave pattern and wave resistance of surface piercing bodies
by a boundary element method,” Int. J. Numer. Methods Fluids, vol. 56, no. 3, pp. 305—
329, Jan. 2008.

[10] S. He, P. Kellett, Z. Yuan, A. Incecik, O. Turan, and E. Boulougouris,
“Manoeuvring prediction based on CFD generated derivatives,” J. Hydrodyn. Ser B, vol.
28, no. 2, pp. 284-292, Apr. 2016.

[11] S. Duman and S. Bal, “Numerical Investigation of Viscous Effects on the Static
PMM Tests of Ships,” presented at the A. Yiicel Odabasi Colloquium Series - 2nd
International Meeting on Recent Advances in Prediction Techniques for Safe Manoeuvring
of Ships and Submarines, Istanbul, Turkey, 2016.

[12] ITTC, “Practical Guidelines for Ship CFD Applications,” presented at the
Proceedings of 26th ITTC, Hague, 2011.

journal.tishreen.edu.sy Print ISSN: 2079-3081 , Online ISSN:2663-4279
87



