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O ABSTRACT 0O

This research aims to determine the effect of surface roughness on the resistance of
KVLCC2 tanker at different values of roughness height and in several cases. The ship hull
is divided into bow, middle parallel part (center) and stern. In the first case the whole
surface of the ship hull was made rough, then only the surface of bow was made rough and
the remained part of the hull was clean, in the third case only the middle part was made
rough and finally, the stern was made rough. The RANS equations and k-o SST model
were used to solve the Navier Stocks Equations. To validate the CFD method, a benchmark
test of plate with roughness was calculated. The numerical results show a good agreement

with the experimental results.
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LXBXT=4615 Lpp (M) X 2.885 Lpp (m) X 1.5Lgp (m)
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Cuail 3Slaall sha) & al @ylalie slual s Audully daiaall ge S o Dlie) ey Lduaall A6

plate plate

sl dneuly Aswiall
.
1.5
v | =
) = b ﬂ
20L
1.0L > 10L > 4.0L > - 15L g y
Wall(No‘Sllp)
(a) Domain (b) Boundary conditions
[23] dpaad) dag sl uleaad) Jlaal) 25 Jeid)
journal.tishreen.edu.sy Print ISSN: 2079-3081 , Online ISSN:2663-4279

212



e ol CFD i aladinly KVLCC2 Al Audull daglia o ol igia il duy

(U8 A 8y guall) Lpaad) Aidal) Ahata B asadil) (oY) B 5)guall) Aasiaal) (o Wil o3 ) Aaliiial) Anlual) AS0ad) 16 Joil)

K — @ SST _au 0 Jusal

Olasall (4 e s zisad) aa [24] <1994 oo & Menter J# e k— @ SST e )58 &
Jaly el e Ld b — @ Jaasall Gaadad 2y sl 138 3 Coaliasall DS Ui e iy .k — £ 5k — @
Clalea L pall Gl dihie 8 Aal) didall dihic mHla sk K — £ Josall iy Loall 460 dili
p A JSalL (i o Sy @0 aaad) aadll Jarag K dgylaadll A€al) ddlall Jly)

k) Aolea

dk dk X d dk
E+ll]£:ﬁ(—ﬁkw+£ {\F+UkUT]a—xj (10)

tw ([1/5]hhaa) ax5n) desill Gl aag du Ailes
1 dk dw

w 9i dx;

dw dw

d dw
gw oW ez paz
o + oy oS Bw* + I I{v +o,vr) 3 l +2(1—-F,)o,, (11)

i (alsall A 3l) Al g ) Alsle

k
u = PH ., S=du/dy (12)
*  max(o,w,SF,)

journal.tishreen.edu.sy Print ISSN: 2079-3081 , Online ISSN:2663-4279
213



Tishreen University Journal. Eng. Sciences Series € 2022 (1) saall (44) alaall Zavigl) aglall . 050 daals dlae

vk 500v\ 4ok}’
F, = tanh {{min |max — 3 . .
B*wy vy w Cka}"

vk EDIJ‘I.A
F, = tanh | |max
Bray’ v 03' (13)

du,
B, = , 103 ke
. = min (1’ ﬁxl B )

1 9k dw m_m)

CDy,, = max(zpcr - % ax

{(2) Jsaal L daiige Juagall 13gs Aalal) il

K — 0 SST bl Jasgall b Aariioual) colgil) Aad :2 Jganl)

B o, Bl O O2 T a, B: Tz
i E i 0.85 1 0.5 0.44 0.0828 | 0.8586
100 9 40
MM\J c.at'u!\

¢ all Al Y alaall Jal pasiosall  oalyyll Jisgally i alaall cpadyll AS0al Basn il o 2 Y Aol &
8 sial) dpappail) i) ae Gy lnall Aagiall Alad lgle Jgeanl) &5 Al bl 455lie 2 13gls

dagdial) Alad 4.a8)l) milill) o

O Al 8 oDl adde s podailly Auhall ad V) s I Y ANSYS I galin 3 podiid) 4503800 46 ()
Calll lgaatin) ) dpleall daggiall aladiu) &5 candli sasa (e B Ales dla e ol 128 las)
Aasil 5 Aieiall o) AilaYl L[11] Ll el il e 2SN lgie ydss <2004 Kl & Schultz
) G A3lie mamgy 3 Jsaall L (S st 480 cales Jad K-1) SST oalyyll dsasally RANS I 4k
dejull Giied die Aagiall Ul &5 A5l g i)Y Alide a8 e dagdeall deslial Al )y A
il e gaals 8 LS .0.984 2558 &8y dic 3.8 M/s Aulills 0.518 1 sluse 3558 a8y Cua 2.0 M/s ISV
sie Jent linde o) Jlie) ey Ripdall ¢ s (358 68) depmd) o IS bl 23 Uadll 2 il Zaal) )4
Qe ) bl 5585 o (agity by cJganll 3 daasall a8V e LS jraal 585 0.142 555 &)
a8 deadiusdd) ANSYS 3 das of QU 5lay) seas il dla b aie 28 ST gl 8 Lle
CLSRY ey Gl 35 (Sl Gl sl aladinly 38y ST S el il 2015 ) (e il
Al daslial a o dagaaa 4l bysea ands Anaye 40N &L G e caadtiud) uulall ¢ 8 (aey digal)

journal.tishreen.edu.sy Print ISSN: 2079-3081 , Online ISSN:2663-4279
214



e ol CFD 4 alaainly KVLCC2 Al digud) daglia o sdandl 353 50 Ly
Aagiall Ulad Laglaall clelaal 4ad g A i) al) cpu 43584 3 Jgand)
Velocity (m/s) d (um) . . Error
TEFD T.CED percentage

2.0 0.0 0.003605 0.00359 0.413%
Fr=0.518 85.0 0.003663 0.00377 3.1%
129.0 0.003783 0.00397 5.1%
3.8 0.0 0.003226 0.00320 0.8%
Fr=0.984 85.0 0.003423 0.00353 3.3%
129.0 0.003500 0.00369 5.4%

0.984 358 pdy dic %5.4 s il g (@Al Aad Sl o Bl (aadl leaany go Sl A3lie DA 0
Agial) ) Ll 8)sSaa0) oy pill Bl wie adl a3 13Sa 5 can Jsdie ey (3l 1ay (129 um dssaalls
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Velocity Cr Cr Error percentage
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1.047 0.00394 0.00411 -4.1
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d (m)

Crerp
0.0005 0.0054504
0.001 0.0069575
0.002 0.0073167
0.003 0.0078524
0.004 0.0082590
0.005 0.0085967

lgiaglia o Aidud) phial (e s JS Agdd Sl A
el e gilsiall Jan V) eial) cdasiall caludl 4D 1) A6 Aidud) 2 aps ICEM ) galigg aladinlys
gl A0 daglaad) e eBal) oda e eia JS Digia 86 las) 55 ey (BOw, Center, Stern) syasalls

«(Center) k¥ @lsiall sl «(BOW) datiall (e JS o Aipdall Ailida cilo i) i die Aasliall cDlalas 16 Jsaad)
-(Full Body) g Jalss (Stern) s,agall

d (um) C4(Bow) C4(center) C4(Stern) C4(Full body)

0 0.00394 0.00394 0.00394 0.00394
85 0.00394 0.00400 0.00394 0.00403
150 0.00397 0.00418 0.00394 0.00428
200 0.00399 0.00433 0.00401 0.00447
500 0.00413 0.00507 0.00420 0.00546
750 0.00417 0.00548 0.00432 0.00602
1000 0.00421 0.00579 0.00441 0.00643
5000 0.00440 0.00745 0.00485 0.00861
7500 0.00443 0.00795 0.00496 0.00928
10000 0.00445 0.00834 0.00505 0.00978
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d (um) AC4(Bow)% | ACy(Center)% | AC4(Stern)% | AC,(Full body)%

0 0 0 0 0

85 0.792 2.402 0.69 3.084
150 1.456 7.053 1.712 9.378
200 2.121 10.759 2.581 14.387
500 5.111 29.568 7.487 39.713
750 6.670 40.173 10.554 53.973
1000 7.7743 47.968 12.777 64.370
5000 12.484 90.391 23.945 120.163
7500 13.340 103.168 26.884 137.158
10000 13.723 113.135 29.056 150

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

journal.tishreen.edu.sy
217




Tishreen University Journal. Eng. Sciences Series € 2022 (1) saall (44) alaall Zavigl) aglall . 050 daals dlae

eSS Raslial) Qi ) 5055 g Unasall a8 Ll Jans g1 sl e ddsdlaall 4agle
CDUN (pe ol 130 Ay ISEaY] dagliag Taanal) daslie et daslial) 358 Ganld) A€l (i e LS
o %80 ) Juai 38 g SN daglia Juiy IS5 daslial) e 5SY) e3al) (b pmaall 2558 Sl xieg
coms 8 JCal eaa e Aaslial ehal e eia IS o A3siall L0 Auhy e 2 adde s LA daglaal dag
ol el e eda IS Wgin 456 =g 9 ULl L ad) (e AaAl) o el Asda 0 ae ASH Aol s
o phndl Aiaal QY1 E Gl (I 13 e maals o LS LAYy Tl i€ 5e e OS e
Ll 5y Ay a5 edaiall Aaglin we A3laally pelad) Aipiay fan o€ S5 b0 s (SSiaY) daglia
Gl o il IS8 i ) &sid o Jlie) e @llyg cadgial) a1 e 1y SY Y dssially
O G cdaglaal) saly ) o s eV cdibaiall oda & bl sl I gagis cipaall Al Al

Aagliall 3oy ) i JSE a5 Ally i) (e dflia) A8l Cas ) soan lhlaal) b2 S0

— Bow Roughness

= = = Conter Roughness
== =& Stern Roughness
=+ Full Body Roughness

44
-
-
-
40 =
-
-
E" / R s
. -”
"
—_— -
z * "
w " ot
g 3 ’ .
el ~ L4
o) e
¢ 7 e
3 !/ -
[ P
’
29 Je
'
3 - - O
{ > il
20 iy
L~
16
o 2000 4000 6000 8000 10000 12000

Roughness Helght [um)]
LOall AR £ al) Agdd it ae Adadl A<Y daglial) a5 :8 (S

journal.tishreen.edu.sy Print ISSN: 2079-3081 , Online ISSN:2663-4279
218



e ol CFD 4 alaainly KVLCC2 Al digud) daglia o sdandl 353 50 Ly

— o Bow Roughness

® = = foCenter Roughness
- e [nStern Roughness
= «+ Fp Full Body Roughness
—&- FvBow Roughness
—wr [ Comer Roughness
—+—  Fv Steen Roughness

v Fy Full Body Roughness

Ressstance [N]
»n ~ ~
[~ & o

o»

~

8

o
Q9 2000 &000 6000 8000 10000 12000
Roughness Height [um]|

ALY Laglia FV cdaiuall daslia FP ool ¢ra ARLAAY ¢ oY) Aigdd i aa dlliaYly Juidal) daglia 45 :9 JS&

tGlbuagilly clalitiuy)

sclaliiiay)

tsl Lo ) el 5 o) Aaslie e dipial) ¢ i) it Al Jal e CFD ) i alasie) Gaadl 3 b 5
ANSYS I zaliyy b il igial) ailis k — @ SST b))l dsasalls RANS 3 dayla ) -
cleglad) Glua vie (a1l e glly Lol Call<ill yi5 3 aelus Al cliplaill 8 Tas 5o il das

il o3 Bl LSl Joa 38 pailiads dudud) o sisall sl o a8 il dipaal -
Al llad) cblesly 25850 Dl Ayl Cagplall 8 Aidud) Jead dysllaall 28Ually 5ol 52

el 13a e Blaadl s condl e gilsiall Jang¥) e3al) sl e il digall LSy sl -
a8 Dgind go depudl i e Baliall JY) el el 505 daglial) Qi asls e olSeY) 8 Ll
S sale s Jullg J8 a8y

okl daglie 52l (e Aysie Aot IS STy ¢ gl Agdal) Juiy SN daglie 50l -

tluagil)

DT e ad Wb el el caiall Al e Ul alatind (35S (s oot Ayal) 030 il e Ly -
Al o pSati dulay)

journal.tishreen.edu.sy Print ISSN: 2079-3081 , Online ISSN:2663-4279
219



Tishreen University Journal. Eng. Sciences Series € 2022 (1) saall (44) alaall Zavigl) aglall . 050 daals dlae

Colarl) Alee Jiali paey DB e el 138 gys0 IS8 Gad) (ge Jas Y g 3all Cadan A gla -
Agsall CapdSl de alal) ) Al Jias s

Al JledU cluaglll

coalbll e il JC0 dpidl) ib AUy -

o piall Aalide a8 dsms Ay Gl G Jaliall B Al -

) Aoy e e digaal) il Ay -

55 LR Jgny @A 5aY) Agiall Aalie o die Gl (e 558 e senal Aleld lily 3206 Slac) -
cansliall Cadiall ) ¢ Dial)

Gllys ccatall Zald) lilaall g )l Caliid A3siall alil Aleld by sacl o Lisly bl aghy o -
Sy Al Ligid g o Hlie) e diaul) daglie o colilaal) el aiaas o) d3paal) il sl dal e
LAY daglie e Ky byl We

References
[1] ITTC, “Specialist Committee on Surface Treatment,” in 26th International Towing
Tank Conference-Volum I, 2011, [Online]. Available:

https://www.ittc.info/downloads/proceedings/26th-conference-rio-de-janeiro-2011/volume-2/.

[2] Y. Demirel, “Modelling the roughness effects of marine coatings and biofouling on
ship frictional resistance,” 2015.

[3] ITTC, “Report of the Power Performance Committee,” in 19th International
Towing Tank Conference, 1990, [Online]. Available: http://ittc.info/media/2304/report-of-
the-power-performance-committee.pdf.

[4] ITTC, “Testing and Extrapolation Methods, Propulsion, Performance, Predicting
Powering Margins,” in ITTC — Recommended Procedures and Guidelines, Procedure 7.5-
02-03-01.5, Reversion 01, 2008, [Online]. Available: http://ittc.info/media/1237/75-02-03-
015.pdf.

[5] S. Lecheler, Numerische Stromungsberechnung. Wiesbaden: Vieweg+Teubner, 2011.

[6] O. Turan, Y. K. Demirel, S. Day, and T. Tezdogan, “Experimental Determination
of Added Hydrodynamic Resistance Caused by Marine Biofouling on Ships,” in
Transportation Research Procedia, 2016, doi: 10.1016/j.trpro.2016.05.130.

[7] T. von Karman, “Mechanische Ahnlichkeit und Turbulenz,” Nachr Ges. Wiss.
Gottingen, pp. 58-76, 1930.

[8] C. Yang, H. D. Lu, and R. Loéhner, “On the simulation of highly nonlinear wave-
breakwater interactions,” in Journal of Hydrodynamics, 2010, vol. 22, no. 5 SUPPL. 1, pp.
975-981, doi: 10.1016/S1001-6058(10)60055-8.

[9] Y. M. Ahmed, “Numerical simulation for the free surface flow around a complex
ship hull form at different Froude numbers,” Alexandria Eng. J., vol. 50, no. 3, pp. 229—
235, Sep. 2011, doi: 10.1016/j.aej.2011.01.017.

[10] D. A. Johnson and L. S. King, “A mathematically simple turbulence closure model
for attached and separated turbulent boundary layers,” AIAA J., vol. 23, no. 11, pp. 1684—
1692, Nov. 1985, doi: 10.2514/3.9152.

[11] M. P. Schultz, “Frictional resistance of antifouling coating systems,” J. Fluids Eng.
Trans. ASME, 2004, doi: 10.1115/1.1845552.

[12] O. Usta and E. Korkut, “A study for the effect of surface roughness on resistance

journal.tishreen.edu.sy Print ISSN: 2079-3081 , Online ISSN:2663-4279
220



S cle CFD 4 alaainly KVLCC2 Al digud) daglia o sdandl 353 50 Ly

characteristics of flat plates,” in RINA, Royal Institution of Naval Architects - International
Conference on Marine Coatings, 2013.

[13] Y. K. Demirel, O. Turan, and A. Incecik, “Predicting the effect of biofouling on
ship resistance using CFD,” Appl. Ocean Res., 2017, doi: 10.1016/j.apor.2016.12.003.

[14] S. Song, Y. K. Demirel, and M. Atlar, “An investigation into the effect of
biofouling on the ship hydrodynamic characteristics using CFD,” Ocean Eng., 2019, doi:
10.1016/j.oceaneng.2019.01.056.

[15] D. Uzun, Y. K. Demirel, A. Coraddu, and O. Turan, “Time-dependent biofouling
growth model for predicting the effects of biofouling on ship resistance and powering,”
Ocean Eng., 2019, doi: 10.1016/j.0ceaneng.2019.106432.

[16] I A. Yeginbayeva, L. Granhag, and V. Chernoray, “A multi-aspect study of
commercial coatings under the effect of surface roughness and fouling,” Prog. Org.
Coatings, 2019, doi: 10.1016/j.porgcoat.2019.05.041.

[17] J. Seok and J. C. Park, “Numerical simulation of resistance performance according
to surface roughness in container ships,” Int. J. Nav. Archit. Ocean Eng., 2020, doi:
10.1016/j.ijnaoe.2019.05.003.

[18] S. Song, Y. K. Demirel, and M. Atlar, “Penalty of hull and propeller fouling on
ship self-propulsion performance,” Appl. Ocean Res., vol. 94, p. 102006, Jan. 2020, doi:
10.1016/j.apor.2019.102006.

[19] A. Cura Hochbaum, “Ein Finite-Volumen Verfahren zur Berechnung turbulenter
Schiffsumstromungen,”  1993.  Accessed:  03-Apr-2020.  [Online].  Awvailable:
http://www.tuhh.de/vss.

[20] J. Ferziger and M. Peric, Numerische Strémungsmechanik. 2008.

[21] H. Schlichting and K. Gersten, Boundary-Layer Theory. Berlin, Heidelberg:
Springer Berlin Heidelberg, 2000.

[22] “MOERI KVLCC2 Geometry and Conditions, SIMMAN 2008, FORCE
Technology.” http://www.simman2008.dk/KVLCC/KVLCC2/kvlcc2 _geometry.html
(accessed Jun. 26, 2021).

[23] J. Seok and J. Park, “Numerical simulation of resistance performance according to
surface roughness in container ships,” Int. J. Nav. Archit. Ocean Eng., no. June, pp. 1-9,
2019, doi: 10.1016/j.ijnaoe.2019.05.003.

[24] F. R. Menter, “Two-equation eddy-viscosity turbulence models for engineering
applications,” AIAA J., vol. 32, no. 8, pp. 1598-1605, Aug. 1994, doi: 10.2514/3.12149.
[25] U. Analysis, “ITTC — Recommended Procedures ITTC — Recommended
Procedures,” 2002.

journal.tishreen.edu.sy Print ISSN: 2079-3081 , Online ISSN:2663-4279
221



