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/I A .- 20 cells would be required in stream-wise and apige directions to

resolve these flow features (Leonardi, Orlandi, BrgaDjenidi, & Antonia, 2003). For the textures
considered here this was shown to generate iretiierr of five million cells in the cavities alonac

a minimum of 15.5 million cells in the overall domaln addition the use of cubic cells lead to a
significant reduction in the stream-wise lengthradsh cells and a corresponding increase in Courant
number (™) necessitating smaller time steps. Increased madheduced time step combined with the
need for a long averaging period to achieve sieaitt steady turbulence, create a load task wksch
well beyond the capability of the High Performar@emputing resource currently allocated to the
project. Instead meshing in the cavity was base8l, ghand 5 cells in the stream-wise, span-wise and
wall normal directions respectively. In additioretgap between the cavities has been increased to
csY > HD | instead of the targe§" > D to reduce the number of textures. The rest ofitieain is
meshed so that" is less than 2 at the top of the texture geneagatin million cells overall. A time
step equal to 0.01s was chosen to keepthee HThe non-dimensional velocity profile obtainedhwit
the textured surface is compared to the equival@oioth wall solution in
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Surface mesh above the recessed cavity.
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The same meshing strategy as discussed for thesexteavities has been adopted in this case leading
to a similar mesh count as illustrated in @ . For flow aligned with the texture length two effe

can be expected: (i) an upward shift of the quaisam-wise vortices leading to effective thickenadig

the viscous sub-layer (Jiménez, 2004) and (ii)ftnmation of trapped vortices in the cavity between
successive protrusion in the stream-wise directidhile the latter is known to induce a moderate
increase in the wall shear stress associateddallenl d-type roughness showrn/in @ , the former

is associated to the drag reduction effects. Theng@rd shift in the log profile is shownin @

for a range of k-type roughness as a functioxX'a4f A negative shift corresponds to drag reduction
which is observed in this figure with trianguldblgts in their hydraulic transitional state betwdes
smooth and fully rough regimes that is foce ¥ ce E

'+  Surface mesh over the raised textures.
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Results presented in the previous section highldgjhhe need for a higher resolution of the
boundary layer including in gaps between roughredements. Dedicated computational
resource for 1 million CPU hours from the Irish @erfor High End Computing (ICHEC) was

secured through a funding support application (gramber dcen013b). Results from these
additional simulations are presented in this sectiéd similar domain and geometry is

considered with wider roughness element to minintiee increase in the mesh count. The
purpose of the simulation is to assess whetheintpact of the antifouling textures studied is

@



similar to that reported in the literature for doobus streamwise rectangular riblets. In
particular it is known that for spanwise riblet sipgy lower than! £u Y *~ some form

of drag reduction can be expected. The questiahéther the finite length roughness elements
will also prevent streamwise vortices from penatgathe inner part the boundary layer. The
study has considered two spanwise roughness spa¢intf and—Y &~ . The simulations
are carried out i¥) § "©+ ,withfY o~ for both the recessed and raised roughnesses. The
mesh resolution in the core of the flow domaitrisN “v& N "~ in the stream-wise, span-
wise and normal directions respectively. Near aptlvben roughness elements the non-
dimensinoal cell size is taken close to oog" cu' ct V>’ . The geometry creates four
different areas which are the roughness crest pldmgestream-wise valley, the span-wise
valley and the intersection of the stream-wise gpah-wise valleys.

4 &3 Y o

The non-dimensional velocity profile is shown igiiie 93. The roughness is shown to cause
a shift in the logarithmic layer while a total draxgrease of nearly 7% is calculated. This is
close to the 6% increase reported by Elsamni(@.&. EI-Samni, 2007)or continuous riblets
with a gap ofY ©~ . The roughness layer has been extended by nesanguah as the
roughness height itself which shows that roughrigpe can be considered as a d type
roughness.
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The streamwise turbulent kinetic energy profileartsig at the bottom wall within the
roughness gap and extending throughout the bourddgey are shown in Figure 99 for both
Y« and-Y o . The measurements are made at the mid-point almgtreamwise
length of the roughness element. This clearly cordithe lack of turbulent kinetic energy in
the valley as the gap is reduced
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