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Just toremind, whatwe aredealingg A U K X

A Easygeometry = piece afake right?
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Time = 1.344800 [s]
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Q-criterion = 397 1/s]
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Possiblescenario

. Developedurbulent flow, passingsmoothpipe

of inlet section carriessomeweakstreamwise
voritcalstructures Thosestructuresbecome
condensedand hencestrongerwhen
approachindlat front of bluff body.

. Whenpassing leadingedge they shift their

shapeinto ringsalongthe maximumstrainrate
surface gettingevenstrongerdueto toroidal
vortexpair.

. The maximunstrainrate surfacebreadsQ-

eventstructures

. Somefraction of vortical structures detachfrom

the surfacecloseto venacontracta(probably)
dueto ejectionevents

. At the samdime, sweepeventsburstlocalheat

transferwhenhitting innerrod surface

. Whendetached strongturbulent vortical

structuresstart to reorientthier axestowards
streamwisedirectionandelongates

. Elongatedstructuresof alternate (+/-) rotataion

patternimprint either on fluidtemperature
Isosurfacesnd oninnerrod wall surface
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Didyou knowX

A that the sizeof a setup file to rursucha simulationis just:
5_ ?— / s

1 1 n 5 @ 3
A but the sizeof aresultsfile/checkpoint (ondimestep) is:
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NowimagineX

A Sincethe currenttimestepis:

135 440

A | couldexpectto havein total:
11.5+ 135440 x 93.3 =12 636 563,5 GB
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What makesit soBig?

main Size * Number o

r /L

I timesteps
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Theqguestionis:

A Do Ireallyneedsomuch data?
I How bigisthe simulationdomainand do Ineedsucha spaceresolution?
I Howlongthe simulationshouldbe? 6imulationperiod)
I Doeseverytimestepcountsor isvaluablé (time resolution)
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the simulationdomain?
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Skewness

A Skewness

Min 1.3e10
Max 0.5
Ave 2.9e2
StdDev 6.5e2

Sﬂ@@wn@Ss > @ | me@m

020 0.30 40

&P P WAl Es i SEREWTRIEE 2 0v k

i P77



T 22

AspectRatio

A Aspect Ratio
I Min 1.0001
I Max 24.653
| Ave 4.3921
| StdDev 4.3174

11 478 400 elements

1.00 4.00 8.00 1200 16.00 20.00 24,65

ol o SIS s ki NEESTRIEE 2 02k 10/2§



T

Dol needsuchaspaceresolution?

(*) dR/<Kolomogorov Length Scale> | min =3.625e400 | max =3 442e402
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(*) dZ/<Kolomogorov Length Scale> | min =1.082e400 | max =1.744e403
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(*) Element Length/<Kolomogorov Length Scale> | min =4.322e+00 | max =1.739e+03
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Resolved to Total (resolved + modelled) Turbulent Energy (k) | min =5.301e-02 | max =9.933e-01
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1stconclusion

A Basedon AspectRatio andkolmogorovength scalecomparedto
Radiakelementsize somerefinementstill couldbe applied Mainly
by addingextralayer 0 dzu X

1 morelayerin radialdirection meansl.3M new extraelementd

A Basedon Resolvedo TotalKineticEnergy Ratio in thannularpart of
domain presenteddiscretizationseemso be sufficientto conclude
the observations

A Thecurrentmeshresolutionis alreadya (reasonabld compromiseé
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Howlongperiod oftime do Ireallyneed?

A 135440timestepsa 4 floWv Solumes replaced (FVR)
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BTW. Howongit reallytakesto getwherewe are?

A U p tO Now L ES Wenlth roug h "1000 time steps" execution period Linear scalability test
135 440tmesteps ” h
(2 849 100t)

ime [h]

A Computational time is N
tangled with number of

SOftware I ice NCES avai Iab I e, "1 steady state iteration” execution time
i.e. 1 licence =1 CPU core | |

[s]
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Whataboutaveragingoeriod?

A Time-averaging done in two independent periods:

1) 15 Wall temperature
3.29 F\?R ) _
X
A For the next :
>
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- m== Transitional K-KL-Omega
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2"d conclusion

A Before running the time-averaging, we need to have at least 1 FVR past.
More Is always advised.

A As we could see, even 0.5 FVR was not enough to get time-averaged
results without further post-processing. It Is estimated that about 2-3
FVR would be necessary to make It possible, but we would not
recommend this anyway for economical reasons.

A It is well depicted that home-made Python script for space
averaging for two different and independent periods of simulation
bring the same answer. In other words, we could have shorter
simulation, but we could not prove it validity without prolongation.
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Do wereallyneedto keepeverytimestep?

A Depending on what we are looking for:

YES

NO

If we want to spot some instant flow
structre or Its pattern or even
behaviour. In most cases this Is done
by means of visualisation. When
making an animated visualisation one
needs certain time resolution to get
smooth motion of such a structure.

If we are going to base only on the
time-averaged results. It Is done after
every timestep, so In fact we need
only the final results file.
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Sowhatisthe freqguencynecessaryn this case’

time =1.33621[s] P, -8000 [Pa] ejection events (Q2)

sweep events (04)

A Dependce on
phenomena
observed!

Phigh= 1900 [Pa]

Ant = 0,005FVR
HITRand NooV
(10)means2.1 TB!
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Howmanyvariablesvere usedin thisv

Piow= -8000 [Pa]

ejection events (Q2)
sweep events (Q4)

time = 1.33621 [s]

Phigh= 1900 [Pa]
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Extracteddirectly:

A
A

A
A Q2 event
A Q4 event

Isualisatior?

13.7 GB
CGNS

Time

Coordinates

Scalars
InstantPressure
TimeAveragedPressure
Temperature
TimeAveragedlemperature

Vectors
InstantVelocity(Cylindrical
TimeAveragedvelocity(Cylindrica)

din postprocessing

Scalars
LamianafTo-TurbulentThreshold

Vectors

A VelocityFluctuationgCylindrica)
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3'd conclusion

A The front of oscillating pressure is much quicker than flow structures and this is
a proof that the pressure oscillation has minor (or no) impact on heat transfer.

A Presented movie is really smooth. In this case it seems we could reduce the
number of frames to every 2"d one. And if we get rid of pressure consideration,
we can even reduce it to every 10" one. Although one should remember:

I No one knows upfront all the details

I During visualisation one can always judge that specific combination of data
needs refinement in time. This Is easily accessible when data where collected,
but If not - one needs to run another simulation with requested time resolution.

A Visual and animated context of collected data cannot be underestimated,
SO we cannot relay just on averaged data, when explaning physics.

&P B o p . PIUSIEs ki (20262 202 1 20N



T

Theqguestionis:

A How much datalid | produceto understandthe physic®

since end of 07.2018

A Thisis about50times lesscomparingto originalestimation
Howdid | makeit?
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Native dataarequitea KS | @& €

A Sol usedthem only as arerun checkpoints Howoften?

ce a day

A Whatwas the checkpointrequency?

Ever
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