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CONCLUSION

The difference between the reference grille’s measured values of pressure drop and the
simulation is 48 %. The differences between the measured values of the inlet and outlet
chambers and the simulation values are both less than 48 % but because the errors are in
opposite directions (simulation of inlet chamber is less than test rig results and simulation of

outlet chamber is more than test rig results) the pressure drop difference is amplified.

In Figure 5.2 the pressure drop is nearly identical for the measured and simulated values. The
chamber values however have an almost equal offset from the test rig measurement values.

Because of that offset the results cannot be considered suitable for intended purposes.

When not accounting for the test rig uncertainty the validation grille simulation results could
be considered suitable for acquiring data for assessing the pressure loss coefficients of the
grilles. But because Figure 5.1 does not fully support the claim, as the pressure drop of the
reference grille has a considerable difference for the simulated and measured values and
because the test rig measurement results have high levels of uncertainty which in turn result in
high levels of uncertainty in the simulations, further research is required to assess systematic

tendencies between the values obtained from the simulation and test rig.
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SUMMARY

The task of this thesis was to create a CFD simulation of a test rig for studying substation
ventilation grilles. The test rig was modeled, manufactured and constructed prior to the start
of this thesis.

For creating the simulation, the construction of the test rig was analyzed and a CAD modeled
of the fluid domain was created. The geometry of the test rig model and the grilles used were

simplified to reduce the computational resource requirements.

Tests with the test rig were planned and carried out to identify boundary parameters for the
simulation in order to create comparable results. Also suggestions are made how to improve

the testing process in order to obtain results which are more precise.

The parameters for the simulations were analyzed and identified. Using these parameters and
the boundary conditions obtained from the experiments made on the test rig, simulations were
carried out. All together two separate grilles were tested, simulated and compared. Also
suggestions were made to improve the parameters as the license available during the course of
the thesis did not allow the full functionality of the ANSYS CFX software.

In the course of this theses two different grilles were analyzed. Because the outcomes varied
no final conclusions could be made and further research is required in order to identify any
systematic tendencies between the grilles and the simulations of said grilles. But the
expectations on the simulation results were not to obtain a high level of precision but to
achieve simulation results in similar ranges with the test rig measurements. Based on chapter

5 and the conclusion that goal was met.

Also procedures and instructions for conducting measurements on the test rig and setting up

the simulation were created and documented.

Not all of the simulation settings could be applied due to the limitation of nodes set by the
licensing. That limitation is believed to be one of the main sources of differences in the
outcome of the work. The other main source is believed to be high uncertainty of

measurements.

The author believes that the goals set for this thesis were met and the outcome contains

valuable results and input for further research.
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Future work

The restrictions set by the licensing did not allow the application of some of the meshing
principles discuss in chapter 4. A proper inflation layer should be applied. That means the
height of the inflation layer should be determined, applied to the mesh and simulated. The
simulation results should be analyzed from the aspect of inflation layer compliance with the
boundary layer. Furthermore to ensure mesh independence a proper mesh independence

analysis should be conducted.

Because of the high measurement uncertainty of the mass-flow rate the pressure values at the
points of interest of the simulation have a high uncertainty. The main contributor to the high
uncertainty of the mass-flow rate is the uncertainty of the pressure drop at the damper. That
means a future prospect is to conduct experiments with a manometer that has a lower
uncertainty. That way the bounding values of the inlet boundary condition of the simulation
can be reduced and a solution with a smaller uncertainty can be achieved. Also the absolute

pressure should be documented for any new measurements made.

In reality many of the grilles being used in substations have a wire-mesh screen to help ensure
the IP class. Meshing that would require a large amount of nodes or the use of porous
domains. Because of the mesh size restrictions the first option was excluded. Using porous
domains would require the use multiple domains which in turn would increase the
complexity. Because of that the effect of wire-mesh screens was excluded from the scope of
this thesis and grilles with wire-mesh screens were neither considered nor used as test objects.
This is a topic that needs to be further studied to implement the outcomes of this thesis in

thorough research of substation ventilation grilles.
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KOKKUVOTE

Antud 10put66 eesmirk oli luua CFD analiilis alajaamade ventilatsioonirestide katsestendist.

T60s kasutatud katsestend disainiti, toodeti ja koostati enne antud 16put66 algust.

Simulatsiooni loomiseks analiiiisiti katsestendi ja loodi CAD mudel katsestendi vedeliku
domeenist. Nii katsestendi kui ka uuritavate ventilatsioonirestide 3D mudeleid lihtsustati, et

viahendada noudeid arvutuslikule voimekusele.

Too kdigus kavandati ja viidi 14bi testmodtmised katsestendil. Nende tulemusena médrati
simulatsiooni piirtingimused. Seeldbi oli voimalik tagada, et katsetuste ja simulatsioonide
lihteparameetrid ning tulemused on vorreldavad. Uhtlasi esitatakse 15putdds ettepanekud,

kuidas 1dbi viia testmddtmised edaspidi, et parandada tulemuste kordus-tdpsust.

T6o kdigus analiiiisiti ja méadrati simulatsiooni ldhteparameetrid. Nende parameetrite ja
katsestendil kindlaks méadratud piirtingimuste abil viidi 1dbi CFD simulatsioonid. T66 kédigus
analiilisiti kahte erinevat ventilatsiooniresti. T60s kasutatud tarkvara litsentsi piirangute tottu
polnud vdimalik kasutada tarkvara tdit funktsionaalsust. Seetdttu esitati t60s ettepanekud,
kuidas oleks vdimalik simulatsiooni ja mudeli 3D vdrgustikku parandada, kui vdimalik on

kasutada piiranguteta tarkvara.

To6 kdigus uuritud kahe ventilatsiooniresti tulemused erinesid teineteist. Seetdttu ei olnud
voimalik teha 1oplikke jareldusi. Vajalik on edasine uurimus, et teha kindlaks katsestendi
modtmiste ja simulatsioonide vahelised korrelatsioonid ja erisused. Kuid kuna t66s kasutatav
tarkvara seadis toole piirid, polnud t66 eesmérgiks mitte katsestendi modtmiste ja
simulatsiooni tulemuste identne kokkulangevus, vaid sarnases suurusjdrgus tulemuste
saavutamine. T6os saavutatud tulemuste ja tehtud jarelduste pohjal voib viita, et seatud

eesmark saavutati.

Uhtlasi loodi t66 kdigus protseduurid ja juhised katsestendi testmddtmiste ldbiviimiseks ja

simulatsiooni seadistamiseks.

Toos kasutatud tarkvara piirangute tottu ei olnud vdimalik simulatsioonis rakendada koiki
seadeid. See vdib olla ka tliks suurimaid pdhjuseid, miks simulatsiooni ja testmddtmiste
tulemused sedavord erinesid. Teine peamine erinevuste pohjus on usutavasti suured

mootemadramatused.
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To66 autor usub, et t60s seatud eesmérgid on tdidetud ning t66 tulem omab rakenduslikku

vadrtust ning sisendit edasiseks uurimuseks.

Edasine t60

Kasutatava litsentsi poolt seatud piirangud ei voimaldanud rakendada mdningaid 3D
vorgustiku disaini pShimotteid, mis on kirjeldatud peatiikis 4. Mudelile tuleb lisada korrektse
piirikihid (inflation layer.) See tihendab, et kindlaks tuleb maarata korrektne kihi paksus, see
mudelil rakendada ja simuleerida. Simulatsiooni tuleb analiiiisida piirikihi rakendamisel
saadud tulemuste aspektist ning nende kokkulangevusest voolu tangensiaalpingete jaotusega.
Lisaks tuleb 1dbi viia analiilis, mis kinnitaks saadud tulemuse sdltumatust 3D vorgustiku

dimensioneerimisest.

Massivooluhulga kdrge madramatuse tottu on simulatsiooni rdhkude vairtustel vaadeldavates
punktides samuti korged madramatused. Massivooluhulga korge médramatus tuleneb
pohiliselt rohu vahe suurest madramatusest modtediafragmas. Sellest tulenevalt tuleb 1ébi viia
uued katsemoddtmised madalama modtemddramatusega manomeetriga. Seeldbi on vdimalik
simulatsioonides kasutada viiksemaid piirvdirtusi ja seeldbi saavutada tdpsemad tulemused.

Uhtlasi tuleb uutel katsemodtmistel dokumenteerida absoluutne rohk.

Alajaamade ventilatsioonirestide juures kasutatakse tihti traatvorgust vaheseina, mis aitab
tagada IP Klassi. Selle vaheseina simuleerimine vajaks kas viga peenet 3D vdrgustikku voi
poorse domeeni kasutamist. Litsentsi piirangute tottu oli antud I6putéd raames esimene
nimetatud variant vélistatud. Kuna poorse domeeni rakendamine oleks oluliselt tdstnud
simulatsiooni keerukust ei jaetud seda t66 lihtsustamise eesmérgil antud 10put6os kasitletavate
teemade hulka. See temaatika vajab tdiendavat uurimist, et antud 10put66 tulemit oleks

voimalik rakendada pohjalikumas alajaamade ventilatsioonirestide uurimises.

59



