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2KOTOC NG TOPOVCAG OUTAMUATIKNG Epyaciog €ival 1 VTOAOYIGTIKY dlepedVOT NG
OlPACIKNG  PONG 0EPU-VEPOD GE GTPUYYOMOTIKA Opyava HETPNONG TTapoyns (akpo@HGlo Kot
coinvog Venturi).

Ta axpoeiola kKor ot cowifiveg Venturi givol cLoKELEG UETPNONG TAPOYNG TOV
pevotov. Mall pe to ddrpnto dtbppayuna Ppiokoviar otV Katnyopio TV TOPOYOUETP®OV
dpopdg mieong (1 opydvav otpayyoiicpov e pong). H Packn apyn Aettovpyiog tovg
ompileTon 6TV TTOCT TEGNS TOL dNUOVPYOVV, APOVL AV YKALOVV TO pEoV PELGTO va O1EADEL
péow pog otévoon. llpémnet va avaeepBel ot €va onpaviikd mwocd g mTdOoNg mEoNC
TOPOUEVEL 1] AVOKTH GO, 0poD 1M Ttieom Hetd to dpyavo givor Thvta LKpOTEPT QLTS TPV TO
opyavo.

o v vroAoyloTikny aviilvorn g OPACIKNG  PoNg aépa- veEPOL pHEGH Oomd Ta
TPOUVOPEPOEVTO GTPAYYOMOTIKG OPYOVOL YPNCILOTOMONKE TO EUTOPIKO AOYICUIKO TOKETO
FLUENT 6.3.26. T'la v onuovpyic. Tov TAEYHOTOG YPNOULOTOMONKE TO GYESACTIKO
npoypappo mpoenelepyociag Gambit 2.4.6. H enefepyocia tov omoteheocudtov g
npocopoimong &ywve ypnooroldvrag to Microsoft Office Excel 2007.

Ta mAéypota mov ypnoiomomdnkay Yoo TG TPOCOUOUDCELS £ival SOpMUEVO GTO
HEYOADTEPO UEPOC TOLG KOU O KAmMOw onueia tov  aKpoPLsiov &ivor  adoUNTO.
Anuovpyndnkov 300 OlaPopeTiKA HOVTEAD Yoo KAOE oTpayyoMoTiKO HEGO. XTO TPMOTO
povtédo 1 petafoin g oapétpov givar and to 100mm ota S0Mm evd oto dgvTEPO MO TOL
100mm oto 70mm. 10 aKpo@LGLO TO TPAOTO HOVTELD amotereitan amd 5200 keMd evd To
devtepo amd 3750. Xto cwAnva Venturi kot to 600 povtéda amotelovvtot amd 10800 ked.



Y10 Aoyopkd makéto Fluent mpocopoimbnke m Swpoactkny pon aépo-vepov Kot
€EETAOTNKE OE OLAPOPEC TEPUTTAOGEIS. XE TPMTN PACT OPIoTNKAV Ol aPYIKEG CLVONKEG TNG
PONG Kot peAeTHONKaY TPELG SLapopeTIKES TayvTNTEG pong (5,10 kot 15m/s). INa kabe pia and
aLTéG KaAveOnKe kdbe mbavo Khdoua dykov aépa-vepov(0,1 €mg 0,9 pe axpifela dexadKov)
Kot gpappoctniay Tpia dtapopetikd povtéha topPng (Eulerian k-g, Mixture k-g xou Spallart-
Allmaras).

‘Eyxovtag to amoteAéopata mopatnpiOnkKe 0Tl ot So@opEég HETAED TOV TOGOGTOV
uiENg aépa-vepo?, yuo v idta TayhTNTo EIGOYMYNG TOV UiYHoTog, etval moAD pikpég. Ommg
OVOUEVOTOY, DTTAPYEL OmOTOUN V&N NG TAYVTNTOS OTNV €I0000 TOV GTPOYYUACTIKMOV
opyGvmv. Metd v £é£080 TOL aKPOPLGIOV, OTN dlaTOUN e TN HKPN otévoon (5em) eaivetot
ot M TovTo 6to eEeTalOEVO KOG TOV POTKoL Tediov mopapével otabepn ympic va
UELDVETOL OTO EMIMEDO NG GPYIKNG TIUNG, EVD OTN SATOUN UE TN UEYOAN otévmon (7¢m)
HELDVETOL KO TApapEVEL otafepn| o€ TIHEG AMYyo peyoAdTEPES OO TNV apyIKY|. AvticTOory o, 6TO
coiqva Venturi, n toxdto otn dotoun pe ™ Mikpn otévmon (5¢m) peidvetor Kobdg to
piypo aépo-vepot amopakpovetat amd v €080 tov cwAnva Venturi kot pével otobepn oe
TIéG mov gfvor Ayo peyohdtepeg amd v apyiky, EVEO TN OToUn e TN HEYOAN oTéEVmON
(7cm), n taydnTo pewdvetol kabdC to piypo amopokpdveTor and v ££000 TOL COANRVA
Venturi ko mapapével otabepn kot ion pe mv apyikn. Exiong mapatnpfdnke pa andkiion,
oTi¢ TipéC petald Tov povtéhmv topPng Eulerian k- kot Mixture,k-g tng taEng tov 3,99% v
M Swroun «l10-5» war 0,34% vy ™ oSwrtopr «10-7» 610 aKpoEVHGLO, EVD GTO COANVA
Venturi 1 andkhon nrov g taéng 1,21% kar 0,28% avrtictoiymg. Méoa amd ™
npocopoimon mopotnpnOnke 6tL To poviédo topPng Mixture, Spallart-Allmaras dev ftav
EQIKTO VO €QPUPUOCTEL AOY® T®V OVTICTPOP®OV PONG TOV VLANPYOV GTO GTPAYYOAIGTIKA
opyava. Ot avtiotpo@ég pong mapatnpinkay 611 €£600VG TOV GTPUYYAAMGTIKMOV 0pYEvmV
Ko o€ peyohvtepo Pabud oto akpo@LGio eEattiag g yemueTpiag Tov.

AVOKEQPOAMIDOVOVTOSG avAPEPETOL OTL OTNV €Pyacio apylkd Yivetal €0ay®YN TOV
Oépotog ko €merta avoivovion otoryeicn Bewpiog ywu T pon TOV PELGTOV(CTPMOT Kot
TUpPMOONG), TO pOviéAa TOPPNG mOL ypnowomolovvIal, TN OUPACIKY PON Kol TO
oTPAYYOMOTIKG Opyova. "Yotepo, TEPIYPAPETOL OVOALTIKE 1) O1001KOGI0 KOTOGKELTG TOV
mAéypatog kot M dwdkacio emiivong tov oto FLUENT. Téhog, mapovoidloviar to
OTOTEAECLLOTO TG VITOAOYIGTIKNG O1ad1Kaciog Kol YIVETOL AVOAVTIKOS GYOMAGHOG TOVG.

AEEEIX KAEIAIA:
Ymoloyiotikny depedhivnon, Awpaciky] pon, ZTpayyoMotikd Opyava, AKPOoeOC10, TOANVOG
Venturi
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Abstract
The aim of this diploma thesis is the computational investigation of air-water two-

phase flow in choke flow measuring instruments (nozzle and Venturi tube).

Nozzles and venturi tubes are devices for measuring the flow rate of fluids. With the
orifice, they are in the category of differential pressure transducers (or choke flow
instruments). Their basic principle of operation is based on the pressure drop they create, as
they force the flowing fluid to pass through a constricted section. It should be noted that a
significant amount of pressure drop remains unrecoverable, since the pressure after the
instrument is always lower than that before it.

For the computational analysis of the air-water two-phase flow through the choke flow
devices mentioned above, the commercial software package FLUENT 6.3.26 was used. For
the creation of the mesh the pre-processing program Gambit 2.4.6 was utilized. The
computational results processing was accomplished by Microsoft Office Excel 2007.

The meshes used for the simulations are structured in their biggest part and
unstructured close to the nozzle. Two different models were created for each choke flow
device. In the first model, the change in diameter is from 100mm to 50mm while in the
second from 100mm to 70mm. The mesh of the first model for the nozzle consists of 5200
cells while the second from 3750 cells. For the Venturi tube both models consist of 10800
cells.

The air-water two-phase flow was simulated in Fluent software package and various
cases were examined. Firstly, the initial conditions of the flow were defined, and three
different flow velocities (5, 10 and 15m/s) were studied. For each case, every possible air-



water volume fraction was examined (0.1 to 0.9 to the nearest decimal place) and three
different turbulence models were applied (Eulerian k-e, Mixture k-e and Spalart-Allmaras).

From the results it was observed that the differences between the air-water mixing
rates are very small, for the same velocity inlet of the mixture. There is a sharp increase in
velocity at the entrance of the choke flow devices, as it was expected. After the nozzle exit, at
the cross-section with the small constriction (5cm) it appears that the velocity at the
considered length of the flow field remains constant without decreasing to the level of the
initial value, while at the cross-section with the large constriction (7cm) it decreases and
remains constant at values slightly higher than the initial value. Respectively, in the Venturi
tube, the velocity at the cross-section with the small constriction (5cm) decreases as the air-
water mixture moves away from the Venturi tube outlet and remains constant at values
slightly higher than the initial, while at the cross-section with the large constriction (7cm), the
velocity decreases as the mixture moves away from the outlet of the Venturi tube and remains
constant and equal to the initial value.

Moreover, a deviation of the values was observed between the turbulence models
Eulerian, k-e and Mixture, k-e of the order of 3.99% for the section "10-5 and 0.34% for the
section "10-7" in the nozzle, while in the Venturi tube the deviation was about 1.21% and
0.28% respectively. From the simulation it was observed that the turbulence model Mixture
Spalart-Allmaras was not possible to apply due to the reverse flow that existed in the choke
flow devices. The reverse flows were observed on the flow outlets of the instruments and in a
greater degree in the nozzle, due to its geometry.

Summarizing, in this diploma thesis the topic is introduced at first and then follows
the theory of fluid flows (laminar and turbulent),and analysis of the turbulence models that
were used, the two-phase flow and the choke flow devices. The description of grid creation
and simulation in Fluent follows next. Finally, the computational results are presented and
discussed in detail.
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