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ABSTRAKT:

T&8to diplomov§ Cpoadmaal Twam uz gpateecrh® dovich Kkryt
an 8 vr ho noKalpirbdtadrma® g¥wn&d ves | YhGaistak o priodsStcriive d o
viIi sl edbkbodwz n 8 memetodikousCaD. Jadr omanparlBlczéad g e®h o p o (

nal et A0 NG zahRRdgtiaaly tvorby model sl e dvil@bhool
vhodh ot eni a. Nadv?azuyVivamerddy a B aprk &l oledifiskovarejr 2
geometrie. Z8verom sYgegmetneovnan® obidve varia

KoPLOVE SLOVC

CFD,L410NGo pt i mal iamS&dilaza pr %deni dfrupprechodovi k

ABSTRACT:

This thesis deals with CFD analysis of a wingelage junction on L410NG airplane.
Possible modifications are proposed as well. Calibration problem solved in the introduction
serves as a pathway for validation of the results and gives instghthe CFD methodology.

The main part analyses the airplane's flow field and shows the details of the modelling
process. Description of the computing network followed by final evaluation is presented.
Next part is devoted to the creation and aerodynamadyais of the modified geometry. Final

part of the work compares both basic and modified geometry.

KEYWORDS:

CFD, L 410 NGpoptimization, flow analysis, windguselage junction
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Pbvod

Vposl eddediatkéich rokov sa rozg2ril o poug2vanie nu
vaer odynawmi gdlipcic h nr8vz mauahi aden?2 . Najvirazne
viomto smere z?2skali met -dy vipoltovej dyna
anglick®ho AComputational Fluid Dynamicshf).

model uj e, ajvsearetickejateghjpiekein § r o | n o snteit preddbsiumiVaN a k a
virazn®mu pokroku harvdjva@kF Dv @ma | ¥/ y b a \sea rBivaa e
azauj 2 mavdjegowmt 2vou pr e mn o i ® k Od wolssluhy isa pr i e
pogaduje akgaliinftiekopwr et i &v nel si e d @k d vaa mi®e
poug2vanie tlchto met-d je mogn® lystupuiena z §Kk
v praxidopopredigp ot r eba objekt2vneho hodnotenia pres

Ci eOom

tejtaappg éekrin@satainapiechodovich kryt
Na | ej z8kl ade bude navrhnut8 varianta Ypr
l et Yan o m. Predpokladom na zvlI 8dnutie tento Yl

Vv ode som s a emwesh@yt &lin o NG & dopigbm jeho parametrov.

Vnasl eduj %c e Iz @ s tuima r p pz&gvieaand@o¥bkme d zae ni a uv e
zad8vat e Oom. Kapitel skyviklail d $c iail n egpRcoMamutay T z y
metodikypr 8ce na tomto procese. Jadrom pr8ce | ¢
dopl nengu®l nu d owhodnetenie.8\p o 8 | ead n e j kapitole |
postup tvorby upravenej geometrie, jej spracovanie CFDI ana u , porovnani e
amodifikovanejgeometrieaa z8ver ich vyhodnotenie.
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1.Obozn8menie sa s | et¥nom L4100 NG

Lenmn % 410 NG j e vi zinmomwmev an & 410 &J¥PzE 2a0 , ktor ®h-
moder niz%Blca an ey dobe prebieha podZ&klrapgakmoyv
ci e fragktuje snahaovirazn® zlepgenie teekoinokichk] ch
parametraVvepgrpadnadalentsdr gby

Obr.1-1: Let Yan L-E20D6JUVP

LetlWUVRPE20 je celokovovl hornoplogn2k po
motormi Walter M601 E ¢ r t u Oa mi510Auvri]ae nV na pmekrlawdw onsatl
kr 8t kgghonl8il mk\N&githa ndar dnej ver zii je schopnl
Okrem tejto verzie exi,atkwj enapal2& |l aadan §Malagn
zdravotn2cka, fotogrametrickg38 BRARI3e ulre tp¥%nk ojue
agentBAB/M Gdkovo bol o vyrobenlch veydasnd®Pichd&bs oy
vprevs§dthe 506000 Jeho jwe Okoogun ovsTSh oodpoeur b v IS§ st |
snespevnenl amvgpiorvorkconno mm o zmedz2 pratwHodBRdov] ch p
+504C.[ 1]

L410 NG L410 UVP-E20

DOg [m] 15,024 14,424
Rozp [m] 19,479 19,479
Pr8zdnac [ka] 4200 3725
Max. vzl et [kq] 7000 6600
Pl atiace [kq] 2200 1710
Max. dolet [km] 2840 1040

Ma x . r [km/h TAS] 412 398

Tab.1-1: Porovnanie L410 NG 8410 UVRE20
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Obr.1-22 3D pohOad | gt]%sna L410 NG
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2.Pogiadavky definovan® zad8vateOom

2.1.

Al

2.2.

ZadgvateO

craft I ndustries a.s. proSBthe.edn2ctvom

Vst upi® a

Refer2B|l mbdel 1l et ¥%na vo form8te .part
Referenlnl 3D model dpprfénhddhdowl che okmreyt
form8te .part

Definovan® regimy |l etu, pre ktor® maj}l
Kongtruk| n® obmedzenia pre optimali z§8c

Obmedzeniad e f i n ozvaadn&yv at e Oo m

obcom |l et ¥%na bola pre omnbimgalmié&ls8chuw Vv
onkr®tplﬁ/ﬂhdi@ﬂlj@]ﬂ(leﬁ(Sil@.dU‘j/%Cich obr 8zkoc
git ® hbadhycektpdfA® hbal o potrebn® regpekt

Zachovanie hrang adnlT ch dver 2 pre cestuj%cich,
Ligta chr8niaca vystupuj %c i cnohlabe sSt uj %c
modi fi kovang§g.

Krivka ohr ani Inabgloenogin ®c Immmegpwlbhyﬁzréﬁﬂa
geoptimal i RRail a Ipeperaidmcl/holdepav&vh BfF vodom
vsl/4laspoebnehaj1/4cpa)krvdlr|olb® |t 8dium rea
palubnlch syst ®mjov | lamitést nenl ch v

Zachovaniebodu nac h 8 dszaajrec ediddt okov e hrane ki
Jto teoretickIl bod, na ktorT Bolovar ovo
umognen® meni S tvary prechodovich kr
kongtrukcie kr2dl a.

s Regpekt ovamao ren @hool dbtwbduhopeOk® skl adov

z8so0b tejto | asti by nebol oprvihpadhe |
optimali zal nej vaNrianty,nikltaor%erboydyvnTarm
vli astabset bapjava kllovej plochy mogn§.

Brno 2013
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MEPEQ SAKPbLITUEM
ABEPY NEBNOKNPOBAT
A30BbIV NOAKOG

BEFORE cLogING

THE DOO
THE s INLOCK

Obr.2-1: Obmedzeni e p-peo hMadi fzidlo§ @i u

Obr.2-2: Obmedzeni e p-pe hrmadi fzi k§ci u
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Obr.2-3: Det ai |l st8val %cej kongtrukci e

Obr.2-4: Det ai |l st8vaj %cej kongtrukcie 2

L _— 7 S d

Obr.2-5: Det ai |l st8vaj %cej kongtrukcie 3
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2.4. Ciele optimali z8ci e

CieOom opt i madrixdynamilkdkl®o 0 vidastiepreched vdrctad e n i
krytov. Vpr 2 pade detekovania malieeshy$® unaar horputi 8na
geometrieg ej] op?toQCRDB® Hivmeuledcieou.

2.5. Regi lety
Zad§vateOom boli prdefinaeadn@y nraengid aid¥ higantaul .1 z u

bol et pri maxi m8l nej horizont 8l nej rlichlo
sozasunut I mVnekbaplapiudkje je uvedenl prehOad |

Hori zont § St Yapac?
richiégldyo TmmQEQ YO U  pyiR®EQ Yo
h mot G o1 maQ a @ ¢ maQ
uhol [ | T ¢J | y vJ
vi gk g "Q p MmO Q™ QoO

Dopol 2tan® hodnot

rTchlobd pppad Yo- b ouv@ ad Yoo
tlak 1 @ W P OMSA N pTpaogdMSA
rTfchlos @®& ocapyxd W oTqwHd
Mac hov 0 TMoYou 0 TPULT QY
teplota Y ¢ o8o W Y ¢ yghuo
hustota ” T@o 1T T OOXEK " pg ¢ &

Dopl Ruj ce hodnoty p
plochap o | otakz g&d |l a Y p R 1d
stredn8 aerodynamikpS8pdxet i

Tab.2-1: Defin2cia regi mov

Regim na maxim8lnej horizont8lnej rTchlo
bud¥“eehgeni a cestovej rlchlosti
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3.Kal i bral ng8 Yl oha

Kalibralng8 YW oha v tejto prS8ci predstavuj
suskut o] neelnolvmi nt unbemmoagnRumi.e ug2vateOovi stanovi
riegenia CFD ia&malsl zpyr,2 szlouzgnn§inmi progr amami , d
avlipoln®rveljnosti jednotlivich krokov.

N a overenie spr8vnostispvipal tATOAb A2 MpC
AGARD-AR-3 0 3, ktor8 sa zaoberala pr2padmi exper
CFD k-Zaowi el om porovnania wil ad¢ erdlk cprebicmatin ajnd v |
sk¥%guwy troch najva@] g2ch eur - pskychHSTaer ody
ONERA-S2MA, DRA-8ftx8ft DRA Bedford).

3.1. Ob oz n 8 megars medelom DLR-F4 a jeho geometriou

Mo d el S n8fz4vom8 DpMRedst avovaS rmancd@ron® n®u b3
dosahuj %ce rTchlosS 0,75 °™M MedziRephhaltd®owpo
nadesign a visledky trafitsowni pg&t®hiol gst dud € iha mmuintai
supersoni ck,ukiond elnd sn$ami§zoawowu jvédhmadudrei¥dnkor
kr2tdd wp bez chwoNadwyPRPach Kloingh rukl nTch prvkov

Rozmery modelu

Rozp?ati €;1713 m

DOgka t rlgd92oem

Pl oc hla k454m

CsaT: 0,1412 m

|
| Dimensions in mm

Obr.3-1: Mugka-FDLR Obr.321 zometricklT pohOad
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Okrem publikovanej[2gkp rdSivsyp ojze? cniai svtorCeBnnek ascthi a
modelu.Obsahujev g adpresnostip o dobe ne¥pl nej plochy na no

plochy odtokovej hrany, t tauget Tieto gezrpvnastidbdiou | Yac u
potr ebn®CADprogaame, gomwop r 2 pade psogranmCatid Wa | o o

chvost

kridlo-trup

odtokova hrana kridla

Obr. 3-3: Nedostatky importovanej geometrie

~

3.2. Tvorba viIipol etnej siete

Vipoletng8 srefs8bel parograme ANSYS I CEM 13.5

Po i mporte wupravene,] geometrie z CAD progr
jednotliv® geometrick®kprogyamodOEGEMal §§she ¢
parametrov pre plogn® regi-ny bola krokom Kk
prvkom sa stal.i trojuholn2zkov® el ementy, [
geometrie je@bro3ts)l i vich pltch

Met - dowDoAhdip bola z dom®ny vytvoren§8 obj emo
plocha okolia, ktor§8 predstavoval aogoop?%ii a
kr 2(@brs-4).St avebnTm prvkom

obj emovej siete bol
jvalgieho @lEememtsem EEponeines §h o
h vrstiev vych8dzaj %cich z pov
|l na verzia mriegky obsahovala ze¢

prizmatick

veOkosSou na
| ¢
elementy(Obr.3-6). F i n §
S

mal zachyt. separ §c(O.3Pr adni c v podobe ¥pl a
Celkovl polet element3% vislednej siete bol
Brno 2013 11

Gi mon Derevjani



doména

symetria

Obr.3-4: Do m®n a

Obr. 3-5: Detail povrchovej siete

Obr. 3-6: Detail prizmatickej vrstvy Obr.3-72. Detail hustotn®ho regi
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3.3. VIipolet kalibralnej Yal ohy

Vipol et kalibral nej %l ohy prebiethchaj ow p
gpecifikovanTch-AR30S3prk8oviei AGAIRDpNn® parametr e
vzduchu nastaven® na rlTchlosS 0,75 Molpril or
zvoljemdlen pr2pad s uhlom n§8§behu O0OA.

Samotnl vipol et na pol 2traanl p o ps? s,dva ramkii ®r o v
soft warhoavridcvha rao viddkopt rpw aolst pri bl i gne 6 hod2n.
ktor ®ho Y% ohou boloz®ensBo€ournaatpoebt e2gVbon
jeho hodnota sa pohybotvavanive rCatnedatta@vagl 2
zmen§ch konivieu?g,enktier freete visl edn&®afjo&ndtda os

Nastaven® ppaame Rieentr e Qkr aj ov® ywodoam®@me y

Solver: Density Based Kr2dl o, twWallp:
Energyequation: on Dom®n a: Pressure far field
Viscous model: Spalar- Allmaras Symetria: Symmetry
Material: Ideal gas

Formulation: Explicit

Parametre turbul ent nWhaes tprd/edteinimabi ehaj %ceh

Turbulent Intensity (%): 0,1 Tlak: 101325 Pa
Turbulent Lenght Scale: 20 mm Teplota: 288,15 K
Machovo [0Z5 1 o:

3.4. Vyhodnoteni e kalibral nej Yal ohy

Pivyhodnoten? boli vyp®t &podaladd3]|hs toad | Fd ramw®n an
pomocou programu TechDig.

3.4.1. Vyhodnotenie integr8lnych vel.i
Ako bolo vyggie spomenut ®troahelacvw®dmeami
tuneloch.VI s | egkgnattiuinellconv sa ag na vI midhmk @y umém

mini m8 1 ne. I ntegr8lne vel il imogentatkool is ¥p o rna vt ne§&v
sozvolenlm referemShI m tunel om NLR

Na nasleduj %cich grayoes$e rs® vhbopden prgsamezy n a n i
Fluentavy kr es | e nh & nleil ieva@anoozielu DLH4.
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vV ZrilC&Ibu vk @od h o v

hodnotyop r i bl i gn@g il € %n etgu rheoldonvo®@hyo zmer ani a
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n 8§ me
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3.4.2. Vyhodnotenie | ok8l nych velil?2n
V reporte AGARDAR-303 bolo o kr em U wehen® rozlogende S Yal| |
poh Ob k e pjreodfnioltul i wT ¢ch r e zbooclhi. vRyzperndget@®3aiv nani e

naznal|@n3RB na

25 23

[\ ! 7 8 n B
33 7.5
¥ onar MERNRES ey 2
KM
. ]
|

| 3 5] 27
Location of the pressure holes

Obr.3-8 Pol oha rezov

pr e

porovnanie rozlog

RozloZenie ¢, po hibke v mieste rezu 5 RozloZenie c» po hlbke v mieste rezu 3

2 \ 2 |
| |
VAR — T NRHST S — 'r N —NLRHST
-1.5 / ‘\\  Fluent — 1.5 | \\ = Fluent J—
/ \ \
N BN
v \ ! N\
—_ ] Ne Ne—% - \
o
9 os f] \\ 2 s N
N
— \\\ Pl N \\\
0a olg NN 7 02 04 01BN, ols NN,
0 SN 0 //// \\ A\N
y/ 4 N 1/ N
/4 /] 1/4
I/ rid NS
0.5 " 0.5 o~
1

x[-]

Graf3-4: Ro z | o gvaniesteereze 5

Zgrafovjemogw® di e S,

priebeh 2z unel ov®ho
n8&bgnou

p&§dom
oblasti

- pri

mer ani a.
hranousp?! s onpag tn? miaktoend: o k
pravdepodobn@e d o st at o | relermentdvuosht | oat sot ui

g

n e swrhiogpiolsas

prechod 4 ami n8r ne|j

tento

prechod

tunel oboi ma madoame |
medzne|j
neuvagoval.

x[]
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3.4.3. Kontrola viIipoltu medznej vrsty

B 52e+00 ——
'
4 46e+00
- 4
0.00e+00

Contours of Wall Yplus
ANSYS FLUENT 13.0 (34, dbns imp, 5-A)

Obr. 3-9: Wall y+

Dl egitou | aslaSkoountviog @l tpuar ame trrlao vedlklo s § +,
medznejvrstyyNa z §k | ade rdzlojujeRuenhapdmuagt y 2 j edrmpeet | i vic
jejv 1 p ol e dsiahniie rehj edp ¢ 9 s h e dhédelom Spkart-Allmarasb o | o ¢ i a d Ysc ¢
aby saparametewvall y+ pohyboval vdvoch oblastiah:

T
T

Do@wa p,pr i ptovungei tt - hdoglelovania vb | 2 z k o sdvplyvnengje n 'y
vi skozitou plr84dvngiack tveykguatdiunjpe povrehiatesa. j e mn ¥
DO@Wa oTpr . ptzv.stgniovej2funkcie pomocou ktog j sa prekons§

| ami n8r nejaprgolmdovej wdtvywk t or T cthplsaa Ruj e mol ek
at ur bulentng olwlisk® zimeal,zo btlgaus &mpd me hovyvi nu
turbulent n@hreontpr dermrsioadb. riegenia medzne]j
vipojfjet dastatol ne imrge sinferr sikBf@fhé vV gi nu

Na obO@BRjeuk8&gka par amet mo gy ®e S khddhotamis t i s
pod30. Pre presnepg@t2redmavliet vdyy kbuo |parogranmeat i ¢ k €
ICEMaop2tovne spusti S v pjoel elta s oTveon t g rioyllenoin & nH «
niekoOko wpmpavemou ssi ®b@w!| pea & rrewd szl neadno k .
kalibralnejttlophagaiBto J]asS zanedbanst

3.5. Z8ver

Kal i bdlop@skytla kompllkQuiovpcahOardokoch p

prespr 8vny CFD vipolet. VIisledok je z8visll
kvalitnej v T p o | siateyreajst avemg? | a avistediodteditil je
poznatok d asove|j N8r ol nost. vipol tu pri danl ch

sk¥%senosti z2skan® prii
zadania diplomovej prs8ce.

mp I8 € e mtao kaark@nbpg mi®Pmheij e
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4, Aerodynamick8 anallTza ptvodn®ho tvar
4.1. BDprava geometri e

Virobodme@ieren| ¢ NaleneRFMD)s | @i vIi voybwvo@nn am
proceseak o defin2cia sysda®dniowaduwgebmetri ¢ et &nh &n
RFMD vytvs&8ranl ekhoRBEWMDi ®paedsehlViuj Y%Ucliaht ij.edn
Tentomo d e | bolo pre potr ebwtup@ awd$hami ckefdnadal

Obr.41: Ref erenl nl model dodanl vIirobcom

Obr.42: Upravenl model
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Z8§sah do geometrie sa tlkal naj m2:

- zadepenaz avetrani @ Pna kr2dl e a
- od s henig- VOP,
-dol n®h,o kT1 u
- listov vrtule
- Yoravy cez seba,presahuj %cich pl?*ch
- zaslepenigpodvozkovejgondolya d s t r Kolesa sbizdoy
- Zjednoterav r t u Olo w @®drtorovej gondoly
- odstr mevreita ani a medzi prtupgadkodaytiom kr yt
- Orezaniaupravenej geometri®vinou symetrid e t Yan a .

Obr.4-3: Det ai |l Yapravy motorovej gondol vy
Dl elom zjednodugenia geometnebdoboldstugnavi
l ok8&8l neho v 2 rzavetranmpotvary g/adce.n)i ,a Kt or bgh ne dmkownael
predOgilo vipolet. Prwl psogmeutgn it §k d % Ipeotl Xarva c
VOP boli doddwtord@Binegn@&dmnodugenia siete.
Pprave geometrie bolo poSrepn®@togerovaSkzal
odvz2jal n8s | euwlnplo|dietmvceejs t vor by
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4.2. Tvorba v T @ltovej siete

| mportovan®|l geocmeaetdril @anl8 do konkskdum?yrc.h, T if el
skupiny predst avyuj Vie tlNgerdlneodtnlei v ® o Icae lolgy t kK &r e n
infragpoakst viEody ahriviek dZ2 | e §i t T ¢ h . Twarbla povrchavejd e | u
aobjemove;j sietdolapodrobnep o p 2 skapitdde3.2

Pre aerodynamick¥% anallzukbotdledhéflin®omuam® z
bol a venovah &h Jplgvpna ttvorbuaiete sa v § giejavil v podobe V § k y
I ni @i mizmatickej vrstvy popisuj ¥Ycej Prenearrzinzs nvr8d tnwu . | e
so h Oa d pamametewally+s t a n o vhedm@e0,26mm prest %pav il mmet na O,

Cel kovo sie3B3%84=lentetov8] aritmaticklich vrstie

podvozkova motorova
gondola gondola
Obr.4-4: Rozdel eni e | asti | et Yn a

K
PV,
k7 1)

Vi

uﬁ%k‘és"'

¥4
A

'
VANV A R T PR A
AP ORI SN,
SRy A ey S ANAYAY) ! AR A
NN REECERR PR
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Maxi m§l naleenekd ®9 jednotlivich | ast2 bol a
T dom®na, s@Ohmetri a: 10
T trup, kr2dl o: 100
T kr 2idlIrou p, mot orovs8§ gondola, podvozkovs
1 vstupvzduchudo motora: 50

Pre zachovanie tvaru pltch bol oz hpursit i Sl rdaaznr

oblas88, baN hustotnimi regi-nmi,,kamekntoour Tpno |st;
viazala sieS, alebokdeki &dmowmHAm heWfgega m énaonceh n
platilo pravi dl papblegige tl 2m memdgilentontadluss S el em

Z divodu zIlogitosti geometprriiev dbsoll e dowl§ cseise
synt ®o@uiekdna ostao| ne veOkT p okloentt r a b & me nst omi nwv
veOkosSou siete.

Obr.46: Det ai |l siete pmetardvggobodely ch krytov a

Zt akto vytvorenej siete bol pre Nalgie pouc¢
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4.3. VIipolet | et¥na L410 N
4.3.1. Nastavenie parametrov vipoltu

Nastaven® parametre

Solver: Density Based
Energy equation: on
Viscous model: Spalat - Allmaras
Material: Ideal gas
Formulation: Implicit / Explicit
Spatial Discretization:
Flow: First / ThirdOrder MUSCL

Modified Turbulent Viscosity First / Third-Order MUSCL

Parametre turbul en
Turbulent Intensity (%): 0,1
Turbulent Lenght Scale: 20 mm

Okrajov® podmi e

Symetria: Symmetry

Kr2dl o, tri Wall

Mot orovs8 gt Wall

P o dv o gdndoia:§ Wall

Vstup do mot.gondoly: Wall / Pressure outlet
Target Mass Flow 2.9[kg.sY]

Okolie: Pressure far field

Parametre okolia:
horizont st Yapa

Tlak [Pa] 69681.7 101325
Machovo | [] 0.33835 0.15427
Teplota K] 268.338 288.15
Vektor nabi X 0.9999415 0.9893994<
o vad U 0.01(())82083 0.14%21961
Z

Tab.41: PrehOad nastaven2?2 programu FLUENT

Parametre okadleifd n®ydlestduga)liunkapiioehd c h v

Brno 2013 21 Gi mon Derevjani



Pre stabiliz8ciu vipoltu bolo potzgebhms®olsa i
na pougitej meZir -odden sfko redha mEBTii kS @i e pri vipol f
okrajovg podmienka APRESSURE OUTLETA pre vs
pribl2giS sa re8lnym podmienkam mala simuloyv

Pri vipolte horizont §lkmuehmastayiemg belta da
naAl MPLI| CdKiriiaj @v § podmi enka vstupu do mot or
OUTLETR . Konel n§ hodmdat2a bood cai 1nSacG 2t kroemzo ¢ Dpo | e
jadr8ch vimpod ttovwdilo B2rhod2n.

St wpac?2 wdégilmdbial spom2mnaneijel dwadapywlap 6Lt a.
Vpr vejbolfvgup o motormast avenl na okr aj ofRadenipodmi el
vipoltu prebiehal o dddrsrule3RRSEOCR DEMPALIhAEl TE z a
nastala p konvergenciipr edc h § dzlap &Okenheoj o v §  holadznm eemekrag
nnAPRESSURE OUTLETAH

Zdtvodu divi@rogeiucz mene nast avteab ial ibod wa $ ot
“uupravou froa mAEXPHEAE ISk et i z § ©OIRDE RahKiiviviarRD
funkciou AMULTI G&k Do LEa/Eﬂ_Smaepne@wl‘paravnbgeez p o
iterl8zinamenal o predOgenie vIipolvtiesv &Mk olma sbw |
konvergencoac vl $ onhetlzuhodnatamil@* 2 10°.

Resjduals
conf nul ?
e
—é-nY/erom 1e+01 5
) 1
1e+00 -
1 !'\'\
1e-01 R
: \ Ry |
1e-02 it !
\ , N
1e-03 - , “
\ "j"\»
1e-04
] VA w;:" "‘""'«.
g | o 2 e
1e-05 : i\
1e-06
1e-07 -
1e-08 T T T T T T T T T T T T
0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000
lterations
Scaled Residuals May 16, 2013

ANSYS FLUENT 13.0 (3d, dbns exp, S-A)

Graf4-1: Pri ebeh rezidu?2 prip?iVeuerni e st%paciehc
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4.3.2. Vi zual CED&miaa pzryodnej verzie

_Prevyhodnotenie v(demeq;navleTrzzyNépglbalaz§o'ug‘ip§1
po@Qaozl ogenie Haldinmittye a4l ti ndipe Oa 3 Zkapitcdek d e a®
5.6

4.61e-02
4.38e-02
4.15e-02

Pathlines Colored by Modified Turbulent Viscosity (m2/s) May 17,2013
ANSYS FLUENT 13.0 (3d, dbns imp, S-A)

Obr.4-7. Hor i zonitv8ilznuya lliezt§ ci a 1
v/

6.72e-02
6.39e-02
6.05e-02

Pathlines Colored by Modified Turbulent Viscosity (m2/s) May 17,2013
ANSYS FLUENT 13.0 (3d, dbns exp, S-A)

Obr.4-8: St “apaiwv3d zluetl i z8ci a 1
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1.02e-05

Pathlines Colored by Modified Turbulent Viscosity (m2/s) May 17,2013
ANSYS FLUENT 13.0 (3d, dbns imp, S-A)

Obr.4-9: Hor i zonitv8ilznuya lliezt§ ci a 2

3.30e-06

Pathlines Colored by Modified Turbulent Viscosity (m2/s) May 17,2013
ANSYS FLUENT 13.0 (3d, dbns exp, S-A)

Obr.4-10: St “supaiwv3d zluatl i z8ci a 2
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4.61e-02
4.38e-02
4.15e-02
3.92e-02

Pathlines Colored by Modified Turbulent Viscosity (m2/s) May 17,2013
ANSYS FLUENT 13.0 (3d, dbns imp, S-A)

Obr.4-11: Hor i zonitv8ilznuya Bliezt§ ci a

6.72e-02
6.39e-02
6.05e-02
5.71e-02

Pathlines Colored by Modified Turbulent Viscosity (m2/s) May 17,2013
ANSYS FLUENT 13.0 (3d, dbns exp, S-A)

Obr.4-122 St Yap aicv?i zlueatl i z8ci a 3
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3.23e-02
3.00e-02
2.77e-02
2.54e-02
2.31e-02
2.08e-02
1.85e-02
1.61e-02
1.38e-02
1.15e-02
9.23e-03
6.93e-03
4.62e-03
2.32e-03
1.02e-05

Pathlines Colored by Modified Turbulent Viscosity (m2/s) May 17,2013
ANSYS FLUENT 13.0 (3d, dbns imp, S-A)

Obr.4-13 Hor i zonitv8ilznuya Wiezt8 ci a

4.71e-02
4.37e-02
4.03e-02
3.70e-02
3.36e-02
3.03e-02
2.69e-02
2.35e-02
2.02e-02
1.68e-02
1.34e-02
1.01e-02
6.73e-03
3.36e-03

3.30e-06

Pathlines Colored by Modified Turbulent Viscosity (m2/s) May 17,2013
ANSYS FLUENT 13.0 (3d, dbns exp, S-A)

Obr.4-14: St Yapao? zuat i z8§ci a 4
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1.858
1.61e-02 N
1.38e-02
1.15e-02
9.23e-03
6.93e-03
4.62e-03
2.32e-03
1.02¢-05

May 17,2013
ANSYS FLUENT 13.0 (3d, dbns imp, S-A)

Obr.4-15: Hor i z onitv8ilznuya Bliezt§ ci a

Pathlines Colored by Modified Turbulent Viscosity (m2/s)

2.356-02
2.02e-02
1.68e-02
1.346-02
1.01e-02
6.73e-03

3.36e-03 &4

3.30e-06

May 17,2013
ANSYS FLUENT 13.0 (3d, dbns exp, S-A)

Obr.4-16: St “apao? zuabi z8ci a

Pathlines Colored by Modified Turbulent Viscosity (m2/s)
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311e+00
3:236+00

Contours of Pressure Coefficient May 19, 2013
ANSYS FLUENT 13.0 (3d, dbns imp, S-A)

Obr.4-17. Hor i zonitr8olznlyo gleenti e s¥%l i niteOa tIl ak:

Contours of Pressure Coefficient May 17, 2013
ANSYS FLUENT 13.0 (3d, dbns exp, S-A)

Obr.4-18 St “paic o zll ®tgeni e s¥%l initeOa tlaku
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2y

Mesh May 19, 2013
ANSYS FLUENT 13.0 (3d, dbns imp, S-A)

Obr.4-19: Ho r i z o nitz8brameyie isasarface

2y

Mesh
ANSYS FLUENT 13.0 (3d, dbns exp, S-A)

Obr.4-20: St Yp ai zébrademetissurface
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4.4. Vyhodnotenies i mul 8ci e

Vizualiz8cia pr ¥%dndel byl lae z&ine ¥Ypeioh§do@taa d v a
krytuk r 2-tdup,@atozd* vodu interakcie pr¥%gnedcm8dzaj tut
obr8zkov® jaezrtaijrmbul e n,tvnylc hd Zgrj edcehidoudoolvu® h o K |
kop2ruje priebd€Qbr 4lbMediocc higad hiarvik g o mn ®mu  z mi

(Obr.4-13) atedaaniko dt r hnut i u medznej vrstvy na trupe

PDplaa pr echod¢e\voT\/rmmeknaroyztgoidDpripsgorubNez rotsg8cie pr
Zvizualiz8cie sepaporzan®v@tleddnm® cgr exwhiEez aj s
hornoul as Sou pr ec hodo n@rbkoiisgkmr ¢ ua d dNv lem skar wt o m.

Vobl asti zadnTch prechodovimgdzviorOntliow nfa as
SY|l i ni t(@&l17t Terktuo jav je spltsobenl (oldhysz ny m
kr2dl a, podvozkavepregbondov®ho z bkrrzydeun i u D opcrh?

zas sl asn®ho n8rastu stm® iprk@ohwinatsdta k up,r encoh ordeo v
to nem8 viraznl vplyv.

Zmena gradientu nie je skokov§8 separovhnorm z br z
pr %de. Rebyodbhpenioe mogn® modifikovaS miernym
medz gondolou a prechadv T m kr yt om, no pavprénejipa@ohedente r 2 , n
z § snaehu mugeg R

Naobr § Olr.w-19(jevizual i z 8 c i fankcip ®osauacd wa c e, ktor8 o
oblasti rovnakej hodnotgarametra turbulentnej viskozitg v Tleslkus i maelv § p | Tev a , g
zpohOadu | et Yamapredstavuje p rceecl hkokdrowtl  wh é d mi@to
naopti mali z8ci u.

4.5. Z8vkrsi mul §ci i

S ohOadom na predctp§daaojvi®dao opbhorehd é ziSe i Wip
vpodobe stS8vaj ¥Yce]j kongt rauekrcoidey ndawra rck yj en apr ¥ \ha
dobree J e predpoklad, ge vplyv modifik8cii na ae
tomu boavr § mci  mo § n ® hvanavrhmugnscachiuf pkp&cahadov.i ch kr yt
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5. N8vrh modifi k8ci e

Cien®di fiks8cie:

- zmeni S charakter pr%dov®ho poOa v mieste
- zachyti S tendenz8vui amo &pr pvédegaeomewrie
Modifko vang8 v arle amtaaewnmfal ymuv oocam*av¥% verziu pre
krytov. Pl ochajeleog meilipllmE hie rdgpettpeaijca vzop?ti
spodns8krlyatssv nezasahuje do kongtrukcie dver?
Zmena nastalap ol ohe oUodkon@hohodchwSTl):zhtovlpmdnggv (
jeho posunu po ploche trupusmere kovine symetrie a BOP.Pr edpo k|l adan |l pr 2
Yapr avy spod*nvaeal sepatdwan @&@ednigos Kkr i veedaSSou tr

korekciou celkov®ho ¥plavu za | et ¥%nom.

mod | fikovand verzia

7z

pOvodna var ianta

smer letu
4 - -

ste¥e jka zadnych dver|

Obr.5-1: Sch®ma iwph&day zOava

Obr.522 Sch®ma imph&ay zhor a
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5.1. Tvorbasietea v I pol et

Postup tvorbyv T ptavéj si¢ e j e  ukepitaleet.2 IKvalita siete modifikovanej
aptvodne]j verzie bola kO% ov§ pre relevantnd
najviac zhodnlch prvkov.

Po |pevkovj e d n o tvdrzejvd clhvvencaesileduj “com pr ehOade
ptvodngsg modi fi k

trup 11126966 10728533
vstup do motora 12198 12142
kr2dl o 160366 157434
prechodov FHruk 28747 27056
mo t o gandol@ 203850 203969
podvozkovs 27098 27099
SOP 85525 84891
symetria 74654 73963
dom®n a 7096 7094
objemovs 11126966 10728533
cel kovl pol « 1183934l 11434742

Tab.51: Rozdi el y v modifkovanejpéometriiknej a
VzhOadom na veOkpeBtseietempatowztiel m§lny.
CFcDaallTza modif bdawwy&mejan @wechstamedeh ch regi mov

uvede nkagitble 26 Znasl|l eduj “aceho obr 8zku j e zrejm

potrebnich na konvepY¥wyedme@aldB.poilit u opr ot i

Vipolet horizont&lneho r egi mRrerestabidubold 62 &o0d?2 n
potrebn® manu8lne korigova$S jeho priebeh.

e <
——x-velocit
_g.nxesrgs:%g Tos0t -
——energy 1
1e+00 3
1e-01 o
1e-02 o
1e-03 o
1e-04
1005 o
To08ry ,_,/"'*“»—T'\_\h_\
4 l/,.,* \"'\‘—g\__i__,ﬁ‘ Iu"” \\\‘-
16-07 \/ T
1e-08 T T T T T 1
1000 2000 3000 4000 5000 6000 7000
lterations
Graf51. Pri ebeh rezidu?2 pri vipolte st¥pacieho
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5.2. Porovnani e podiftkovanejjverae
5.2.1. Hori zont 8l ny | et

Pvodn§:verzi a Modi fi kovan8 verzia

9.72e-06

1.02e-05

y May 17,2013
ANSYS FLUENT 13.0 (3d, dbns imp, S-A) ANSYS FLUENT 13.0 (3d, dbns exp, S-A)

Pathlines Colored by Modified Turbulent Viscosity (m2/s) May 17,2013 Pathlines Colored by Modified Turbulent Viscosity (m2/s)

Obr.53: Hor i zonitdsthilly | et

5.40e-02
5.13e-02

Pathlines Colored by Modified Turbulent Viscosity (m2/s) May 17,2013

Pathlines Colored by Modified Turbulent Viscosity (m2/s) May 17,2013
ANSYS FLUENT 13.0 (3d, dbns exp, S-A)

ANSYS FLUENT 13.0 (3d, dbns imp, S-A)

Obr.54: Hor i z onitd8thilry | et

" ” " Pathlines Colored by Modified Turbulent Viscosity (m2/s) May 17,2013
Pathlines Colored by Modified Turbulent Viscosity (m2/s) May 17,2013 ANSYS FLUENT 13.0 (3d, dbns exp, S-A)

ANSYS FLUENT 13.0 (3d, dbns imp, S-A)

Obr.55 Hor i zonitdgtailBy | et
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3.23e-02
3.00e-02

Pathlines Colored by Modified Turbulent Viscosity (m2/s) May 17,2013 Pathlines Colored by Modified Turbulent Viscosity (m2/s) May 17,2013
ANSYS FLUENT 13.0 (3d, dbns imp, S-A) ANSYS FLUENT 13.0 (3d, dbns exp, S-A)

Obr.5-6: Hor i zonitd8thildy | et

1.62e-02
1.35e-02
1.08e-02

1 8.10e-03
462603 541603
23203 &a.l 271603 &4
1.02¢-05 9.72¢-06

Pathlines Colored by Modified Turbulent Viscosity (m2/s) May 17,2013

Pathlines Colored by Modified Turbulent Viscosity (m2/s)
ANSYS FLUENT 13.0 (3d, dbns imp, S-A)

May 17,2013
ANSYS FLUENT 13.0 (3d, dbns exp, S-A)

Obr.57. Hor i z onitd8thilby | et

35888 358

Contours of Pressure Coefficient 19,2013 Contours of Pressure Coefficient 17,2013

May May
ANSYS FLUENT 13.0 (3d, dbns imp, S-A) ANSYS FLUENT 13.0 (3d, dbns exp, S-A)

Obr.5-8 Hor i zonitd8eltnayi Il erfoz|l ogeni a
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5.2.2. St apac? | et

Pivodn8 verzia: Modi f

3.30e-06

Pathlines Colored by Modified Turbulent Viscosity (m2/s)

May 17,2013
ANSYS FLUENT 13.0 (3d, dbns exp, S-A)

Obr.5-9: St Yap aidétaill et

Pathlines Colored by Modified Turbulent Viscosity (m2/s) 17,2013

May 17,
ANSYS FLUENT 13.0 (3d, dbns exp, S-A)

Obr.5-10: St Yap aidétail 2 e t

Pathlines Colored by Modified Turbulent Viscosity (m2/s)

May 17,2013
ANSYS FLUENT 13.0 (3d, dbns exp, S-A)

Obr.5-11: St Yp aidétail B e t

kovangég

ver zi a:

Brno 2013 35

Gi

mo n

Derevjani






























