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Devwudfw=

4 Lqwurgxfwlrq

HUFRIWDF VLJ 48 rujdqlvhv |hduo| zrunvkrsv iru wkh hydoxdwlrq ri qxphulfdo vlpxodwlrq surfhgxuhv iru uh�qhg
prghoolqj ri wxuexohqfh  rzv1 Wklv dfwlylw|/ lqlwldwhg vrph 48 |hduv edfn wkurxjk LDKU dqg odwhu rujdqlvhg
mrlqwo| zlwk HUFRIWDF/ zdv errvwhg e| wkh 4<<8 Zrunvkrs lq Nduovuxkh zklfk frqfoxghg wkh HF ixqghg
VFLHQFH surjudpph rq � Gdwdedvhv dqg Whvwlqj ri Fdofxodwlrq Phwkrgv iru Wxuexohqw Iorzv � uhvxowlqj lq d
gdwdedvh ri :3 whvw fdvhv +vhh HUFRIWDF Zhe sdjh,1

Wkhvhv 5 gd| phhwlqjv doorz wr glvfxvv qxphulfdo phwkrgv dqg wxuexohqfh prghov/ exw rq d qxpehu ri rffdvlrqv
gh�qlwh frqfoxvlrqv frxog qrw eh uhdfkhg/ dv gl�huhqw jurxsv xvlqj wkh vdph wxuexohqfh prghov vhogrp duulyhg dw
lghqwlfdo uhvxowv1 Lqohw frqglwlrqv/ frqyhfwlrq vfkhphv/ phvk uh�qhphqw zhuh txhvwlrqqhg/ dqg surplvhv wr uhuxq
wkh fdofxodwlrqv zhuh pdgh/ exw xqnhsw/ xqghuvwdqgdeo| dv doo wklv dfwlylw| lv qrw ixqghg1 Iru kljk Uh  rzv/
vrph hyhq zkhwkhu lw lv srvvleoh dw doo wr uhdfk lqghqwlfdo vroxwlrqv zlwk gl�huhqw frghv/ gxh wr wkh gl�huhqw julg
duudqjhphqwv dqg prvw ri doo gl�huhqw/ frgh vshfl�f/ lpsohphqwdwlrqv ri zdoo ixqfwlrqv1

Wr wklv sxusrvh/ 5 xqghujudgxdwh vwxghqwv zhuh jlyhq wkh wdvn ri frpsxwlqj wkh vdph whvw fdvh zlwk gl�huhqw
frghv dw wkhlu glvsrvdo> rqh lq dw HGI U)G Sdulv/ dqg rqh dw XPLVW Pdqfkhvwhu1 Xqwlo wkh �qdo vwdjh/ hdfk
vwxghqw zdv dvnhg wr hvwdeolvk klv rzq �ehvw frqyhujhg� vroxwlrq/ xvlqj iru wklv dvvhvvphqw wh{w0errn uxohv vxfk
dv fkhfnlqj julg lqghshqgdqfh/ frqyhfwlrq vfkhphv/ lqohw frqglwlrqv 111 Rqo| lq wkh hqg glg wkh| dfwxdoo| frpsduh
wkhlu vroxwlrqv zklfk zhuh irxqg wr frlqflgh/ wr rxu uholhi exw dovr vxusulvh jlyhq wkh suhylrxv gl!fxowlhv h{klelwhg
e| wkh zrunvkrsv1

Ri wkh 7 frghv xvhg lq wklv h{huflvhv 5 duh pdmru frpphufldo frghv dqg 5 �lq krxvh � exw zhoo ydolgdwhg frghv1
Doo xvh �qlwh yroxphv/ dqg lq wklv fdvh rqo| vwuxfwxuhg julgv +rqh ri wkhp vwdjjhuhg/ 6 rwkhuv froorfdwhg,1 Wkh
qdphv ri wkh frghv dqg wkhlu vshfl�f ihdwxuhv duh luuhohydqw vlqfh wkh sxusrvh khuh lv wr hvwdeolvk �d uhihuhqfh
vroxwlrq� iru hdfk wxuexohqfh prgho/ qrw wr frpsduh dgydqwdjhv dqg zhdnqhvvhvv ri wkhvh frghv1

Wklv uhihuhqfh vroxwlrq uhsuhvhqwv wkh wuxh vroxwlrq wr h1j1 wkh n0% prgho/ lqghshqgdqwo| iurp wkh qxphulfdo
phwkrgv ru hyhq wkh vshfl�f julgv +dv orqj dv wkh| duh �qh hqrxjk,1 Wklv uhihuhqfh vroxwlrq lv lqwhqghg wr eh
lqfoxghg lq wkh gdwdedvh dorqjvlgh wkh h{shulphqwdo gdwd iurp zklfk lw lqhylwdeo| gl�huv1 Lw fdq wkhq eh xvhg lq
ydolgdwlrq surfhgxuhv ri qhz frghv1 Wkh h{huflvh wkhq frqvlvwv lq uhfryhulqj wklv uhihuhqfh vroxwlrq iru d jlyhq
prgho/ dqg qrw wr pdwfk wkh h{shulphqwdo gdwd dv forvh dv srvvleoh1 Rqo| zkhq wklv lv dfklhyhg fdq glvfxvvlrqv
rq �lpsuryhphqwv� ri wkh wxuexohqfh prghov eh frqvlghuhg1

Wkh fkrvhq whvw fdvh lv wkh  rz ryhu d vlqjoh kloo1 Lw lv d idluo| vlpsoh jhrphwu|/ |hw wkh suhglfwlrqv vl}h ri
wkh uhflufxodwlrq ruljlqdwlqj iurp wkh wrs ri wkh kloo/ zdv irxqg wr eh yhu| glvshuvhg hyhq iru xvhuv ri lghqwlfdo

4Qdphv ri wkh dxwkruv dsshdu lq doskdehwlfdo rughu
5Fruuhvsrqglqj dxwkru
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maxh      = 28 mm

H = 170 mm

y

xO = (0, 0)

L = 800 mml = 300 mm

Iljxuh 4= 5G vlqjoh kloo  rz = Glphqvlrqv ri wkh grpdlq

prghov +^B`,1 Lw zdv frqvlghuhg dw wkh 7wk Zrunvkrs/ rujdqlvhg e| Xqlyhuvlw| ri Nduovuxkh/ LIK/ Dsulo 4<<8/
+ surfhhglqjv= iws=22iws0lik1edx0yhup1xql0nduovuxkh1gh2zrunvkrsbvflb<82Surfhhglqjv,1 Vwuhdpolqhv rewdlqhg dw
wkh wlph ri wkh zrunvkrs duh vkrzq rq Ilj1 41 Jhqhudo frqfoxvlrqv rq wkh shuirupdqfh ri wkh ydulrxv prghov
zhuh gl!fxow wr �qg/ sduwo| ehfdxvh wkhuh zdv d odujh dprxqw ri gdwd wr eh frpsduhg dqg ehfdxvh txlwh gl�huhqw
uhvxowv zhuh rewdlqhg zlwk qrplqdoo| wkh vdph wxuexohqfh prghov e| gl�huhqw frqwulexwruv1 Krzhyhu vrph jhqhudo
wuhqgv frxog eh gudzq iurp wkh zrunvkrs iru wkh n0% prgho dqg wkh Uh|qrogv0vwuhvv prgho +UVP,1

Iru wklv fdvh/ wkh pruh frpsoh{ Uh|qrogv0vwuhvv prgho lv qrw frqvlvwhqo| ehwwhu wkdq wkh n0% prgho frqfhuqlqj
wkh sudfwlfdo uhohydqw phdq txdqwlwlhv1 Lw shuirupv d elw ehwwhu iru wkh suhglfwlrqv ri wkh wxuexohqfh txdqwlwlhv1

5 Suhvhqwdwlrq ri wkh fdvh

Wkh h{shulphqwv duh gxh wr Dophlgd hw do1 +4<<6,1 Wkh fkdqqho khljkw lv 4:3 pp dqg wkh pd{lpxp khljkw
ri wkh kloo kpd{ @ 5; pp dqg wkh ohqjwk 43; pp1 Wkh Uh|qrogv qxpehu edvhg rq kpd{ dqg wkh fkdqqho
fhqwuh0olqh yhorflw| +xsvwuhdp ri wkh kloo, lv 93/3331 Wkh phdvxuhphqwv zhuh wdnhq lq wkh yhuwlfdo fhqwuh0sodqh
ri wkh wxqqho/ exw vlqfh wklv zdv rqo| 533 pp zlgh +frpsduhg wr wkh khljkw ri 4:3 pp,/ vrph ghyldwlrqv iurp
wzr0glphqvlrqdolw| ri wkh  rz lq wklv sodqh fdqqrw eh uxohg rxw hyhq wkrxjk wklv zdv dvvxphg lq wkh fdofxodwlrqv1

Dv wkh rssrvlwh fkdqqho zdoo lv 9 kloo khljkwv iurp wkh erwwrp zdoo/ lw kdv uhodwlyho| olwwoh lq xhqfh rq wkh  rz
ryhu wkh kloo1 D idluo| odujh uhflufxodwlrq }rqh kdylqj d ohqjwk ri 717 kloo khljkwv ghyhorsv1

Wkh  xlg lv zdwhu dqg wkh surshuwlhv ri wkh  rz iru wkh ydolgdwlrq duh =

Nlqhpdwlf ylvfrvlw|=  @ 4� 43�9p5@v=
Ghqvlw|= � @ 4 nj@p6

Phdq fhqwuholqh yhorflw| dw lqohw= X @ 5=47:p@v1
Uh|qrogv qxpehu= Uhkpd{ @ 93333

Wdeoh 4= 5G vlqjoh kloo= fkdudfwhulvwlfv ri wkh  rz

Wkh dydlodeoh h{shulphqwdo sur�ohv duh uhihuhqfhg e| wkhlu qxpehu/ dv ghvfulehg lq wdeoh B1

Qxpehu ri wkh sur�oh 06 05 04 33 34 35 36 37 38 39 3: 3; 3< 43 44

{ +lq pp, 0633 083 053 3 63 83 :3 <3 453 467 483 4;8 558 633 833

Wdeoh 5= Srvlwlrq ri wkh sur�ohvnh|

Wr looxvwudwh wkh srvlwlrq ri wkhvh sur�ohv zlwk uhvshfw wr wkh  rz fdudfwhulvlwlfv/ wkh vwuhdpolqhv fruuhvsrqglqj
wr zkdw zh eholhyh wr eh �uhihuhqfh vroxwlrqv� iru wkh n0% dqg Vhfrqg Prphqw Forvxuh duh vkrzq lq �jxuh 5BB1
Wkhvh uhvxowv zloo eh frpphqwhg ixuwkhu1
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6 Dvvhvvphqwv ri wkh uhihuhqfh fdofxodwlrq

Wkh 7 frghv zloo eh ghvljqhg e| wkh ohwwhu F/ H/ I dqg V1 Julg uh�qhphqw h�hfwv zhuh whvwhg lqghshqghqgo| zlwk
H dqg I1

Julgv xvhg iru I lv ghvfulehg lq 6

frgh I phglxp �qh

Qxpehu ri fhoov 49333 97333
Glphqvlrqv 533-;3 733-493

Phvk vl}h lq wkh { gluhfwlrq
lq wkh | gluhfwlrq

419 pp � �{ � 63 pp
314pp � �| � 4pp

31; pp � �{ � 48 pp
314pp � �| � 316pp

|. +dw lqohw, 8; 88

Wdeoh 6= 5G vlqjoh kloo= JDPELW julgv

Qrwlfh wkdw zkhq grxeolqj wkh phvk/ wkh �uvw qhdu zdoo fhoo zdv nhsw vx!flhqwo| odujh wr uhpdlq zhoo lq wkh
Orj1 od|hu1

Wkh phvk jhqhudwhg iru frgh I lv idluo| foxvwhuhg qhdu wkh orzhu zdoo +�jxuh, dqg kdugo| dq| gl�huhqfhv frxog
eh qrwlfhg lq wkh uhvxowv ehwzhhq Phvk 4 dqg Phvk 51

�

Iljxuh 5= Phvk Uh�qhphqw qhdu wkh zdoov iru I frgh

Rq wkh rwkhu kdqg/ wkh xvhu zlwk frgh H jhqhudwhg d qhduo| frqvwdqw julg/ zlwk 6 phvkhv ri 7/333 > 49/333
dqg 97/333 qrghv/ vr wkdw wkh h�hfw ri phvk uh�qhphqw lv pxfk pruh ylvleoh +wkh qhdu zdoo fhoov zlwk frgh H )
97/333 qrghv duh qhduo| lghqwlfdo wr frgh I zlwk wkh 49/333 qrghv julg,1

frgh H frduvh plggoh �qh

Qxpehu ri fhoov 7333 49333 97333
Glphqvlrqv 433-73 533-;3 733-493
|. +dw lqohw, 437= 85 59

Zlwk frgh I/ qr gl�huhqfh ehwzhhq wkh 6 phvkhv lv irxqg xqwlo wkh wrs ri wkh kloo zkhuh lw lv vhhq wkdw wkh
yhuwlfdo yhorflw| frpsrqhqw lqfuhdvhv zkloh wkh d{ldo frpsrqhqw pd{lpxp lv ghfuhdvhg/ erwk frplqj yhu| forvh
wr wkh h{shulphqw1

Wkh h�hfw ri phvk uh�qhphqw lv ehwwhu looxvwudwhg zlwk frgh I/ rq �jxuh 6 B/ dw wkh wrs ri wkh kloo/ {@33/
dqg mxvw eh|rqg uhdwwdfkhphqw/ {@38 +ehiruh wkh vxpplw lv qr h�hfw,1 Iurp wkh X dqg n sur�ohv lw lv vhhq wkdw
prvw ri wkh yduldwlrq ruljlqdwhv iurp wkh yduldwlrq rw wkh khljkw ri wkh �uvw qhdu zdoo fhoo1 Wklv h{sodlqv zk| zlwk
frgh I dqg nhhslqj wklv vl}h frqvwdqw kdugo| dq| fkdqjh zdv revhuyhg1 Wkh yduldwlrq ri wkh Y sur�ohv duh pruh
lpsruwdqw/ dqg vsuhdg ixuwkhu dzd| iurp wkh zdoo1 Wklv fdq eh h{sodlqhg e| wkh idfw wkdw dv wkh qhdu X yhorflw|
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ghfuhdvhv zlwk phvk uh�qhphqw/ wkh yhuwlfdo gh hfwlrq ri vwuhdpolqhv pxvw lqfuhdvh lq rughu wr frqvhuyh pdvv1
Gxh wr wkh hoolswlf qdwxuh ri suhvvxuh/ wklv h�hfw vshdgv pxfk ixuwkhu lq wkh yhuwlfdo gluhfwlrq1

Wkh pd{lpxp ri n dw {@38 lv vhhq wr eh vhqvlwlyh wr phvk uh�qhphqw1 Wklv zdv dovr zkhuh vrph gl�huhqfhv
zhuh qrwhg ehwzhhq wkh phglxp dqg �qh phvk zlwk frgh I1 Lw lv qrw vxusulvlqj vlqfh wkh surgxfwlrq ri wxuexohqfh
lv yhu| vhqvlwlyh wr wkh phdq yhorflw| judglhqwv/ dqg pruhryhu wkh sur�oh ri n lwvhoi lv fohduo| pruh vhqvlwlyh wr
glvfuhwlvdwlrq wkdq wkh txdvl olqhdu phdq yhorflw sur�oh1

614 Lqohw frqglwlrqv

H�hfw ri lqohw frqglwlrqv/ lpsrvhg dw 6 kloo khljkwv xsvwuhdp ri wkh kloo vxpplw/ zhuh whvwhg zlwk frgh I +dw
Pdqfkhvwhu,1 Xvlqj hlwkhu d frqvwdqw sur�oh iru n edvhg rq wxuexohqfh lqwhqvlw|/ n @ 6

5+XL,
5/ ru rqh �wwhg iurp

wkh h{shulphqwdo gdwd pdgh qr gl�huhqfh1 Lpsrvlqj d frqvwdqw glvvlsdwlrq sur�oh/ fruuhvsrqglqj wr wkh dyhudjh
ri % dfurvv d ixoo| ghyhorsshg fkdqqho  rz/ ohg wr d gudpdwlf ryhuhvwlpdwlrq ri n rq wkh kloo vxpplw1 Xvlqj wkh

ohqjkwvfdoh uhodwlrq O @ F
6@7
� n6@5@% @ �| ohg wr d jrrg djuhhphqw ri yhorflw| dqg n sur�ohv zlwk h{shulphqwv dw

wkh kloo vxpplw1
Zlwk frgh H +Sdulv,/ dqdo|wlfdo sur�ohv edvhg rq d frpslodwlrq ri GQV dqg OHV uhvxowv ri fkdqqho  rzv
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D uhihuhqfh x� lv surylghg iurp wkh h{shulphqwdo gdwd/ zklfk ydoxh lv = 313:< p2v/ lq dffrugdqfh zlwk xvxdo
fruuhodwlrqv iru iulfwlrq frh!flhqwv ru khdg orvvhv1

Wkhvh sur�ohv pdwfkhg wkh h{shulphqwdo gdwd dw lqohw dqg kloo vxpplw txlwh zhoo1 Lq d odwhu vwdjh wkhvh vdph
sur�ohv zhuh dovr dgrswhg iru frgh I/ dqg |lhohg d vpdoo exw ylvleoh lpsuryhphqw dw wkh kloo vxpplw1 Wkhvh lqohw
frqglwlrqv zhuh vxevhtxhqo| xvhg iru doo uhvxowv dqg doo frghv vkrzq khuhlq1 Vxfk uh�qhg sur�ohv zrxog dfwxdoo|
rqo| eh xvhixoo iru whvwlqj orz Uh prghov/ exw zhuh frqyhqlhqw khuh wr hqvxuh wkdw wkh vdph lqohw sur�ohv zhuh
jlyhq iru wkh 7 frghv zkdwhyhu wkh julgv1

Dv frqfhuqv wkh VPF vlpxodwlrqv/ wkh vdph dqdolw|fdo n dqg % sur�ohv zhuh xvhg1 Vxusulvlqjo| qr gl�huhqfhv
zhuh irxqg dw wkh kloo vxpplw zkhq xvlqj hlwkhu lvrwurslf ru wkh dojheudlf vwuhvv prgho dvvxpswlrqv iru dqlvrwurs|1
Lw vhhpv wkdw wkh 6 kloo khljkw diwhu wkh lqohw lv vx!flhqw wr uhfryhu ghyhorsshg vwuhvv sur�ohv zkloh vwduwlqj iurp
wkh fuxgh lvrwurslf wxuexohqfh dvvxpswlrq1

615 Uhihuhqfh vroxwlrq iru wkh & � 0 dqg VPF prghov

Wkh frqvwdqwv ri wkh n � % prgho duh jlyhq wkh xvxdo ydoxhv +Odxqghu hw Vsdoglqj +4<:7,,=

F� �n �% F%4 F%5

3=3< 4=3 4=6 4=77 4=<5

Wdeoh 7= n0h prgho frqvwdqwv

Wkh VPF xvhv wkh vwdqgdug Urwwd uhwxuq wr lvrwurs| suhvvxuh vwudlq whup/ dqg d olqhdu l}rwurslvdwlrq ri
surgxfwlrq/ zlwk dovr vwdqgdug ydoxhv F4@41;1 dqg F5@3191 Iru wkh wxuexohqw wudqvsruw whupv/ lw vkrxog eh
qrwhg wkdw lqvwhdg ri wkh Gdo| ) Kduorz prgho xvhg lq frghv H dqg J/ frgh I xvhv dq vlpsoh hgg| ylvfrvlw| zlwk
d Vfkplgw qxpehu ri �n @ 3=;5 +Olhq dqg Ohvfk}lqhu ^<;`,

Wkh n�%prgho uhvxowv duh vkrzq rq �jxuh BB Wkh djuhhphqw ri wkh vlpxodwlrqv zlwk hdfk rwkhu lv dvwrqlvklqjo|
jrrg/ dqg zh uhfdoo wkdw frgh I zdv uxq lq Pdqfkhvwhu/ zkloh H dqg J zhuh xvhg lq Sdulv zlwk d gl�huhqw julg
dqg gl�huhqw xvhu1
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Wkh djuhhphqw zlwk wkh h{shulphqwdo gdwd lv dovr h{fhoohqw/ lqfoxglqj iru wkh Y frpsrqhqw zklfk lv yhu|
vpdoo1 Lw lv d frpprq �sxq� wr vd| wkdw dq h{shulphqw lv ydolgdwhg e| qxphulfdo vlplodwlrqv/ exw zh eholhyh wkdw
wkh gdwd ri Dophlgd hw do lv h{wuhpho| uholdeoh dqg kljko| uhfrphqgdeoh iru frgh ydolgdwlrq1 Wkh idfw wkdw erwk
X dqg Y sur�ohv duh lq jrrg djuhhphqw ylwk wkh 5G vlpxodwlrqv lv d surri wkdw wkh h{shulphqw lv iuhh iurp 6G
h�hfwv/ lq rssrvlwlrq wr wkh vwdwhphqw +dw wkh wlph ri wkh Zrunvkrs, wkdw wkh vsdqzlvh glphqvlrq ri wkh ulj pd|
kdyh ehhq wrr vpdoo1

Wkh voljkw xqghuhvwlpdwlrq ri wkh uhyhuvh  rz pd| eh dwwulexwhg wr xvh ri zdoo ixqfwlrqv lq wkh uhflufxodwlrq
exeeoh1 Orz Uh prghov dssolhg wr d edfnzdug idflqj vwhs duh nqrzq wr fruuhfw wklv ihdwxuh1

Wkh ryhuhvwlpdwlrq ri n dw wkh kloo vxpplw lv d fodvvlfdo ghihfw ri wkh n � % prgho zklfk ryhuhvwlpdwhv wkh
surgxfwlrq lq sodq vwudlq dv rffxuv dorqj wkh xskloo sduw rw wkh  rz1

Iljxuh qrz vkrzv uhvxowv iru wkh VPF1 Dv pljkw kdyh ehhq h{shfwhg/ wklv prgho fxuhv wkh ryhuhvwlpdwlrq ri
surgxfwlrq gxulqj wkh �frpsuhvvlrq� xskloo1 Rq wkh vxpplw wkh n sur�ohv duh lq pxfk ehwwhu djuhhphqw zlwk wkh
h{shulphqw1 \hw wkh pd{lpxp ri yhorflw| lv ylvleo| ryhuhvwlpdwhg/ uhvxowlqj lq dq xqghuhvwlpdwlrq ri wkh yhuwlfdo
gh hfwlrq ri wkh  rz1 Lw lv d li iulfwlrq rq wkh xskloo sduw kdg ehhq xqghu hvwlpdwhg1 Qrwh wkdw wklv iulfwlrq0
gh hfwlrq olqn lv frqvlwhqw zlwk wkh suhylrxv glfxvvlrq rq phvk uh�qhphqw1

Krzhyhu/ e| vxshulpsrvlqj wkh vwuhdpolqhv iru erwk prghov vkrzq rq �jxuh BB/ zh revhuyhg wkdw vhshudwlrq
rffxuv h{dfwo| dw wkh vdph srlqw/ derxw 31348 p grzqvwuhdp ri wkh vxpplw1 H{foxglqj wkh uhflufxodwlrq exeeoh/
wkh vwuhdpolqhv ri erwk prghov duh lghqwlfdo grzq wr {@361 Wklv phdqv wkdw wkh voljkw huuru lq wkh Y sur�oh dw
wkh vxpplw iru wkh VPF/ grhv qrw lq xhqfh wkh grzqvwuhdp ghyhorssphqw1 Wkh pdlq gl�huhqfh ehwzhhq prghov
lv lq wkh uhflufxowdwlrq exeeoh/ zklfk lv pxfk pruh horqjdwhg iru wkh VPF/ zlwk d fhqwuh vkliwhg iurp 3138 wr
313;p Wkh nlqn lq wkh vwuhdpolqhv dw uhdwwdfkhphqw srlqw fdq eh fxuhg e| d fruuhfwlrq wr wkh glvvsdwlrq +\ds
fruuhfwlrq, dv glvfxvvhg lq ghwdlo e| Kdqmdolf/ exw vlqfh wklv rswlrq zdv qrw dydlodeoh lq doo frghv/ lw kdv qrw ehq
xvhg wr gh�qh wkh uhihuhqfh vroxwlrq1

Wkh Y sur�ohv dw {37 fohduo| vkrz wkdw wkh vwuxfwxuh ri wkh exeeoh lv ehwwhu uhsuhvhqwhg e| wkh n�% prgho/ wklv
lv dovr frq�uphg rq rwkhu sur�ohv zlfk zloo eh dydloeoh rq wkh Zhevlwh1 Iurp wkhvh lw fdq dovr eh revhuyhg wkdw
wkh VPF gudpdwlfdoo| xqghuhvwlpdwhv wkh jurzwk ri wkh nlqhwlf hqhuj| dorqj wkh vhsdudwhg vkhdu od|hu/ hyhq pruh
wkdq fdq eh vhhq iurp wkh [37 sur�oh1 Wkh n � % prgho lv grlqj rqo| voljkwo| ehwwhu/ exw lw zrog eh lqwhuhvwlqj
wr whvw li wklv lv qrw mxvw �e| fkdqfh�/ vlqfh wklv prgho vwduwv dw wkh vxpplw zlwk d vhyhuh ryhuhvwlpdwlrq ri n=
Iru d idlu frpsdulvrq lw zrxog eh lqwhuhvwlqj wr uhvhw n dqg % dw wkh vxpplw dw wkh ydoxhv rewlqhg zlwk wkh VPF/
dqg wr vhh wr zkdw h{whqw wklv d�hfwv wkh uhflufxodwlrq exeeoh1

7 Frqfoxvlrq

Y1 0.12 0.14 0.160.060.02 0.04 0.08 0.1

Vwuhdpolqhv ehklqg wkh kloo zlwk n0% prgho
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Y1 0.12 0.14 0.160.060.02 0.04 0.08 0.1

Iljxuh 6= Vwuhdpolqhv ehklqg wkh kloo zlwk UVP prgho
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6.0

Exp.
k-ε coarse mesh
k-ε middle mesh
k-ε fine mesh

-0.05 0.00 0.05 0.10 0.15 0.20
0.0

2.0

4.0

6.0
Exp.
k-ε coarse mesh
k-ε middle mesh
k-ε fine mesh

0.000 0.005 0.010 0.015 0.020
0.0

2.0

4.0

6.0

Exp.
k-ε coarse mesh
k-ε middle mesh
k-ε fine mesh

-0.1 0.4 0.9
0.0

2.0

4.0

6.0

Exp.
k-ε coarse mesh
k-ε middle mesh
k-ε fine mesh

-0.20 -0.15 -0.10 -0.05 0.00
0.0
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4.0

6.0

Exp.
k-ε coarse mesh
k-ε middle mesh
k-ε fine mesh
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4.0

6.0

Exp.
k-ε coarse mesh
k-ε middle mesh
k-ε fine mesh

PROFILE AT X=00 PROFILE AT X=05

U/U0

V/U0

k/U0
2

U/U0

V/U0

k/U0
2

Iljxuh 7= Sur�ohv dw {@33 dqg {@38 iru frgh H zlwk n0% prgho rq wkuhh gl�huhqw phvkhv
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0.0 0.5 1.0
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2.0

4.0

6.0

Exp.
k-ε code E
k-ε code F
k-ε code G
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4.0

6.0

Exp.
k-ε code E
k-ε code F
k-ε code G

0.000 0.010 0.020
0.0

2.0

4.0

6.0

Exp.
k-ε code E
k-ε code F
k-ε code G

-0.2 0.2 0.8 1.2
0.0

2.0

4.0

6.0

Exp.
k-ε code E
k-ε code F
k-ε code G
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0.0
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4.0

6.0

Exp.
k-ε code E
k-ε code F
k-ε code G
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0.0

2.0

4.0

6.0

Exp.
k-ε code E
k-ε code F
k-ε code G

PROFILE AT X=00 PROFILE AT X=04

U/U0

V/U0

k/U0
2

U/U0

V/U0

k/U0
2

Iljxuh 8= Sur�ohv dw {@33 dqg {@37 iru frghv H/ I dqg J zlwk n0% prgho
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0.0 0.5 1.0 1.5
0.0

2.0

4.0

6.0

Exp.
Rij-ε code E
Rij-ε code F
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4.0

6.0

Exp.
Rij-ε code E
Rij-ε code F

0.000 0.010 0.020
0.0

2.0

4.0

6.0

Exp.
Rij-ε code E
Rij-ε code F

-0.2 0.3 0.8
0.0

2.0

4.0

6.0

Exp.
Rij-ε code E
Rij-ε code F

-0.15 -0.10 -0.05 0.00
0.0

2.0

4.0

6.0

Exp.
Rij-ε code E
Rij-ε code F

0.00 0.05 0.10
0.0

2.0

4.0

6.0

Exp.
Rij-ε code E
Rij-ε code F

PROFILE AT X=00 PROFILE AT X=04

U/U0

V/U0

k/U0
2

U/U0

V/U0

k/U0
2

Iljxuh 9= Sur�ohv dw {@33 dqg {@37 zlwk UVP prgho

;


