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$ EVWDFW + \EUG VHP LVWFKDVWF DQG VWFKDVWF RSWP L] HUW DUH EHFRP LQJ
SRSX®MU VIQFH WKH\ FDQ KDQGO VHYHUDO REMFWYHV VLP XOWDWQHRXVQ WK H\ FDQ
HQIRUFH VHYHUDO HT XDAQW FRQVWDLQW DYRLG (RFDOP LQLP D DQG KDQGM®™ D MUIH
QXP EHURI GHVLQ YDUWDEM™YV ( [ DP SAHV RI GHVLJQ RSWP L] DWRQ RI D P XOAMVWJH
D[ LDOJDV WKUELQH VWDG\ DQG XQVWDG\ I(RZ QQHDU DLUIRLOFDVFDGHV D P DJQHW
K\ GURG\ QDP LF GUIXVHU DQG D IUHH] LQJ SURWFROIRU RUIDQ SUHVHUYDWRQ DUH

VNHWKHG W LOX VWDW WH P XOMX GLVFLSQQDU DSSQAFDELOW RI WKHVH DO RULWK P V

H\ Z RUGV P XOAM GLVFLSQAQDUW GHVLIQ RSWP L] DAARQ JHQHWF DQ RUMKP V K\ EULG

RSWP L] HW VHP L VW\RFKDVWF RSWP L] HUW P XOM REMFWYH RSWP L] DWRQ

,1 752 ' 8 &7 ,2 1

HVLJ Q RSWP L] DARQ KDV WKH REMFWYH WVR GHWUP LQH SURSHU YDOXHV IRUD MUJH
QXP EHU RI GHVLI Q YDULDE HV WKDW HIWKHU P LQLP LJH RUP D[P LJH RQH RU P DQ\
JREDO REMIFWYHV Z KLH VDWVI\LQJ D QXP EHU RI XVHU VSHFULHG HTXDAQW DQG
LQHT XDAQW FRQVWIDLQW ,Q WDQVSRUWSURFHVVHV WHP DLQ GHVLJ Q REMFWYH VKRXGB
EH WHP LQLP L] DAMRQ RI HQWRS\ JHQHUDWRQ FDXVHG E\ YLVFRXV GLVWLSDWRQ KHDW
WIDQVIHU LQWUQDO KHDW VRXUFHV FKHP LFDO UHDFWRQV DQG HMFWR P DJQHWR
K\ GURG\ QDP LF HITHFW ( QWRS\ JHQHUDWRQ P LQLP L] DMRQ FDQ WKHQ EH DFKLHYHG

E\ WKH SURSHUYDUDWRQ RI WKH GRP DLQ VL] HDQG VKDSH P RYLQJ P HGLD S URS HUWHV
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DQG RU ERXQGDW DQG LQLWDO FRQGLWRQV * UDGLHQWEDVHG RSWP L] DWRQ
DQ RUMKP V DUH NQRZ Q IRUWHLU LOQODELOW WR FRSH Z LWK P XONSM P LQLP D DQG IRU
W HLU LQHIILFLIHQF\ Z KHQ GHDQAQJ Z WK D MUJH QXP EHU RI GHVLIQ YDULDE HV

* HQHWF DO RULVWKP V DUH NQRZ Q IRU WHLU LQHIILFLHQF\ HVSHFLDM Z KHQ GHDAQJ
Z LIWK D UH®OWYHQ VP D@QXP EHURI GHVLIQ YDUWDE MV $ RJLFDOUHP HG\ LV D K\ E ULG
FRQVWDLQHG RSWP L] DMRQ SDFNDJH Z IWK DXWRP DWF VZ LWKLQJ DP RQJ GUIHUHQW

JUDGLHQWEDVHG DQG VHP L VWRFKDVWF RSWP L] DWRQ DQ RUMWK P V

o 8/7,"' ,6&,3/,1%$5< ( ;%0 3/ (6 2) C(6,% 1

237,0 ,=%$7,2 1
2 SWP L] DWRQ RI D P XOAL VWJH D[ LDOIRZ JDV WUELQH

$ Q H{DP SO Rl HQWRS\ P (QLP L] DARQ HIILFLHQF\ P D[ LP L] DARQ RSWP L] HVKXE
DQG VKURXG JHRP HW\ DQG LQMHWDQG H[ IWI®RZ ILHG@GV IRU HDFK EMGH URZ RI D
P XOM VWJH D[ LDOIRZ JDV WKUELQH E\ XWQ] LQJ D IDVWFRP SUHVVLE 0 VWHDG\ VWDWH
IQYLVFLG D[ LV P P HWLF WURXJK IQRZ FRGH Z IMK KWK ILGHAQW RVV DQG P L[ LQJ
P RGHO/ WDWDFFRXQWIRU WUEXHQFH I®RZ VHSDUDWRQ HWF 7 KH RSWP L] DWRQ
Z DV SHUIRUP HG XVLQJ D K\ EULG FRQVWDLQHG RSWP L] HU W DWS HUIRUP V DXWRP DWF
VZ IMFKLQJ DP RQJ JHQHWF VIP XMWHG DQQHDAQJ P RGULHG VIP SQi P HWKRG

VHT X HQWDOT X DGUDWF DQG ' DYLGRQ ) GHWFKHU 5 HHYHV J UDGLHQWVHDUFK DA RULVK P V

7 KH FRP SDUWVRQ RI FRP SXWG SHURUP DQFH RI LQLADODQG RSWP L] HG GHVLI QV

VKRZ V VLI QULFDQWLP SURYHP HQWLQ WKH RSWP L] HG W R VWJH WUELQH HIILFLHQF\

RYHUWH HQWUH UDQJH RI RSHUDWQJ FRQGIWRQV ) L 7 KLV HQWUH RSWP L] DWRQ
SURFHVV FRQVXP HG (HVV WKDQ W R KRXW RQ D 0 + ] SURFHVVRU
o
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) LIXUH ( QWRS\ ILHGBY DQG VRO HIILFLHQFLHV EHIRUH DQG DIWHU RSWP L] DWRQ RI KXE DQG VKURXG VKDSHV XVLQJ

D KVEULG RSWP L] HU IRUD W R WDJH D[ LDOJDV WUELQH
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6LQ)JH REMFWYH FRQVWDLQHG RSWP L] DWRQ RI FDVFDGH RI

DLUIRLOVK DS HV

7 KH VIQJ 4 REMFWYH Z DV VR P LQLP LJ H WH WRWDOS UHVVX UH (RVV DFURVV DQ H[ LVWQJ
W R GLP HQVLRQDOFDVFDGH RI JDV WK UELQH DLUIRLO/ KDYLQJ VXSHUVRQLF H[ LWI RZ $

FRQVWDLQHG P LFUR JHQHWF RSWP L] HUZ DV XVHG IRUP LQLP L] DWRQ RI WKLV VIQJ CH
REMFWYH IXQFWRQ 7 KH IRAGRZ LQJ HTXDAW FRQVWDLQW Z HUH VSHFLLHG DQG
LWHUDWY HO HQIRUFHG DHURG\ QDP LF QIWIRUFH P DVVIRZ UDWH H[ LWI(RZ DQJ @ DQG
DLUIRLOFURVV VHFWRQ DUHD ,Q DGGLWRQ D[ LDOFKRUG DQG JDS WR D[ LDOFKRUG UDWR
Z HUH NHSW I HG Z KLH HQIRUFLQJ DQ LQHTXDQW FRQVWDLQW Z KHUH VWK H DLUIRLO
W LFNQHVV Z DV JUHDWU WKDQ RU HTXDO W WKH VSHFLLHG P LQLP XP DGRZ DEM™
WK LFNQHVV GLVMULE XWRQ ) RU WKH DQDQ VLV RI VWKH SHUIRUP DQFH RI LQWHUP HGLDVH
FDVFDGH VKDSHV DQ XQVWJXFWKUHG JULG FRP SUHVVLEG 1 DYLHU 6 RNHV I(RZ ILHGG
DQDQO VLV FRGH Z LMK D N ©WKUEXHQFH P RGHOZ DV XVHG 7 KH DLUIRLOJHRP HW\ Z DV
SDUDP HWHUL HG XVLQJ QLQH FRQLF VHFWRQ SDUDP HWHUV WK DWJ X DUDQWHH UHDQVWF DLUI R LO
VKDSHV Z LMKRXWD SRVVLELAW RI RYHU®S Rl WKH XSSHUDQG (RZ HU VXUIDFH RI VKH
DWIRLO ( LJKW% VSQQH FRQWROSRLQW Z HUH VXSHUP SRVHG VKXV NHHSLQJ WKH
QXP EHU RI JHRP HWLF GHVLIQ YDUDEQHV WR D P LQLP XP Z KLMH DFKLHYLQJ D KLIK

GHJUHH RI JHRP HWILF |QH[ LELOW DQG UREXVWQHVV 7 KH VHTXHQWDO T X DG UDWF
SURJUDP P LQJ Z DV XVHG IRU HQIRUFHP HQWRI VWKH FRP SXWWRQD@ LQH[ SHQVLYH

HT XDAQW FRQVWDLQW QNH WH VSHFLULHG DLW RLOFURVV VHFWRQ DUHD ) U

12
o800 o Lift
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) LUXUH & RQYHUJHQFH KLWRU\ RI VRWDO SUHWX UH GRW IRU EHVWWGHVLIQV DQG YLR®WRQV RI FRQWUDLQW Z KHQ XVLQJ
SHQDON IXQFWRQ Z LVK 6 4 3 P LQLP XP VKLFN QHW GLWWLEXWRQ FRQWWDLQW DQG QLQH FRQLF VHFWRQV Z LVK HLIKW

SRLQW% VSQQH JHRP HWA SHUW UEDWRQ

5 R\ARUFDVFDGH RSWP L] DWRQ Z LWK XQVWDG\ SDVVLQJ Z DNHV

$ Q D[ LDOWK UELQH URWRU FDVFDGH VKDSH RSWP L] DAHRQ Z IWK XQVWDG\ SDVVLQJ Z DNHV
Z DVSHU RUP HG WVR REWLQ LP SURYHG DHURG\ QDP LF SHU RUP DQFH XVLQJ DQ XQVWDG\

1 DYLHU 6 WNHV IRZ [|LHG DQDQ VLY FRGH 7 KH REMIFWYH I XQFWRQ Z DV GHILQHG
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HIMK HUDV P LQLP L] DARQ Rl WVRWDOS UHVVXUH RVV RUDV P D[ LP L DHRQ RI QAW Z KLH WKH
P DVV IRZ UDW Z DV Il HG GXULQJ WH RSWP L] DARQ 7 KH GHVLI Q YDULDE (HV Z HUH
JHRP HWLF SDUDP HWHUV FKDUDFWHUL] LQJ DLUIRLOMHDGLQJ HGJH FDP EHU VWJJHUDQJ M
DQG LQWHU URZ D[ LDO VSDFLQJ ) D 3 HQDON WHUP V Z HUH LQWRGXFHG IRU

FRP ELQLQJ WH FRQVWIDLQW Z IWK WKH REMFWYH IXQFWRQ $ JHQHWF DO RULW P

Z IWK D SRSXMWRQ RI GHVW QV Z DV XVHG DV WH RSWP L] HU ' XULQJ HDFK
RSWP L] DHRQ LWHUDWRQ WH REMFWYH IXQFWRQV RI WH QHZ SRSXM®MWRQ
P HP EHUWY Z HUH FRP SXWG VLP XODQHRXVQ E\ XVLQJ D S URFHVVRU GLVWLE X WHG

P HP RU\ SDUDAHOFRP SXWU 7 KHRSWP L] DMRQ UHVX OW LQGLFDWG W DWRQQ P LQRU
LP SURYHP HQW Z HUH SRVVLEMH LQ WH XQVWDG\ URWU VWWU DHURG\ QDP LFV E\

YDUW LQJ WK HVH JHRP HWILF SDUDP HWHUV ) L E

cl Pt
//’/ AN — — — - DFWR
, NN CASE4
N
i — \
- = N + ]
> \ L ~ - -
NN 045 “ I /A 2 0255
N
\
A\
\
L 1 1 1 1 1
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Number of Time Step
) LIXUH 2 UJLQDO" ) 9 / 5 DQGRSWP LJHG ' ) 9 / 5 URWU QQHDU FDVFDGH DLUIRLOVKDSHV D DQG WP H

YDULDWRQ RI QIWDQG VRWO SUHWXUH (RW IRU VKHVH W R FDVFDGHV E

0 XOML REMIFWYH DHURG\ QDP LF VKDSH RSWP L] DWRQ

,Q P XOL REMFWYH RSWP LJDWRQ Z H VWLYH WR ILQG D JURXS RI QRWGRP LQDWG
VROXWRQV Z KLFK LV NQRZ Q DVWH 3 DUHWR RSWP DOVHW RU3 DUHWR ITURQW 7 KHVH DUH
WH IHDVLE(H VROXWRQV IRXQG GXULQJ WHRSWP L] DHMRQ W DWFDQQRWEH LP SURYHG
IRUDQ\ RQHREMFWYH Z IKRXWGHJUDGLQJ DQRWHUREMFWYH 7 KHP XOM REMFWYH
FRQVWIDLQHG RSWP L] DAARQ DO RUMWKP WDWZ H XVHG Z DVD P RGLULHG YHUWILRQ RI DQ
LQGLUHFWP HWRG RI RSWP L] DHMRQ EDVHG XSRQ VHO RUJDQL DWRQ ,2 62 DQG
HYROXXWR QDU VIP X@MWRQ SULQFLS HV ( DFK LWHUDWRQ RI ,2 62 FRQVLVYW RI W R
VVWHS V 7 KH ILUVW VWHS LV WKH FUHDWRQ RI DQ DSSUR[ LP DWRQ RI WH REMFWYH
IXQFWRQV ,Q WKLVVWS WH LQLWDODS SUR[ LP DWRQ IXQFWRQ LVFRQVWXFWG IURP D
VHWRI! VIP SGH DSSUR[ LP DWRQ IXQFWRQV UHVXONQJ LQ D ILQDOUHVSRQVH I XQFWRQ W DW
Lv. D P XOL (HYHO JUDSK 7 KH VHFRQG VWS LV WKH RSWP L] DWRQ RI WLV
DSSUR[ LP DWRQ IXQFWRQ 7 KH GLVYWQFWYH IHDWUH RI WKL DSSURDFK LV DQ
H[ WWHP HQO RZ QXP EHU RI WIDOSRLQW W EXLE&G WH LQLWDODSSUR[ LP DWRQ $

FRQVWIIDLQHG P XONL REMFWYH VKDSHRSWP L] DARQ Z DVSHURUP HG XVIQJ ,2 62 RQ
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D QQHDU FDVFDGH RI JDV WKUELQH DLUIRLO/ 7 KH REMFWYHV Z HUH WHQ W
VLP X ODQHRXVQ P LQLP L H WKH WRWOSUHVVXUH GRVV P D[ LP L| H WVRWDODHURG\ QDP LF
RDGLQJ DQG P LQLP LJH WH QXP EHURI DLUIRLO/ LQ WKH | LQLWH FDVFDGH URZ 7 KH
HT XDAW FRQVWDLQW Z HUH I HG P DVV ICGRZ UDWH D[ LDOFKRUG LQHWDQG H[ LWIRZ
DQJHV DQG EMGH FURVV VHFWRQ DUHD 7 KH LQHTXDAW FRQVWDLQW Z HUH VKH
P LQLP XP DGRZ DEGH DLURLO WLFNQHVV GLVWIEXWRQ P LQLP XP  DARZ DEM
DHURG\ QDP LF QIWIRUFH DQG D P LQLP XP DARZ DEGH WIDLAQJ HGJH UDGLXV 7 KLV
P HDQV VWK DWVK H HQWUH DLUIRLOFDVFDGH VKDSH Z DV RSWP L] HG LQFOXGLQJ LW/ VWDJ J HU
DQJOH WKLFNQHVV FXUYDWUH DQG VRQAGLW UHVXONQJ LQ GHVLI Q Y DULDE HV

QRQQQHDU FRQVWDLQW DQG REMFWYHV 7 KH SHUIRUP DQFHV RI WKH LQWHUP HG LDVWH
DLWIRLO FDVFDGH VKDSHV Z HUH DQDQ]HG Z LMK DQ XQVWXFWUHG JULG EDVHG
FRP SUHVVLEGH 1 DYLHU 6 WRNHV IRZ ILHG DQDQ VLY FRGH Z LK D N € WKUEX GHQFH
P RGHO $ OMKRXJK WH9 . , DLUIRLOZ DV GHVLI QHG E\ H[ SHUHQFHG DHURG\ QDP LFLVW
XVLQJ VRS KLVWFDWHG LQYHUVH VKDSH GHVLI Q VRIW DUH WKHRSWP L] HUIRXQG DQ HQWUH
IDP LO RI [HDVLEH VROCWRQV WKDWZ HUH E HWHU WK DQ WKH LQYHUVHQ GHVLIQHG 9 . ,

DWI RLOFDVFDGH IRUD®W UHH REMFWYHV ) U

Airfoil 3
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) WIXUH & RP SDULVRQV RI VRWDO RDGLQJ SURGXFHG VWRWO SUHWXUH RW JHQHUDWAG DQG QXP EHU Rl DLUIRLO/ IRU

RSWP L] HG ILQLW GHQJVK FDVFDGHV DQG VKH RULJLQDO9 . , DLUIRLOFDVFDGH

0 XOA GLVFLSAQDW GHVLIQ RSWP L] DWRQ DSSAHG W P DJQHW

K\ GURG\ QDP LFV

0 RVWUHDQVWF GHVLW Q SUREMP V IQYRO'H QRWRQQ DHURG\ QDP LFV EXWDOR RWHU
LQWHUDFWQJ GLVFLS QQHV 2 QH VXFK P XOAL GLVFLSQQDW GHVLIQ RSWP L] DWRQ
H[ DP SAHLQYRO/HV P DJQHW K\ GURG\ QDP LFV : KHQ DYLFRXVATXLG IRZ VIURP
D QDUURZ SDVVDJH LQW D VXGGHQQ Z LGHU SDVVDJH WHUH DUH VLI QU LFDQWI®RZ

VHS DUDWRQ ] RQHV ) L D 2 QH SRVVLELAW WR UHGXFH WH I®RZ VHSDUDWRQ Z RXG
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EH W SHURUP D VWDLWKWRUZ DUG Z DOOVKDSH RSWP L] DWRQ % XW LU WH VKDSH RI
WH SDVVDJH Z D@/ LV QRWWR EH DOMHUHG IRU Z KDWHYHU UHDVRQ LWLV VW@S RVVLE H WR
DITHFWWH IRZ ILlHG@G SDWHUQ U WH IXLG LV HHFWLFD® FRQGXFWQJ ,WLV Z H®D
NQRZ Q WKDWHMHFWILFDA@ FRQGXFWQJ IXLGV UHVSRQG WR H[ WHUQDO DS SQHG P DJ QHWF
RU HMHFWILF [LHGV ,Q WLV VIWKDWRQ WH REMFWYH LV WVR 1LQG WKH SURSHU
GLVWILE XWRQ DQG RUHQWWRQ RI WH H[ WHUQDG DSSQHG P DJQHWF ILHG DARQJ WH
SDVVDJH Z DA/ VR WKDWWH IXLG IRZ VHSDUDWRQ LV P LQLP L] HG

8 VIQJ DW R GLP HQVLRQDOP DJQHWR K\ GURG\QDP LFV DQDQ VLY FRGH EDVHG RQ WH
HDVWVT XDUHV | LQIWH HHP HQWP HWKRG DQG D SDUDAHOP LFUR JHQHWF RSWP L] HU W
Z DV UHFHQWQ VKRZ Q WKDW VXFK RSWP LJHG P DJQHWF ILHGV FDQ EH XVHG W
VLU QU LFDQW) UHGXFH IRZ ILHG VHSDUDWRQ ) E DQG LQFUHDVH WKH VWWF

SUHVVXUH UWH IRUD I HG HQJW RI D GUIXVHU

E
) LIXUH 6 WHDP QQHV IRU GLIXVHU IRZ Z LVKRXWP DJQHWF ILHGG D DQG Z LW DQ DSSQHG P DJQHWF ILHGG E

RSWP L] HG VR VXSSUHW P LQDU WHDG\ LQFRP SUHWLEM I(RZ VHSDUDWRQ

2 SWP L] DWRQ RI IUHH] LQJ SURWFRO/ IRUSUHVHUYDWRQ RI RUJ DQV

2 QHFRQFHSWWDWRIIHUV D SRVVLEM SUDFWFDOVROXXWRQ W | UHH] LQJ DQG WK DZ LQJ RI
RUIDQV LV WVR P P HUVH WKHP LQ D FWR SURWFWYH JH®OWQ LQ RUGHU W DVVXUH W DW
WKH KHDWWJDDQVIHU TURP WH RXWU VXU DFH RI WKH RUIDQ WR WKH JHDOWQ RFFXUV E\
SXUH FRQGXFWRQ 7 KH RSWP L] DAARQ REMFWYH LV WVKHQ W ILQG WH SURSHU WP H
YDULDWRQ RI WKHUP DOFRQGMWRQV RQ WKH VXU DFHRI WH IUHH] LQJ FRQWLQHU VR WK DW
WH RSWP DORFDOFRRQQJ UDWYV DUH DFKLHYHG DWHDFK LQVWQWRI WP H DWHYHW

SRLQWLQVLGH WKH KHWURJHQHRXV RUIDQ 7 UDQVLHQWWHP S HUDWK UH GLVWILE XWRQ Z DV
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FRP SXWG DWHYHU\ SRLQWRI WHRUJIDQ XVLQJ DWUHH GLP HQVLRQDOAQQHDUW HUP R
HOVWFLW | QMW HMHP HQWP HWRG DQDQ VLY FRGH VXEMFWW LQLWDG JXHVVHG
SDUDP HWHUY GHVFULELQJ WP SHUDWUH GLVWILEXWRQ RQ WH VSKHULFDO |UHH] LQJ
FRQWLQHU VX UIDFH ) URP WLV WH DFWDO®FDOWP SHUDWUH JUDGLHQW DQG WKH
UHVX ONQJ WK HUP DOVWHVVHV Z HUH GHWHUP LQHG DWHDFK SRLQWLQ WH RUJDQ

$ QRQQAQHDU FRQVWIIDLQHG P D[ LP L] DAARQ P HWRG EDVHG RQ D JHQHWF DA RULWK P
Z DV XVHG DIWU HDFK VSHFULHG WP H LQWUYDOW RSWP L] H WH S DUDP HWHUV DW
HDFK Rl WKH FRQWROSRLQW RQ WH VS KHUFDOFRQWLQHU VXU DFH 7 KXV VXFK WP H
HYROXWRQ RI WHP SHUDWKUH GLVWILE XWRQ RQ WKH IUHH] LQJ FRQWLQHU VXU DFH Z DV
GHWUP LQHG WK DWLWP D[ LP L] HY WKH (RFDOFRRQQJ UDWHV LQ WKH RUJDQ Z KLH NHHS LQJ
WH (RFDO WKHUP DO VWHVVHV LQ WH RUIDQ EH®RZ WH XVHU VSHFLLHG P D[ LP XP
DGR Z DEM YDXHV 7 KH UHVXONQJ W HUP DOVWHVVHV DUH QRQ XQURUP EHFDXVH RI
GUIHUHQWS K\ VLIFDOS URS HUWHV RI WH RUJDQ -V WVVXHV ) U D

7 KH NLGQH\ Z DV RFDWG LQ WKH UHJLRQ 2 [ ) E

2E+06 —&— 5340sec
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= 1256406
S
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250000
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X
) LIXUH YRQ 0 LVHV WUHW D DQG VP SHUDVKUH E WP H HYROXWRQV D(RQJ VKH LQVHUWHFRQV RI [ \ SMQH DW]
DQG [ ] S®QHDW\ XVLQJ SHULRGLF RSWP L DWRQ RI D VSKHULFDOFRQWDLQHU Z D@ WP SHUDVK UH
GLWULEXWRQ GXULQJ RSWP L] HG IUHH| LQJ RI D GRJ N LGQH
68 0 0 $5< $1 " 5 (&200 (1" $7,2 16

0 XOML GLVFLSQQDW GHVW Q P HWKRGR®JLHV DUH H[ SHUHQFLQJ D JHQHUDOWHQG DZ D\
IURP LQYHUVH GHVL Q DQG JUDGLHQWEDVHG RSWP L] DAMRQ P HWRGV DQG WRZ DUGV
P XOL REMFWYH P XOAL GLVFLSQQDW VHP L VWRFKDVWF DQG VWFKDVWF FRQVWDLQHG
RSWP L] DAWRQ 7 KLVWHQG LV IDFLOWWG E\ WKH DYDL®ELAQW RI LQH[ SHQVLYH S DUDGHO
FRP SXWUV EDVHG RQ FRP P RGLW 3 & FRP SRQHQW 0 XOAMGLVFLSQQDW GHVLIQ DQG
RSWP L] DARQ WHFKQR®J\ Z L ANHQ UHVXON LQ D GHFUHDVHG QHHG IRU KLKOQ
HGXFDWG H[ SHUHHQFHG DQG H[ SHQVLYH GHVLI QHUV
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5 () (5 (1 &( 6

> @* 6 ' XQNUDYLFK ' HVLIQ DQG RSWP L] DARQ WRRO/ GHYH®RSP HQW & KDS WUV
QR IQ 1 HZ ' HVLQ & RQFHSW IRU + LJK 6SHHG $ LU 7 UDQVSRUW HG +
6 RELHF] N\  6SUQJHU : LHQ 1 HZ < RUN SS

> @ * 6 ' XQNUDYLFK 7 - 0 DUWQ % + ' HQQLY DQG 1 ) ) RVWHU
0 XOMGLVFLSQQDU K\EUG FRQVWDLQHG * $ RSWP L] DWRQu & KDSVWHU Q
(852 * (1 - ( YRXWRQDUW $ QRUMKP V LQ ( QJLQHHULQJ DQG & RP SXWU
6 FLHQFH 5 HFHQWS$ GYDQFHV DQG , QGXVWIDO$ SSQAFDWRQV HGV . 0 LHWIQHQ 0 0
0 DNH® 3 1 HLWWDDQP DNL DQG - 3 HUIDX[ -RKQ : LGH\ 6RQV / WS -\ YDVN\ @
) LQDQG 0 D\ -XQH ss

> @0 9 3HWRYLF * 6 ' XQNUDYLFK DQG 7 - 0 DUWQ ~0 D[LP L] LQJ P X OMVWDJH

WK UELQH HIITLFLHQF\ E\ RSWP L] LQJ KXE DQG VKURXG VKDSHV DQG LQMHWDQG H[ W

FRQGLWRQV RI HDFK E@GH URZ u , QWHUQDWRQDO- RX UQDORI 7 XUER -HW( QJLQHV YRO
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