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Introduction

The main aim of the FOI Workshop on Computational Fluid Dynamics, held at FOI Ursvik,
2001-10-30 was to bring researchers together from Computational Aerodynamics at the Aeronau-
tics Division in Bromma and from Computational Physics, Dept. of Warheads and Propulsion,
Weapons & Protection Division at the Grindsjon Research Center. This joint initiative was an
opportunity for the two groups to identify each other's current research areas as well as areas of
mutual interest for the future, in order to coordinate their activities and facilitate the integration
process between old FFA and old FOA. The workshop indicates that FOI is active in a very wide
range of activities within the field of Computational Fluid Dynamics, ranging from basic research
on numerical methods, turbulence and turbulence modeling to real-world problems relevant to
the Swedish defence and the Swedish defence industry. In many of these areas the research at
FOI is of high international quality which is corroborated by the large number of national and in-
ternational collaborations shared by the two groups. The current state-of-the-art at FOI holds
strong promises for the future, and synergistic effects can be achived by collaboration in new
projects utilizing the respective competences of the two groups. These proceedings consist of a
collection of slides presented at the workshop. Further information regarding specific research
topics is available from the individual researchers.

Christer Fureby Peter Eliasson



10

(01, WnISudIdJuoy “IASIN 10

(PpAYS yoo uade ) qIsAJs3uruyelog
— (TUIBAT]) JTWRUAPOISLSIUTUIRISE

0 £-01-100¢
SOTWRUA(T PINT]

[euoneindwo)) uo doys3yIo M\ 104



10

(S42quuaag ) 3 342G ") SOTUBUAPOIPAY dIys doeJIng
(u17p"N) SOTWRUAPOIPAY J[IIYIA IjeMIdPUN)

(0.38Y144 *N) SUI[OPOW UOIIBIIABD XJ1I0A dI],

(Suaq-s) suoneosrjdde paads mo

(uoss.apuy py) suonenored Y|

(uosspT'y) WSI]Y Ul
JeIolle ue pue yse[J SurysI| B uddM3dq UOIIOBINUIL Y,

(uosswiip.ifiy 5)) SOSNOJBOIDY
(o.3SpLON [) SISA[UR [BOLIQUWUNN]

(uossuvyo ) Aissiu
9[qeAIdSqO MO[ ‘AAeay druostddns e Jo Apnys [emdadouo))

(wpvurio ] py) suore[nded 30qoi Jaf wey
(Mouwwpy-O) somueuApoide parjddy

(1oud2] 1) duIud uoryeuoldp asynd Ay,

(punj3.iog ) £3010uyd9)
youneg| pue uonsnquod jue[jodod 193201 p1j0S

(dga.an,y-H) uonsnquiod judngany paads ysiy
(u2433.42g py) 1013U0D puk u3Isap ewndo
(1fiuvg ) uonoipaid uonisues],

(v 41 ") SurEpPOW AdUI[NAQIN, ~

(810qUUOAS ) 29 UOSSIO] ]
‘“AgaIng)) SAT pue SNV Ul Suljopowr aous[ngIny,

(842q1117° ) SPI€JIUT
pue sarepunog SurAow SUIAJOAUT Sw[qoid MO[

(y11g 1) SONIATIOR ONISB[0IOY

(4qa.n,y D))
21eM1J0s (14D S.SA/IO] ‘AVOA 01 uononponuy

(77284Yy [ "T) 21eM]JOS UOIIRIJUIS PLID)
(uosspij"d) 91emyos A4D S.VA4/104 0} uonsnponuj



10

uosserq "d

QIBM]JOS
4D S.V44/104 03 uononponuy



10d —

(WAdJ) I18llesed/jenuanbas

SMO|} [BUIBlUI/|BUIBIXS 10} "0°( PUB S|apow |ealiswnu Jo Alalien abie
9SIM-)00|q ‘@oualajal Jo awel) Buneloy

S[opow aous|ngin] [eJonasg

S|apow wnuqgljinba-uou jewiayl pue |eaolwayd ‘Ansiwayd wnugiinbe
‘sjopow seb 108uad Ajjewlayl suiejuod ‘smoy) paads-ybiy 1oy paubisep Ajeulblup

Buiyjoows |enpisal poidwi pue pubiynw a1 uoljelajdoe 8ousbiaAuo))
spLIB BuinOW INOYUIM/YLIM JOA|0S 81BINDOB BWI/I9A|0S 81elsS Apeols

SpLIG yoo|qninw
PaIN1onJl1s 10} JOAJ0S BWN|OA-B1IUl) PBIIUBD |80 Sey0ls-1aIAeN 9|dissaidwod SNVYYH A€

VS3 10} padojansp
‘9N pue Y44 1e padojanap ‘loje|nwig dlweulpolsy [ealiswnpy ueadoing : snueinj

shueing




10d —

(0=d Buuinbai Aq) saui| pub Buoje pesodwi aq Aew uonisues|

|opow SHS dlWeuAp ‘S o
sesew|y Jejeds uo paseq S371/SNvY ¢
|[opow JeaulT

As|weT ® nyz yiys ‘eleizads g bisyen Ag |9poj
uossueyor R uljiep Aq [epow maN

(suonenba om}) s|ppolN ssaa1sS spjouhay orelqab)y 1ol dx3
191U\ Aq |opow 1SS
Je1usN Ag jopow 1S9
|[opow SpjouAay-Mo| XOO|IA\
|[opOoW pJepuels XO0I|IAA

(suonenba om}) [opow 8ous|nNgin} M-y

(suonenba om}) usiyn Ag Juswieal) [|lem Jeau ‘|apow 8oua|ngin} 3-y
(uonenba auo) |opow 8ous|ngin} selew|y Mejeds

(ore1qebje) |opow 8ous|ngin} XewoJ-uimpleg

[
10

s|opow aJua|nginL




winuqglinba-uou [eaIwayd owlay}l pue [eaiwayd
Alsiwayo owlayl wnrqglinb3
seb 100p0d Ajlewlay |
seb 109ped Ajlealioen
suoljdo sex
slaquuinu yoe moj 1o} Buluonipuooalid
suolnpuod Arepunoq Bulyorew-uoN
* ‘uonelod ‘uonejsuely ‘Auoipouad ‘AlAnosuu0)
(18|N3 10 SNOJSIA) ||IBM
* Arepunoqg uo spjal} "0ads 9°q 19[IN0 pue 18jul ‘*0°q dl1Sli81oeiey)
suonipuod Alepunog
slajwl| QAL Yim sswasyds puimdn
uoniedissip [eIOlIE YIM UONEZIIBIOSIP [BIIUSD
9]eINdok J19pI0o pug ‘suoljezialosip |eneds

suondo [euonippy

10d —

11




10d —

SWwJ9] ©24N0S |BOIWAYD puUe 1ud|NgJny JO Juswileal] uoldwi Juiod e
laquinu 149 8|qissod Jo Bulignop e saalb Ajlensn
uoINQLIIUOD 1DI|dXe ‘SUBIdI80D B|gelIBA J0 JUBISUO)
Buiyioows [enpisal uoldwi| o o
layjoows se awayos ennyj-ebuny 1o1jdxa abeis-N e
spLb J1es1e0d uo uonesydwis
spLIB auly/8s1 00 UsaM]aq siojelado Jajsuel) Jualayiq
pubnnw |In4
spLb Jes1e0d uo uonesydwis
s9[0A2-p\\ 10 -\ ‘Yl00]-MeS
pubnnw Sy4 e

19A|0S d)els Apeals




10d —

uonela|edoe ‘B e ‘seiAnaouR)y e
sp1b uoneqginiiad 1ndul se sepowuabio Jeaul| Ylim suoieindwod diseeolay
S)00|q Apeoais/uoielol 8sIm 3o0|g
109
splib uoneaginyiad 1o suoissaldxe |eonAjeue wodj JUBWSBAOW PLIK)
spub Buinopy o
uoljonpal [enpisal Jo SIapJo € 1noqge 1o} sajoko pubninw 0z-01 :AjjeoidAL

_V
L uAST

ip
=(b - il
A* v*% 0= A*Wv*m Nwmw~ _ :\w
%

Ap Y

i +(b)yy+ b
e’ CLPE0C By T ABS0+ (AT - (O+,
vw

v
ADgo+ (ab)e—  (AP)ST

ou A::Smﬂ

uoljelall awil opnasd Uoljdxe Yylm aoualayip piemyoeq Joplo pug uoldwy e
ENNY-abuny JapJo yiy 1o1dx3 e

19A|0S Apealsun




\\\\\\\\\

00
[
X

2JNSSald
90

€0
1o110doxd —

soLIEpunoq
saLIEpuNOq QoeyIR)UT
doiq

| LE0-86-VVI

Vv uonenojeo buim-iajedoid ‘ejdwexg
(anisuadxa aiow) Juswalinbal A6ojodo) ON e
S)00|q Bulydorew-uou om) ay) ul Abojodo) pub sawes ay| e
suolje|noes bulelod-uou - Bunelod 10 Juswaulel [Bo0| 4o} [njesn ‘Alepunoq
ay} 0] [ew.ou Alinunuoasip pub yum spub payorew

a|ge|ieAe suondo Bulyojew-uoN
suollipuod Atepunoq buiysjew-uonN

awi ul
uoneleA
|

14




uonelndwod syr

uonnquisip
laquinu yoep

SuUoIIPUOD
oluosueJ) 18 Sy

104 —

15




V44 1e wc0_~®H3QEOO S©)0]1S-I9INEeN

qavVvs le suoljejndjed Jajng

00911 V44 le sjuswailnseaw ailnssald

U ou Jajawoia|edde = Uy

-« €62 s1eonpsue) ainssaid

%4

mX o—x
\ /!
Y ﬁ 6y ww uj suoisuswiq
6 Lov=a
i | | g8
t
0'L6c
. PRI -4 8g—| si9onpsuel} ainssaid
a%St 4 ) ,
BRAA r Lﬂ
. x _ /\_u/m%:w
N e pa B

dejy Bune|jioso yum buim eyjep ae

Buim eyep G5

10d —

16




,,,,,

.....

ZHSL=]

%0°SH %O'SY

dyy- g Ov- oy

ZH 8V =J

%OSH BOSy

s}jinsal 1a|ng Apealsun

~ 7 " ¥8¥-8/%'dd ‘9661 SYINODD3

LIY2S-96-VVIV

SERIEIETENS

(Buidwep)
aseyd-jo-1no :Areulbew|
aseyd-ul :jeay

_ uvoul

o0 Q5%0=0v60="W
sjuswiiadx3-suoneindwon

uonnguisip-do Apeaisun

10d —

17




18.€/22 Usaw-Q 401 ¢'9=8Y 'LG'¢ =¥€'0B "$GL°0 Yo\

00°L 08°0 090

o/x
0’0 020

10d —

18

0l @se) ¢¢8cdVvH




10d —

108(01d BUIgIN] PUIM - BPRIGMOUY] e
Buljlepow 8oua|nagun) - BIUBINO|{ e
200g bBun.ess j08loid

Auonse|e olay - snine| e

soulbus 18l ul so11SNooe 0JaY - Q4DSSIONOQIN]
uoneziwndo adeys - adeysolay e

solbojouyos] moj} Jeuiwe - V1V

salbojouyoal mojj Jeuiwe] - 991 AH

s1deouoo mau ‘Yl ybiy - xijeH

palualio yodeasal Yl ybiy - JayiH

pajusuio Ajfeusnpul ‘108load yij ybiy - Wijoing
(M4 Y15) s108loud ueadoing Buiobup

19

uoljesadoon ueadoiny




sisixa Bumold Jejdwis o) sweibolud ‘sjooy |elosawwod :buissadoid 1504

19AJ0S MO|4 - 3903
se|npow uondepe osje sepnjou| "io1eiausb awn[oA pue 89euns - 131141

S9|l} SJ6)| woJ) saydled aoepuns payoied Jo uoieald 10) weiboud asnoy-ul - 43AldS

1311d1L
uondepy
IETT d3dldS
1ybisug 3903 Jojelausb uonelsusb avo
004disod J9A|0S PHO o

sp11b painjoniisun uo suoiljeindwo?d 10} walsAs

10d—

20




10d—

SAAAR IR N KRR
L SVAVAY < N I R e L SOOI
VA A VA VAV VAT VAVAN N OB
RO e OO e
s ae A R R
s
<]

AVAVAVAY
S VAVAVAV

%

L

YAv4
RN
X
TS

X
%

N2

YAV
SRR
SRR SOORR
A
A

2

2
1]
N

AV
oo
P

R

KK

PAVA PSS
KRRK
PVAVAAVAVAVAY

AVAVA
YAVAVAVY

A‘AVAV

PORSRS]
SR
AVAVAV\'AVA'AV

s
PR
RN | RN,
FERGS D AT N vt i SEORRS
Ko XL RRRERRRS . SRR
AR S s KRR R Ry
RSB, R ERKS
A S es SREX
SRS S
ERARREAIE sy
DA AVATA YAV
RIS

2
TR
KRN

B
X
KRBRR

i
X

2,

0%

A
0
o

s

vl

%

R

Buiysawal [eo07] e

vavs

R
!
.

=
o
o

K
5
A
<l

pATA
K5

o
K
0
O
%
Y.

o
N
N

4VAYA

0
N

A,
5

Juswiauljal-y uo paseq uoneidepe |00 e
ABojodoy pauielas yum splib Buinopy e
18111 Jo 1uswdojansp Bulobup

v
e,
AR
UARE
Vﬂﬂ Do

A»N<><»<

XK
AN
o

KA

<
%X

21

m«»»»#%mm«g

LR
SRR 19A|0S 86p3 Ylm 1BwIO} B)1) UOWLWIOY) e

M"MWWA) MVA‘ AVANSA \AVAYYAY
SRR 10S8p 89eyNs [eulblio sasn uondepe puL) e
1811] Ul peppaquwd (bulysawal) uoneidepe pLIL) e
eipayelia] pue (jeuonisuely) spiwelAd (siohe| # Bullien) swsiid - Qg e
s|elale|lipenb pue sajbuel) - Qg e

splIB painjonJisun Jo UOIIRIBUSK) e
1311d1

uoijetauab p1ib prLgAH




10d—

o -
swelboud 10| -
Slew.oy a1} Juaiaylp 0} suodxy -

1BA|0S MO|} 0] "ojul 8bp3] Sa|l] O SIUSIUOD SIS -

uolpuod Alepunoq sleS -
swesboid djoH e
uoneindwod Moy} 8y} sexe|N -

elep abpse pue spou Buiurejuodo
@ D w plIb passoeooidaid speay -
‘ ae az 1OA|0S MO| e

suoneindwod |9|esed Jo}y buyoolg -
splib 18s.1e0d sajelawo|bby -
plb jenp sejelausr) -

10ssa820.idold e

splib Arewnd pue jeng

22

sadA] Juswa|d Jualayip Jo ajdwex]

pubnnw uonelawo|bbe ‘sjuswa|d
Arenigue - spub pugAy ‘pasiuad apou ‘ewn|oA allulH :uo paseq JaA|0s 3903

J19A|0S 9T MBIAIBAQ




39503 01 SNNVYYN3 ul suondo Buisiwoid 1sow Juswa|dwi pue puaixa 01 Absreis

SNNYHN3 Yy uowwod ul 1jewllo) ajlj |jeJausk)

SaWeU aulNoJ JO sweu swes
// Uello4 Ul 8in1onais ejep awes ayl sesn SNNYHN3

SNNVYHN3 yim saljlejiuls
“** saJn1oNUIs ‘sadA) paALIap ‘uoIsinoay
uoneoo|e Alowsw dlweuA(q
alaymAlans panall}al aq Aew elep palols - 1SI| payul| Ul palols ele(

06 NYd.1dO4d ul 8po)

SJllslialoeleyd 9po0I J9A|0S MO|} 95H3d3

10d—

1ewlo} sjlj V44

23




(|8 ¥ 10YD) siaquunu yoe moj 1oy buluonipuooalid

IdN Buisn Buissed abessaw yim Buiuoniied ¥oo|g

(INSHV3) |epow ssalls spjoulay oreiqably 1o11dx3 pue m-) XO9|IA -8ous|ngin
2oua.a)al Jo swel) Bunelol e ul uoieioy

awvyos puimdn Japlo pug ‘AlISOISIA [eIdljilIE YIM uoneziialosip [eneds jenjuadn

Buiyioows |enpisal ‘eyels Apeais o1dx3

(62-01-1002) ebp3 Jo sainjes} pajepl|eA pue papn|ou|

abp3 jo snmeis

10d—

NS

Buiddals swn jenp, Apesisun

[ ] [ J [ ]
24

pLbnNw uonelawo|bby

SNVH pue Jeulwe| ‘SN PUe Jajng e




10d—

(az1s)b0)
0¢c o'l 00

| | | 0'9-
uonenbuels Agq
so|buels] pue sjeiaje|upenb
‘P16 pain1onas

Oc-

snuein3 ¢
(1ou10)B0] Q
. ////////d“w 0¢
09

G2«/E1 ‘6V«E£.2 ‘16.S¥S ‘Spub painjonis €
82 =0 ‘G'0=N "|loJIe gggg3avy ‘sso| ainssaid |ejo]

abp3 jo uonepijep




IR
" RN

] 14~N“4‘44<‘ / /
X0

L, T
\\\\\\\\\\\%\\ \

\\\\\\\\\\\\\ \ \\\%\“\\\“
\\\\\\\\\\\ \\\\\\\\\\\
£ i -
S i
A G
A .
i i
L AL

k. 3
] /l 4
. .z
N i

\ .

i
\\\\\\\\\%\\ iy

L i -

i . -

e
o

/
i)
i ),
)
IR .
i) e
e

i e
TR R

e

Sjulodi\ 6°0 sjulodi\ ¢° L

.

S
Kok
55
KA
N
i

S
S
OREEK
SRR
RSSCK

S
5
ST

s
a~

0ov'0-

K

KK
SRR
AVANAT Y
<k
ERSSEIX
S50
S
SS
=

K
i
RIS

QS

XL
200

s
KR
aaATATS

va
vay

S
S

—
N\

\

=
S
=
~

N\

do-

—
~

—
-

ov'0

57

=

0%

BA
v
5K

vava
o

2

TAvAVAvaAva

vasares
PATaTaTA

PATAVAvaTAE
KK

0
0

RO
20

X2

X

o6

502
S

&

55
5
5
vavas:

=
~

S
O
vava
O

S5
5
e

R

=

=

—

s
X

=
5

LR
XK

=

KPRl
S
A
XSS

o

X

R
s
&0

OO
R
i

i
—
=

~

o

XX
av

%
=

=
=

L
26

=

=
=
=
=

P16 8orlNS painioniisun pLIb 8oeuNns painonns

:uonnqgusip do

oc't

g0k k =Y ‘90°€=D ‘¥8'0=IN ‘BuIm-9|\| UO MOJ} DlUOSUEI]

paJinjonJisun - painjonus :buim-g




[[9SATL 1

21BM]JOS UONIRIUADN) PLID)

10

27



IEATIOLISTITD Ja3ug

sawou fuopunog

0

aADS

s Bor7y 307d puo =swou Auopunog moys
|||||||| 110 3o01d puo sswou Raopunog moys

5 uoT3owao4suoa} fuopunog  otpoTdasd a8
i Fupopunog o13owsTod 385
o sawou Fuopunog 385
z sauwou Aaopunog asop
|
a

sawou faopunog pro

MAUSW LITOR

poo]
0308

1SaATIDUIS}TD 8Sayl 4O auo 1031as

¥
1aATIOUIaITD J3a3ug
[ Jowdoy FdouTg maTAOTd 03 STT4 PIJD J8ALO0D

0z jowaoy 39314l 03 priab soodons Sy3g-1 jasauco
=11 STT4 PT-D 3OWIO4-¥H4 WO} 0} Ju8ALO0D

Bl P19 Butaow
Ll Butysawsa 10307
=11 JUBWaUT Ja-H aAT3dopy
gl p1ub [oupayoaial /p1o6 Aoaopunog FyTpow

¥l 53114 PT40 4o &az1s HoayD
El prib a4y 3014

< 7| PT-6 punoubxoog mau o woTiodausb aaTidopy

| Il pTJb JoTaa1ul ajpJsusn
| ol P16 oTIDWSTA4 a1naEuEn
| g p14b ado).unsAuaopunog 23oJauEs
| ! fborodol ajoasusn
—= 4 T pajousush aq 031 sjuswaTa O JE0und palowTiss aindwod

p1-6 punoubxong [oT3Tur a3pdasusb puo aTTdwog
saz1s 11227 punodbxoog TOT3TUT 3185
sawou fAuaopunog Aitaeds puo sa714 Adjawoss Jasauod
sazjewoond jndut 3Tp3

Z uoT3odeusb prdb aotasjul o) =2dfil uwoTind=Ex3y 395
| draH
a
|

113
- Sa114 INdut =7dwox3

1SBATIOUISITE 834l JO 8UD 118735

|10 | sraxatse =

28



RS
_ AR
: Rlif s

1'? prinina) i

i - AL

S oy

iy N A ’}; }fhﬂﬁﬁﬁﬂ

Yy

)

N RNGTEERES
ot
A% e

il
, (i(//l«f"

Wi

b
Wi
A

ARIMENSY
A V‘“’iﬁh"ﬁiﬁ%

fi
‘ | \{ﬁ?‘-‘tﬁ 4

ey
___‘.-_:—._

R

29




30



HAAANH-Z

d344Nd-Z

<=L2Argo

o=

HATA

<=LJArd0

<= MATIA

HIHYATY

Houd

dAvs

dIHEATY

Moud

HIHYATY

woud

HdAYS

AIHEATY

Hovdg

31



WNNUIISIUIUYSIO] suQlspuLin)

PPAYS 29 uadep
1O MMIMSUISSUTUYSIO] SIQIBASIQI[BIO ],

AQRIN JIISLIY))

uonendiuey puy uonedd( prRL]
niAVOA

INLILSNISONINYSHOS §
S1IUVASHOITIWLIOL =

32



‘629 d ‘T ‘sa1shyq ur ‘dwo) ¢, sanbruyoa ], pajuari() 103[qO sursn 1D 03 BT
yoeorddy [eLI0SUSL, V,, ‘L661 D £qoIng 29 "H Yese[ “D I0qe], “D'H Io[[oM — o h

YN0 B[QRU B IS[[OM 'H [TPW-9
PV BI[QEN :19BIUO))

dd4D 03 uonnjos asexded, e se s, 0d XANIT U0 NVOA JO SuneyIe|N  -100¢
'PYT BIqeN Jo uonepunog (00T

{9POJ [RIOIOWIWIO)) <— 9JPOI YOIBISAI JIWIPLIY 6661

(91doad /-¢ jo dnoi3) o3exoed JNDD PAIpoq-IIng B 0jul sMOIS JNVOA 86-S661

suonedrqnd <— sa1QUILWOIJ[I ‘UONSNqUOD
‘Qougngan) ‘sarsAyd xoyuang ‘H1 18 dnoid oy urol ouu() 2 IAISLIY)) S661
so1sAyd a1ow Surppe syels pue D[ e dnoisd ay) surol uraen Y661
souownu + uone[ndruew P[aLy J0J SIASSL[I [BIA[IYS
(aae( 29 2f0AIH) INVOH JO 9109 aY) JO JuawdO[oAdp ISUMN] €6-0661
++)) Ajrenonaed pue
dOO yim punoie Aejd 01 pajels pue NV I.LYO JO pain 103 ATudy 6%61

AJO)STH

33



LNLILSNISONINMSHOd &
S1IYVASHOIIWLOL =

104

idw pue wad :uoneziorered

od XNI'T
OHA ‘dH ‘TOS "AVD ‘NI ‘NNS :SODINN “XINQ -suLojied
JoSuoISuaWIp
[
WAJ [BI1SAYyJOuLIdy}
I I
OAJ spoyiow
_
XINRIANP] soysouw
I I
XINRIAAT . SooLIIEW o [mn
I I _ _
pIeL{Arepunoq SpIoy weoJ Ssans
_ [ _
XAONI'T S[00 1 pJo [eroueuLy
[ _ [
1913s S[OO LYSSIN SIsBO P3d
| | |
yew qI s[eLIoIn) IS unl suoneosrjdde
weoy

INMOINI)S [[BIAQ)

34



IN1ILSNISONINASHO4 §#
S1IUVASHOITIWLIOL =

{
{

‘()suonipuonAiepunogioalioodn

5<.c82§%@@“w\wﬁv:&%mw.ﬂ@
. x_wozow.mc.m.a QOOM OQ\O-OWH& [
(lyd)aip::onj==(d‘()y-uban/o: | )ueioede|::wA} M wcﬁms doudnbas UL POATOS 91 mcoﬁmsvm—

bad Ivnl ¢ Jo dpy_JIcd 3

UmeQm.cmeﬁo,q.ccmD\o_._.ccmDv&mH_uﬂ\M <ﬁﬁm+:AQ>v ATQV A N\vamv_l d
(++4102 IODU>1I0D Q=109 Jul) how pue

doo| OoSsId - //

(@poion == Watdoncy [ yp (‘o (0)H)IZ = @A V(IR

(n‘nu)ueioeide):way-

—

(Bwoyos* N IYd)AIP:: WAJ+(N)IPP: WA v _ CINEN I E , gade
uban wa ¢ .
‘pua>>|u ()awiJnoBwWiunI>>, = dwWl], vD ouEu_, v Splom 1oyyo up "o 10J
(++9Wiuni {()pua dwi ] unlj ‘++dWI] UNJ)IO} _mu_\A m>|z>v_<@_>n Qwrm

NAT-D+AT) =AM = | omoym
W a(dA) ' §==(, ul g+ AT 05+, 0 (8) )X

0="(vpA)'X
S PAZnaIdSIp 9q ued SN YL

SILIDWINN] PUB UOIIBZIPIIISI(]

35



IN1ILSNISONINASHO4 §#
S1IUVASHOITIVLIOL =

J[ge[IeAR SUONOUNJ [RIUIPIOURI) [[®
(pJiyLIoSua) ‘Josua} ‘I0J08A ‘Je|eds) SOnewdyjelu JOSU] e
3UDO9YD UOISUAWIP JNBWOINT o

++)) UL UQNLIM o

('3 ‘mod ‘WWAS ‘+) SONBWAYIRW UINLIM JO UOTIBIOU Y] SOIWIW A[9SO[J JBY) XBIUAS o

}siTyojed
Arepunog

ysiieo [

SIPD

Aepunoq
|eulalul
)sieoey [ plai4iuiod
SQoeq sjutod

uonduosap ysow Jrseyqg

sa4nipaf [puonIppy

<adA] >pjai4iuiod
<9dA | >p|ai4eoenns
<adA ] >plaiq|oAa

<9dA] >plai4ouewosb

<9dA] >XLIeNA)

(yo11dx®) oAy (ordur) way

YsaNA | —>

uoneuLIOJuL o_boﬁ\

<adA] >plaiqiuiod
<9dA | >p|ai4eoenns
<adA ] >plaiq|oAa

<9dA] >plai4ouewoab

<adA 1 >xueNA 3 [V]

<adA | >pjai4oupwoab > {-}
{K}={x}[V] Aq passaidxa A1oedwod 9q ued suonenba paznaIdsip Ay,

uonezndIdSI(] uonenbyy

36



1NLILSNISONINMSHOS B
S1IUVASHOATVLIOL =

104

"asI[aeIed A[[eoneWONE [[IM P[aL) JLIJOWO3
AUe ‘saSSB[O P[ALJ AU} JO [9AJ] Y} JB SI UONBIIUNWIWIOD J0SSAI0IdINUL 9] 90UIS <
‘(NFINHS 10 wad) s[red 10ssa001d
-I9JUI AU} 9p1Iy YoIym pue ‘A30[0do) 10s$9501d-191ut ) INOge Mouy yorgm sayojed
10s$9904d UQAIS 1R Yysaw 9)9[dwod oY) uryiim saLrepunoq [eurul ‘uonisodwodap uQ

"JOAJOS Q) UIIM UOTIBWLIOJUT JISS9001d-191ul 9 J0J SI1ed sse[d yored Jossaooud oy,

Jedasodwoosp

L[

L W]
yored Jossaooud N\TA

"UTRWOP OB U0 UnI 9pod ayl Jo Adod e pue ‘10ssa001d ora J0J U0 ‘SUrewop-qns
ojut dn J11ds st urewop 9y} "a'1 uONISOdWOIP UTBWOP BIA ST NV JO uonesio[ered

Sd139)RI)S UonezIip[eIed

LI L L
LI LI
(i :
L I I

37



1NLILSNISONINMSHOS
S13UVASHO4TIVLIOL

SISIDUY SS241S

A0UDUL ]

%bNNmQMGSQkNDwNm

S[epoWw uonsNquIOd JO d3uel & 9pOJ UONSNqUIOd Judnginy 9iqrssardwod so[po3unoeax
[SpOoW- A\ ] 91p SuIsn 9pOd UOTISNqUIOd Jud[ngIm A[qrssarduwod SO[poOX
uonsnquio;)

9pod uonemuis Appa d31e[ 9[qrssardwod SQ[PO()IIUOS

9poo uonenuUIS Appa 931e] 9[qrssaidwoour SO[POO

9POd UONBNWIS [BILIQWINU 1DIIP weosup

$2p02 ST puv SNd

I9ysueq Jeay A1e3nfuod yum apod Jqrssaiduwodur weoIyd

L2JSUDL] IDIL]

9p0d Mmo[J se3 juomngany druosradns/omossuen arqrssardwod  weo g oruos
9p0d MOTJ sed reurwe] druosiadns/omossuey J[qrssardwod WeO{OTUOS
MO]] 2]q1sS24duio)

(SS13S SPJOUARY 29 ‘uba 7 ‘ore1qas[e) opod MO[J Judmgan) Jqrssaidwoour weoJqiny
9p0d MO} Tenudjod weoy [eguajod
SPIN[J UBTUOIMAU-UON PUB UBTUO)MIN J0J 9p0d MO[J Jeurwe] [qrssaidwoour weoJoor

SapPoI ([ 215y
UOI)II[IS JI0YS B — SIPO0)) dgengue | [9AJ-Y3IH

38



INLILSNISONINASHOS
Aousby yoaessay sousied IO A S1IHVASHQIIVIOL =f=

sotsAyd Teuomeqndw o) ‘BISTI OTIE _ o h
|

UOISIAI(] UOI199101d pue suodeapn
104 ‘Adusbyy youeasay aduajaq Ysipams ay |

UOSSAO|Q SJe] Yoo Biaq|i] o113

SalUBRYI3|A PII0S pue pInj4 Jeuoneindwo)d
10} SPOYI8|AN ddejaa1u] pue Atepunog buinon

39



1NLILSNISONINMSHOd B
Aousby yoaessay sousied IO A S1IHVYASHQATVIOL ==

sotsAyd Teuomeqndw o) ‘BISTI OTIE _ o u &

686T 990 ‘ZT OU ‘2 [0A A8 YIBIA "[ddy * ,.SMO |y SNOISIA
JOJ SPOYIBW [ed1IBWINN ,, ‘USSSNwsey pue uekio |

.pasod [pm afe s |go.d ay) 1ey1 8As1[eq 0) SUO SPEs| S
pUe ‘swid|go.d yons 01 punoj usag aAeY SUOIN|CS eILBWNU RBNSS,

uenodul | S1 AJeIndde alul) 8.8UM 3N1oNJIS
puUe pin|j usamiaq Bui|dnod Jeaul|-uou Jusisuel) 8yl J0) 3|celINS SIS »

'SWBIS/AS Jeauljuou ‘padnod
Alyb1y 01 spea| suondJedlul p1os/pI|os pue pinjypinii ‘plos/piNi4 e

'SWwi[qo.d JUSIBJLIP SA|0S 0] PAPSBU SPOYIBW JUBRJIIQ o
"UOIOW BAIR B UY1IM S31P0 ‘SUOITRICIA PIoNPUT MO|J ‘SO IURyISLW

uolrJPUad ‘smo|jade)ins 3a1) "B ‘sade iUl pue SB1Kepunod
BuiAOW Y1IM pualuod 1SNl 1see1ul Joeuswouayd eosAyd Aueln

SOIURYISIN PIN|H Ul SWa|goid
aJejuaqu| pue Arepunog BUINON

40



LNLILSNISONINYSHOS

Aousby yoaessay sousied IO A S1IHVASHQLIVIOL
sotsAyd Teuomeqndw o) ‘BISTI OTIE _ o u

.|.||”.I||._ : _ _

T “——

=+ [

. ==

| poeaey xw...._._.._._...._...ﬂ__.__ = ”_._. H__

N S ol oyl vRdunFo o) | T~

R s .wu-.--. —— ) T=1

AIILARACT PR O 1.1\_.\ __ 3 __ B Tt i L

- g e, ikl famafrarfred-- aznlean T |

0 N S A S A | I N o

I T R T IR RS S | | :_ .m. T

A T Rl TR SR8 st it ity Tk —d

A RN S S (R R R P pait/—AOPUNGY FUOW  Fmg e 1=

! I paxyf

18S-jpAd| B 10 SuoJel) pinjlse yons so|oelen
pp!)ariidoidde jJo sansedoid ay) wou) Pa1oNIISU0IB. S1ade iUl 8y L
‘P16 pax1je sAojdw3

(0) spoyew uveBNg .

41

11 01 A|enunuod

S)depe pue aJeieiul ay) Jo adeys ay) 01 W0 Juod 0] painbijuod si plib ay L
‘uonN|oAS S1i e Apnidxe pue A1INUNUOodSIp e Se ade iUl ay) UuruR A
(e) spoyew ueibeibe] .

suoneluasalday aoelialu|



Aousby yoaessay sousied IO A
sosAYd Teuoedwo) ‘BTl OTd

uonow
aAIRRI YlIMmssLpwosb adniniy

UO110NJ1SU0JD 1 3Je LU |
suonipuod Arpunoq xo|dwo)d
pauljep Apioljdxe jou adejelu|
SuoIrew.ojsp abre

JoIneysq [eideleul e dwo)
Apwosb Auy

SuoIrew.ojep abe
sebp|NsdNes.g

SO 111BW0ab xa1dwo)d

suoIpuod Arepunog

9Jeelul ay) Jo Buioen 1101dx3

LNLILSNISONINMSHOS g

S1IYVASHOITVIOL ==
104L
i

SPOYRIN PUD ¥S BAO

Spoypw BS-pAaT
spoypw Arpunog enuiA
senbiuyss | [pO-1ND
PIOS JOSWN[OA

PIN|H4 JOBSWN|OA

SpoyBW uofewlojsuel |
ueLien3-veibuelbe] Aenigly - 31V

puey 1e spoylaw [elauan)

42



LNLILSNISONINYSYHOS
Adusby yoresssy eoueied 104 S1IYVASHOIIVIOL =ft=

sosAYd Teuoedwo) ‘BTl OTd

ope.b(|opesl | /opelb)Aipo—= 3
‘Ho-1)+Mo=n “*d(0-1)+'do=d

0= (a0)AIp+(0)'e
J+8d+SAIp+dpeib—= (A ® Ad)AIp+ (ad) e
0=AAIp

poyaw (40A) pInj4 Jo awnjoA e Bulsn ‘suoneu.ojap
[esauab ‘ab.e| 4oy Burimded agepusiul Jo ajdwexs ue se SolweuAp a|ggng e

Sadejialu| pinjH 10J SPOYIsN 4O



LNLILSNISONINMSHOS
Aousby yoaessay sousied IO A S1IHVASHQLTIVLIOL

sosAYd Teuoedwo) ‘BTl OTd

.Tu_.:.u.ﬂ... OToF T e u.”._

aznlragin

o P —Arnpunog Sumow

SAIp+dpelb—=(A®(n—A))AIp+(a)’‘e
0=(n—A)AIp

"UOIJeAIaSUOD J14)19W09E) e

'SUOINeW.I0)3p
paYIWI| YIM swajgold uonoelaiul a1njonis/pingj 81e1ndoe 1oy a|geins e

‘1 S9XN|J uonow-yssw ayj J10J paresuadwod yorosdde prib paxi) e
Ul PaAJ0S aJe suolrenbs S-N ayp ajiym Anawosh ayl YlIMm SBAOW PLIS) e

uolloeiolu] =24Manais/pinj4 10J SPOyisiN 31v

44



UOISIAI(] UOI199101d pue suodeap
104 ‘Adusby youeasay aduajaq Ysipams ay |

UOSSAO|Q SJeT]

puljddoyabue.ibe-19|n3
peiaseqAljeusd wo pJio eibeN

LNLILSNISONINYSHOS
S1IYVYASHOQLTVIOL >

104

45



LNLILSNISONINMSHOS g
S1FYVASHQATVIOL ==

BuluALIMSagIaINT

BuluALIMSag
-obueibeT

*191uauodwoy]
©X{1]0 SUS||aPOW Ue||aW Uauoleyiunwwoy 10J sAesy wylliobesbuljddoy u3

‘BulIa|NWIOIBINT U pawl [ap Us Yoo
Buriajnwiogabueifbe] us paw [[9powW Ua Ae |ap Ua BALIXSaq 1k 101j1dwe] elyo Je 18g

courjddoyabuelabe-1a|n3 101

46



LNLILSNISONINYSHOS
S1IYVASHOITVIOL ==

104

‘p 30W ||auoiiodoud annJas
Jesy ua esadidde yoo ‘¥ uxied [jo4 -obueubeT ™
! JuswapIny
[ 9 [ o\
uspiny | [213ed -
/ Us BJadde| —
([ @
W% 7
SVELS SeJaP|9I9p PIRIUO)

Te sel|o) ne
INPINIS Yoo pingy sebuiAl ‘uabuiuinisio) eAnejal Jow ejjauoiodoud ‘181jepoN

“INIHNAIS Y30 ping}
uejjaw uabuiuinisio} eanelal ed |10y Jajjey wilobesbuijddoy peiaseqgAljeuad u3g

pO)aW peltasegAljeusd

47



LNLILSNISONINYSHOS
S1IYVYASHOQLTVIOL

104

48



LNLILSNISONINMSHOS g
S1FYVASHQATVIOL ==

beq.y

49



LNLILSNISONINMSHOS g
S1IYVASHQATVIOL =4

bequiy

50



LNLILSNISONINMSHOd &
S1IUVASHOITIWLIOL =
|

WNNUIISIUIUYSIO] suQlspuLin)

PPAYS 29 uadep
1O MMIMSUISSUTUYSIO] SIQIBASIQI[BIO ],

AQRIN JIISLIY) 29 UOSSIJ JIO'] ‘SI9qUUIAS UB(qI)

SHT ANV SNV
NI ONI'TTHAOW HONATAIANL

51



parean A[3021109 sa1shyd [[e <
POAJOSAI SRS [[B ‘SUI[opow ON
AoeInooe [eoLawnU Y3y ‘s[[a9 (,598)0

1NLILSNISONINMSHOS

S13YVASHOLIVIOL =ik

104

parean A[1091109
SO[BOS 0SAW puB OIORW UO SIISAYd <

Y

uonnjos 9JeIndde Wi (¢
(SN@) SuonE[UIS [EILBWNN 12311

SHIIN

SHT Pol[epow-[[em || SH'] PIA[OSaI-[[eMm

(ST>,2V “ 001>4XV ‘T>44)

S[opowr duUINgIN} SHS
I3[ (79O

Y

SHT/SNVY PLUgAH

SO

SHIA

SH'I

Surqepow (SHS) euted Yirm uonnjos Apeasun (¢
(SHT) suopenuig Appy sae]

Sur[epow 92Ud[NQGIN} YPIM uONN[OS Apearsun ¢/

(SNVIN) SNVY Apedisu)

S[opow JO 9FULI OPIA
SN 01 95I0AU0D A[IIBSSA0U J0U SI0(] 3
UOTN[OSAI Y} $9JBIOIP USYJO [pOU JdUIMNGIN] Y],

3urepow 90UI[NQGIN] YIIM UOTIN[OS ATeUon®ls (€/(T

(SNVY) S0IS JIIARBN ISRIIAY SPIOUAIY

18] [[B pue SN ‘SHT " ‘SNVIN ‘SNVI

52



1NLILSNISONINMSHOS

S13YVASHOLIVIOL =ik

104

uonN[osal 19)39q <— SISAYd a1ow «— s[apouwr xo[dwod IO\

[3°0:—(1/3) '0+(IAY ' A) A+I(@M+ (MA=(A)SA)A
S[OpOW SSAIIS [BNUAIJI(J A
s[opow uorenba-omj} JeQUI[-UON Lk

I-GBACO/ A+A)) A+ d=((A)3)A
3-(IACT O/ A+M)) A+ ) 'AT=((A))A
3/ 0="A {@)'A=Y) s[opows uonenba-omJ,

AdrIndoe pue 1S0J JUAIAJJIP — SUI[OPOW JO S[QAI[ JUIJJI(]
¥ 3ur[[epowr Aq suonenba asay) ISO[d 0) PN

(ARQ,A)=Y oIoym

0=(A)A (PHAASH AHDA—=(4)2(A))}A

(A3101p0319) SMO[J JO S[QUIASUD UB SSOIOB JO WL} JOAO SN Y} 95BIOAY

SNV

53



IN1ILSNISONINASHO4 §#
S1IUVASHOITIVLIOL =

104
sotrownu Jemnonged (A9 "2)P8A="9A >iA
SHTIN — ST Po[[opow-[[em — SHT PIA[OSAI-[[eM  5'H

"SMO[J X9[dwod 9y Y31y J0J AIeSSI3U (SUOTIBILIPOW) SjuawoAoxduw]

AHTHNAH T9+, 9 D—=AAHD) e INSYd »
A'A7-A®A—A®A=g ININ 2 INSS e
a'az—=q INAH o

(S109]J9 [[em IeAU 3'9) papn[oul Jou sJISAyd awos
suondumnsse £do.jos1 uo paseq Ajfensn syopowr $OHS
AW 3UNJ9[3aU ¢ 1O ‘, W pue ¢ SUI[[opow AQ suonenba asay) 3so[d 01 paaN

DOA-DA=D[+D'A] UYorym ur  (S—[d+A®A)[xD'Al=, W
(,A®,A)+H( ARA+A® A)H(ARA—ARA)=(ARA—ARA)=¢] | 2I9UMm
0=AA * UHIHI-SIA+IA-=(A0A)AHA)'C
suorenba SHT oYl SPIAIA (VX)D [oWIdY I)[1F oY) YNM HSN AU} SUIA[OAUOD)

SH'T 01 yoroxddy SuLId)ig 3y,

54



1NLILSNISONINMSHOS

S13YVASHOLIVIOL =

104

(DX=X(I'A)D=D ‘PISPT A+ DT+ /TD=4 ¢ suonenbs payyIpoy
(I s3] xn[y
3uISn Ud)JO) SULID) JANIIAUOD JY) JOJ SAWAYDS (JA.L, 10 SurAIdsaid AJIOIUOIOUO]A o
SHT [BUOIIUSAUOD UI SB SULIJ) 90INOS PUB JAISNIJIP JO JUSUNBAI) QWIES o
SHT [BUOTIUSAUOD UI SB QWayds [erodwa) ouwues e
191y ssed-mof yorpdwir ue se s10e UONeZIRIOSIP F 10 (0 ‘Ad UL

soLrwNu Ay} Yim surdnod suons —/+
s19jowrered ou —
Anerouad paroxduwr +
JOLI9 UONBINWIOD OU +
JOII9 UONeoUNn) JI9pIo 3UIped[ 9yl JO sueawl AQ s[opowr SHS (ur-1ymq)
1o1dwn 30N13SU0D 01 SPoYIaW [eoLIdWNU Je[nonted Jo samiesy oy sasn SHIIN PPl

(000 ‘8661) [ 12 WYITuy]

“(0007) v 12 sDeperurey] “(000C ‘6661 ‘8661) ‘UIRISULID 29 £qaIn, juswdojosap
prder 1opun pue (Zg61) 7P 12 suog Aq paonponur S 10J 1doouod dAnRUId Y

(SHTIIN) SHA'T PIJe.ISIUT JUO)OUO]A]

55



‘uredg ‘euopaoreq “juo) "qing, uedadoiny 8 ‘000 A URISULID 29 "D AQaIny w:&w.ﬂ@mmhﬁ__uﬁwm% i

.3%m54.3253?ozs%m<$<hwoaﬂm&%@oad?&é — o I-—
[¢
HIM ® d4dS TN Ynu uoyn1oqojjoo uj |

|00| £Q PAIO[0J (()<]]) SUOIZAI [BILIOA

0S 4 0€ 0c (3 0
anx T T T T 0

120

1¥0

190

180

Q0UR)SIP [BIXE SA
KITOOTOA QUITINUAD 19f

ONA

Ok ok

A_)AMVH: = T T . O
Q Apauuay o ug -3
o PIBNIFSTUN - - -
o PIBSTUIN  ——
o PIBONE  ---—
ey WBOWST
a zeenzsTim - |10k
ZE@STIN ——
ZE@ONE -

1,0k

o0T 03 0T -SPLID

uo13a1 (drdonost) prayy

) f 901 01 ,01="2Y
feg ur enoods mwbsm | so1sAyd morj-19f ‘Surjopowr $OS w1y
()7l s)9[ aendue)daa pue Je[ndar)

19f [euonisued ], suidopPAd(q Afeneds
SMO[ JBIYS 3]

56



s&yd “dwo) °f *£0£Z-00 ON 2oded VVIV ‘000T & A Waisuun % - Agomy S IEAIVASHOITVIOL
1T ASL ‘L66T "IN UIISJIOM 29 “O'H I9[[OM ‘"D Joqe], N weypues “('y uewson) ) \E,E:m — om ‘.b,w

0000} 0006 0008 0002 0009 0005 000% 000€ 0002 000+ )
T T T T T T T

| ¢09 NAHHO
_ pa[[epow-Trem

0000+=0H1IM WAFIO ——
0£02=0H WA3I0

0£02=0H M WA3Z0
gee=eH gNAIIO - - -

3 S6€=94 WA3I30 --- 1 v
§6€=94 IM WA3IO
L 0€02=2Y dXx3 o S\ s A Cag

S6€=9d SNA +

M 0£0Z = Ney"ay B Mo|4 |ouueyd

u01391-30]

T

‘ Y IR SHT PA[[OPOW [[BM PUB PIA[OSAI-[[BM
, SHTIN

— INSA ‘INAFHO ‘DINSA ‘OINS :SA1
o NS0 00001 Pue (dXHd) 0€0¢ ‘(SNA) 06S ‘S6¢
, MO[] Puuey)) Jud[ngqan J, padopAdq Amng

Mo {06 PUE 06Xc09 ‘<09 :SPHD)
SMO[H Papunog [feM\

G6€=8H gNAIA0 - - - |% ¢ 2l
081="9Y
§68=9H SNA +

57



e

"LES0-66 ON 1oded VVIV ‘6661 "3 UOSSIapUY 29 * X UOSS[IN “D Aqaing

(a)

1l —

SSULI-X)I0A

9 b g z ! 0, sur A
w200
w0 [N
800 JO sInojuod
a0 sansnels pue <A £q pa10[0d
Lo — -
_ ¢01-1—=II JO 90BJINS-OS]
&7 9220 0= a0 4 5 4 L _u_m.au
S o
dx3 arlon=
Wm_n__m_._.o.ou_ 490
dX3ELLO0=
sT1'0=1 daro’ndr oe®eh 0 N e g — — —
dr 3=l aoT MM MQ:E.H,H QOMWDH \w
| _ y _ _ el 0 UOIIB[NOIIONY
xsh Inn qq,.u.oLm.Wm ...... :
S Voin o Pusess I0ART JBYS 991
4w__..¢. oo¢od¢
d_qaﬁdm_.mdu (=21 T
SC=eIN
" SIABA\ SOABA\
_ _ _ _ _ | uoI1ssaIdw ooy uorsuedxg

T sa e

C'I=F]JA J& MAO]H 95ty

SMO[ ] dtuos.dng

58



LN1ILSNISONINASHOA

" (PRIepowt
Z .1\ oq ™1 ued a8po
N4 “OH DU ST 1oy BurpeaT B, ¢ , UOTLIOISIP PUE
in U0 PIAJOSAI J0U : 3 3¢ (UORIO)ST
A pomIo Arepunoq W /4757~ urens pider £q pajoojge
2ou9[NQIN) §OS ST MOH

IoARIqNS SNOJSIA juo[ngany,

— | T {19 PRA[OSaIun JO
uonisuer) jodjje
SUONIPUOD MO[JUT

o & 134e] A1epunoq
L ¢ 'PooisIopun [[om jeu [EUOT)ISURT)/TeUTE | umouyun op MOH
v A1e (BSIOA-IJIA pue) T ’

S0 NAW SAINJONI}S JUSISYOD | SIQAR] JBAYS
Appe 98 uo $OS Jo s1q ) Funeredog

suone[nod[ed SULIdAUISUD I0J [NJasn SI S 210Joq
POAJOS 9q 01 urewar swall guroed MaJ B ‘padofaadp A[nJ APUarmd jou St S

SYJBUY SUuIpnpOuo))

59



Uem 'S

SUITOPOJA ddoud[ngIny,

10

60



uljlep uegals

1002 18GO{0 ‘UBSUBIBUOY [0 V44 ‘UOISIAIQ SOlNEeUOIaY _ o -
[

XN|} JeJeos aAIssed
S108}48 ainjeAln)

INSHV3 Jo sajdwexs pue Alosy) swos
MBIAIBAQ

uspams ‘|04 ‘Y44 ‘UOISIAIQ Sdlineuolay
ulllep\ uejels

V44 MNue1bAid,, 1e sananoe builjjepow SNYY

:SJUBIU0D

61




uljlep uegals

1002 12qoP{0 ‘uasualauoy |04

V44 ‘Uolsinig sonneuolay
_—

7002 | €00¢ | 200c¢ 100C | 000¢ 66 86 /6|96 |G6 | V6 | €6
‘paid suel|
1SH ‘INSHVY3 IVLAY VIANLS
» 141104N3 Y
1SH » e gin} VsS4
VINVINO14 (104) AINA
i / /
\w<_>__>_ = o ® ©00 NSHV3
| [
s10Np 19|u| ® ® o uoIle10J PUB ainjeain)
swiojue|d _ _
Apogiapyy O O 4// XnN[} 1e[eos
\ 1SH

uopeognd r= @
Joded Juon= @

S921110A di} BUIN
As|bueT YSYN

MBIAIDAQ

(9]
Nl




uljlep uegals

[
o1 Xe
A:Em

1002 18GO{0 ‘UBSUBIBUOY [0 V44 ‘UOISIAIQ SOlNEeUOIaY _ o -
[

"ntn
10Su8) Ssalls sp|oulay
[ N
(‘n)'sN = b% = (‘n)'sN = M

suoienba (SNVYY) so)01S-181AeN pabelane spjouley

(1x)n+(x)'n = (a)n
uonisodwoosap spjoulay

[ 1 Y
(‘1) SN o

suolnenbas say01S-1a1AeN luspuadep awi |

yoeoudde [eonisiels

63




uljlep uegals

1 [

i v

[
‘ne ‘ne)¥l

1002 12400 ‘UasuaIajuoy |04 V44 ‘uoIsinig sonneuo.ay
[

3

ABiaus anauny usInginy Jo a1el uonedissiq

1 1. C
nn==y
—I
ABiaua onauny Jusingint
N
[ . m fx ClI3T_r
~—|57="0=0 S1=S=S
bm ‘ne
A_omN__mELocv SJOSU8] 91kl UOI}el0] puUR UlellS MOJ} UBS|N
M = .b@ =D
"ntn

losus)] AdoJjosiue ssalls spjouley

suoljiuljep awos

64




Modelling approaches

e RST
Tr(a) = f,(S,Q, a)
e ARSM )
0= f_(S,8,a)
« EARSM )
(a = 1,(5, Q))
e Non-linear eddy-viscosity models
a = fnp(S,82)
e Linear eddy-viscosity models
—2C S )
e Boussinesq (1877) )
—uy =

Turbulence scales
Tr(K) — fK(Ka 89 Sa a)

Tr(e) = f,(K,¢ S, a)

— 65
Aeronau tics Division, FFA FOI konferensen, oktober 2001 Stefan Wallin



uljlep uegals

1002 J2qopjo ‘uasualajuoy |04

1

(0] 8 8 9 14 c
R

) \‘ \ﬂag\?v\\
3/d PoXY _>_mm_<\m_%ag o

1y = a\e\\ /
\\\ (0]
INSHVY3 1Ud1SISU0D MAA I
- Gl
—

r 0¢

|opow A1IS0oSIA-AppT
Gc

MO|} shoduabowoy paieays Ajpidey

Y44 ‘UoISIAIQ Solneuolay
—

66




uljlep uegals

1002 1ogopo ‘uasuaiajuoy |04

V44 ‘Uolsinig sonneuolay

ol

0ct

|

‘001

N ri]

MOJ} [auuey)

0¢

ov

0'S

09

02

08

—

67




uljjepm uelelS 1002 18GO{0 ‘UBSUBIBUOY [0 V44 ‘UOISIAIQ SOlNEeUOIaY - o -
[

9/x
0zt €0 120 02°0-
: : 0S't
| o
00k 08°0 09°0 0¥'0 020 000
: : : : - 00t
- 050
050 w
- 000
do ]
- 0G0 dn
- 050
1dxa © ° o wm T - 00 }-
MYSTPM T STM |
MYS Bﬁxwwﬁm
0S't- 0S'I-
ueds 9,G"/ ‘Buim oluosuell g NNV 9|i4o.d oluosuel} gz QLese) ‘¢g8zavy

uoneJledas pasnpul o0ys




uljlep uegals

1002 12400 ‘UasuaIajuoy |04 V44 ‘Uolsinig solneuolay
[

G200°00-d4dD ‘vVsS sisayi Jsise\ ‘000 T ‘UOSSOLT Wolj usye)
9t°0=(09)0d

1¥°0=(09)0d

Em&ﬁommm INSEVH
....._______TQ.QHSSUD

69

€€0=(09)0d

SO8 b

XOO[IM SM coFU u-x
6L°0 =N ‘dIV 1e uonnqrnsip ainssaxd [810],

(avvs Aq 62L2IN) s1onp 19ju|




1002 12400 ‘UasuaIajuoy |04 V44 ‘Uolsinig sonneuolay
_—

snoauabowoy bunelol) ) = I /P (] eyl 0S pawJojsuel) g ued sased dlsuab 1So

-02 8y} uo puadap ‘[epow dreigable ay osfe Ajuanbasuod pue ‘1 /»( UoiOaApe 8y |

D — D
(2 O~ (,HOP) 14
1q a \ Nm g
»—, - J—V| — [————,[ = —
1art &RQV &Rﬁmi nq

UOI}09ApE paseg-auljwealls
‘uoljewlojsuel] |esouab e aney Jou op SMoj} xa|dwo)
(- ‘edid Bunelos ‘saoilIoA ‘[Buueyd Bunelol ‘esys

(]
70

‘sjusuodwiod .bc a1 bunueseaidal wa)sAs a1euIplo

]
uonejal oreigable <- () = %

uondwnsse wnuqglinba-yesp

s]09}J@ ainjeain)




71

0'Ggl 00} : (00°] 00

V V V V e 000

\\\ 0 INAT S Pe(Q S NSHYV] Olseg e
\\ I Jejiwis Alan | SY
e (P3s) NSHVY3 pa e pue NSHY3J pe10a.4i00 ainjeain)) e
\\\\\ ’

/)\\\k\ WA - 00
. /0 lsd # (3— Y pIs 68) NAT : ——
R AL \ 0 (pe1084100-uou) NSHYT & -—-—
I T AL+ (9SS-1) NSHVT - - --
P o e (988-1) 1S4 i— — —
S - 080 lenu| ; ——

—== 7 < (MNJ)-NSHYS
T (0002 I YVIV) fewllD 3 ulj[ep) woly
— ™ e ‘ uaxel (266} ‘9661 ‘e 10 leqdwe))
- o Lt sjuswainseaw pjal} 01 patedwod
o UoI1B|NJ.ID X8LI0A paindwo)
x3110A dij-buim pajejosi




uljlep uegals

1002 J2qopjo ‘uasualajuoy |04

Y44 ‘UoISIAIQ Solneuolay
—

TAM-DD P1084I00-UoU : - - - -
M-00 - —
PN i —— —

A
00°'I-

'(0002) uossueyor B snijeAlY SNA ‘Mol [suueyd padojanap Ajind

€e0

€e0-
| 000

A
€e0 €€°0- 00'L- 00’1
A

00’k

G20

/
/B
\\ 3/
S 090
/4 !
iy ’
.
/
/ - L
Y \\\\
A wn/N
A
a//\\\\\\\\ QQ\Q%\SE
aaa @@e@\
eaaaaeee \\\
N—"" |
/JN\\
nd
nd
nd
08’}

,/.°0=0Y ‘|duueyd buneloy

72




Scalar turbulent flux

Turbulent mixing of temperature, species
concentration, pollutants, etc.

Usually modelled by a eddy diffusivity model (EDM)
— Vi 00

U0 = —=—
l Prtaxi

EDM gives the flux aligned with the gradient

Even in simple shear flows the flux is not aligned with
the gradient (se homogeneus shear)

Need for improvements

The explicit algebraic model HWWJ, (Wikstrom, Wallin
& Johansson, Phys. Fluids, 2000)

— ——K 00
Mie = —(1 —C64)Bij(s, Q)l/t]uk-gé-t—x;

— 73
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Homogeneous shear flow

e Mean scalar gradient in three different directions.

e Proposed model (HWWJ) compared with DNS (Rogers
et al. 1986) and standard eddy diffusivity model (EDIV)

e Proposed model (HWWJ) captures the flux direction
(not aligned with the gradient)

Q -
= HWWJ
=DV DNS
DNS
HWWJ u.0
= EDM  °
0
—
U DNS -
HWWJ <— #;0
| EDM
0
——

74
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Aeronautics Division, FFA
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Channel flow

e The HWWJ model solved together with the low
Reynolds number EARSM and the K — ® model.

e Comparision of the HWWJ model with and without
diffusion model (DM) model and the eddy-diffusivity
model model (EDM).

0 5‘0 160 + 150 260 250
y

——— HWWJ+DM

----- HWWJ

== === EDM
symbols: DNS data (Wikstrom 1998)

— 75
Aeronautics Division, FFA FOI konferensen, oktober 2001 Stefan Wallin
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Stromningsstyrning och
aerodynamisk optimering

Martin Berggren
Flygteknik, FFA

—FOI

Flow Control

Utilize flow instabilities/sensitivities to accomplish
large effects by small efforts, e.g.

* Vortex control

» Separation control

—FOI
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¢ Transition control

+ Transonic wave drag control A

o/ __=design +/__ =nitial

Lorenzen, 1999

—FOI

+ Active inlets

* Fluidic thrust vector control
* Nose vortex control

+ Active Core Exhaust (ACE)

» Drag reduction, increased lift

Aeronautical Applications of Flow Control

-

Qe

e

Ultra compact in

_ Micro jet flow contrel

(Hamstra et al, ICAS 2000)

—FOI
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FOI project:
Optimal Design and Control of Fluid Flows

Project leader: Dan Henningson

Computational Aerodynamics: Martin Berggren,
Mattias Chevalier, Ardeshir Hanifi, Jan Pralits,
Olivier Amoignon

Experimental Aerodynamics: Jens Osterlund etc.

Systems Control: Martin Hagstrom,
Sven-Lennart Wirkander

—FOI

Activities in the FOI project

Computational/Theoretical
* Algorithm development for control and optimization
* Methods development for automated design

» Supercomputer simulation of complete flow control systems
(incl. sensors, actuators), currently for CF-instability control

Experimental

* Active control of flow in S-duct diffusor

—FOI
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PhD Projects in cooperation with KTH and UU

Mattias Chevalier Optimal control of boundary FOI
layers
Jan Pralits O%timal design wrt low drag SSF:IVS,
FOI/EU
Olivier Aerodynamic shape optimization PSCI, FOI/EU
Amoignon
Markus Hogberg Optimal control of channel flows VR ramprogram
Ori Levin Flow control in boundary layers ~ STEM
Astrid Herbst Flow control in diffusor flows PSCI, SAAB

Optimal control/design using Navier-Stokes eq.

% = A(u) + B(u,¢), u(t=0)=ug

1@y = [ [l +Papiae 9

Ved = VuB(u, 0)*p + °Ved(p)*

where
d
_d_z: = VuA(uw)*'p + VuB(u, 9)"p + Vuc(u)*
p(t=T)=0
—FOI
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This scheme is applied to

+ Optimal control in boundary layers (Chevalier, Hogberg)
+ Drag minimization in Edge (Amoignon, Berggren)

» Design of optimal suction on wings (Hanifi, Pralits)

* Natural laminar flow technology (Hanifi, Pralits)

The control can sometimes be expressed
in terms of a pre-computed feed-back law.
= No iterations needed

—FOI

Boundary layer on a swept wing

ya

—FOI
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Cross-flow vortices on a swept wing

- - - - - " f‘_‘-‘-‘-ﬁh"
Direct numerical simulation using the 4

Navier-Stokes equations

Slice of a periodic array of vorticies
in a Falkner-Skan-Cooke boundary-layer

—FOI

Control of CF-vortices
Direct Numerical Simulation of FSC-flow with/without control

Control off Control on

o A0 100 150 200 250 300 o A0 100 150 200 250 300

94



FOI S-duct experiment

* Test bed for actuators and sensors
(pulsed micro jets, pressure shear stress)
* Test bed for control concepts

(system identification, optimal control)

* Fan for low speed operation
» Rock chamber for high speeds
» CAD geometry, under construction

L=1548mm, H = 464.4mm,
¢, =218mm, ¢, =258mm

—FOI
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Initial design

Wing planform design

Developing planform using Wingbody panel method program

Example shows some of the evaluated planforms.
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= 30, an expo-

An_l

nentially stretched grid (G3) is used. Cell centered formulation.

Figure 1: Numerical solution at ¢t = 1. A¢ 1
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