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Appendix D Results— Submerged Vanes Advanced Turbulence

D.1 Kinetic Energy Spectrum

Theory

o~ o~
o o
f CIHE = B —THH Ei=i= HE === = f e e e L Pt P 1 e e e
1N} wa\,t:v:v,\r\:tt o= === 1N} wa\,tiv:vrr\ztt Sy | I |
H m > it Bl el s e O el el iy [ T o ol Bl iy | H m D o L Sl it e T el el it | e e B iy |
m S & m S & Rl et 8 T el e i Bl
O b O
i 1 i) 1
] . " ]
i = o
| g
et o | et
ITCCZI A~ OmTITC T
MTTICCImOTICC Jim — o © pmIrrImorCCcImorniZicd
Ay Ty ‘I.* _ [T} L ey 1 )
HI+14+ = —HIH = - hb\ m © HiHI+ =+ —HIH A+ = - —IHH ==
Wilil oL - > [e)) 1.. N ey Iy
b::, | THEErn | (8] = " t::, |
TIT T I T ST S =3 o T T T
= S e
T = 5 S Mmoo
[ o =
i _|'ﬂ —|__ | AR
T o m [ARR N e
= =l H El—l— —HH - —l— o © 1 Hi+ I+ =+ —IHI+H = =

—|#l
= =T == I = == o .

—C iMooz

Nl

-15,z

15-cm,y

10°

x
e)
[2H/ 5(s/wo)] (WI wnnoads ABiau3 = [zH/ 5(s/w2)] ()3 wnioads ABisuz
~
o
()
N b ~N
o o o
G N N 1 R R kR W Y O | O ) [
il P Ly o [ P L . o o |
b @ O - Zimo Lisi- T - | bl @ © Fmnuici- C Zimo nisiZ ZioweZi—
M & & FIH = e I H Il - = MG & b b I e -
Wl O = Lilibis b L L e M 11| S == TR R TV W I R W AU I BB
I I T R T A = I R R T T
m nwijﬂﬁﬂjﬂjﬂTTiijjjww = m “\EEﬂTTJSJﬂTTJEJIJ\\
I R T R T T [} I ol o e
fr I = b = == =i = & fr T R R e e L R R e B (T R R R
I L T N T T R T A I I L N T TN A R NI

(L

Frequency (s-1)
=-25z
-1.6666

Theory
Theory

ComaoiZiZ g
I H == —IH H = —
PR 1= b= === =l ==

I = o] —

[[NR N (R

I b 4 = I A= HRTH E 1= 1= I ==
i+ =+ =i -
N
RGO

Energy spectrum E(K) ver susfreguency compared with Kolmogorov’' suniversal equilibrium (— 5/3) theorem,
at points: x =-25-cm, y

[zH/ ,(s/w)] ()3 wnioads ABiau3 [zH/ S(s/w2)] ()3 wnnoads ABraus

550

Frequency (s-1)
1-cm (right — Probe 3).

0,z

35-cm,y

1-cm (left — Probe 2) and x

Frequency (s-1)
25-cm,y =-5,z

Energy spectrum E(K) versusfreguency compared with Kolmogorov’' suniversal equilibrium (— 5/3) theorem,
at points: x



02

i L e e L e e P e B b B
m SOOI CComo oo ana oo ]
H 8 @ = = =i == i -
m @ & -
W O =
(U 1
1 1
I !
\ 1
1
[ AU
CCZI =
& mmIrromnrercomn
© LI CCZmorC ﬂ\LEEE,\\
© M+ b I
A Ll il
1 B L
- T
Z
5]
2 T
- N
S i
—IHH == —lH A ==
\\\\\\\\ ol P T R s R
SImOCICIZ OmaT oo ]
o
o
=1
[zH/ NAm\Eo: ()3 wnnoads AbBisug
N
o
AT T THHFI-F —THH - JHE -4
o P Ly 1 o e
M @ © Fnoic— © Zimonio- Jim o —i—
< L e T R R U A S R
Wl = LmibiLis b L i
I A R T O O
m H kRl el Ta (Bl el i e W il
I R I TN
fH T R R e e T R e B e I S B
I L A T A I A N
e 1 Iy
B U S T T B T Yy
© %@wawﬁmwﬁwugmwfﬁu&,ﬂi
© [DIICCLZmDIC
© e — =
@
-
]
1
>
2
S
£
S
\JHH
T I P e S R S
I+ + = ijfiﬁwzzt,Tiiij,\\
I T A NN NN
RN

[zH/ ,(s/w2)] (M)3 wnnoads ABleuz

.1)

Frequency (s

Frequency (s-1)

— 5/3) theorem,
Probe5).

(

1-cm (right —

Energy spectrum E(K) versusfreguency compared with Kolmogorov’'suniversal equilibrium

2=

55-cm,y =25

Probe4) and x

cm (left —

=1

15,z

y:

45-cm,

at points: x

66

-1.66!

Theory

6

-1.666

Theory

=
f e e e L Pt P 1 e e e
] L [ YA b T o
M S 8r = —IHH == =l == o
Mo & r T I T S e |
O F -
{ “ L
| i
[ul .
I 1
|
| 1 -5
IICLCZ =1
L
orCrZ
b4+ e — F - e -
birie e L TR TR R
L L
mTrT - T
W [
mmTTT - =TI
e (N
e (N
bt R e b L e s R
Ny Y e o
TImMAOTICIC Mmoo g

[zH/ Nﬁw\Eov_ ()3 wnnoads AbBisug

o

N ) R | 1 A Ot |
[ SOMTOTCC MmO rIZIZ maoii” 7
bl @ © Fmnuici- C Zimo nisiZ ZioweZi—
MG & b e ST e -
11| S == TN T R TV W I R W AW I BB
I R R T T
m “\EEﬂTTJSJﬂTTJEJIJ\\
I ol e e
fr nwiifTTJEITTTJEIIJ\\

T

!

T N | T A
E=lHH E= = —IHH ==
Lt 1 el [ e e B Bl
=T H == - ==

[zH/ NAm\Eoz ()3 wnnoads AbBisug

-1)

Frequency (s

Frequency (s-1)

theorem,

)
Probe0).

5/3

cm (right—

Energy spectrum E(K) ver susfreguency compared with Kolmogorov’' suniversal equilibrium (—

2

Z=

i

Probe 6) and x = -25-cm, y =-25

cm (left —

z=1-

=60-cm, y = 34,

at points: x

66

= -1.66!

Theory

= -1.6666

Theory

o~
o
f L e L e e R e e PP B
1N} W\EEFTTLEETTTLEFIL\\
H m %\ii*TTlEITTTLEIIL\\
m S &
Lo F
1
1
1
1
1
[ JU
ICC =1
MITITCC ZIMOT e Coima Cizis
T
HIHI+ - - —HIH+ = - =K H ==
e
P AR
Y
mmITT T~

[zH/ 5(s/w2)] (¥)3 wnnoads ABisu3

‘o
AT T THHFI-F —THH - JHEE -4
o SCMTITICC DM CiZiZ JimiT 2
0] = S N T T VY D D (YW W B G D
< L e R e e R I
11| O = T TR R R TV W O R W I WA I BB
I O TN
m nwaﬁﬂﬁﬁjsjﬂTTiijjjww
I R
fH T R R e e L R N R B (T I A R R
I Eolmne s
e Wy
[ L E )
T+ —mi+r - —
DICLC MWD DIZC imoC
Wi Ce S e
o
()
—
 —IHH == =l H ==
= = = = = e
T H == I e = —

[zH/ Nﬁm\Eoz ()3 wnunoads ABisug

_l)

Frequency (s

Frequency (s-1)

— 5/3) theorem,
Probe 2).

(

2-cm (right —

Energy spectrum E(K) ver susfreguency compared with Kolmogorov’' suniversal equilibrium

25-cm,y =-5,z

Probe 1) and x

cm (left —

=2

-15,z

y:

15-cm,

at points: X

551



02

i L e e L e e P e B b B
m SOOI CComo oo ana oo ]
H 8 @ = = =i == i -
m G &
W O =
(U 1
1 1
I !
\ 1
1
o 5
CCZI =
Q mmIrromnreoComne
© [WLICCImOLiZC wn
© M4 b I - S H SRS S - o
L (T R O T N B TN~ o oy B [N W R R
L (L
>
Z
=} _ —
[}
<
-
m o
1%
SN Y e A et
CCoOmODICIZ JmaT oI ]
o
o
=1
[zH/ 5(s/w2)] (¥)3 wnnoads ABisu3
N
o
AT T THHFI-F —THH - JHE -4
m SCMOTCC IIMOCIZIZ ImTm i
M @ © Fnoic— © Zimonio- Jim o —i—
< L e T R R U A S R
Wl = LmibiLis b L i
| A R T O O
m H kRl el Ta (Bl el i e W il
I R I TN
ul T R R e e T R e B e I S B
I L A T A I A N
e 1
TR R IR
© prr-romrre
©
©
@
-
]
1
>
2
S
£
S
CImOooZiZ S
=l H == = H - ==
= = = A
I g2 ST = b —TH =l I ] -
v
o

[zH/ Nﬁm\Eoz (3)3 wnnoads ABisug

1)

Frequency (s-

1)

Frequency (s

— 5/3) theorem,
Probe 4).

(

2-cm (left —

Energy spectrum E(K) versusfreguency compared with Kolmogorov’'suniversal equilibrium

45-cm,y=15,z=

Probe 3) and x

cm (left —

=2

35-cm,y =0,z

at points: x

66

-1.66!

Theory

6

-1.666

Theory

o~
o
f e e e L Pt P 1 e e e
1N} I Ty | I |
tH & R L R e e I S R
m B e et e B B |
O

===== Theory

“

10

FIyE.
Li_L

—ITHH HI=
I
HIT

[zH/ 5(s/w2)] ()3 wnioads ABieuz

i)

H
H
H
I

o
N ) R | 1 A Ot |
[ SOMTOTCC MmO rIZIZ maoii” 7
bl @ © Fmnuici- C Zimo nisiZ ZioweZi—
MG & b e ST e -
11| S == TN T R TV W I R W AW I BB
I R R T T
m nwaiﬂﬁﬁjﬂjﬂTTJEJIJ\\
I ol e e
T R R e e L R R e B (T R R R
1 [ NI
T FL I
[ s e NIRRT ™
- e e
\\\\\\ P

TITICLZ
i+ = +IE - Fl—1— =l H ==
Ft o+ I B S R = i e —
FIrerEPTT
IR

[zH/ ,(sjwd)] ()3 wnnoads ABisu3

1)

Frequency (s-

Frequency (s-1)

theorem,

)
Probe6).

5/3

Energy spectrum E(K) ver susfreguency compared with Kolmogorov’' suniversal equilibrium (—

cm (right —

z2=2

=34

60-cm, y

Probe5) and x

=55-cm, y = 25, z=2-cm (lift —

at points: x

66

= -1.66!

Theory

10°

= -1.6666

Theory

o~
o
f L e L e e R e e PP B
1N} NJ\,t:v:v,\T\,EET,\,\\:KELLL\\
H m % A Il el e B el el Bl 1 Wl el iy |
m S &
HNalR=
1
]
]
1
1
[ 10
ICCC S
MITIT CC MDD D C im0 DS 1 00
tELFVV\E:v:v,\T\,EEVWM‘H\:EELLL\\
I - - —HIE R = = = HH el I == ]
N I
o
S
B H == = ===
i LR S (A |

[zH/ NAm\Eo: ()3 wnnoads AbBisuz

‘o
AT T THHFI-F —THH - JHEE -4
o SCMTITICC DM CiZiZ JimiT 2
0] = S N T T VY D D (YW W B G D
< L e R e e R I
11| O = T TR R R TV W O R W I WA I BB
I O TN
m nwaiﬂﬁﬁjﬂjﬂTTjijjjww
I R
fH T R R e e L R N R B (T I A R R
I Eolmne s
e
[ L )
i+ e+ —
OTITCC Cmnin— CZimg
H1+1+
o
L
|
T
|
-
|
|
L “©
+ = —
HTITEE D
HIF 1 b T = b —IHH == i ==
I+ = 7 NI = = =1 == =i e
IR N TR (IR
ORI

[zH/ Nﬁm\Eoz ()3 wnunoads ABisug

_l)

Frequency (s

1)

Frequency (s

— 5/3) theorem,
Probe 1).

(

3-cm (right —

Energy spectrum E(K) ver susfreguency compared with Kolmogorov’' suniversal equilibrium

15-cm,y =-15,z=

Probe 0) and x

cm (left —

=3

-25,z

y:

=-25-cm,

at points: x

552



02

i L e e L e e P e B b B
] W\EEFTTLEETTTLEFEL\\
ul m %\ii*TTlEITTTLEIIL\\
m S &
h O
i 1
I 1
] !
H 1
1 1
Il
[N JU
o CLZII =
% L A 1 o e
(o] A I Ay O S R
© M+ F —HIHE - - —IHH H— =38
{ N s N A
"
>
2
=}
[}
=
=
m o
-1 o
\\\\\\\\\\\\\ =
i
<
o
-
[zH/ NAm\Eo: ()3 wnnoads Abisug
N
o
N N R Oy A k[
m SCMOTCC IIMOCIZIZ ImTm i
W @ O Idibibi— b il L i —
[ m m IR = = =T H == I ==
ua Y R |
| i AR e R IR IR N N A e
m _\35ﬂ77J33177J331J\\
1 1 AR e R IR IR N N A e
ul | I o o sl el W I A Bl el 1 ol B el |
1 1 AR e R IR IR N N A e
W e
L ¥y S ¥ 1o
© MHIEIE S T e i =
© [DTICLCZmOLCC
©
©
i
)
1l
>
2
o
£
m o
o
—
HIFI+ + + —HIH & - S H == —lH H == — o
1E+TT\3;%TT\}ITTTiiijl\\

[zH/ ,(s/w2)] (M)3 wnnoads ABleuz

.1)

Frequency (s

1)

Frequency (s

— 5/3) theorem,
Probe 3).

(

3-cm (right —

Energy spectrum E(K) versusfreguency compared with Kolmogorov’'suniversal equilibrium

=0,z=

35-cm,y

Probe 2) and x

cm (left —

y=-5,z=3

25-cm,

at points: x

o~
o
f e e e L Pt P 1 e e e
m L [ YA b T o
H S D+ = —IHIH == =l == o
Mo & r i K e et i Tl K o Bl R
I I
[
1
i
HEN
1
I 5
© CILZ =~
© [MTITCrZC
o LLZ =
© [ — lH H = —
bl LL il L SRR
L M
LI (L B [ s A
> [T
3 prerr ]
@ mITTT
F o
e .
o+ -1 9
\\\\\\\\ —ComooC-onooo-d o
\\\\\\ CCoOmOTICIZ DO oD ]
LL
[
7
¥
120
o -
|
|
1
o o~
(=) [=)
— —
[zH/ 5(s/w2)] ()3 wnioads ABisuz
~N
o
N ) R | 1 A Ot |
[ SOMTOTCC MmO rIZIZ maoii” 7
bl @ © Fmnuici- C Zimo nisiZ ZioweZi—
MG & b e ST e -
11| S == TN T R TV W I R W AW I BB
I P L A T
m §OCMITIT T I T ST T
I ol e e
fr T R R e e L R R e B (T R R R
1 P T
T e
!
©
©
©
©
i
|
1l
>
2
S
5
IS
e e e T i |
 —IHEH == =l H == o
= = == = e |
b —THH == i = —
IR
(3]

[zH/ NAm\Eoz ()3 wnnoads AbBisug

Frequency (s-1)

-1)

Frequency (s

5/3) theorem,
Probe5).

Energy spectrum E(K) ver susfreguency compared with Kolmogorov’' suniversal equilibrium (—

cm (right —

z=3

=25,

55-cm,y

Probe4) and x

y =15,z = 3-cm (left —

= 45-cm,

at points: x

66

= -1.66!

Theory

10°

= -1.6666

Theory

o~
o
f L e L e e R e e PP B
1N} W\EEFTTLEETTTLE?IL\\
H m %\ii*TTlEITTTLEIIL\\
m S &
HNalR=
1
]
]
1
1
[ JU
ICCC —
I I TN I R ITITE =
1 Y I g
Lo
e
o
S
B H == = ===
| I e (A R |

[zH/ NAm\Eo: ()3 wnnoads AbBisuz

‘o
AT T THHFI-F —THH - JHEE -4
o SCMTITICC DM CiZiZ JimiT 2
0] = S N T T VY D D (YW W B G D
< L e R e e R I
11| O = T TR R R TV W O R W I WA I BB
I O TN
m nwaiﬂﬁﬁjajﬂTTjijjjww
I R
fH T R R e e L R N R B (T I A R R
I Eolmne s

(HIF 1+ = AT = IR H == i ==
I = = Z I 1= = E == = == o
[ T S R N

[zH/ Nﬁm\Eoz ()3 wnunoads ABisug

Frequency (s-1)

Frequency (s-1)

- 5/3) theorem,
Probe 0).

(

4-cm (right—

Energy spectrum E(k) versus frequency compared with Kolmogrov's universal equilibrium

Probe 6) and x =-25-cm, y =-25, z

34,z =3-cm (left —

y:

=60-cm,

at points: x

553



02

i L e e L e e P e B b B
m SOOI CComo oo ana oo ]
H 8 @ = = =i == i -
m G &
W O =
(U 1
1 1
I !
\ 1
1
o 5
CCZI =
S mIIrCrommTCCoimoniTic o =
© [LICCZmoriZc
© M+ b I -
A TN R R TR N
1
>
Z
=}
[}
<
-
m o
o
1
mIT oo g
<
o
—
[zH/ NAm\Eo: ()3 wnnoads Abisug
N
o
AT T THHFI-F —THH - JHE -4
o P Ly 1 o e
M @ © Fnoic— © Zimonio- Jim o —i—
< L e T R R U A S R
Wl = LmibiLis b L i
| A R T O O
m H kRl el Ta (Bl el i e W il
I R I TN
fH T R R e e T R e B e I S B
I U
e 1
R I U N B T T = )
© I s I i =
©
©
@
-
]
1
>
2
S
£
S o
o
—
-3 N Y W oy
HIF 1 = AR+ = b = Il i ==
I+ S i = = =1 A
g Ty e T R E W G
I
o

[zH/ Nﬁm\Eoz (3)3 wnnoads ABisug

1)
5 /3

Frequency (s

1)

Frequency (s

)theorem,
Probe 2).

(

4-cm (right —

Energy spectrum E(k) versus frequency compared with Kolmogrov's universal equilibrium

W Z=

25-cm,y =-5

Probe 1) and x

cm (left —

=4

-15,z

y:

15-cm,

at points: x

66

-1.66!

Theory

i e e e e L 2 et P 1 e e Bl
I Ty | I |
R L R e e I S R

Lt 1 1 e e et e B B

Data
===== Theory

[zH/ Nﬁw\Eov_ ()3 wnnoads AbBisug

N N NN 1 A O
[ SOMTOTCC MmO rIZIZ maoii” 7
bl @ © Fmnuici- C Zimo nisiZ ZioweZi—
MG & b e ST e -
11| S == TN T R TV W I R W AW I BB
I R R T T
m “\EEﬂTTJSJﬂTTJEJIJ\\
I ol e e
T R R e e L R R e B (T R R R
1 P T
T
R R T R T
¢© [T mrerer o
© —
[le] —
© _
i
T _
1l —
fal
S _
5
IS
-
W
I+ + + — A= € —IHIH 1= 1= —lIH H - == o
f =+ =il = D= HH S = =i e =
P14 e b — T I H == i e = —
W1 IR
T |
MimiT T~ -
W |
W |
(NN 1
< )
o o
— —

[zH/ ,(sjwd)] ()3 wnnoads ABisu3

10°

10°

-1)

Frequency (s

Frequency (s-1)

theorem,

/)
Probe 4).

Energy spectrum E(K) ver susfreguency compared with Kolmogorov’' suniversal equilibrium (—

4-cm (left —

Z=

=15

45-cm,y

Probe 3) and x

cm (left —

=4

y=0,z

= 35-cm,

at points: x

66

= -1.66!

Theory

10°

= -1.6666

Theory

o~
o
f L e L e e R e e PP B
[ Pl Y vy e W W B
@ Q [T I == - o
m o &
O
1
1
1
1
1
1 -5
CrC =1
T YU R YW= = [Ty G P
T e e = [N IR
TR BT YN S S TTEV =~ = TR
i F

[zH/ NAm\Eo: ()3 wnnoads AbBisuz

‘o
AT T THHFI-F —THH - JHEE -4
o SCMTITICC DM CiZiZ JimiT 2
0] = S N T T VY D D (YW W B G D
< L e R e e R I
11| O = T TR R R TV W O R W I WA I BB
I O TN
m nwaiﬂﬁﬁjajﬂTTjijjjww
I R
fH T R R e e L R N R B (T I A R R
I Eolmne s

E = H EI= = —lHH ===
Lt 1 el it [ e e B Bl
[ O e e B L I o B |

[zH/ Nﬁm\Eoz ()3 wnunoads ABisug

1)

Frequency (s-

Frequency (s-1)

— 5/3) theorem,
Probe 6).

(

4-cm (right —

Energy spectrum E(K) ver susfreguency compared with Kolmogorov’' suniversal equilibrium

60-cm,y=34,z=

Probe5) and x

=55-cm, y =25, z=4-cm (lift -

at points: x

o554



&

i L e e L e e P e B b B
] e A A R |

ul m LA B 1 T B Bl

ml @

h O

===== Theory

i
i
i

10

©

[ S LA N N ) L AL LS LA LR

© [NLTCC Cminr o T

QW e e e — e

A TN R T

I !

>

2

o

5]

=

=3 .

£ | [y o

HITI+ £ £ —IHIE 5]

e e W e
IO CITIT M e T ]

[zH/ NAm\Eo: ()3 wnnoads AbBisug

N
o
N N R Oy A k[
il P Ly 1 o e
] = S T T Y R W O D
< L e T R R U A S R
Wl = LmibiLis b L i
I A R T O O
m H kRl el Ta (Bl el i e W il
I R I TN
ul 1T = = =T H == = ==
I L A T A I A N
e 1 DTN
-
= A =
[T NN AL A I L I S L = — 5L L |
o
«©
@
-
]
1
>
2
S
£
m o
o
—
TI-EDimBEDi— D
=l H == = H - ==
= = = A
A T Yy R R W G
WL IR
o

[zH/ Nﬁm\Eoz (3)3 wnnoads ABisug

1)

Frequency (s-

1)

Frequency (s

— 5/3) theorem,
Probe1).

(

5-cm (right —

Energy spectrum E(K) versusfreguency compared with Kolmogorov’'suniversal equilibrium

Z=

15-cm,y =-15

Probe 0) and x

cm (left —

=5

-25,z

y:

=-25-cm,

at points: x

66

-1.66!

Theory

6

-1.666

Theory

o~
o
f e e e L Pt P 1 e e e
1N} I Ty | I |
tH & R L R e e I S R
m B e et e B B |
O

===== Theory

10

[zH/ 5(s/w2)] ()3 wnioads ABieuz

H
I

o

N ) R | 1 A Ot |
[ SOMTOTCC MmO rIZIZ maoii” 7
bl @ © Fmnuici- C Zimo nisiZ ZioweZi—
MG & b e ST e -
11| S == TN T R TV W I R W AW I BB
I R R T T
m “\EEﬂTTJSJﬂTTJEJIJ\\
I ol e e
fH T R R e e L R R e B (T R R R
I 1 P T

T

!

Ik bk g
A e

[zH/ ,(sjwd)] ()3 wnnoads ABisu3

1)

Frequency (s-

Frequency (s-1)

theorem,

)
Probe 3).

5/3

Energy spectrum E(K) ver susfreguency compared with Kolmogorov’' suniversal equilibrium (—

cm (right —

z=5

=0

35-cm,y

Probe 2) and x

cm (left —

=5

-5,z

y:

=25-cm,

at points: x

66

= -1.66!

Theory

10°

= -1.6666

Theory

“o
f L e L e e R e e PP B
m P T T T Y Y W B
H 8 @ = = =l H == i ==
m @ &
WA FL
(.
1
1
“\
[ 5
CCZ =1
QTTCCZMTTCCZImA CIZ
CLZmnoi-C
b =
Ll L
RN
TTT T T igS=STT mim m
1 |
T
|
TN o
F o I A F -1 9
\\\\\\\\ B Y e W G ot
\\\\\\ LTCCoOmODITIZ OmI oo ]
L
Ll e
R
ﬁt

wnuyoads ABisug

[zH/ 5(s/w2)] (M3

‘o
AT T THHFI-F —THH - JHEE -4
[ P L (e
0] = S N T T VY D D (YW W B G D
< L e R e e R I
] Y == TV P [V W W B B
I R R N (I TN A
m nwaiﬂﬁﬁjajﬂTTjijjjww
I RN I R R I T
T R R e e LR B e R I e A Rl
LI T T I R N N I T |
RN
\\\\\\ I e
E —
o
o
—
P Iy
(HIF 1 AU+ = = IR H == i =
R R e R e e L R N e B R (T IS R R
M-I+ bl — b IHH =l —lH I =1 —
%
My —mnrirr—

[zH/ Nﬁm\Eoz ()3 wnunoads ABisug

_l)

Frequency (s

_1)

Frequency (s

— 5/3) theorem,
Probeb5).

(

5-cm (right —

Energy spectrum E(K) ver susfreguency compared with Kolmogorov’' suniversal equilibrium

55-cm,y=25,z=

Probe 4) and x

cm (left —

y=152=5

=45-cm,

at points: x

955



= -1.6666

Theory

-1.6666

Theory

02
02
02

A e A e e £ e e e B A e e e M A e e et 2 e e e B
[0 W,Lt,tt\rLEtIL\LEKEL\\ [0 W. o g e [ o e | m W,Lt,tt\rLEtIL\LEKIL\\
| © A = = THUH == = == | © = b —IHIH == = H == | © F T = = THUH = 1= =l ==
8 & g 2 R e IR e et el TV R W e Rl g8 &
Nl = - N = - Nl =
| 1 1 1
N 1 m 1 m 1
I ! 5 1 = 1
o | 8 5 “ 8« |
=9 =AY
I - Q [ - Q -
CTo 9 P rr- =] ™~ O =]
- - ~ X 8 rr- - ~ 1 Q9 -
\\\\\\\\\\\\\\ —~ © [MmTrr-o —~ o © [DMTTTT ZImTiTi e Zimrs
DI CCZmbri-C < mn | © [ < mn | © [T
I N A Y FR R, ©® | = © [ K © W+ = -
Lol Ll L V.(\mv i LL > — =< An IR
Lo g g C noo g e g 2 1" L
T 5 <= o T T s S5 = -
2 =T E S [ 3= = = 5
55 gpmirro §E5e &8
= = 1 =S (TN = = O =
L =z © e i L= S
=) =R - S © ‘o
\\\\\\\\\\\\\\\\\\\\\\\ = 8 ~ g ! Rt ap e ey e e P
mT oo = g5 — CCOmOnTiC OmT oo g
Ln -
bu B o
w 1l w U ran
s > = > ¥+
a5 2§ o
,M Q ,M Q |
[Te] 'e] I
g o 5\ ,
o o o~
1
S g % g x S =
e
[zH/ 5(s/wo)] (W3 wnioads ABiauz 52 [zH/ ;(s/wa)] ()3 wnuioads ABiauz - [zH/ 5(s/wo)] ()3 wnnoads ABisug
¥ © NS
i
c © =
= o = 3
‘o = g ‘o S ‘o
N N R Oy A k[ .m e FOI T T TR F THE F—T- JHEH--4 = .m W FOE T T THTH R F —THE F=-T- JHEH-—4 =
m SCMOTCC IIMOCIZIZ ImTm i o [ SOMTOTCC MmO rIZIZ maoii” 7 o SCMTITICC DM CiZiZ JimiT 2
M @ © Fnoic— © Zimonio- Jim o —i— 8 | bl @ © FimmitiZC i 02iZ S oo 3 | b @ © FoiLiZ C i CimiZ S oo
Mg Qb e I e o . W& Qbbb b b i o ﬁ W@ Qb b e i
T I Y == I T O R Y R B AN B c %5 bl = Lo e oo s e | e 9 T I Y == I YU T N TY W N T (YN A WA O B
i HOEE T e b w1 o — i R o ld i WO T o
m “ FTITIT = I T ST e T T o = m “ FIMITIT = F =W e == =i e o £ m “ FITITIT = IR T ST T
i oL e e o) IS i LU e 2 9 i oL e e
fr T R R e e T R e B e I S B Q fr T R R e e L R R e B (T R R R b fri I F I = =T == =i ==
I Eolmmrr o e e m [fo] 1 I I T m 1" 1
N i IR S T = I
RN T Fel Ll | | T T N I g~ I
HFF FFESHBT - Feo=g S - - © o 0 ©
ODTICCMOICC ODODS =IO ] o v 3 o ~ = bl
(AR IR = — ] L] ) T g
& g e e gl <
>8> - >8> -
g > ¢ I 2 > ¢ I
L L — O
S x2 9 2 =R Y g
o < o b5 o O W 3
¢ m O £ & om £
Log E = £
g S x 5 x
_ ]
..m v ComooTiZanagoozd ..mlw =
© b =l H == =l = == o =  —IHEH == =l H == o £
— = = EI— = = o F m. il R i A R F m. =1 A == =l ==
b I = I e 1 — ] b T b=l I = ] CIHIH = i = ]
W = R W b
Lo} Lo}
c c
L L
™ ™ ~
o

[zH/ ,(s/wa)] ()3 wnnoads ABieu3 [2H/ ,(s/w2)] ()3 wnioads ABiau3 [zH/ ,(s/w2)] (M)3 wnnoads ABisu3

556

theorem,

-1)
5/3)
Probe 4).

(

Frequency (s
6-cm (left —

15,z

45-cm,y

Probe 3) and x

cm (left —

6

z

0

1)

35-cm, y

Frequency (s-

at points: x

Energy spectrum E(K) ver susfreguency compared with Kolmogorov’' suniversal equilibrium



02

i L e e L e e P e B b B
] NJ\EZVZL\T\:.:E iy T |
ul m % LA B 1 T B Bl
m S &
W O =
i 1
1 1
] !
H 1
1
[N 10
CLZII =
Q mmITrromnTeComnri
(o] N s I i =¥
Rv. HIHI+ = - —HIH A+ = - =W H ST H === o
1__ By U N Y WA == s | W [ T O
e 7
"
>
2
=}
[}
<
=
m o
S
IR H == === A
\\\\\\\ COmOCIZIZ JimIT o
o
o
—
[zH/ NAm\Eo: ()3 wnnoads AbBisug
N
o
N N R Oy A k[
m SCMOTCC IIMOCIZIZ ImTm i
W @ O Idibibi— b il L i —
[ m m IR = = =T H == I ==
ua Y R |
| i e [N weeerr e
m 1 LIt L e e 1 1 o o e |
1 1 e [N weeerr e
ul | I o o sl el W I A Bl el 1 ol B el |
1 1 e [N weeerr e
W e g
wrrr e
©
©
©
©
i
)
1l
>
2
o
£
S
E—IHH == —lHH === o
Lt el i 1 1 o Bl Bl
=R H == = == A
o

[zH/ Nﬁm\Eoz (3)3 wnnoads ABisug

.1)

Frequency (s

1)

Frequency (s

— 5/3) theorem,
Probe6).

(

6-cm (right —

Energy spectrum E(K) versusfreguency compared with Kolmogorov’'suniversal equilibrium

60-cm,y =34,z=

Probe5) and x

25, z=6-cm (lift —

y:

55-cm,

at points: x

o~
o
A e e e M
1] N.\ iy sy 1y S [ |
H Mm m I tiI=F =IHH EI=I= =l E ==
m S & Lt 1 [ o e |
I I
[
1
1
HEn
1
[
© CILZ
© [pmITrCr-
[te} L
© [
i LL_
noo g
> [N
g Ll
2 [N
= o
E
it =& i
TN
[0
e
o
[
ﬁ\
|
|
1
o o~
(=) o
— —
[zH/ Nﬁw\Eov_ ()3 wnnoads AbBisug
~N
o
FOI T T TR F THE F—T- JHEH--4 =
] SOMTOTCC MmO rIZIZ maoii” 7
UNY I N S  y  y y Ay R
H ..ala. m FIHIE R = —THH == = H B == o
ua e S Yy N
1 i e (IR [IRRR
m 1 LI L1 1 I o e B
1 1 e (IR [IRRR
ud | I w1 el B Il el B (B Bl |
1 1 (IR [IRRR
| -
““““ 3
©o [T
©
©
©
<
;
1l
>
2
o
5
m o
(=)
—
\\\\\\ L == ==
E=IHH == —lHH === o
Lt el el [ e el Bl
-1+ V\f =l H Rl— = =l === A
(AR (IR [IRRR
Tyl T
(24N
MTIT
(LR
(LR
(TN
(3]
o
=

[zH/ NAm\Eoz ()3 wnnoads AbBisug

1)

Frequency (s-

Frequency (s-1)

— 5/3) theorem,
Probe1).

(

cm (right —

Energy spectrum E(K) ver susfreguency compared with Kolmogorov’' suniversal equilibrium

z=T7

=-15,

15-cm,y

Probe 0) and x

cm (left —

=7

-25,z

y:

-25-cm,

at points: x

o~
o
f L e L e e R e e PP B
1N} NJ\,t:v:v,\T\,EET,\,\\:KELLL\\
H m % A Il el e B el el Bl 1 Wl el iy |
m S &
HNalR=
1
]
]
1
1
[ 10
CLC
© -
R N LALLM A L) N I MO S A B o LD
(o] T
ﬁo. HIHI+ - - —HIH = —HH -l —t== e
4_ N I
1l AR

[zH/ 5(s/w2)] (¥)3 wnnoads ABisu3

‘o
AT T THHFI-F —THH - JHEE -4
o SCMTITICC DM CiZiZ JimiT 2
0] = S N T T VY D D (YW W B G D
< L e R e e R I
11| O = T TR R R TV W O R W I WA I BB
I O TN
m nwaiﬂﬁﬁjajﬂTTjijjjww
I R
fH T R R e e L R N R B (T I A R R
I Eolmne s

= -1.6666

Theory

DOICCZmOTiCC
HIFI4+ = — I+ =

Hi+I+ + + \I‘:IM\T
Hit I+ =  — 1T = P

Bt 1 el e 1 o B o e i |
—ITHH == =l ==

[zH/ ,(s/w2)] (M)3 wnnoads ABisu3

_l)

Frequency (s

1)

Frequency (s

— 5/3) theorem,
Probe 3).

(

7-cm (right —

Energy spectrum E(K) ver susfreguency compared with Kolmogorov’' suniversal equilibrium

=0,z

35-cm,y

Probe 2) and x

cm (left —

=7

,y=-512

=25-cm

at points: x

9557



02

i L e e L e e P e B b B
m SOOI CComo oo ana oo ]
H 8 @ = = =i == i -
m G &
W O =
(U 1
1 1
I !
\ 1
1
o 5
CCZI =
Q mMmITTrImnTECImnris
© [LICCZmoriZc
© M+ b I -
A TN R R TR N
L (LS
>
Z
=} _
[}
<
-
m o
S
N Yy e Nt
CCoOmODICIZ JmaT oI ]
o
o
=1
[zH/ NAm\Eo: ()3 wnnoads ABisuz
N
o
AT T THHFI-F —THH - JHE -4
m SCMOTCC IIMOCIZIZ ImTm i
M @ © Fnoic— © Zimonio- Jim o —i—
< L e T R R U A S R
Wl = LmibiLis b L i
I A R T O O
m H kRl el Ta (Bl el i e W il
I R I TN
fr T R R e e T R e B e I S B
I L A T A I A N
=
Ll
©
©
© -~ H BRI H = —
@
-
]
1
>
2
S
£
S
=l H == = H - ==
= = = A
b I H =l = T H = —
o

[zH/ Nﬁm\Eoz (3)3 wnnoads ABisug

.1)

Frequency (s

Frequency (s-1)

— 5/3) theorem,
Probe5).

(

7-cm (right —

Energy spectrum E(K) versusfreguency compared with Kolmogorov’'suniversal equilibrium

2=

55-cm,y =25

Probe4) and x

cm (left —

=7

15,z

y:

45-cm,

at points: x

66

-1.66!

Theory

6

-1.666

Theory

“o
f e e e L Pt P 1 e e e
1N} N.\ I Ty | I |
M S 8r = —IHH == =l == o
m S & B e et e B B |
o FEL
il “ L
! i
L [
! 1
|
| [ 10
[ =
mTiTCrC
ANy
HiI+I+ =+ =
L
MmmTTT -
L
HoTTrT -
AR
AR

[zH/ Nﬁw\Eov_ ()3 wnnoads AbBisug

o

N ) R | 1 A Ot |
[ SOMTOTCC MmO rIZIZ maoii” 7
bl @ © Fmnuici- C Zimo nisiZ ZioweZi—
MG & b e ST e -
11| S == TN T R TV W I R W AW I BB
I R R T T
m “\EEﬂTTJSJﬂTTJEJIJ\\
I ol e e
fH T R R e e L R R e B (T R R R

1 P T

T

!

T N | T A
E=lHH E= = —IHH ==
Lt 1 el [ e e B Bl
=T H == - ==

[zH/ NAm\Eoz ()3 wnnoads AbBisug

-1)

Frequency (s

Frequency (s-1)

theorem,

)
Probe0).

5/3

cm (right—

Energy spectrum E(K) ver susfreguency compared with Kolmogorov’' suniversal equilibrium (—

8

Z=

i

Probe 6) and x = -25-cm, y =-25

cm (left —

z=7-

=60-cm, y = 34,

at points: x

66

= -1.66!

Theory

10

= -1.6666

Theory

o~
o
f L e L e e R e e PP B
1N} NJ\E:LF,\T\,EET,\,\\:EELLL\\
H m % A Il el e B el el Bl 1 Wl el iy |
m S &
HNalR=
1
]
]
1
1
[ 10
CC =1
I R T T A R T P
HIHI+ = = —HIH+ = -
N I
AR

[zH/ 5(s/w2)] (¥)3 wnnoads ABisu3

‘o
AT T THHFI-F —THH - JHEE -4
o P L (e
bl @ © Frnbici- C Zimooisi- Jno s —i—
< L e R e e R I
11| O = T TR R R TV W O R W I WA I BB
I O TN
m nwaiﬂﬁﬁjﬂjﬂTTjijjjww
I R
fH T R R e e L R N R B (T I A R R
I Eolmne s
e i
[ L )
i+ e+ —
DICLC MWD DIZC imoL
H1+1+
o
L
|
T
|
-
|
|
L “©
- 1+7 - - —
gl i
(HIF 1 AR = —IHH == i =
I+ = 5 S = = =1 = = = e ==
T H == I e = —

[zH/ Nﬁm\Eoz ()3 wnunoads ABisug

1)

Frequency (s-

1)

Frequency (s

— 5/3) theorem,
Probe 2).

(

8-cm (right —

Energy spectrum E(K) ver susfreguency compared with Kolmogorov’' suniversal equilibrium

25-cm,y =-5,z

Probe 1) and x

cm (left —

=8

-15,z

y:

15-cm,

at points: X

558



o~
o
i et [ e e e e e e B
m SOOI CComo oo ana oo ]
H 8 @ = = =i == i -
m G &
W O =
(U 1
1 1
I !
\ 1
1
|
CCZ
©
[ N LA L N S A B I B AL
© [LICCZmoriZc
© M+ b I -
A Lol Ll L
1 Lo
> T
S Lo g
2 T
=
m o
o
\\\\\\\\\\\\\\\\\\\\\\ =1
mIT oo g
o
o
=1
[zH/ NAm\Eo: ()3 wnnoads AbBisug
N
o
N N R Oy A k[
o P Ly 1 o e
M @ © Fnoic— © Zimonio- Jim o —i—
< L e T R R U A S R
Wl = LmibiLis b L i
I A R T O O
m H kRl el Ta (Bl el i e W il
I R I TN
fr T R R e e T R e B e I S B
I L A T A I A N
e 1
L O
© I s i e i
© [DIICCZmDOICC
© e — =
@
-
]
1
>
2
S
£
S
HIFI+ + & — HIHE -
Mt =+ =iyl - -
HIH 14 b b I+ TR
W Lﬂ::

[zH/ ,(s/w2)] (M)3 wnnoads ABleuz

Frequency (s-1)

Frequency (s-1)

Energy spectrum E(K) versusfreguency compared with Kolmogorov’'suniversal equilibrium (— 5/3) theorem,

8-cm (left — Probe 4).

=152z=

45-cm,y

8-cm (left — Probe 3) and x

35-cm,y=0,z=

at points: x

&

A e e e M
m L [ YA b T o
H S D+ = —IHIH == =l == o
Mo & r i K e et i Tl K o Bl R
WA F
(U [
1 1
I !
(U HEN
1 1
|
1 5
© PIIELZ =1
© [TICTCZ
© [mrrCrLZ-
© M4+ — e e — W H Bl H == o
S T TR R R T R N A R TN N < (YRR T B
5 HEELEE 0
LI L .
>
Fa
o —
[}
=
~
m o
1%
S Y e W ot
CCoOmOTICIZ DO oD ]
o
(=)
—
[zH/ Nﬁw\Eov_ ()3 wnnoads AbBisug
~N
o
FOI T T TR F THE F—T- JHEH--4 =
] P L . o o |
bl @ © Fmnuici- C Zimo nisiZ ZioweZi—
MG & b e ST e -
11| S == TN T R TV W I R W AW I BB
I P L A T
m §OCMITIT T I T ST T
I ol e e
T R R e e L R R e B (T R R R
1 P T
T WL
| -
\\\\\ - m_
©o [T
© —
[le] —
© _
i
T _
1l —
>
2
S _
£
m o
_ ()
- —
W
I+ — I = —THH == =i H = —
fir it = =S = =1 e i e e
b —THH == i = —
IR
(3]

[zH/ NAm\Eoz ()3 wnnoads AbBisug

-1)

Frequency (s

1)

Frequency (s

theorem,

)
Probe6).

5/3

Energy spectrum E(K) ver susfreguency compared with Kolmogorov’' suniversal equilibrium (—

cm (right —

z=8

=34

60-cm, y

Probe5) and x

=55-cm, y = 25, z=8-cm (lift —

at points: x

559



D.2 Turbulent Veocities Fields

Turbulent velocitiesfields at point (x = -25-cm, y = -25, z = 1-cm), each dot representsa pair at a certain time:
(blue) v4, vy, (green) vy, v, and (red) vy, v, — upstream of vane— Experimental results.

20

°
I
|
|
1
-20 0

20

vl v
Turbulent velocitiesfields at point (x = 15-cm, y =-15, z = 1-cm), each dot representsapair at a certain time:
(blue) v%, v}, (green) vy, v; and (red) vy, v, —downstream of vane— Experimental results.

Turbulent velocitiesfields at point (x = 25-cm, y =-5 z = 1-cm), each dot representsa pair at a certain time:
(blue) v}, v}, (green) vy, v, and (red) v}, v; —downstream of vane— Experimental results.
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Turbulent velocitiesfields at point (x = 35-cm, y =0, z = 1-cm), each dot representsa pair at a certain time
(blue) v4, v}, (green) vy, v; and (red) vy, v, —downstream of vane— Experimental results.
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20 -20 0 20
A vy
Turbulent velocitiesfieldsat point (x = 45-cm, y = 15, z = 1-cm), each dot representsa pair at a certain time:

(blue) v4, v}, (green) vy, v; and (red) vy, v, —downstream of vane— Experimental results.
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1
0 20
Turbulent velocitiesfieldsat point (x = 55-cm, y = 25, z = 1-cm), each dot representsa pair at a certain time:
(blue) v}, v}, (green) vy, v, and (red) v}, v; —downstream of vane— Experimental results.
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Turbulent velocitiesfields at point (x = 60-cm, y = 34, z = 1-cm), each dot represents a pair at a certain time:
(blue) v4, v}, (green) vy, v; and (red) vy, v, —downstream of vane— Experimental results.

20

Turbulent velocitiesfields at point (x = -25-cm, y = -25, z = 2-cm), each dot representsa pair at a certain time:
(blue) v4, vy, (green) vy, v, and (red) vy, v, — upstream of vane— Experimental results.
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-20 0 20
o, "

Turbulent velocitiesfields at point (x = 15-cm, y =-15, z = 2-cm), each dot representsapair at a certain time:
(blue) v4, v}, (green) vy, v; and (red) vy, v, —downstream of vane— Experimental results.

y
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Turbulent velocitiesfields at point (x = 25-cm, y =-5 z = 2-cm), each dot representsa pair at acertain time:
(blue) v4, v}, (green) vy, v; and (red) vy, v, —downstream of vane— Experimental results.

Turbulent velocitiesfields at point (x = 35-cm, y = 0, z = 2-cm), each dot representsa pair at a certain time:
(blue) v}, v}, (green) vy, v, and (red) v}, v; —downstream of vane— Experimental results.
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-20
-20 0 20

’ 1}’1 o

Turbulent velocitiesfieldsat point (x = 45-cm, y = 15, z = 2-cm), each dot representsa pair at a certain time:
(blue) v4, v}, (green) vy, v; and (red) vy, v, —downstream of vane— Experimental results.
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Turbulent velocitiesfields at point (x = 55-cm, y = 25, z = 2-cm), each dot representsa pair at a certain time:
(blue) v4, v}, (green) vy, v; and (red) vy, v, —downstream of vane— Experimental results.

Turbulent velocitiesfields at point (x = 60-cm, y = 34, z = 2-cm), each dot representsa pair at a certain time:
(blue) v4, v}, (green) vy, v; and (red) vy, v, —downstream of vane— Experimental results.

“20 0 20
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Uy

Turbulent velocitiesfields at point (x = -25-cm, y = -25, z = 3-cm), each dot representsa pair at a certain time:
(blue) v, vy, (green) vy, v, and (red) vy, v, —upstream of vane— Experimental results.
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1
- -20 0 20
v A vy,
Turbulent velocitiesfields at point (x = 15-cm, y = -15, z = 3-cm), each dot representsa pair at a certain time:
(blue) v4, v}, (green) vy, v; and (red) vy, v, —downstream of vane— Experimental results.

Turbulent velocitiesfields at point (x = 25-cm, y = -5 z = 3-cm), each dot representsa pair at a certain time:
(blue) v4, v}, (green) vy, v; and (red) vy, v, —downstream of vane— Experimental results.

/U.r

U,
Turbulent velocities fi

eldsat point (x = 35-cm, y =0, z = 3-cm), each dot representsa pair at a certain time:
(blue) vy, v}, (green) vy, v; and (red) v}, v; —downstream of vane— Experimental results.

565



Turbulent velocitiesfieldsat point (x = 45-cm, y = 15, z = 3-cm), each dot representsa pair at a certain time:
(blue) v4, v}, (green) vy, v; and (red) vy, v, —downstream of vane— Experimental results
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vl

Turbulent velocitiesfieldsat point (x = 55-cm, y = 25, z = 3-cm), each dot representsa pair at a certain time:
(blue) v4, v}, (green) vy, v; and (red) vy, v, —downstream of vane— Experimental results.

Turbulent velocitiesfieldsat point (x = 60-cm, y = 34, z = 3-cm), each dot representsa pair at a certain time:
(blue) v%, v}, (green) vy, v; and (red) vy, v, —downstream of vane— Experimental results.
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Turbulent velocitiesfields at point (x = -25-cm, y = -25, z = 4-cm), each dot representsa pair at a certain time:
(blue) v4, vy, (green) vy, v, and (red) v}, v, —upstream — Experimental results.
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Turbulent velocitiesfields at point (x = 15-cm, y = -15, z = 4-cm), each dot representsa pair at a certain time:
(blue) v}, v}, (green) vy, v, and (red) v}, v; —downstream of vane— Experimental results.

Turbulent velocitiesfields at point (x = 25-cm, y =-5 z = 4-cm), each dot representsa pair at acertain time:
(blue) v}, v}, (green) vy, v, and (red) v}, v; —downstream of vane— Experimental results.
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Turbulent velocitiesfields at point (x = 35-cm, y = 0, z = 4-cm), each dot representsa pair at a certain time:
(blue) v%, v}, (green) vy, v; and (red) vy, v, —downstream of vane— Experimental results.

Turbulent velocitiesfields at point (x = 45-cm, y = 15, z = 4-cm), each dot representsa pair at a certain time:
(blue) v}, v}, (green) vy, v, and (red) v}, v; —downstream of vane— Experimental results.

20

Turbulent velocitiesfieldsat point (x = 55-cm, y = 25, z = 4-cm), each dot representsa pair at a certain time:
(blue) v4, v}, (green) vy, v; and (red) vy, v, —downstream of vane— Experimental results.
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Turbulent velocitiesfieldsat point (x = 60-cm, y = 34, z = 4-cm), each dot representsa pair at a certain time:
(blue) v4, v}, (green) vy, v; and (red) vy, v, —downstream of vane— Experimental results.
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Turbulent velocitiesfields at point (x = -25-cm, y = -25, z = 5-cm), each dot representsa pair at a certain time:
(blue) v4, vy, (green) vy, v; and (red) vy, v, — upstream of vane— Experimental results.

20

Turbulent velocitiesfields at point (x = 15-cm, y =-15, z = 5-cm), each dot representsapair at a certain time:
(blue) v4, v}, (green) vy, v; and (red) vy, v, —downstream of vane— Experimental results.
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Turbulent velocitiesfields at point (x = 25-cm, y =-5 z = 5-cm), each dot representsa pair at acertain time:
(blue) v%, v, (green) vy, v; and (red) vy, v, —downstream of vane— Experimental results.

Turbulent velocitiesfieldsat point (x = 45-cm, y = 15, z = 5-cm), each dot representsa pair at a certain time:
(blue) v%, v}, (green) vy, v; and (red) vy, v, —downstream of vane— Experimental results.
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Turbulent velocitiesfieldsat point (x = 55-cm, y = 25, z = 5-cm), each dot representsa pair at a certain time:
(blue) v%, v}, (green) vy, v; and (red) vy, v, —downstream of vane— Experimental results.
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Turbulent velocitiesfieldsat point (x = 60-cm, y = 34, z = 5-cm), each dot representsa pair at a certain time:
(blue) v4, v}, (green) vy, v; and (red) vy, v, —downstream of vane— Experimental results.

20

Turbulent velocitiesfields at point (x = -25-cm, y = -25, z = 6-cm), each dot representsa pair at a certain time:
(blue) v4, vy, (green) vy, v; and (red) vy, v, — upstream of vane— Experimental results.
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Turbulent velocitiesfields at point (x = 15-cm, y = -15, z = 6-cm), each dot representsa pair at a certain time:
(blue) v4, v}, (green) vy, v; and (red) vy, v, —downstream of vane— Experimental results.

Turbulent velocitiesfields at point (x = 25-cm, y =-5 z = 6-cm), each dot representsa pair at acertain time:
(blue) v4, v}, (green) vy, v; and (red) vy, v, —downstream of vane— Experimental results.

Turbulent velocitiesfields at point (x = 35-cm, y = 0, z = 6-cm), each dot representsa pair at a certain time:
(blue) v4, v}, (green) vy, v; and (red) vy, v, —downstream of vane— Experimental results.
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Turbulent velocitiesfieldsat point (x = 45-cm, y = 15, z = 6-cm), each dot representsa pair at a certain time:
(blue) v4, v, (green) vy, v; and (red) vy, v, —downstream of vane— Experimental results.

Turbulent velocitiesfields at point (x = 55-cm, y = 25, z = 6-cm), each dot representsa pair at a certain time:
(blue) v%, v}, (green) vy, v; and (red) vy, v, —downstream of vane— Experimental results.
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v, v,

T Yy

Turbulent velocitiesfields at point (x = 60-cm, y = 34, z = 6-cm), each dot representsa pair at a certain time:
(blue) v4, v}, (green) vy, v; and (red) vy, v, —downstream of vane— Experimental results.
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Turbulent velocitiesfields at point (x = -25-cm, y = -25, z = 7-cm), each dot representsa pair at a certain time:
(blue) v4, vy, (green) vy, v; and (red) vy, v, —upstream of vane— Experimental results.

Turbulent velocitiesfields at point (x = 15-cm, y =-15, z = 7-cm), each dot representsapair at a certain time:
(blue) v4, v, (green) vy, v; and (red) vy, v, —downstream of vane— Experimental results.

Turbulent velocitiesfields at point (x = 25-cm, y =-5z = 7-cm), each dot representsa pair at acertain time:
(blue) v4, v}, (green) vy, v; and (red) vy, v, —downstream of vane— Experimental results.
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v v, v,

Turbulent velocitiesfields at point (x = 35-cm, y = 0, z = 7-cm), each dot representsa pair at a certain time:
(blue) v%, v}, (green) vy, v; and (red) vy, v, —downstream of vane— Experimental results.

Turbulent velocitiesfields at point (x = 45-cm, y = 15, z = 7-cm), each dot representsa pair at a certain time:
(blue) v4, v}, (green) vy, v; and (red) vy, v, —downstream of vane— Experimental results.

Turbulent velocitiesfieldsat point (x = 55-cm, y = 25, z = 7-cm), each dot representsa pair at a certain time:
(blue) v4, v}, (green) vy, v; and (red) vy, v, —downstream of vane— Experimental results.
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Turbulent velocitiesfields at point (x = 60-cm, y = 34, z = 7-cm), each dot representsa pair at a certain time:
(blue) v%, v}, (green) vy, v; and (red) vy, v, —downstream of vane— Experimental results.

Turbulent velocitiesfields at point (x = -25-cm, y = -25, z = 8-cm), each dot representsa pair at a certain time:
(blue) v4, vy, (green) vy, v; and (red) vy, v, —upstream of vane— Experimental results.

20

Turbulent velocitiesfields at point (x = 15-cm, y = -15, z = 8-cm), each dot representsa pair at a certain time:
(blue) v4, v}, (green) vy, v; and (red) vy, v, —downstream of vane— Experimental results.
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Turbulent velocitiesfields at point (x = 25-cm, y = -5 z = 8-cm), each dot representsa pair at a certain time:
(blue) v4, v}, (green) vy, v; and (red) vy, v, —downstream of vane— Experimental results.

Turbulent velocitiesfields at point (x = 35-cm, y = 0, z = 8-cm), each dot representsa pair at a certain time:
(blue) vy, v}, (green) vy, v; and (red) v}, v; —downstream of vane— Experimental results.

Turbulent velocitiesfields at point (x = 45-cm, y = 15, z = 8-cm), each dot representsa pair at a certain time:
(blue) v4, v}, (green) vy, v; and (red) vy, v, —downstream of vane— Experimental results.
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Turbulent velocitiesfieldsat point (x = 55-cm, y = 25, z = 8-cm), each dot representsa pair at a certain time:
(blue) v4, v}, (green) vy, v; and (red) vy, v, —downstream of vane— Experimental results.
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Turbulent velocitiesfieldsat point (x = 60-cm, y = 34, z = 8-cm), each dot representsa pair at a certain time:
(blue) v4, v, (green) vy, v; and (red) vy, v, —downstream of vane— Experimental results.

578



D.3 Fluctuating Velocities and Reynolds Stresses Histograms

I. Fluctuating Velocities
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Il. Reynolds Stresses
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1-cm) — Experimental result
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2-cm) — Experimental results.
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Histogram of the probability density function of Reynolds normal and shear stresses, in the x-y plane at point
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3-cm) — Experimental result
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Histogram of the probability density function of Reynolds normal and shear stresses, in the x-y plane at point



4-cm) — Experimental results.
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4-cm) — Experimental results.
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5-cm) — Experimental results.
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6-cm) — Experimental results.
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7-cm) — Experimental results.
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8-cm) — Experimental results.
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Appendix E Results — Pressures

1. Experiment | — Total Pressures

Experiment |: Points 1-30 (Left-Side of Vane)

AON H wo) ainssaid

wo) z

X(cm)

Total pressures (cm-wc) on the left-side of vanepjnts from 1 to 30 — Experiment (1) results.

Experiment |: Points 31-60 (Right-Side of Vane)

(©° Hup) amnssaiq
5 & 9 F

-

9 8§ d 8

o)z

10

-8

-10

X(cm)

Total pressures (cm-wc) acts on the right-side ofane, points from 31 to 60 — Experiment (1) results.
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950123 N'm?, Resultant Force F

Presaure difference between vane sdes 16.
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Pressures difference between submerged vane sideExperiment (1) results.
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2. Experiment Il — Total Pressures

Experiment |I: Points 1-30 (Left-Side of Vane)

(©° Hup) amnssaiq

o)z

X(cm)

Total pressures (cm-wc) on the left-side of vanepjnts from 1 to 30 — Experiment (II) results.

Experiment |l: Points 31-60 (Right-Side of Vane)
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(©° Hup) amnssaiq
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X(cm)

Total pressures (cm-wc) acts on the right-side ofane, points from 31 to 60 — Experiment (ll) results
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:0.592359 N
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512053 Nim?, Resultant Force F

Presaure difference between vane sdes 33.

(O H up) anssaid

wo) z
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Pressures difference between submerged vane sideBxperiment (II) results.
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3. Experiment Ill — Total Pressures

Experiment I11: Points 1-30 (Left-Side of VVane)

(©° Hup) amnssaid

o)z

X(cm)

Experiment (l1I) results.

Total pressures (cm-wc) on the left-side of vaneppmnts from 1 to 30 —

Experiment I11: Points 31-60 (Right-Side of Vane)

(©° Hup) amnssaiq

o)z

X(cm)

Total pressures (cm-wc) acts on the right-side ofane, points from 31 to 60 — Experiment (Ill) resuls.
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936001 N'm?, Resultant Force F

Presaure difference between vane sdes 25.
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Pressures difference between submerged vane sideBxperiment (IIl) results.
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4. Experiment IV — Total Pressures

Experiment 1V: Points 1-30 (Left-Side of VVane)

AON H wo) ainssaid

wo) z

X(cm)

Total pressures (cm-wc) on the left-side of vaneppnts from 1 to 30 — Experiment (IV) results.

Experiment 1V: Points 31-60 (Right-Side of Vane)

(©° Hup) amnssaiq
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-10

X(cm)

Total pressures (cm-wc) acts on the right-side ofane, points from 31 to 60 — Experiment (IV) results
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1 0.240392 N

r

99929 Nm?, Resultant Force F

Presaure difference between vane sdes 13.5
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wo) z
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Pressures difference between submerged vane sideExperiment (IV) results.
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5. Experiment V — Total Pressures

Experiment V: Points 1-30 (Left-Side of Vane)

AON H wo) ainssaid

wo) z

X(cm)

Experiment (V) results.

side of vaneppmts from 1 to 30

wc) on the left-

Total pressures (cm

Experiment V: Points 31-60 (Right-Side of Vane)
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-10

X(cm)

Total pressures (cm-wc) acts on the right-side ofane, points from 31 to 60 — Experiment (V) results.
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Reaultant Force F: 0.162395 N

Presaure difference between vane sdes 9.1 87313 N/m2,

W)z

X(cm)

Pressures difference between submerged vane sideBxperiment (V) results.
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6. Experiment VI — Total Pressures

Experiment VI: Points 1-30 (Left-Side of VVane)

AON H wo) ainssaid

wo) z

X(cm)

Total pressures (cm-wc) on the left-side of vaneppnts from 1 to 30 — Experiment (VI) results.

Experiment VI: Points 31-60 (Right-Side of Vane)
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Total pressures (cm-wc) acts on the right-side ofane, points from 31 to 60 — Experiment (VI) results
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Reaultant Force F : 0.295970 N

Presaure difference between vane sdes 16.7 44181 N/m2,
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Pressures difference between submerged vane sideExperiment (VI) results.
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