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ABSTRACT

A data bank of the mean and turbulent flow structure downstream from an
impervious plate blockage in a square-pitch rod array spaced at a p/d ratio of
1.107 is described. The test section represented two interior interconnected
subchannels, and the plate blockage element fully blocked one subchannel.
Measurements were made of the wall shear stress, mean axial velocity
distribution, turbulence intensity, Revnolds shear stress and turbulent
kinetic energy at distances of 49.7, 51.0, 65.1, 89.3 and 90.6 hydraulic
diameters downstream of the blockage, at an asymptotic unperturbed Reynolds

number of 4.8 x 104.
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1. _INTRODUCTION

This report contains a data bank of the flow structure downstream of a
complete, plate-type, subchannel blockage in a two-subchannei, square-pitch
rod cluster spaced at a p/d ratio of 1.107 (Figure 1). The tabulated
experimental data include the wall shear stress distribution, mean radial
velocity profiles and all Reynolds stress terms for the central open rod gap
region bounded by 6 at -50 to +50° and Ypax = 1, for 5° increments in & and
resolved in poiar coordinates. The data are intended to aid the development
and testing of numerical turbulence models in regular arrays of parallel
reactor fuel rods, cooled by an axially flowing, turbulent single-phase
coolant.

Experimental data of the developed unperturbed flow structure for the
same test section are available for a 9:1 Reynolds number range [Hooper et ai.
1983a,b]. Hot-wire anemometer techniques of measurement and data reduction
are given by Hooper [1980] and Hooper and Harris [1982]. The data presented
here have been analysed by Hooper and Wood [1982].

Five main axial stations downstream of the blockage were measured, as
shown in Table 1. The equivalent subchannel hydraulic

TABLE 1

Measurement plane (m) 3.9 4.0 5.1 7.0 7.1

Axial distance from blockage (z/dh) 49,7 51.0 65.1 89.3 90.6

diameter for a large, open rod array (78.4 mm) was used to derive the z/dh
ratio. The total rig test section length was 9.14 m, and measurements were
made only at 100 mm from the exit plane. Accordingly, the plate blockage was
moved away from the exit to set the flow recovery lengths. This procedure is
justified if the wake flow structure is substantially independent of the
upstream flow development. The axial static pressure distribution [Hooper and
Wood 1983] showed this assumption to be reasonably accurate. The minimum
axial distance to the blockage of 3.90 m was dictated by the increasing
turbulence intensity, and by the use of hot-wire anemometry in the working
fluid (air) to measure the Reynolds stresses. This axial distance was the
Tiinit for the small signal approximations to the output of a two-element hot-
wire probe, when assessed by an experimental closure technique [Hooper 1980;



Hooper and Harris 1982].

In addition to the tabulated data for the axial stations given in Table
i, the Jlogarithmic mean velocity radial profiles and Reynolds stress
distribution are plotted as functions of the measurement planes at 4.0, 5.1
and 7.1 m downstream of the blockage. The Reynolds number was set at 48 x 103
by adjusting the linear section of the axial pressure distribution for the
Tongest recovery length of 7.1 m to that corresponding to the same Reynolds
number for unblocked and developed single-phase turbulent flow in this test
section. The corresponding flow settling drum static pressure, adjusted to
compensate for changes in air density and kinematic viscosity, was then used
as the reference pressure for the study.

2. AXIAL DISTANCE TO BLOCKAGE 3.9 m

2.1 Vall Shear Stress Variation

Angle Theta Wall Shear Stress Angle Theta Wall Shear Stress

(Pa) (Pa)

=50 0.3968 5 0.3430
~45 0.4083 10 0.3262
-40 0.4105 15 0.3088
-35 0.4058 20 0.2932
-30 0.4004 25 0.2762
~25 0.3924 30 0.2581
~-20 0.3824 35 0.2451
~15 0. 3806 40 0.2397
-10 0.3729 45 0.2436
-5 0.3629 50 0.2543
0 0.3512

2.2 Mean Velocity Profiles

Profiles not indexed or designated by A are 3.9 m from the blockage, and
those designated by B are 4.0 m “-~om the blockage. The main study for 4.0 m
is contained in Section 3. The B data for the mean axial velocity profiles at
selected angles are given only to demonstrate the relatively low level of the
mean velocity axial gradient for the planes closest to the blockage. By
successively measuring these profiles, the experimental error entailed in



3

setting the rig to the calculated operating point is avoided, and instrument
errors are minimised. For convenience only, the B data are normalised by the
wall shear stress for 3.9 m; this does not imply that the wall shear stress
at 3.9 m is equal to the distribution for 4.0 m.
MEAN VELOQLITY AT ~50.0
WALL SHEAR STRESS
FRICTION VELQCITY

LEGREES,
03948 FA
0. 6033 MASED

Y (M) V (M/SED) Y+ Vi

0.00170
000220
0.00320
0.00420
Q. 00520
0.00620
0.00819
0.01020
0.01219
0.01419
0.0171%
0.Q2019
0.02319
0.02619
0.,03019
0. 03419
0.03917
0.04420
0. 04919
D.05419

7240

2.:470
10.010
10340
104400
10.910
11,2460
L1590
11.840
11,990
12,200
12,390
12.340
12,3290

11.990
11.880

114690

G377

4.7
108, 4
142.%
210.4
QP79
I46. 1
413,84
481 G
G833
H8G. 1
784.9
B8RV
10234 .4
1LE02
L3298
1499 .8
L&66G . 2

1838.8

15,318
18,496
14891
171328
17549
18,083
18 AT
193

20,221
20,370
20,453
20370

20.25H
206 055
18,873
19,491

19374

MEAN VELOCITY AT -435,0 DEGREES.
Wall. SHEAR STRESS  0.4083 Fa
FRICTION VELOCITY  0.46130 M/SED
A

Y (M) U (M/5EC) Y+ Vit

D.00170
0. 00220
0.00320
0.00420
0.00520
0.00620
0.00819
0,01020
0.01219
0.01419
0.01719
0.02019
0.02319
0.02619
0.03019
0.03419
0.03919
0.04420
0.04919
0.05419

?.420

2.810
10250
10.580
10.890
11.210
11,590
11.860
12.070
12.210
12.430
12580
12,580
12,4630
124600
12.600
12,490
12,400
12.180
11.880

58 .5

7857
110.2
14446
L79.0
21304
281.9
J51 .1
4196
408, 5
591..7
G5 .90
798.3
QOL .5
139,22
1176.9
1349 .0
1521 .5
1693.2
186%5.3

15391
16,029
16,748
17.287
L7793
18.316
L8937
19378
19221
19250
20,310
20.555
205858
20836
20,587
20.587
20.4008
20.241
19.901
19.411



MEAN

’ ~A4%.h  DEGREES,
5 0.A08% FA

L.
CUTRON WBELOTTTY  0,48120 M/BEC

WALL
IF:

o
l\ll Ry
0,
N

LIPS

MEAN UELOCETY aT ~80.0  TF
Welf, SHEWE ol Y
FRTCTYON

O A&1TR7 MABED

Q.D0L70 By FAC
Q. QORE20 9.8%0
2 QOF20 10320
000400 LOeagn
] 3 10590
0G0 1L .240
0.00819 L. &S0
0, 01020 L
Q219
0001454
O.0L29
0 Q20179
Q. QXLR
0. 02720
GeQ3LLY
Q. 03EG520
004019 240G A
Q. 0051 ¢ 12.490 L35G .8
Q. 05019 12320 L7324
O 08%LY L QUG L9050

.
233
& -
f2d
e n
&

R
ARO 8

489 .8 19.9860
G9Xs 4 20204
HPE T 20460
8005 20.498
Y33, 9 20612

19714

17864 20445
121%.0




MEAN
WAl

VELOCITY AT
SHEAR STRESS

FRICTION VELOCTITY

Y (M)

0.00170
Q.00220
000320
Q. 00420
0.00520
0. 00620
0.0081%
G 01020
Q. Q1218
0.0141%
0.01719
0.D201%
Q.02319
0.02619
Q.03019
0.03419
Q03919
004420
Q. 04%19

MEAM
Wal. L.

A
Y M)

C.Q0170
0.00220
0e00520
00420
() 00320
000620
0.00819
Q01020
0.01219
0.01419
0.01719
0.02019
002319
0.02619
0. 03019
0.0341%
0.03819

YoOM/SEC

P 440
P . 780
10300
10,680
L. %930
11,180
11560
11800
12,030
12180
12220
L2420
12,470
L2810
12330
12:546
L2520
124350
12340

VELDGITY AT

SQHEAR STRESSH
FRICTION VELQCITY

VoIMAGEDRD

9360

@ HAQ
L. 140
LOCEHLO
10.770
11:040
11440
11,8670
11940
12030
12140
12,210
12210
la.JTO
12200
124140
12.030

04058 PA
046102 M/

/ Jé\.l

RVTEI]
418, 3

ut.-i e

HED . Q
TG

B8, 8
1036 .1
L173.4
1345, 0
15169

1488, 1

=35.0 DEGREES.

SEC

Y

L& 503
16,028
16,380
17,503
13,512
18,322
L8, w4
1§ 338

19 7L

S0 a0
20,4386
QOQUOJ
,., (" R R

TN

TEGREES «
0.4004 i

0. 4041 MABED

",f .}.

3 L; +

E slo 0
Log.l
1432
1773
2104
279,22
347 7
A1 %4
49?«?
.... ;(() 13 O
6%n§.\$
S0
b‘}.-.. ¢ s..\
1029.2
116%. G

1301.9

VRS

18443
LG 908
16730
17540
170749
18215
18,874
l e 254
LR 499
19,848
20029
20145
20145
201475
).\)‘ e
20,029
19.848



A0, 0 DEGRE
(. 4004 FA
O, 6041 MARER

B

ARLY

D017

L BAT

AR e

flar WELOTTTY
Lhado . SHEAR &
FRICTION VELOGCE

A4 19666
" P9.833
Y 19800
e, L9 AZE
19.383
1018.8 18.833

<
£
N
LY
~
<

AR S
AR SHORIELY

0,020

SN
hrss
3G
S
i

~—
.
« =
= nJ

t

|

I

!

) 1
DL 0L &R0 1
1

{

!

!

P
] = d
[N
.,
-

S

0, OFOLY



MEAN VELOCITY AT

WAl L
FRICTION

SHEAR

Y (M)

0.00170
0.00220
0.00320
0.,00420
0.00320
0.00719
000920
0.01120
0.01320
0.01%519
0.01719
0.02120

Y

1
1
1
1
1
1
1
1
1

STRESS

VEL.OCTTY

(M/GED)

£.190

500
?+940
0.340
0.640
1.040
1.360
1,490
1530
1+490
1.340
0870

MEAN VELOCITY AT

WaAl.l.

A
Y (M)

0.00170
0.00220
0.00320
0.00420
0+00520
0.00620
0.00819
0.01020
0.01219
0.01419
0.01620

SHEAR

V (M/ZSEC)

9,150
Y460
9920

10.300
10560

L0810
1

1.080

11200
11,140

1

0+210

10.580

=200

DEGRERS .

0.3824 FA

GLEPN3 MISEDR

150
BTRESS

FRICTION VELOCITY

Y+
Ghab
733

1056.6

43P .7
H506.0
G726
7062

U+

L& G
16,039
1&782
17.458
17.9464
18.640
19.180
19399
19447
19 399
19144

18,353

DEGREES

¢, 3808 A

0.9909 M/SEC

Y+

G6.5
73.1
1064
1396
172.8
206.1
272.2
339 .0
405, 1
4/1 o\{)
H38.4

U4

15.484
16,009
16.787
17430
174870
18.294
18,750
18.9%54
18.852
18.46463
17.904



MEAr VELOTTYY AT
Wikl SHEAR FIRES

STR
TOTION VELDOITY

(MARED)

Q000170
O, 000
() QOR2C

L0420
() « QOHD
QLOQ0A20
L 0Rte

Qe 20 020

fss]
(S
>

90
310

RN
1 2

~J

ey
~2
>

e

470
2 &

¢ PAD

N s S
e P
>

A -

o

P
L :

O»Oléﬁﬁ

ME AN
WALL.

VELQDITY aT
QHE QR ST -
CTTON ELDOCE Y

LS YoMASED DY

6L O
Y ! QL340
’)")«5 \-‘0 L H3I0
10170
10,470
10
10,

s

i

s

Py

3
o

Sar
<

e e e la e
K
-

~
"

Q90
10 . 850
10 540

u\o

B A P

10010

=15.0

- 10

0. 3804
0. E5709

"

[y us
G e

03729
QL ERAR

1083
Lag. 2
1711
204G
RAY 4
KAE G
401 .0
4864 . 8

v Nk

lﬂ‘7w5
® \.) 0 |
L7210
172,718
1 c; 040
1830 i4 /
!
1
|

MASEL




MEAN VELAQCITY aT

WAl.l. SHEAR STRESS
FRICTION QVELOCTTY

Y (M

2, 00170
Q00220
0.00320
000420
QL. 00EH20
0.00420
2.00719
G. QOB20
0. 00920
0.01020
0.01120
D.01220
001320

VOMABED)

g.990
9.310
¢.780
10170
10410
L0580
LG H80
104660
1O EHRO
1Q. 450
10176
9.900
P 450

MEAN VELDCITY AT

Wl

A
Y (M)

w+()()J'(/
(e OO0

0. 0052@
(. 00420
0.00%520
Q0. 00620
Q00719
0.00819
000920
001020
0.,01120
0.01219
0.01320

SHEAR BTRESS
FRICTION VELOCLITY

YOMABED)

£2.840
9,170
P H20
10000
L. 280
10.430
108520
10.510
10,410
10210
@240
P.870
2. 020

=G0 DEGREES.

02,3829
O LEBT770

Y4
5.2
714

103.8
1363
168.7
200.2
DXF.3
26641
298.6
331.0
3635
QG0
A428.4

MARED

Ut

« 3837
&,135
14,250
17626
18.042
18334
190W10
01 q )l..
15.954

13
1

~U

\f

18101

17626

17.158

L& 398

0.0 I uhl” ES.

03512
Da2b676

Y+

54.3
702
102, 1’
134,11
197.¢
DR, '
a...\).' 0\1
293.7
325 .4
357.5
F89 .
421+ 4

M/SEC

Ve

185 .G74
Lée LG4
16.948
L7618
18.1201
18.376
18,534
18.%516
18.340
17.988
17.512
16,8460
1%.891



MEAN VEL
SHE

WAL.L.

B
M)

F
—

QCLZG
D020
QIR0
QOA20
QOG0

QOS2
Q7P
HOBLS
Q020G
1020
01120

P e
x>
R

e

TN e N A
QU R 4
* o » 4

o~
>

-

LA N

P N

¢
e Q1219
G (

MEAN
Wl

VEL
SHE
LCTTON

Y o(M)

Q00170
000220
0.00320
0. ()()‘1"')

-

\) (){\L)»)()
0.0071%
QL. 00819
0.00920
0.01020
0.01219

LTy

10

OCITY AT
AR

UoMsuED

&.740
2.040
:") N IL'; () {)
2,850
10020
1G 300
LG aLG
10410
16300
10.140

AT
Al STRE
VELOGTT

W iMsBED

8860
8.940
9. 420
P.780
10.030
10230
10320
10@340
u )h JO
10¢120
2,420

STRESS
FRICTION VELQUITY

0.0 IDEGREES.
G 3512 Pa
085676 MASEC

Yt U
54,3
70,32
10,2

134,11

15,394
165,937
L& 737
17,354
17.829
18147
15,3440
18.340
18,042
17,848
1?~3W9

L& 790
ih.944

l Jt‘()o

ke '
43“+4

L0 DEGREES .
0. 34E0 Ph
0.5610 M/SED

Y+ (SRS

15,487
L 934
16792
17434
17.879
L8236
18.396
18,432
18272
18.040
17149

X4
\'f..\ @ ¢ "}
1000
G YR
16441
19%. 4
22469
2U8. 4
290.3
321.8
A84.4



11

MEAN VELOCITY AT
walk.l. SHEAR STRESS
FRICTION VELOCITY

Y (M)

0.00170
0.00220

0.00320
0.00420
0.00520

0.00620
0.00719
Q.00920
0.01120
0. 01320
0.01519

UV (M/BED)

8.400
8.6%0
?.17¢
?.480
9.780
?.240
10100
10.210
10,00
90&20
8,970

MEAN VELOTETY AT

WAL

SHEAR

SBTRESS

FRICTION VELUCIT#

A
T M)

0.00170
Q.00220
000320
0.00420
0 Q052

0. OOQCO
DL 00719
0. 00¥20
0011230
Ge01320
O OLELY
Q.Q1L719

U (M/SED)
8. 130
., 370
8. 820
9120
95 480
§ 4670
9. B30

10, 050

10 050
Q 9@“
9. 620

9,170

10.0

0.3262 FA
Q.5470

Y+

5:03
&7+7
P8,
129.2
160.0
190.8
221.2
283,0
J44. 4
406.1
467 .3

TW\O
s 3088 h
0 l{))

Y+

0. P
§5 .G
P
1057
155, 7
1815 4
RN

MzdeQ
BIG .3
XA
4844, 7

FJla.4

DEGREES .

M/GED

114

18,3546
158864
14763
17330
17.879
18.208
18.464
18640
148.372
17588
16398

DEGRERS .

MABEC

{1

L

15,275
15(77A
1d T
I’H'RW
12.811
18168
18,449

18,882
U 5 15 )
18,638
L8074
17239




MEAN
Wal.l.

VELQCITY
SHEAR

FRICTION

B
YoM

Q. 00170
(. 00220
Qe QOJ20

0.00420

Q. Q0719
Q.00920
D0LL20
QL. 01320
0.01519
0.01719

et
Wl L.

LE
SHEAR STRESS
VELDELTY

FRIETION

¥

Q. OO RD

N e
0 203200

Qe
0.0 E
Q.001419
Q.01620

QL 01LE1e

12

aT
STRES
VELDCTTY

Q020
Q.70
9 RGO
QLR
9 810
9500
9 OBO

A
MRED

Ui

15106
L&, 734
1&. 458

oy

17172

18,769
18,431
17, 040

L7 ity




13

MEAN VELOCITY AT

WALL SHEAR

STRESS

FRICTION VELOCITY

Y (M)

0.00170
0.00220
0.00320
0.00420
0.00520

0.00620
0.00719
200920
0.01120
0.01320
0.01519
0.01620
0.019219
0.02220
0.02519
0.03019

vV (M/SED)

7 +600
7.+850
8.250
BO\J:?.O
8.780
?.030
?.210
?.470
?.760
?.890
?.9250
?.9220
?.850
?.600
?.280
8.670

MEAON VELODCITY AT

WaAl.L.

HHEAR

STRESS

FRICTION VELOCLTY

A
YoM

0. 00170
0. 00220
Q. 00320
0.,00420
0. 00T20
0:00420
QL. 00819
Q.0L020
0.01219
0,01L41%
Q.01719
QL. 02019
0,02319
0.028619
G 03019
Q.03419
0.03819

VoHs8E)

7 BEHO
7 590
7510
B4 R20

(3 e 73 0
@090
923460
,570
G760
G P00
QRO
F.870
P 740
© 9. 480
230
Q010

25,0

0.2762

FA

DEGREES .

0.5034 M/SEC

Y4

48.1

623

?0.4
118.9
147 .2
175.5
203.6
260435
31741
373.7
430.1
458.7
6~8 . \)
713.2
854.8

0.0
0,258
0,488

Y .Ik

Bhy 'J

602

\\z’ % \{:'

||“(‘}

5506
‘\{)t}o 3

4/"'0-‘/\'

LO4% . 2

DEGERE

P

Ut

15.097
15.594
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16,925
17.441
17.938
18.296
18,812
19.388
19.646
19.766
19.706
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12.070
18,435
17,223

[

MAGET

I/\“Ql
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19234
1946867
Q005
20344
50y qﬁﬁ

20,28
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19,488
l 9 13 o \‘.(Z' ?
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MEAN VELOCITY AT

WAL.L
FRICTION

B
Y (M)

0.00170
0.00220
0.00320
0.00420
0.00520

0.,00620

0.0081%
001020
0.01219
0.01419
0.0171%
0. 02019
0.02319
002619
0.03019
Q.03419
0.0381¢

ME @M VELD
Wl SHEA
FRECTIOM

0.
01020

90919

AP IR
000 4%.L e
D.01719
G OR019
. 0RX19
DeQRALY
Q03019
0.0341%9
003919
0. 04420

SHEAR

STRESS
VELOCITY

U (M/78EC)

7.+310
7 H20
7 ?10
C} . ")")

8. 490
8,700
9 * (760
9310
PE00
Q. &6P0
?.830
?.870
2.810
@hH70
? 400
@130
5.980

CLTY Ay
fooBTRESS
MELDCITY

‘;’ N (f)(.i (l
9L, H80

30.0
0.2581
0.4846

46,59
]
87.6
114.9
142.3
169.7
224.1
27941
33X.6
388.3
470 .4
GH2.5
A34.7
716.8
8?60M
P3G,
I(M‘”‘c«iﬂ

OAn

DEGREES.,

A
M/SEC

U+t

15,023
15,660
146206
16.89%
17.448
17.879
18.619
19.133
19.524
19.914
20,202
20,284
204161
19.873
19.318
18.763

18.45%

OEGEREES .

i

MAoGEC

e

Laamy
L&H 415
LTaa119
1é e i
I. ) & I'\' l ‘«'
17.68%

ﬁ»304

20244
"'l( ..l { l
B0 {74
20082
20.834
D0 665
')U i
20 \gul
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2.3 Reynolds Stresses

SCAN ANGLE - 50
YAYMAX U v W v L Vi i

(150 1AE2 Lo18En T.%a7 A T B B A U R S
0,253 1.537 L.0&7 1,425 043560 ~0,308  ~0,288 Do lhG
0.344 1.400 1.067 1.3468 Q.459  ~0,234  -0.190 2. 4B
0,439 1294 0.999 1.214 0,362 ~0.,141 0,249 2072
0,932 1185 0.967 L.134 Q290 0071 0,204 L8
0.625 L1107 0.948 1030 0:193  ~Q.Q11 ~0.157
0.718 1+056 0.932 1016 0.119 Q.047 0. 093
0.811 1.032 0517 0,971 0.071 0.0848 ~0.081
0,904 1.037 0.87¢9 0.943 D019 D016 -0 06U Lo Bé
0.997 1037 0.920 0.9%2 ~0,008 Qe LE8 0,040 Leay}d
L+QP0 1.049 0,906 Q.928 ~0.020 Qe LAl 0002 A
L.184 1.073 0.%01 0.9209 0,044 0. 137 SRV oo

SCAN ANGLLE - 4

h

Y/YMAX U Y W Uy uw Ul {3

0126 1,681 1,032 1,573 0892 —-0.484 ~0,0H4 188
0. 222 1522 1.00% 1406 0.4461L ~0.414 X .
0.318 1.374 0.979 1.289 QL3777 0,299
0.414 1253 0,922 1.11% 0,211 0,228
Q.510 L1169 Q. 8ER 1034 Q183 ~0.165
04606 1.083 0.887 1002 0,118 ~0.092
0,702 1089 0,840 0,932 0.078 0,024 0,188
0.798 1023 0.875 0.921 Q.037  -0.,010 0,133
0,893 1.027 0.844 0.88% ~0.017 0017 -0 38
0.9289 1023 0,894 0.8%2  ~G.001 O.01LF 0,024
1.083 1081 QP27 0895 —~0.097 D033 0,014
1.181 1.079 0,944 Q.914 ~0.171 0044 {, 000

SCAN ANGLE -~ 40
Y/YMAX U V W LV LW Ui 8!

0,140 1.734 1,030 lséla Q.604 ~0.4675 Q. 112
0,253 L.478 1,036 1478 0484 ~0,4642 ~0,013%
0,346 Le&17 0877 1-313 Q383 ~0.570 0,029
0. 439 1548 0.914 1o 199 0.320 ~0,443 0,183
0.8532 1508 Q. 850 1139 Qo281 =0 454 0,240
0.4625 1466 0.833 1 Q5% 0.242  ~0.40%5 0,094
0.718 1.382 0.8%1 L+043 Q217 ~0,352 0,282
0.811 1+344 0.829 0976 0.188 0,312 ~0.200 L. #20
0.904 1,287 0.823 0,910 0.149  ~0.232 ~0.151 1580
0.297 Lel27 0.866 0.900 0140 ~0.183  ~0,13G 1,497
1.090 L1364 0.891 0,876 0,082 -0.109 0,204 LA
1.184 1.097 0.8347 0.852 Q. 029 0,094 0,178 1,324
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SCAN ANGLE

/YMAX

0.575
0,632
0690
0.747
0805
0.862
0.920
0.977
1.03%
1.092
141350

1207

U

1.889
1.919
L2926
1.951
1L.944
Le2G7
1251
2025
1.969
1254
L.949
1.934

SCAN ANGLE

Y/ YMAX

0.488
0. 547
0.4606
0. 664
) 723
0.781
0.840
0.899
0.957
1.014
1.075
1.133

u

1771
Le774
1.786
1.814
1.819
1.862
1.864

L+871
1.878
1,883
1.8%50

SCAN ANGLE

Y/ YMAX

0,400
0.473
0.545
0.617
0.689
0.761
0.833
0.906
0.978
1,050
1,122

1.194

U

1.4649
1+4691
1.498
L7135
1.747
1.759
1.771
1.818
1.825
1.793
1.78%

1.792

10
v

1.008
0.975
1007
0.9253
1.001
0.876
1029
0.804
0968
1.009
0.997
1000

15
v

0.927
0.999
C.974
1.007
1,013
0,904
0.28646
1L+G24
O ? 99()
0.983
0.2467

1.027

20

v

1.040
0.203
1.021
0. C?(,H
L.016
1.034
le1%6
1091
1056
1110
1.1%54
1.088

21

W

1.782
1.740
1.781
1.786
1,798
1.7%1
1. 8ES
1.708
1.803
1.788
1,748
1,737

W

1.581
1.587
1.598
1+ 655
L.+4601
L8591
Leb34
1604
L o589

W

1+464
143
1L +450
1507

1H00
14517
1.448
1487
1422

1+314

ARV

~0 124
-0.197
Q292
-0, 397
~Q0.497
-0, 525
=0, 682
=0 670
~0.731
~0.778
~0.822
=0 879

Uy

0,109
=1+032
=0, 087
=214
=0, 303
=0.391
-0.,433
-0, 588
Qo b&77
"‘O L3 /4'
~Q775
=0.813

uv

0,229
Q157
0.+030

~(,113

=0, 231

()0 392

=0 493

Q. 606
-~ 748
-, 831
=801

UW

=1.782
—10893
~2.022
~2+160
2217
~2+161
=2,304
~-2,274
2267
=2, 170
2074
=1 .998

L

- ,. ) 1. 58
=1 257
=1 377
R T
=1 553
=1+ 690
1747
=1 707
L e7764
“10684
1,654

=1 E55g

L

=700
-0 859
=Qa 972
~1.118
-1.294
-1, 252
=1 334
=1 . 388
~1,333
=1 .3299
=) +186
=1 0364

Ui

G118
0.19%
0,414
0.544
0,362
Q138
Q.398
0,289
0.588

Vi

=0, 031
0115
0204
D640
0136
0.251
0:b664
0317
0.032
0.1964
0,32
0220

Vi

=057
0.179
0.070
0.267
0275
0.+ 050
0,247
0.322
(164
0.284
0223
0. 338

Q

3.879
3.829
3.247
3,953
4007
X, 832
4,155
3.831
4,048
4.019

B v,
va sty

]

3,248
3,330
20344

T ey A

EIRW PO
F.449
3408
Fe 557
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3,475
F.aa2
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2,889
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3.369
3,283
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LY I £
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3269
F.041



SaN

VAR

RGN
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-

..... LA
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DOIPRS  §
P A |
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0 & ‘,‘) I H
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0.1LEE  ~0.680 Q.08%
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SCAN ANGLE 40
Y/YMAX U v W uy L VI Q

0160 14751 0,942  1.320  0.714 =0.027 ~0.208 2,848
0,253 1,712 0,920  1.246  0.720 ~0.020  0.002  2.664
0346 1,671 0,891 1.163 0,656 ~0.032 ~0.034 2,470
0,439  1.612 0,931  1.172 0,603 ~0.,060  0.00%5 2,419
0,532 1.377 0,944 1,143  0.565 ~0,089  0.222 2,343
0,625 JERE8 04977 1,134 0,440 ~0.099  ~0,009 2,288
0,718 1.4%0 1,058 1,111 0.303  ~0.1R26  0.037 2,27

0.811  1.444 1,046 1,064  0.209 ~0.,110  0.179
0.904 1,402 1,054  1,07% 0,108 ~0,061  0.209
0,997  1.368  1.037  1.079 0,042  0.000 0,235
1,090 1.343 1,090  1.0%7  0.004  0.103  0.251

1.184  1.321  1.061  1.103  0.013  0.179  0.334 2,044

SCAN ANGLE 4%
Y/ YMAX U V W Uy LW VU Q

0126 1.731 0.892 1239 D754 0. 1467 ~0,.088 2ebHER
0.199 1+663 0.941 1192 0.688 0,153 0,014 2,534
0.272 1.638 Q.759 L.051 0.6064 0.134 ~0.103 2.182
0.345 1.5950 0.921 1109 0,606 0.081 0057 !
0.419 1,534 0.917 1.092 0,553 0,092 0.153 2194
0.492 1l.487 0.980 L1093 0.316 0.104 O.10% 2,183
05635 1.463 0.974 L+049 0.4464 0,089 0.132 2.094
0.638 1,430 0.288 1+0335 0.43% 0,067 0379 2044
0,712 1.380 0,988 1023 0.333 0.047 0.282 1.9263
0785 1,331 0.971 1.006 0255 Q.05 0.212 1,883
0.858 1.284 0.9220 0,997 0,218 0064 0.344 L.811
0.931 1.249 0973 0.963 0.141 G079 0304 Le71G
Le00S 1.203 1.0%0 1.038 0115 0:0%90 0,308 1814
1.078 1,208 0280 0.940 0.057 0.122 0.216 L6052
L1351 1.193 0.948 0.909 0006 D.097 241 1974
1224 1.191 0,928 0. 831 0. 009 0.076 0»’“ 1483

SCAN ANGLE 50
Y/YMAX u v W Uy Lt Uld (d

0.160 1.401 0.995 L.219 0.+660 0121 0.080 2,520
0.253 1.517 0.719 0.9%6 0,487 0123 ~0.024 1.9205
0.3464 1.442 0.851 L.0463 0.439 0.066 G.071 1967
0.439 1,420 0.8164 1.017 0.+404 0.051 0.01% 1,858
0532 1.402 0,208 1.067 04415 0071 0060 1.944
Q0.6258 1,388 0.899 1.053 0.393 0.104 0.174 1,922
0.718 1.370 0.8864 0,995 0.3460 0.079 O.129 1.824
0.811 1,321 0.9446 1049 0.308 0.102 0132 1.870
0.904 1.296 0.915 1.011 0.282 0.05% 0.222 Le770
0.997 1.267 0.8644 Q.27 0.198 0.038 0.254 1606
1.090 L.214 0.893 0.981 0.185 0.027 Q.244 1,616
1.184 1.186 0.898 0,947 0.139 0.005 0173 1.5%G4
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3. AXIAL DISTANCE TO BLOCKAGE 4.0 m

3.1 MWall Shear Stress Varijation

ATR DENSITY
KINEMATIC

Le092 KG/MXX%3

VISCOSITY 1.771E-05  MxX2/5EC

AVERAGE WAl SHEAR STRESS 0.3002 A

~8%. 0
~70.2
=08, 0
~X9. 9
et
(}) » (})
4.9
20,0
4.9
G500
H54.8
0.0

ANGLE  AND
0.206
Q.299
Q.379
0.410
0,392
0.373
0.343
0,293
Q245
0.204
0,237
0.140

3.2 Mean Velocity Profiles

TWOTHETA)

=80, 1
-y 4, (}\
=G0 1
=350
=20, 1
=86 )
5.8
25,0
9.8
G499
70l

84,9

MEAN VELQCITY AT

Wal.l.

SHEAR

HSTRESS

FRICTION VELOCITY

Y (M)

0.00170
000220
0,00320
0.00420
000520
000620
0.00819
0.0L020
Q.0L219
0.01419
0.01719
0.02019
0.02319
0.02619
Q.02919
0,03319
0.03819
0.04820

V (MAKEC)

? 440
P 750
10.200
10.620
10.910
11140
11580
118350
12,090
12,240
124390
12,8520
12.570
12.550
12,500
12,480
12.410
12,150

0.231
0.313
0.394
() L3 40\1)
Qe X382
03463
0327
0276
0,239
0.258
Q.212

0,133

“50.0  DEGR
0.396% [A
0.,6024

Y

G7.8
74,9
108.9
142.9
17649
211.0
278.7
3470
414.8
482.8
984.9
687.0
78%92.0
891.1
93,2
1129.3
1299.4
1640.0

=182

=751
=600
Q%
=300

)

0.0
L%,
29.9
450
569

750

EES .

M/SEC

Uit

15,4664
16.181
16927
17.624
18,106
18.487
19.218
190666
20,064
20,313
20,5462
20,778
20,8461
20.827
204744
20.711
20,595

20.164

0270
0.3
0.408
0.400
(. 381
0.351
0.30%
0258
0.243
0edB4
0174
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MEAN VELOCITY AT

WALL SHEAR STRESS
FRICTION VELOCITY

Y (M)

0.00170
0.00220
0.00320
0.00420
0.00520
0.00620
0.008B19
0.01020
0.0121¢9
0.01419
0.01719
0.02019
0.02319
0.02619
0.03019
0.03419
0.03919
0.04420
0.04919
0.05419

MEAN VELOCITY AT -40.0
STRESS
FRICTION VELOCITY

WALl

Y (M)

0.,00170
0.00220
0.00320
0.+.00420
0.,00320
0.00620
0.00819
0.01020
0.,01219
0.01419
0.01719
0.02019
0.02319
0.02619
0.03019
0.03419
0.03819
0.04320
0.04820
0.05320

SHEAR

V MSSED)

?.660

?.980
10,420
10.790
11.100
11.320
11.730
12,030
12,220
12.410
12,590
12.700
12,800
12.790
12.790
12.730
12,700
12,540
12,330
12,060

V (M/SEC)

?.+680
10.000
10.420
10.870
11.140
11,3640
11.850
12,040
12,220
12,410
12.4610
12.7%0
12.820
12.820
12.890
12.800
12.820
12,700
12.520

12,300

“"45 + O

DEGREES.,
0.4080 FA

0.6113 M/SEC

v+

58.7
75.9
110.4
1435.0
179.5
214.0
282.7
352.1
420.7
489.8
G593.3
62649
800.4
?04.0
1042.0
1180.1
1352446
152544
1697.8
1870.4

0.6130

Y+

58.8

7641
110.8
145.4
180.0
214.6
283.5
353.0
421.9
491.1
G95.0
498.8
802.6
044
1044.9
1183.3
1321.8
1495, 2
1668.2
1841.3

U

15.803
164327
17.047
17.652
18,159
18.51¢9
192.120
19.481
19.991
20,302
20.597
20777
20.940
20,924
20,924
20.858
20,777
20,513
20,171
19.730

DEGREES .
0.4103 FA
M/SEC

U+

15,792
16.314
17,000
17.734
18.174
18,533
19.333
19.643
19.936
20,246
20.573
20.801
20,9215
20,915
21,029
20,883
20,9215
20,719
20,426
20,067



MEAN VELOCITY AT
SHEAR

Wal.l.

YoM

D,00170
0.00220
0.00320
000420
0. 00520
0.00620
0.00819
0,01020
0.01219
0.01419
0.0171%
0.0201%9
0.02319
Q0.02619
0.0301%
003419
0.0391%
3.04420
0.0491%

MEAN VELQCITY AT
HTRESS

FRICTION VELOCITY

Wal.l.

Yo (M)

0.,00170
Q. 00220
000320
0.00420
000520
Q. 00620
0.0081¢9
0.01020
0.01219
0.0141¢
001719
0.02019
0.02319
0.02619
D.03019
0.03419
0.03819

HHEAR

V (M/SER)

RGP0

9,930
10,420
10.830
11080
11320
11730
11940
L2170
12.3320
12,480
123590
' :) e ) (( ) ()
12.680
12710
12730
12:.710
12,4630
12.500

UV (M/SED)

9.470

QB0
10.310
10660
11.+000
11,180
L1 &80
11830
12.000
12120
12,250
12.300
12.:330
12.370
1" 330
12220
14.110

""\5\.1 . 0
STRESS

FRICTION VELOCITY

=300

26

NEGREES .
0.40546 PA

0.6094 M/GEC

Y+

G985

757
L10.1
L4435
178.9
213.4
281.8

41.9.5
488, 3
Bl .5
494, 8
Fe8.0
POL2
1038.,9

J. R ."\‘) 3 »j

1348 A
1E2L 0
1L&92,7

U+t

L30736

14294
l] 0Q¢
17771
18.148
18.575
19.248
1901““
19.970
?Ooﬁlé
20.473
20,659
20,774
20, HO
20,894
20 hBQZSS
20.858
20724
20510

LEGREES .
0.4002 A

0., &0854 M/GED

Yo

h”ol

\J 3 :..’
LO% . 4
143.6
17277
210.,9
279,9
348.,7
4167
485, 0
587.6
49041
792.7
\]‘)’\l o:

1031.9

1168.7

130%, 4

l‘,l -+

15,644
14,222
17,031
17.610
18171
18.449
19129
19.542
19.823
20,021
204236
20319
20.368
20.434
20,368
20,187
20.005
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MEAN VELOCITY AT
WALL SHEAR STRESS
FRICTION VELOCITY 0.3993 M/SEC

Y (M)

0.00170
0.00220
0.00320
0.00420
0.00520
0.00620
0.00719
0.00920
0.01120
0.01320
0.01620
0.01919
0. 02220
0.02519
0.03019

MEAN VELOCITY AT -20,0
SHEAR STRESS
FRICTION VELOQCITY

WALl

Y (M)

0.00170
0+00270
0.00370
0.00469
0.00369
0.00770
Q.00946%
0.01169
0.01370
0.01569
0.01769
0.0216°

V (M/SED)

?.400

?.930
10.200
10.5%0
10.810
11.080
11,190
11.580
11.780
12,000
12.040
12.080
12,010
11,920
11650

vV (M/SEC)

?.270

?.840
10,030
10.530
10.840
11,220
11.460
11.580
11.620
11.540
11.420
10.230

-25,0 DEGREES.

0.3222 FA

Y+

57,5

7404
108.3
142.1
176.0
209.8
243.3
311.3
379.0
446.7
548.2
649 .3
751.2
852.4
1021.6

U+

15,4686
16.570
17.021
17,672
18.039
18.489
18.673
192.324
19,657
20,024
20,091
20,15

20.041
19.8%21
19.440

DEGREES .
0.3824 FA

0.5918 M/SEC

S56.8
0.2
123.6
15647
190.1
257.3
323.8
3920.4
457 .8
924.3
9921.1
724.8

Ut

15,6635
16,628
16.949
17.828
18.318
18,260
19.365
192.568
12.636
12.501
19.298
18.470
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MEAN VELOCITY AT -185.0

Wall. SHEAR STRESS
FRICTION VELOQCITY

Y (M) V (M/SEC)
?.180
?.750
2.980

10.360

10.640

10.840

11.090

11.260

11,220

10,9240

10640

0.00170
0.00220
0.00320
0.00420Q
0.00320
0.00620
0.00819
0,01020
.01219
0,01419
0.01620

MEAN VELQCITY AT
Wall. SHEAR STRESS
FRICTION VELOCITY

Y (M) UV (M/7SEC)
?.120
?.460
2,890
10.240
1G.510
10720
10,900
10.930
10.650
10,080

0.00170
0.00220
0.00320
0.00420
Q.Q052

0.00620
0.00819
0.01020
0.01219
0.01419

Q. 37146 FA

DEGREES.,
0.3804 FaA
0.5902 M/SEC

Y+ Ut

15.555

16.320
16,9210
17,554
18.028
18.347
18.791
1%2.07%
19.011
18.537

18.02¢

5647
73.3
1066
140.0
173.3
2068464
272.9
339.9
406 .2
472.9
H39.9

LEGREES «

0.5842 M/BEC

Y+ Ut

Sbe

7:) ¢ 6)
10G.6
138.5
1715
204.5
Q7041
336.4
402.1
468, 1

15,4812
16.194
16.930
17.529
17.992
18,331
18,659
18.711
18.231

17255
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MEaAN VELOCITY AT

WALL SHEAR
FRICTION VELOCITY

Y (M)

Q.00170
0.00270
0,00370
0.00469
0.00569
0.00670
0.00770
0.00869
0.00969
0:.01169

vV (M/SEC)

85.970

?.360
10,050
10.310
10.590
10.690
10.800
10.680
10.640
10.150

MEAN VELOCITY AT

WALL

SHEAR

STRESS

"'500

DEGREES.
STRESS 0.3626 FA

0.5763 M/SEC

Y+

.

oo

J
OCDU}F.JO\J’JI
s i s M s P

282.8
315.3
380.4

Ut

-l [ l-.

R

16.b89
17.440
17.891
18.377
18,3530

18.741
18.533
18.464
17.613

0,0 IEGREES.,

0.+3309 FA

FRICTION VELOCITY 0.356469 M/SEC

Y (M)

0.00170
0.00220
0.00320
0.00420
0.00520
0.,00620
0.00719
0.00819
0,00920
0.01020
0.01120
0.01219
0.01320

V (M/SEC)

8.820
?.180
?.+660
10.070
10.2%90
10.470
10.550
10.530
10,420
10.270
?.980
?.610
?.100

Yt

L]

S4.4
70.4
102.4
134.4
198.5
220.2
262.2
294,35
32645
358.9
390.2

422,75

R JEN

U+t

15.558
164194
17.040
17.763
18,152
18,4469
18.610
18.575
18.381
18.116
17.60%5
16.932
164,052
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MEAN VELOCITY AT 3.0 IDEGREES.
WALl SHEAR STRESS 0.3428 FA
FRICTION VELQCITY 0.3603 M/SEC

Y (M) V (M/7SED Y+ U+

0.00170 8.670 93.8 15.474
QL.00230 7030 oF 1a.117
0.00320 ?.470 101.2 16902
0.00420 ?.820 132.9 17827
Q.D0%20 10.070 164.5 17973
0.00620 10.270 1961 18.330
0.0071%9 10.3460 Q27,35 18.491
0.0081¢ 10,400 259.1 18,562
0.00920 10.340 2911 18.455
0.01020 10230 322.7 18,259
Q.01L219 ?.480 385.6 17.277

MEAN VELQCITY AT  10.0 DEGREES.
WALl SHEAR STRESS  0.3259 FA
FRICTION VELQCITY 0.54463 M/SEC

Y (M) UV (M/SEC) Y+ Ut

0.00170 8.430 b2 4 15,430
0.00220 8.770 679 16052
Q.00320¢ ?,200 Y8.7 L6.839
0.00420 2540 1294 17.46462
Q.00520 9,800 160 .4 17,938
0.00620 10030 191.3 18.359
0.0071% 10160 221.8 18.594
0.00%920 10230 283.8 18.725
0.01120 10.070 J4% . 3% 18,432
0.01320 2660 407 .2 17.681
0.013519 ?,.000 468,46 16.473
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MEAN VELOCITY AT
WALL SHEAR STRESS
FRICTION VELOCITY 0.3316 M/SEC

Y (M)

0.00170
0,00220
0.00320
0.00420
0.00320
0.00620
0.00719
0.00920
0.01120
0.01320
0,01519
0.01719

V (M/7SEC)

8,200
8.420
8,930
?.230
?.520
?.750
?.980
10.180
10.240
10,070
?.770
?.370

MEAN VELOCITY AT
WAlLL SHEAR STRESS
FRICTION VELOCITY 0.3180 M/SEC

Y (M)

0.00170
0.,00220
0.00320
0.00420
0.,00820
0.00620
0.00819
0.01020
0.01219
0.01419
0.01620
0.01819

UV (M/SER)

7+920
8.090
8,520
8.880
9.230
?.420
?.790
10.020
10,130
10.070
?.930
?.750

15.0 UEGREES.,
0,3086 A

Y+ Ut
91.0 15.426
6640 15.839
P64 1 16.799

12641 17.363
156.1 17.909
186.1 18.341
215.8 18.774
27641 192.150
33642 19.263
396.2 18,943
455.9 18.379
516,90 17.627

20.0 IEGREES.

0.2930 FA

Y+ Ut
49 .7 15.291
64.3 15.619
P36 16,449

122.8 17.144
152.1 17.820
181.3 18,187
239.5 18.901
298.3 19.345
356.9 19.357
4135.0 19.442
473.8 19.210
932.0 18.824
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MEAN VELOCITY AT

Wal.L SHEAR STRESS
FRICTION VELOCITY

Y (M)

0.00170
0.00220
0.00320
000420
0.00520
0.00620
0.00719
0.00920
¢,.01120
0.01320
Q. 01620
0.019219
0.02220
0.02519
003019

MEAN
Wal.l.

Y (M)

0.00170
0.,00220
Q.Q0420
0.00480
0.00520
0.00620
0.00819
0.01020
0.01219
0.01419
0.0171¢9
0.02019
0.0231¢%
0.02619
0.03019
0.03419
0.03819

HHEAR

vV (M/SED)

74630
7.810
8,260
8.3580
8.860
P+ 050
?.270
?.600
9,800
?.980

10,070

9.980
?.740
9,420

8,930

VELOCITY AT
STRESS
FRICTION VELOCITY

UV (M/8EC)

7+470
7+640
8.360
8.420
8+3520
8.810
?.130
?e460
PebHEQ
?.840
?.980
10,030
10.020
G+ 890
2700
P:4480
9+330

28.0

0.2760 FA

NEGREES.

0.5028 M/SEC

Y+

48,3
b2 0
0.8
119.2
147 .4
.1. 7(‘) + 0
2041
261.2
318.0
374,7
459 .9
544,8
630,22
715.1
357.1

30.0
Q.2579 FA

Uit

15.176
L5534
146,429
174065
17.622
18.000
18.438
19.094
19.492
19.850
20.029
192.850
19.373
18.734
17.762

REGREES .

00,4840 M/SEC

Y+

46 + /
6044
1185.3
131.7
142.7
170.1
224.7
279.9
334.5
389 .4
471.7
G554.0
6364
718.7
828.5
?38.2
1048.0

Uit

15,371
15,721
17.202
17.326
17,531
18.128
18.787
19.466
19.877
20,248
20,536
20.638
20.618
20,350
L9959
19.464
19.198
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MEAN VELOCITY AT
WALl SHEAR STRESS
FRICTION VELOCITY

Y (M)

0.00170
0.00220
0.00320
0.00420
0.00520
0.00620
0.00819
0.01020
0.01219
0.01419
0.01719
0.02019
0,02319
0.02619
0.03019
0.03419
0.03219
0.04420

vV (M/SEC)

7.240
7,420
7.850
8.120
8.370
8.620
8.960
9.200
?.470
?.650
?.870
?.990
10.100
10.070
10,020
?.910
9.770
?.730

MEAN VELOCITY AT

WAlL.L SHEAR STRESS
FRICTION VELOCITY

Y (M)

0.00170
0.00220
0.00320
0.00420
0.00320
0.00620
0.00819
0.01020
0.01219
0.01419
0.01719
0.02019
0.02319
0.0261°9
0.03019
0.03419
0.03%919
0.04420

V (M/SEC)

7.080
7.+3%90
7.720
74980
8.310
8.440
8.760
?.030
?.230
9.400
?.610
?.840
10,000
10.070
10.180
10.150
10,130
10.0%90

35.0

LEGREES .

0.2450 FA

0.4736 M/SEC

Y-+ U+
45.5 15.286
38.8 15.877
85.6 16.574

112.3 17.144
139.1 17.672
165.8 18.200
219.0 18.918
272.8 19.424
326.0 19.994
379.5 20.374
459 .7 20.839
9540.0 21.092
620.2 21,325
700.4 21,261
807.4 214136
?14.4 20,923
1048.1 20,628
1182.1 20,3543
40.0 DEGREES.
0.239G

0.44683 M/SEC

Y+

45.0
58.2
84,6
111.1
137.5
163.9
216.6
269.7
322.3
375.2
454,35
933.9
613.2
692.5
798.3
?04.1
1036.3
1168.8

U+

15.119
15,781
16.485
17.040
17.745
18.023
18.706
19.283
19.710
20,073
20,521
21.012
21.354
21303
21.738
21.4674
21.632
21.546
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MEAN VELOCITY AT
WaLl SHEAR STRESS
FRICTION VELOCITY 0.4721 M/SEC

Y (M

0.00170
0.00220
0. 00320
Q. 00420
Q. 00520
0.00820
0,.00819
Q.01020
0.01219
0.01419
0.01719
0.0201°9
0.02319
0,02619
0L, 03019
0.03419
0.03919
0.04420
0.03219

V (M/SED)

7210
7510
7.810
8.050
8.3%90
8,350
8.810
®.110
9,280
?.420
Y.610
?.770
?.910
10.040
104150
10240
10260
10.2%0
24,9250

MEAN VELOCITY AT

WALL.

FRICTION VELOCITY

Y (M)

0.00170

0.00320
0.00420
0.00520
0.00820
0.00819
0.01020
0.01219
0.01419
0.,01620
0.01919
0.02220
0.02519
0.0291¢%
0.03319
0.03819
0.04320
0.05320

VO (M/SED)

7.+390
7690
8.030
8,250
8.470
8,480
B.960
?.200
?.400
?.520
P.590
?.+730
?.910
?.950
10,070
10,180
2.280
10.240
10,130

4%.0 DEGREES.

0.2434 A

Y+

45.3
1 R
85.3
1120
138.4
165.3
218.3
271.9
725.0
378.3
458 . %
S338.3
418,22
698.2
804.9
PLL.G
1044.8
1178.4
1578.0

Ut

15.271
15.904
16,3541
17.1349
17.770
18,109
18,459
19.295
192.655
192.951
20.354
20.4693
20.989
21,265
21,498
21.4688
21.730
21794
21,074

0.0 DEGREES.

SHEAR STRESS 00,2041 FA

0.4824 M/SEC

Y+

46,3

99.9

B7.2
114.4
141 .6
168.9
223.1
277.8
332.0
386,59
441.2
S22.7
604.,7
6861
793.1
?04,0
1040.2
117646
1449.0

v 4

15,320
15,942
16,647
17.103
17.559
17.994
18.575
19.072
19.487
19.736
19.881
20,171
20.544
20,627
20,876
21,104

4.727
21.228

21,000



3.3 Reynolds Stresses

SCAN ANGLE

Y/YMAX u
0.144 1.847
0.240 1.714
0.336 1.532
0.433 1.395
0.529 1.273
0.623 1.148
0.721 1.114
0.818 1.080
0.914 1.097
1.010 1.096
1.107 1.115
1,203 1.134

SCAN ANGLE

Y/YMAX U
0.113 1.837
0.186 1.489
0.260 1.312
0.333 1.402
0.406 1.294
0.479 1.236
0.3553 1.160
0.626 1.127
0.699 1,100
0.772 1.064
0.8464 1.046
0.919 1.052
0.992 1.088
1,045 1.087
1.138 1.103
1,212 1,182

30

1,027
0.976
0.989
0.269
0.929
0.888
0.884
0.881
0.828
0.854
0.858
0.870

1.009
0.884
0.974
0.910
0.853
0.853
0.836
0.816
0.827
0.803
0.828
0.828
0.818
0.841
0.880
0.859

35

W

1.312
1.324
1.274
1.15%
1.042
0.986
0.925
0.200
0.849
0.871
0.860
0.864

W

1.559
1.316
1.316
1.138
1.03%
Q0.947
0.929
0.848
0.815
0.828
0.846
0.822
0.7949
0.835
0.871
0.851

uv

0.774
0.682
0.3548
0.414
0.298
0.176
0.110
0.042
-0.008
~0.032
-0.054
”00060

uv

0.78%5
0.617
0.492
0.405
0.276
0.203
0.149
0,102
0.060
0.027
0.014
“00017
~0.0460
=Q4+100
~0.142
~0.186

uuw

—00238
-0.201
"00150
“00090
~0.033
0.026
0.087
0.112
0.124
0.148
0.153
0.134

UuW

~(+400
~0.320
=)+ 263
~+1935
”0015“
~0.10%5
-0.044
~Q.024
0.003
0.012
0.021
0.013
0.021
0.013
0,019
~-0.003

Vi

-394
~-0.431
~Q+279
~0+236
-Q.222
~0.,162
=0.042
“04089
“09040
“00034

0.014

0.018

Vil

=-0,353
~Q.426
=0 287
~Q.237
“001?1
~0.112
~-0.147
~0+170
=Q0.682
~0+101
~Q.057
Qs 001
=007
=026
-0.015

0.010

Q

3.377
2.821
2:474
2,109
1.785
1.543
1.439
1.375
1.305
1.347
1.359

1.395

Q

3.412
2,683
2.482
20067
1.737
1.576
1454
1.328
1.279
1.231
1.248
14234
1.245
1,393
1,375
1.390



SCAN ANGLE

Y/ YMAX

0.144
Q.24Q
0.3356
0.433
0.529
0.625
0.721
0.818
0.9214
1.010
1.107
1.203

l

1.867
1,732
1.614
1.524
1.546
1.4824
1.431
1.340
1.298
1,223

SCAN ANGLE

Y/YHMAX

0.182
0.272
0341
0.451
0.340
0.H29
0,719
0.808
0,898
0.987
1.076
1166

U

1.903
1.912
1.89646
1.880
1.879
1.829
1.843
1.812
1.778
Le723
1890

L3574

40

v

0.9357
0.881
0.902
0.970
0.814
0.830
0.816
0.859
0.826
0.816
0.820
Q.840

35

Y

1.027
0.893
0.884
0.878
0,791
0.878
0.855
0.809
0,812
0.843
1.006
0.9212

W

1.533
1.402
1.284
1,195
1,009
0.964
0.897
0.892
0.799
0.803
0.7335
0.786

W

1.533
1.424
1,343
1,263
1.097
1.086
0.%48
0.932
0.834
0.788
0.9248
0.835

36

yv

0.762
0.5%94
0.488
0.405
0.336
0.295
0.214
0.207
0.1469
0.099
0.044
0.009

v

00662
0.655
0.576
0.526
0.486
0.456
04487
0.442
0.378
0.406
0.3564
0,313

U

~0.539
-0.477
~Q0.401
~0.333
-0.314
=294
~0.260
”00215
“00174
~Q0.120
~0.094
=0.074

LW

~0. 602
"'O L3 6?!
=0+650
~Q+611
=0+ 6035
-0.,5351
-0 578
~0.504
~0. 557
~0.+4865
~Q. 425
=Q0.371

VW

-0 +305
-Q.154
“00278
~0.174
~Q+293
“00253
~0.232
”00118
~-0.178
~0.103
~0.141

Vi

-0.148
~Q.217
”00311
-0.464
”00305
~0.+339
=0+ 306
-0, 289
~Q 312
~0+370
“0¢134

8]

3.376
2.534
24346
2.03%
1.9210
L.759
1.692
1.503
1.403
1.292
1274

Q

3.514
3,240
3.117
2.950
2679
2.4647
2,912
2,402
2,258
24150
2246
2,003



SCAN ANGLE

Y/ZYMAX

0.230
0.318
0.403
0.492
0.579
0.667
0.754
0.841
0.928
1.016
1.103
1.190

u

2.019
2.065
2.107
2.135
2.142
2.168
2.188
2.187
2.129
2,110
2.040
1.983

SCAN ANGLE

Y/YMAX

0.290
0.373
0,457
0.541
0,625
0.709
0,793
0.876
0.960
1,044
1,128
1.212

SCAN ANGILE

Y/ YMAX

0.360
0,433
0.505
0.377
0.849
0,721
0.793
0.866
0.938
1,010
1.082
1,154

u

2,353
2,430
2,469
2.489
2,518
2,539

2.555

+ 375
2.548
2,548
k.déo
2,538

30

1.006
0.934
0.944
0.879
0.976
0.924
0.850
0.925
1.032
0.989
1.072
1.077

25

v

0.979
0.951
0.990
0.948
0.988
0.979
1.079
1.093
1,183
1,183
1,166
1.232

20
v

1.064
1,015
1.030
1.039
1,011
0.998
1,031
1,025
1.147
1,100
1,148
1,137

W

1.468
1.398
1.316
1,335
10266
L +203
1.108
1.072
1.055
0.980
1.053
0.983

W

1.431
14400
1.399
1.350
1+270
1.274
1,292
1,264
1.2

1.201
1.198
1.111

W

1.486
1.467
1.429
1.443
1.400
1.375
1,422
1,352
1.379
1,362
1.329
1.334

37

uv

0.651
0.631
0.584
D626
0.661
00639
0.666
0.649
0.636
0.3589
0.590
0.532

Uy

Q.620
0665
0.672
0.733
0.731
0.723
0.785
0.818
0,808
0,765
0.751
0.714

uy

0.715
0.720
0.754
0.739
0.767
0.843
0.775
0.793
0.793
0.780
0.849
0.801

Uw

-0.699
~0.799
~-0.,884
“00988
~0.948
~Q0.9227
-0.982
“00986
~0.910
~-0.958
-0.885
M00772

uu

”00991
~1e139
-1.231
~1 328
~1.376
“10427
=1 .497
“10542
“10490
”10456
~1.400
“10314

Ul

~1.446
“lo J?
“10692
~1.798
-1.822
“10967
-2.054
~1.997
~1.982
~-1.961
_l.9LL
-1.883

VW

“00350
~0.447
-0 .383
-0.315
-0.270
*00617
~0.+46%51
—0.571
“00495
=0+657
~0.,463
~0.399

Vi

=0 421
—0.487

« 388

O.Db

~0.6462
~0,771
~0.624
~Q.362
~0.713
~0.?78
=793
-0, 938

Vi

-0.479
~0.+4601
”'0 * 590
~0.731
~1.,149%
“00934
~1.,094
-1.122
“00922
“10161
~1.,007
~1,2035

Q

3.612
3.5495
30431
3,596
3.572
3.502
3,370
3.3%94
3,355
3.196
3.210
3.031

Q

3,943
3.988
4.086
4,130
4,191
4.203
44,376
4,393
4,423
4,319
4,283
4.194

Q

4,438
4,544
4.600
4.677
4,662
4.718
4,806
4,755
4,879
4.778
4,819
4,755



SCAN ANGIL.E

Y/YMAX

0.439
0.508
0576
0.4645
0.713
0.781
0.830
0.?218
0.987
1055
1.124
1.192

U

2.458
2.473
2463
2.481
2.494
2.497
2.507
2.303
2.528
2.534
2.540
2.567

SCAN ANGLE

Y/YMAX

0.517
0.575
0.632
0.690
0.747
0.805
0.B62
0.9220
0.977
1,035
1,092
1.150

u

2,348
2.371
2388
2.411
2.394
2405
2.415
2:414
20422
2.433
24435
2,448

SCAN ANGLE

Y/ YMAX

Q377
0.4628
0.680
0.731
0.782
0.834
0.883
0.936
0.988
1.039
1.090
1.142

U

2:.397
2.389
2.424
2.429
2.442
2,442
2.450
24455
2.453
24460
24450

24435

1S
V

0.9293
0.957
1.052
1.017
1.026
1.006
1o065
14064
1.048
1.081
1.053
1.082

10
v

0.974
1070
0.982
0.963
0977
0.991
0.981
0.974
1.028
0.954
1042
0.992

.o

w4

V

1.057
1093
1,013
1.090
1.102
1.063
1.0356
1,023
1.118
1.044
1.027
1.072

W

1.496
1.488

W

1.588
1.589
1.592
15863
L.4604
1558
1507
1549
1.524
L.547
L5546
1.516

W

1.786
1764
1.788
1.770
1.728
1.776
1779
1.736
1.805
1.737
1.718
1.791

38

uv

0.714
0.742
Oe733
0.726
0.714
0.750
0.808
0.738
0.711
0.702
0.675
0.708

LV

0.668
0.743
0.65%
0.+640
0.639
00608
0.+632
0.607
0.573
0.537
0.571
0.541

1V

0.%544
0.574
0.508
0.488
0.583
0.4468
0.451
0.440
0.481
0.404
0.361
0.318

uw

-1.868
*1095?
=2 135
~2+165
"90214
“20279
“20333
~2.391
~2.462
“&o407
~2.384

“20352

Uu

~R2.287
~2:352
“20460
=2 565
2637
“10647
~2.637
~2:713
~2.713
~2.764
-2+ 737
~2.741

UW

~2.803
”20876
~3.046
~3,090
~3.103
~3.240
~3+313
~3.289
~3.431
~3.331
-3.,282
"30313

VW

~0.811
“00795
“Ooéél
~1.045
~1.101
~1 477
=1.121
~1.473
“10342
~1+310
~1+392
=1.091

uW

=978
=0 797
~1.057
~1+023
~1+134
~1+177
~1.489

b 408

~1.35%5
=1 .422
~1.412
=1 .24%

-1 4317

Vi

~1+278
“”0242
-1.243
”10578
-0 .B46O
~1+472
~1.+1%4
-1.329
=1.062
~1+407
14163

-1 .822

Q

4,633
4,632
4,743
4,764
4,724
4,689
4.800
4.831
4.876
4.832
4,809
4,856

Q

4,340
40647
4,601
4,592
4,628
4,597
4,533
4,588
4,423
4,619
4,702
4,687

Q

5027
5.008
5,049
4112
G081
G128
G141
G.044
5263
G5.080
S5+004
Se145



SCAN ANGLE

Y/YHMAX

0.
0.
0.
+ 760
+813
0.
0.
0.
+ 027
+ 080
+133
1.

0
0

1
1
1

600
693
706

867
P20
73

187

u

2.141
2,161
2.174
2.167
2,188
?.179

+121
h.?01
2.198
2.210
2,196
2.180

SCAN ANGIL.E

Y/YMAX

0577

0.
+ 4680
0.
0.
0.
0.
1236
0.
+ 039
+ 090

0

0

1
1

628

731
782
834
885

288

1.142

u

1.946
1.978

258
2,000
2,003
2.011
2,010
2.020
2.011
2.012
2,034
2,008

SCAN ANGIL.E

Y/YMAX

0.517
0.975

0.
0.
0.
0.
0.
0.
0.
035
092

1
1

632
690
747
805
862
220
977

1.150

U

1.834
1.837
1.859
1.866
1.887
1.9200
1.907
1.919
1,925
1.908
1.912
1.907

0
v

1.036
0.963
1.003
1.019
0.983
1.097
1.005
1.039
1.004
0.987
0.992
1.072

v

0.970
0.240
0.963
0.973
0.930
0.9256
0.974
0.928
1,025
1.027
0.935
0.986

10

v

0.938
0.933
0.976
1.003
1.045
1.038
1,038
1.022
14026
1.028
0.981
0.997

W

1.796
1.734
1.771
1.780
1.763
1.786
1.783
1797
1.830
1.736
1.787
1.825

W

1.734
1.715
1.712
1L.707
1.705
14732
] 798
1.714
1.754
1.777
147467
1.787

W

1.6864
1.698
1.710
1.690
1.735
1.756
1.729
L.6921
1.678
729
1.733
1755

39

uv

0.419
0.306
0.317
Q317
0.213
0.257
0.144
0.1468
0.074
0.003
0.016
-0.021

uv

0.277

0.222

Lo Ne &

00 l Ja..
00 1(‘)8
0.070
0.008
=-0.06%
’"00098
=0.0%57
~0.193
=~0+205
—~0.265

UV

0.2922
0.212
0,195
0.039
=0.001
~-0.121
=0.173
~Q.277
=0.304
~-0.+.392
~0.+433
-~0.508

UwW

~-2.517
~2.966
~2.710
~2.816
~2.874
~2.924
'_:‘_ + 969
~3.087
~3.109
=2.920
~2.9229
~2.9866

Uw

"2.018
+148
2.204
~2.:314
~2.403
~2.487
~2.573
2,529
~2.590
2,624
~2.4618
~2.568

LW

-1.598
~1L.697
~1.855
=1.932
....") ] ()")
..2]]
D2 21 8
-2.,188
"2.226
229
.M4

—7 162

Vi

"00851
-1.096
-0.788
~0773
-0+ 740
,_.o 8I..l..
~0.945
-0.384

0.500
“0.931
~1.112
~0.487

Vi

Qs 70(‘.)
~Q,731
~0.608
=0, 870
=0.330
~0.836
~0.728
~Q.357
~0.3550
=-0.4624
~Q.707

Vi

’“'0 . 302
~0.608
~0.343
~0.622
=0.217
~0.323
-0.444
~Q0.424
~-0.487
~0.525
~0.+462
~-0.239

R

4,462
4,303
4,435
4,451
4.431
4.570
4,494
4,578
4,594
4,437
4. 501
4.617

Q

3.86468
3.868
3.847
3.230
3.210
3.978
4.028
3.9239
4,087
4,132
4,067
4,099

R

3.341
3.582
3,667
672
3.833
3.886
3.851
3.794
3.787
3.844
3.811
3.855



SCAN ANGLE

Y/ YMAX

Q.A439
0.508
OETA
0.645
0.713
0.781
0.850
0,918
0.987
L.055
1.124
L1192

t

1.707
1.709
1717
1.733
1.768
1.779
1.7%94
1.817
1.806
1.808
1.779
1769

S5CAN ANGLE

Y/YMAX

0.3460
0.433
0.35035
0.577
0.649
0.721
0.793
0.866
0.938
1.010
1.082
L.154

L

1.618
1632
14620
1625
1.46%
] 0({)77
1.4%23
1.707
1732
1.724
1690
1+681

SCAN ANGLE

Y/YMAX

0.290
0.373
0. 4'7
0.541
0.4625
0.709
Q.793
0.8764
0.960
1.044
1.128

1,212

LU

1.623
1602
1.3581
15658
1.559
14600
1.593
14645
1.610
1.618
1.616
1.578

0.9213
0.927
0.948
0,950
1,002
0.993
Q.979
0.926%5
1.008
1+020
1.014
1.004

20
v

0.878
0.929
0.963
0.946
0.992
Q.990
1059
0.982
1.048
1.059
1.080

0.940
0.898
0,945
0.940
0.973
0.968
1.026
0.944
1.03%9
1.047
1.049
1.035

W

15489
1.4608
1.38%
1.4a17
1.407
1,580
L.597
1,588
1,602
L6168
1.625
1.588

W

1.449
1+440
1.474
L5111

15135

1S0%
l G521

1810
1.526
1,534
1.3512
1.480

W

L+ 394
1.393
1.404
1,392
1.448
1.379
1.+321
1+363
1.373
1.356
1.347
1.307

40

v

0,351
0,240
Q.157
0.044
~0.063
“Q. 127
=0 270
~()+ 319
() 429
“0+ 503
~Q0+577
-~ 626

Uy

0.474
0 L ‘(x.h.
0.279
0.138
0.094
«Q0 . 054
~0.176
=0+ 320
=0+ 402
~0.,518
=0 620
~0.683

uv

0.4613
0.49%
0,440
0.270
0.127
=0.032
=0+ 124
"”00:)\.
~0.382
=0,494
~0.897
~0.634

Ul

*().94.";
-1 ..‘i’?
“" 0\59\‘3
-1+ 558
-1.628

- 1 + /)F.)..\.!

~1.814
~1.803
=~L+760
“1.707
~1.545

WY

~Q.512
~0.678
~Q0.817
~Q.9282
=1.143
=1 239
=1+ 335
~1+394
=1+ A54
=1 +436
=1 +340

..J."))'

A K% A

UW

=0+307
=0, 449
=Q.3550
=0+ 650
~0.811
=0+ 936
'~O 0994
~1.009
-0 + 934
~0.860
~0.696

Vi

-0, 399
~0.174
~-0,356
=0+ 434
~0.,268
=0.273
~0,380
~Q+179
~Q.083
~0.180
= 1""?
- 0 o;. X I.

Vil

-0 +311
~Q,143
~0.181
-0 289
Q152
~Q.241
~0+230
-0+ 154
~0,078
~Q.016
=223
-0.+328

Vi

=Q0+141
~0.148
~0.101

~Q 222
“‘0 + \51\.
~Q237
"“0 ® 08\‘{)
~Q.173
~0.088

0.061

0.067
=0.026

Q

3.105
3.183
3,199
3 05
5 355

¢ 322
30363
3,378
3,423
J.461
3.414
3.330

Q

2743
24770
’08?9
927
2.983
3,030
J3.079
3,158
3.147
3,212
3,132
3.090

Q

2734
A3 + ()57
2.682
2.654

2.736
2699
2.762
2727
2779
2e77%
24763
2635



SCAN ANGLE

Y/YMAX

+ 230
0.318
0.405
0.492
0.579
0.667
0.754
0.841
0.928
1.016
1,103
1,190

u

1.729
1.694
1.626
1.613
1.548
1.3564
1.95

1.564

1 + '35"1

10 ()0
1.533
1.510

SCAN ANGLE

Y/YMAX

0.182
0.272
0.361
0.451
0.540
0.629
0.719
0.808
0.898
0.987
1.076
1.166

U

1771
1.723
1.642
1.603
1.606
1.329
1521
1.480
1.467
1.424
1.414
1.390

SCAN ANGLE

Y/YMAX

0.144
0.240
0.336
0.433
0.529
0.625
0.721
0.818
0.914

1.010-

1.107
14203

U

1.830
1.750
1.681
1,607
1.540
1.509
1.437
1,403
1.386
1.+350
1.318
1,303

30
vV

0.888
0.849
0.8924
0.902
0.+92635
0.983
1.037
1.058
1.071
1.+060
1.143
1.171

v

0.201
0.917
0.979
0.946
0.946
14023
1.000
1 042

066
l 104
1.091
1.133

40
v

0.933
0.949
0.865
0.946
0.984
0,962
1.028
1.016
0,998
1,008
1,025
1.026

W

1.314
1.315
1.303
1.308
1.337
1.329
1.383
1.328
1.334
1,280
1.261
1.262

W

1262
1.274
1.317
1,288
1253

1.304
Lo..JO
1,223

o roy
..OA-=~J

1.216
1.168
1.216

W

1.313
1.289
1.194
:I.QQOJ
1.?0
:I-bi
1.2
1.]70
1.118
1.133
1+132
1,127

41

Ly

0.700
0.642
0.533
0.417
0.302
0.167
0.023
-0+ 149
~0,257
-0 365
=) 504
~0.578

Uy

0.739
0.744
0.644
0.3568
0.489
0.330
0.170
0.049
=009
~0.208
=0+270

uv

0.787
0.740
0.734
0.678
0575
0.425
0,292
0.135
0,025
=0+006
~Q.073
-0.+04%

Ul

~0.210
“00276
=-0.377
~0+431
-0.547
'"‘O L 588
~0.,706
=099
-0 .4689
-0.596
““O + 479
~0.372

uw

~Q.111
~0.163
~-0. 184
*0.?J"

0.279
""0 + \5"9
“0 * ‘593

0.356
WO.J35
-0 255
=Q.122

-0+ 028

UW

0.059
0.061
0.052
0.037
~Q 041
~-0.,038
”"0 ) ]04
~0.0764
~0+003
0.067
ND.174
0.280

Vi

=0 257
"‘O * \5\56
~Q.115
=0.321
~0.308
~0+270
~-0.091
=0+ 0%0
~0.032

0.05%
~0.058

0.064

vy

""0 » .\)l:
"‘O * 303
~0+233
~0.+158
~0s119
~0.134
=0+ 060
=0, 149
=0.043
0.045
0.075
0125

Vi

-0+ 256
~Q0+144
~0.204
~-0.039
0.03%
~0.048
0.050
0.030
0.065
0.1 & @
0.140
0.171

8!

2.752
2:.660
2.570
') l-. 6")
A‘.. + \.189
2.589
2694
24665
2.672
24597
24623
24621

Q

Lo/70
2e716
2.695
: + J()(‘)

) l“"') )

A..\, v A

~ L \.144
2.438
2.391
2+ 369
20362
2,274
2347

Q

2.970
2.813
2+5300
2.465
Ao59’
A» [ 264

24304
24185
2.084
24061
2,035
2011
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4. AXIAL DISTANCE TO BLOCKAGE 5.1 m

4,1 Mall Shear Stress Variation

““8500
“"7002
~535.0
"“3909
"‘2501
““909
4,9
20.0
34.9
S50.0
&$4.8
80.0

ATR DENSITY 1.085 KG/M¥%3
RINEMATIC VISCOSITY 1.786E~05 MXXx2/8EC

AVERAGE WALL SHEAR STRESS 0.2807 A

ANGLE ANII TW(THETA)

0.184 ~80.1 0.206 ~73.1
0.272 ~64.9 0.293 ~&60,0
0.344 ~50.1 0.359 ~45, 1
0.379 ~35. 0.375 ~30.0
0,355 ~20.1 0337 ~19.2
0.299 =50 0.289 0.0
0.263 2.8 0.255 15.1
0.+250 25.0 0255 29.9
0.250 39.8 0.247 45,0
0.268 94.9 0.272 59,9
0.259 7041 0.236 7340
0.171 ’

4.2 Mean Velocity Profiles

MEAN VELOCITY AT -50.0 DEGREES.
WALl SHEAR STRESS  0.3399 FA
FRICTION VELOCITY 0.5756 M/SEC

Y (M) vV (M/SED) Y+ o Ut
0.00170 ?.+130 54.8 19.861
0.00220 ?.+200 70.9 1%.983
0.00320 ?+640 103.1 16.+749
0.00420 10,050 135.4 17460
0.00320 10,320 1676 17929
0.00620 10.630 169.8 18.4647
0.00820 11,050 264.3 19.197
0.01020 11.370 328.7 19.7353
0.01220 114690 393.2 20.309
0.01520 12,000 489 .9 20.848
0.01820 12260 G86.6 21,299
0.02120 12.480 683.3 21,681
0.02420 12.520 779.9 2175
0.02819 12,610 ?08.5 21.907
0.03220 12,390 1037.8 21.873
0.03620 12.540 116647 21.786

0.05120 12.170 1650.1 21.143

0240
0.309
0+369
0347
0323
0275
0252
Q252
0.206
0.268
0.212



MEAN
Wil L.

Y oM

G Q0170
0.00”20

0 oom \)
Q.00520
Q. Q0820
5.0081¢
Q01020
Q.0121%
O.01519
0.01819
0,02120
D 02419
O.0881¢
0 DE220
G QX720
004219
QL0471
0.0821%

MEAN
WAl

Y (M)

0.00170
000220
0.00320

0.00420
0.00520
0.00719
0.+.00920
0.01120
0.01320
0.01620
0.01919
0.02319
0.02720
0.03119
0.03620
0.04120
0.05619

44

VELOCTITY AT

SHEAR STRESS
FRICTION VELOUITY

VoO(MABED)

10»199
10, %4

10.82 \)
11,250
11:630
11.880
12,220
132480
12700
12.840
13,880
12,950
12950
L2840
124630

L1530

VELOCITY AT
SHEAR

Vo (M/SED)

®.4350

9. 300

@760
10.280
10.540
11.090
11390
11750
12,020
12.370
12,590
12.840
13,000
13.090
13.090
13.000
12,260

~ 45, 0

=40, 0
STRESS
FRIGCTION VELQCITY

0. 34

DEGREES .
70 A

0. HRIR M/SEC

Y+

[
Ao )

7.8
1045
137, 1
149.8
2OD L
A-); \{.\ 1/ * 4
J333.1
3981
4960
594.0
\‘\ PR3

78 .9
G200

1081 G
12147
V3777
1540.9
2030 .8

0.+85909

Y+

b2

72.8
1L0%.9
139.0
172.0
237 .9
304.4
3706
4—‘() + ‘"

(‘.')54 Q9
76743
899 .9
1032.0
LL97.7
13631
1859.1

DEGREE
0.3789 PA

Ut

LS ePAA
LSH.2132
16924
17,473
18,073
lth\J\ "
LR290
19542
20.370
20 ‘7\1‘3
'\] (\\?
’Ie/?é
ey (\l

22
22.08%
22208
DR2,205
A2VLSE
216546

L9770

ES.

SEC

U+

15,992
15738
16517
17397
17.837
18.767
19.275
19.884
20,341
20.934
21,3064
2L.729
22.000

22,182

e Xa o
'.34?. + I.r.h.).

22,000
20.747
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MEAN VELOCITY AT -35.0 IDEGREES.
WALL SHEAR STRESS 0.3750 FPA
FRICTION VELOCITY 0.,587% M/SEC

Y (M) V (M/SED) Y+ Ut

0.00170 2,200 6.0 15,649
0.00270 ?. 450 88.9 14,074
0.00370 9830 1215 Lo 720
0. 00469 10.230 154.4 17+.401
0.005469 10.500 187.3 17.860
0.00770 10,260 253.5 18.4642
0.00969 11.35 319.0 19.306
0.01169 11.650 384.8 12.816
0.01370 11.880 451 .0 20207
0.01669 12150 549 .4 20,666

0.01969
0.02369
002769
0.03149
0.04669

MEAN VELOCITY AT -30.0
SHEAR
FRICTION VELOCITY

Wall.

Y (M)

12,370
12,590
12.700
12,730
12,480

V (M/SED)

STRE

58

648,11
779.8
L1.G
1043.2
15336.9

21.041
21.415
2L .6502
21.653
21, 22¢

HEGREES .
0.3672 PA

0.5817 M/SEC

Y+

U+t

0.00170 8,930 3% .4 15,351
0.00270 ?.150 87.9 15.729
0.00370 ?.640 120.5 16572
0.00469 10.010 152.8 17.208
0.00569 10.210 185.3 17.352
0.00770 10.760 250.8 18.497
0.00969 11.070 315.6 19.030
0.01169 11.370 380.8 19.546
0.01469 11.670 478,35 20.061
0.01749 11.920 G976 42 20.491
0.02049 12.050 673.9 20.715
002369 12,150 77146 20.887
0,02669 12,170 869.3 20.921

0.0366%

11.940

1195.0



MEAN VELQCITY AT -28,0
SHEAR STRE
FRICTION VELOCITY

Wal.l.

YoM

0.00170
0. 00270
0000370
Q. 0044
Q. ()()Ln‘)‘}’
0LD0HF0
Q. 00869
0.01”/0
Q1 “4
(‘#I\II HHQ
0.018469
Q. 02169
0.02470
D.02946%

MEAN
WALL
FRIC

Y (M

Q. 00170
0. 00220
0.00320
000420
0.00520
D.00620
0.00819
0.01020
Q.01219
0.01419
0.01620
0.01819
002220

¥V O(MsBED)

8.750
?.100
?¢‘“0

cB70
10«1?0
10410
1O 800
L1090
L1250
L1450
11,490
L1.4%0
L1330
11010

VELOTITY AT
SHEAR STRESS
TIDN VELOCITY

VO(M/SED)

8.3 ‘\)
8. 6/()
?.100
2420
2830
104100
10,450
10.710
10740
10.840
10.820
10690
10.320

ERER

LEGREES
Q.3580 FA
0.5720 M/SEC

Y+ Ut

4.4 15.297
3 o G 15.909
o %) L6765
l“OeQ 17255
‘ ti AL e .\.. l 7 13 }.} T }
2144 18,199
18.881
X427 19388
406 4 19667
G025 20,017
G598, 4 20.087
20,017
198307
19,248

:\/\;6\..

G509

=20.0 DEGREES.
0.3371 FA
0.5574 M/SEC

Y+ Ut

3.l 185387
687 15,554
P99 164326
1311 169200

1623 1748635
193.G 18,120
208 4 18,748

318.3
380.4
442,9
0% b

19.214
19.304
19.447
19.411
192.178
6929 18,514
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MEAN VELOCITY AT

Wal.L SHEAR

STRESS

~1%.0 DEGREES.
0+3222 FaA

FRICTION VELOCITY 0.35449 M/SEC

Y (M)

0.00170
0.00220
0.00320
0.00420
0. 00520
0.00620
0.0081%
0.01020
0,01219
0.01419
0.01620

V (M/7SED)

8.260
8.480
8.880
2.280
7570
2.800
10.100
10.210
10260
10.100
?.830

MEAN VELOCITY AT

Wall.

Y (M)

0.00170
0.,00220
0.00320
0.00420
0.00520
0.004620
0,00819
0.,01020
0.,01219
0.01419

SHEAR STRESS
FRICTION VELOQCITY

V (M/BEC)

B.020
B.150
8.5640
?.000
?.250
9450
P, 690
?.730
?.540
?.050

Y+

51 .9
&7 41
(7)/0\‘{)
128.1
158.7
189.2
249,.9
311.2
371 .9
432.9
494 .3

=100

U4

15.158
15.562
16296
17.030
17,562
17.984
18,535
18.737
18.829
18,535
18,039

DEGREES .
0.2988 Pn

0.5247 M/SEC

Y+

40,9
b4+ b
4.0
123.4
152.8
182.2
240.6
299 .7
358.1
416.9

15284
15.532
16,465
17.152
17628
18,009
18.46464
18.543
18,181
17247



MEAN VELDCITY AT

WALL

SHEAR

STRESS

FRICTION VELOCITY

Y M)

0.00170
Q.00220
0.00320
0.00420
Q. 00320
0.004620
0.00719
0.00819
0.00920
0.01020
0.0121%

MEAN
Wal.l.
FRIG

Y (M)
Q00170
G Q0220
0.00320
0.00420
000520
0. 00620
0.0071%
D.00819
G Q0920
001020
001120
Q.01219

v

(M/SEC)

7750

+280
qe??O
8,690
S 30
?.180
9. 280
?.300
9,300
?.180
8.730

VELQCITY AT

SHEAR
TION

U

HSTRIESS
VELQCITY

(M/78ED)

7 H10
7.810
8,100
8.370
28.4690
8.880
8,930
8.950
8.880
8.690
8.430
8,180

-
~ e

NEGREES.
0.2894 FA
0.53165 M/8EC

Y+ U+
49,2 15
63. 6 15
2¢O

Q06
+ 451
L0352

. L)
lr).l. od I()OS:Z()

150, 4 17,484

179.3 177275
207.9 17.969

236.8
265640
295.0

52,8

18.007
18.007
L7e775
16.942

0,0  DEGREES
0¢P74“ Fﬁ

-

Y+ Y+
'470 (?
H2.0
Q0.2

118.4

Laé .5

174,7

202,46

230.9

2E9 .3

287.4

X1G.6

343,75

14.921
15.517
16093
164630
172865

174.643
17.742
17.782
174643

17,265

164749
164193
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MEAN VELOCITY AT
WALL SHEAR STRESS
FRICTION VEILLOCITY

5.0 JTEGREES.
0.2625 FA
0.4919 M/SEC

Y (M) V (M/SEC) Y-+ Ut
0.00170 7.+.330 46.8 14.902
0.00220 7+310 6046 15,268
0.00320 7.+9350 88.1 16,162
0.00420 8.240 115.7 16.782
0.00520 8,910 143.2 17.301
0.00620 8.670 170.8 17.626
0.0071% 8.820 198.0 17.931
0.00819 8.800 22546 17.891
0.009220 8.750 253. 4 17.789
0.01020 8.690 280.9 L7667
0.01219 8,150 33G.7 146569

MEAN VELOCITY AT
WAll. SHEAR STRESS

FRICTION VELOCITY

Y (M) UV (M/SEC)
0.00170 7200
0.00220 7.420
0.00320 7.810
0.00420 8.1350
0.00520 8.400
0.00620 8.590
0.00719 8.750
0.00920 8.850
0.01120 8.690
0.01320 8.290
0.01519 7.810

10.0

DEGREES ,
0.2544 FA

0.4842 M/SEC

Y4

4641
S99.6
B86.8
113.9
141 .0
1468.1
194.9
249 .4
303.7
357.9
411.8

vt

14,8649
15.323
16, 12€
14.831
17.347
17.739
18.070
18.276
17.92464
17.120
16,128



MEAN

Y (M)
0.00170

0.00320
0.00420
0.00520
0. 00620
0,00719
0.00920
0.01120
0,01320
0.01519
D0L71Y

VELLOCITY AT
Wal.l. SHEAR
FRICTION VELOCITY

(M/SEC)

7170
7360
74750
8.040
8.2460
8,510
8.720
8.930
2000
#.8350
8,990

8,260

MEAN VELOCITY

WALl SHEAR STRESHS
FRICTION VELOCITY

Y (M)

0.00170
G, 00220
0.00320
0.00420
0., 00520
0, 00620
0.00819
0. 01020
0.01219
0.01419
0,01620
0.02120

(M/GED)

7170
7390
7490
8,040
8.290
8.510
8.820
?.0850
®.180
?.130
@, 050

8,560

15.0

STRESS

20.0

DEGREES .
0.2520 PA

0.4819 M/SED

Y+

45,9
992.4
B846.3
113.3
140.3
167.3
194,0
248.3

L I )

J02.2

A0 9
44639

v+

14.877
15.272
16.081
16.683
174139
17.658
18.094
18,529
18.6735
18.363
17.824
17,139

DEGREES .

0.2504 A

0,4804 M/SED

Y-+

857
G
8461
113.0
139.9
166«8
220.3
2748, 4
327.9
381.7
435, 8
H570.3

Ve

14.925
1%H.383
16.007
16,736
174256
17,714
18,359
18,838
19,109
19.00%
18.838
17.818



51

MEAN VELOCITY AT
WALL SHEAR STRESS
FRICTION VELOCITY

Y (M)

0.00170
0.00220
0.00320
0.00420
0.00320
0.00620
0.00719
0.00920
0.01120
0.0132

0.01519
0.01719
0.01919
0.02220
0.02919

V (M/78EDC)

7+170
7.+380
7. 750
8.040
8.260
8,480
8.470
8,900
?.+130
? . 330
?.400
2450
?.400
9.300
8.850

MEAN VELLOCITY AT

WALL.

SHEAR STRESS

FRICTION VEL.OCITY

Y (M)

0.00170
0.00220
0.00320
0.00420
0.00520
0.0071%
0.00920
0.01120
0.,01320
0,0151%
0.01819
0.02120
0.02419
0.,02720
0.03019
0.04019

Vv (M/SED)

7.140
74+360
746490
8.040
8.210
8.530
8.880
?.150
?.330
?.470
?.610
?.660
?.610
?.3540
?.450
?.230

30.0

2540

DEGREES.
0.2545 FA

0.4843 M/8EC

Y+

46) + .I.

9947

B6.8
1139
141.0
168.1
19%5.0
249.5
303.7
358,.0
411.9
464, 2
G920.4
602.0
79146

Gt

14,804
15.238
16,002
16.+600
17,055
17.309
17901
18.37&
18.851
19.264
19.408
19,512
19.408
19,202
18.273

DEGREES .
0.2320 A

0.4819 M/SEC

Y4

45,9
59.4
86.3
113.3
140.3
194.0
248.3
302.2
358642
409.9
490.8
37241
AO2.7
734,0
814.7
1084.5

Ut

14.815
16.272
15.956
16,683
17,035
17.699
18.426
18.986
19.401
19650
19.940
20.044
19.%940
19.795
192,608
19,152



MEAN
WalL.L.
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VELOCITY AT

SHEAR STRESS

FRICTION VELOCITY

Y (M)

Q.00L70
0.00220
0. 00320
0+.00420
0.00320
000719
0.00920
0.0L120
0.01320
0.01519
Q.0181%
002120
0.02419
0.02819
0.03220
0034620
0.04620

U MsSEDD

7040
7270
7630
7.+930
f.120
8.590
8.200
9130
?.330
2500
2.710
G870
1G.010
L0 0EO
10100
10,100
10170

MEAN VELOCITY AT

WALL

SHEAR STRESS

FRICTION VELOCITY

Y (M)

0. 00170
000220
0.00320
0.00420
0.00520
0.00920
0.,01120
0.0L419
0.01719
0,02019
0.02419
0.02819
0.03220
0.03720
0.04219
0.05719

UV (M/7SEC)

7.110
7390
7.720
8.040
8.320
?.000
P+ 200
?.3500
P.710
9,940
10.100
10,280
10.390
10.500
10.%40
10,300

3

40.0

5.0 DEGREES.

0.2503
0.4803

Y+

457
9944
Bé.1
113.0
13%2.9
193.4
247 .4
301.2
355, 0
408,35
489 .2
970.2
G0 4
758.2
8466.0
736

1242, 6

02470
Q.4776

Yt

4535
G8.8
85.6
112.3
139,14
244 .0
299.5
379.4
459.7
939.9
6469
7853.8
861.0
?94,7
1128.2
1529.3

F
M/SEC

U4

14.656
194139
15.884
16509
16.904
17.883
18.528
192.007
19,423
19.277
20215
20,548
20.839
20,922
21.024
21,026

21,172

REGREES .

FA
M/SEC

U .*.

14.887
15.474
164165
16835
17.421
18.845
19.264
19.892
20.331
20,855
21.148
21,525
21.755
21.986
22,069
21,567
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MEAN VELOCITY AT
WALL SHEAR STRESS
FRICTION VELOCITY

Y (M)

0.00170
0.00220
0.00320
0.00420
0.00320
0.00620
0.00819
0.01020
0.01219
0,01419
0.01719
0.02019
0.02319
0.02720
0,03119
0,03620
0.04120
0.04620
0.06119

U (M/SEC)

7360
7.340
7.930
8.240
8.480
8.720
?.0350
2,300
9,940
P4+ 6460
2.870
10.080
10,260
10.410
10.520
10.630
10.690
104690
10,170

MEAN VELOCITY AT
WALL SHEAR STRESS
FRICTION VELOCITY

Y (M)

0.00170
0.00220
0.00320
0.00420
0.00520
0.00719
0.00920
0.01120
0.01320
0.01620
0.01219
0,02220
0.02619
0.0301°9
0.03419
0.03219
0.05419

V (M/SEC)

7.510
7.730
8,100
8.430
8.6%0
?2.030
?.350
?.590
?.830
10,010
10,210
10.370
10,450
10.580
10,650
10,4690
10.580

45,0

NEGREES «

0.2561 FA

0.4859 M/SEC

Y+

46.2

G748

B7.1
114,3
141.3
168.7
222.48
277.5
331.6
386.0
487 .6
G493
630.9
740.0
848.5
?84.,¢
1120.8
12356, &

1664.6

50.0

U+

15,148
15.518
164,321
16.9G59
17453
17.947
18.626
192,141
19,635
19.882
20.314
20,7446
21,117
21.425
21652
21.878
22,002
22,002
20,931

NEGREES .
00,2684 FA

0.4973 M/GEC

Y+

47 .3

6143

89.1
117.0
144.8
200.2
Q6.2
3L1.9
3676
451 .1
934.4
618,2
729.3
840.7
P52.1
1091.3
1509.0

Ut

15.100
15,583
16,286
146,960
17.473
18.156
18.800
19.282
19.765
20,127
20,529
20.831
21.012
21.273
21.414
21,494
21.273
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55
SCAN ANGLE -~ 35
Y/YMAX u v W uv U Vi Q

0.182 1.680 0.999 1.443 0.721  ~0.021 ~0.165 2.961
0.272 1.591 0,957 1.334 0.638 ~0.017 -0.122 2.616
0.361 LG Q.992 L+263 0625 ~0.084 0121 240432
0.451 1.446 1.025 1241 0.548 0,088 0.107 24341
(AT 1.426 AN 1:.144 Q0,477 0,108 O, Q57 2007
0.629 1.382 0.872 1+063 0.441 ~-0.180 0,000 1.900
0.719 1.341 0.9230 1.042 0.359 ~0.257 0.081 1.880
0,808 1+340 0.854 0.928 Q292 ~0.264 0,082 1.692
0.898 Le266 0.270 0.239 0.160 =0.293 ~0.047 1713
0.987 1.258 0.841 0.839 Q. 161 ~0.329 ~0,.029 1.497
1.076 14226 0.835 0.792 0106 ~0.342 0.004 1.430
1.166 1.198 0.942 0.88%9 0.064 ~0.318 ~0.,019% L. 540

SCAN ANGLE -~ 30
Y/YMAX u v W uv uUu U Q

0230 1+716 1.0468 1.397 Q7346 —0.192 0.147 3,019
0.318 1.4694 10058 L 29 Q.4682 ~0.178 ~0,0068 2781
0+405 L+663 0.884 1329 0.582 ~0.181 0.588 LT
0.492 1.563 1.071 1+344 0.547 ~0.328 0.309 2,698
0.579 1.624 0.897 1.234 0.518 0,421 0,308 2,485
04667 1.416 1+020 1.089 Q079 =0.381L 0,139 2,384
0.754 1.634 0.944 0.211 0.338 ~0.448 -0.487 2195
0.841 1,657 0.700 0.9236 0.422 ~0,812 ~0.173 2,060
0.928 1.497 1.171 1.193 0,438 ~0.046 ~0.151 QW17
1,014 1.4648 0.918 0.846 0.290 0,592 0,533 Q137
1.103 1,822 1+035 1.+031 O.144 ~0,573 -0.381 2224
1190 1.47%5 1.230 1.01% -0.,035 ~0.%14 -0.0008 2. 360

SCAN ANGLE - 26
Y/YMAX U v W uv Uy Vi Q

0290 1+766 1+002 1.358 0.693 ~0.337 -0.020 2.983
0.373 1.749 0.283 1.321 0,606 ~0.408 ~0,019 2,885
0.457 1.761 1.015 1273 0,649 ~0.349 0.187 2.876
0.541 1.800 0857 1,198 0,568 ~0.533 ~0.009 2705
0.625 1.754 1.080 1,258 0.538 ~0.466 0.162 2,880
0.709 1.777 1,020 1.147 0,521 ~0.,701 -0.104 24757
0.793 1.864 0.717 0.840 Q0.427 ~0.4672 ~1.026 2346
0.876 1.820 0,742 1.051 0,416 ~0.766 ~0.,299 2.484
0.260 1,706 1,149 1,212 0.423 ~0.740 0,577 2.850
1.044 1.701 1.037 1.168 0211 ~0.884 ~0,012 2,684
1.128 1.799 0.893 1,089 0,207 -0.933 0151 2:610
1.212- 1.783 0.776 0,808 0,132 ~0.80%9 -0,321 2216



SIZAN

\f /\/ A,
SYMAX

Qe 3560
0.433
0L G0
’C’ B3
0. 5649
0N 7R |

5

ANGLEE

u

1,812
1.833

1 Qus
1.887
lo-.. )4
1. ,)|<)

1.904
1.947
10949
l QC!.

1«93 ’(‘)
1 .

L3 \3\.11

AN ANGLE

Y/YMAX

2,439
s H08
05748
0' \)(\‘\.‘
Uafld
(. 781
Q850
0.918
Q. P87
1 e QY
1.1324
11922

SEAN

Y /YA

0517

f‘o\ Y

.J
\.’ R \),‘S 2
Q. 4690
0,747
0805
0.882
0.920
Q.77
1035
L0292
1,180

U
1.%282
1294
2.002
1.998
1990
2,008
2,013
2,014
2:.014

2. 004
2,030

Mo ey ey
2,022

i 5]

~33

ANGLE
U

2.001
. ;‘ﬂ")
& .’} E .

. P&
19469
1.9248
1943
1954
1.943
1:9464
L.992
1.:.9866

1
1
L
1

20

0,244
Q.952
1005
0,888
1.03 ) !
0. 884
1.04¢
Q. 280
Q.93%5
, A(\\")"'}
0,901
LeQR7

¥
0,835
« 84%

J

Q767
) 219
¢ .l \.)‘q

Oo\)\ ~l
')

Y 8 .l. 2

0.818
O 8.?\‘\
0793
0769
). 738
0840
0784
Q.794
0,833
0769
Q. 729
0.8¢7

56

W

112
e 14l
1Q3
P4
11 4
Q.99
1.0 l
0,972
0.970
Q.989
Q937
1001

.

“

W

Lo 152
L1133
e 150
1,098
LeQ99
L:137

L1211
L.034
14102

1.047

L0346

1,110

uu

0, S5
anﬂé
0602
0,548
0.487
0.492
Q480
) AHEH
DeR74
Q372
G283
O.20%

Uy

Q. 538
Qe A50
.44l
0,400
0,437
0321
0,344
Q.319
0310
Q221
Q. 207

’ 4
Q128

v

Q442
D.416
') ¢ \‘t\,‘
(') ¢ \S\J\)’
0«3?W
C' ¢ WL \;/
Q225
Qe 187
0.181
Q167
0122
0.074

810

=Q . HO7
() s (I YA 4
- HPY
~N.83%
() P23
-, 93
=), P09
=109
~1e1 &7
~1.141
~Le 133
=1 129

Ul

=3, 490
Qe GHE
() e &7
-0 HB3
~Q e 77
=, 73
i) 827
-, B3I9
=), 894
() PO
() 897
(). 940

L

=)o 649
Q. 730

#

=), B53

-} 837
- Q27
() N (? \'}) I
wl s Q25
—1 QA%

=1 +064

~1.,068
=1+ 040
-1+ Q72

L

=0.294
=0, 159
""() + L 73
2 PO

\) ¢ 200
=0.911
(. 732
=870
)y a)(() 1

() s 228

"“O ¢ / ‘14
=10 334

U

= 064
=0, 012
o (\ . ) ' = =y
=)o L7

L0432
= e 250
=0, 130
=0 1460
~Q0, A2
(e 330
=0+ 105
~Q0+314

O.III
=Qe 041
=0 133
=Q.187
=0 109
Q272
=0, 243
=0.114
~0.173
=0 324
=007

n

2.934
1. P40
R )

2944

Z,070

812

3.021

20947
? e 940

X015
2,789

2,925

1]

2,931
2o QR
Y, P4
2,930
D957
2853
f\. ) \3 ‘;/
2836
.’-.?.’. <804
2,838
2. B3RS

2.874

Q

'\'5 001
<286
\ + .’ \‘ ;

,\-)A S'J I

: + \;1 o
2,894
2. 813
") /' 'J")
'\’“Ml

e 774
’»'78(..\
), Q5



SCAN ANGLE

Y/YMAX

0.977
0.628
0.4680
0.731
0.732
0.834
0.835
0.9234
0.988
1.039
1.390
1.142

U

1.847
1.823
1.821
1.830
1.789
1.78&
1.781
1.766
1.754
1.758
1.783
1.772

SCAN ANGIL.E

Y/ YMAX

0.600
0.653
0.706
0.760
0.813
0.867
0.920
0.973
1.027
1.080
14133
1.187

U

1.700
1.633
1610
L+401
1.600
1.571
1,655
1,542
1.548
1.537
1.554

13960

SCAN ANGILLE

Y/YMAX

0577
0.628
0.680
0.731
0.782
0.834
0.885
0.936
0.788
1.039
1.090
14142

L

1.516
1.a9%
1.472
1.413
1416
1.3%0
1.371
1.339
1.334
1.337
1.331
1+337

v

0.811
0.881
0.849
0.770
0.730
0.7G3
0.4694
0,732
0.806
0.783
0.742
0.772

0
v

0.7327
0.791
0.814
0.785
0.708
0.670
0.730
0.781
0.719
0.789
0.735
Q.794

v

0.7348
0.720
0.723
0.741
0.689
0.706
0.+657
0.758
0.733
0.671
0.715
0.737

57

W

1.228
1.205
1204
1.134
1.16¢
14144
1.141
1159
1127
1.170
Le1866
1.170

W

1215
1.241
1.248
1.209
1.188
1+169
1.187
1.226
1.214
1.201
1.195

1,235

W

12658
L2064
1,191
14227
14149
14175
1.+168
1418
1 . .!.{):)
1.161
1179

1155

Uy

0,432
0.358
0.350
0.272
0.219
0.227
D161
0.098
0.07%
0.042
=0 002
=0 0L?

uv

0,351
0.307
0.287
0.190
0.148
0.118
0.077
0,020
~Q0.018
=075
=Q.110
=0 186

uv

03463
0,331
03064
0.253
0154
0+117
0.091
0.037
0.001
~Q0.040
~Q0.083
=011

Y

~0.701
~0.724
=0 .821
~Q4 797
-0, 894
~Q.209
=)+ P54
~ )+ 92410
-0 +243
Q953
~0. 283
~0.9460

U

=0+ 520
~Q.579
~0+4615
Qe b44
« (e 6P
=)+ 638
= e 663
=0 725
=0 732
=0 564
=0 687
~0.673

LW

=036
=0 294

=0, 344
() 339
=0+ 359
0328
~Q 327
~0.+343
-0 309

Vi

~Q.217
~0.097
=0, 171
—0.309
=153
~=0e173
=0+ 354
~Q.262
=191
~0. 294
0,302

VW

Q273
=0+ 0460
=0, 023
=018
=0.048
=0 134
=0.154
=0, 022

0.012
~Q.147
=0 094

0.013

VW

=0.098
~Q. 029
=0+ 042
=0, 031
~Q.1132
=0, 044
~=0+103
~0.0164

Q

2.448
2.416
2404
2,321
24234
2,142
2.180
2244
2,194
2,214
2192
2.294

Q

2220
2,104
2,063
2,044
19200
L9208
1,838
1.890
1.834
1.793%
1.834
1L.832



SCAN
Y/YMAX

0.517
0. 575
0. 632
0. 490
00747
0. 805
0. 840

0,920

0 - /' ,'

ANGLE

QAN

YAV MEX

0.439
0508
0.59764
0645
O¢?13

0,781

0. 850
OeVlB
Q.907
1B
1124

L1392

ANGILE

1-171
L1649
1.147%
L1464
I

1142

SCAN ANGLE

Y/ZYMAX

03460
0.433
0,805
QG677
0.649
0,721
0.793
0.866
0.238
1.010
1.082
1154

U

L1
1387
1369
1.3089
1,219
1234
l s 4’\) E4
1137
1.143
1+144
l.144

10

Y

0,818
0.748
0.737
0.724
G743
Q.717
{\ "! Yy )
0 O
Qs é? 3
0. 700
0,7
0758

Q0
O o7 d 7
Q7?73
0.707
0729
0. &P
0781

0,783
0.821

20
V

0,785
0,833
0,730
Q.722
0'.\ » .»..\:
0.733
0.719
0.730
0.786
0.740
0.775
0.818

L

L.249
1.32064
1.223%
1.191
Ll 78

58

W

1.219
1184
1.144
1090
S
1097
Lelag
1082
1081
L0732
Le0®8
1109

W

L1564
o192
1.075G
1.092
Lel2%
1033
1.020

02

14025

1.011
1.004
1.042

uv

Q464
¢g.412
0.344
0.294
0,237
0183
(AR
0.07%
Q. 037

-0, 034

|’) 0% VA
....0 {\ (.) \"

LIV

0 5H0
0.488
Q. 398
Q342
Q287
Qo240 K
Q.184
O 155
0.078
Q.041
0.019
0,050

(Y

Q600
0.533
0.471
0.40%
0.353
0.287
0235
0.124
0.196
0.111
0.033
0.008

UW

0.009
=0, 02
=+ Q&0

=009
=0 034
=004

0L 040

() s 060

Q. 050

= QD2
=0, 014

0,025

LIt

Q128
0,182
0.14864
.18
0,158
0.190
Q173
G200
Q200
02491
Q256
Q.270

LW

0.144
Q.160
Q.214
0.223
Q226
Q. Au(..‘\J
0.274
Q269
0302
0.324
0.334
0.386

- 0

),

-0

0.
O e
-0,

O
0
0

0.134

O
0

o
)
Q0.

=0

0074
0.008

0

Q173
0.147
162
0.178
0243

0

- 0 +
=)
Qe
0.
0 +
o

0
0
()

O

VW

121
029
049
022
GO
0al
(A% ]
.08

L142

L0461

1O

W

OBE

. 0-'; 'l

() .l. 4

1L

UW

027
009
079
067
053
050
oRe
¢ 169
23 6
+ l \J .l
0415
18 /

Q

2157
2.Q07
1L.940
L850
L.8501
1.741
1,704
1654
1,647
124627
1L.+6848
L7099

0

Yo 0{\
.J. 2 POF
1,814
16864
1. &4%
1366
Ledl3
1,514
1.493
18521
1546
1+603

Q

20118
2.007
1.782
1.713
1.718
1. G564
1509
1.473
1.481
1.438
Lo a%59
1532
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SCAN ANGLE

Y/ YMAX

144
0,240
0,334
0.433
0,529
(‘l'zl")l"
Q.721
0.818
0914
L.QL0
1.107

1203

t

1.7721
1.432
1.534
' o‘q ')(‘}
1397
1.308
1.299
1244
1,233
1.2 ‘(“
1.223

L.212

SCAN ANGLE

Y/YMAX

O L3
0 184G

s 2&0
0@ 33
G406
Q479
Q. 8553
Q. 6246
0,499
0772
0,846
Q.219
0,992
1.065
L1138

1e212

U

|\/9H
1. 483

1,578

1.453%
L 37e
L. 314

1264
1,208
1,186
16136
L1103
1.103
1:.0868
1,012

() ¢ ‘/) \[..‘ l\

0.930

SUAN ANGLE

Y/ YMAX

0.144
0,240
QL. 336
0.433
0,529
Q635
0.721
0.818
0.214
1.010
14107
1.203

L

1.721

1.542

1.378
' ¢ '\-)9“1
1253
1.184
1.123
1,086
1.047
0.988
0.977
0.948

40
y

09480
0.881
0.889
0.944
0.817
N,879
Q795
0,807
0.818
0,814
0.824
0833

v

L1034
0. 980
0.9%4
0H.91%5
0. 8468
0,849
Q798
079
Q0758
0,739
")o'/—"?'j
0.7 24
0.735
Oo / J‘)
0739
0.7468

50

Y

0,982
0.889
0.951
0.937
0.829
0.802
0.78%
0.741
0,725
0.752
0 672
O L 6(}7

W

1.2&64
1.146
1.077
1:104
0,994
1.014
0,904
Q.89
0.875
0,827

0.829

Q.78

t

1L+343
1218
14130
L1107
L 0R8
0,974
Q.9233
Q. 200
0.827
0.839
Q825
Q. 754
0,713
Q.737
Q.740
0727

W

1.287
11350
1128
1Tedld
0.988
0.9219
0.914
C.833
0.802
0.806
0.737
0.6%0

uv

0748
0.587
Q567
0.448
Q467
00417

+ 395
0 328
Q.308
0. 280
()04\ '\\
Q.252

v

0+799

(-\) l\!
Oo\lo
Q502
0416
0.403
Q. 350
Q. 320
Q. 291
00? )({,\
Q249
0233
Q.199
0.148
0.099
Q. 030

Ly

0,769
0.631
0533
0,410
0,374
0.347
0.277
0. 208
0,174
0. 158
0,117

LW

0.223
0.220
0.254
0,248
0.292
Q290
0.337
0,349
0370
0386
Q.387
0.356

LIk

0327
0.+400
Q418
0.361
0.320
0,322
Q. 310
0.280
0.278
0.294
Q266
0.254
0232
0,205
0.163
0.131%

Uu

L 259
0028/
0.292
0.264
Q275
0.229
0.192
0.164
0.143
0.139
0.110
0.103

Vi

-Q.147
-, 084
"Oo l. JO
Q0141
=0, 008
0,037
Q. 112
Q0868
Qelild
Q.11¢0
0122
0.142

Vi

= D23

=132

=0.,099
0.013
=0.Q010
Q077
0. 028
0.0%1
0.084
0. 059
0.121
0141
0.134
0.124
0.098
Q.071

Vi

~Q.087
0.018
0,073
~0.004
0.01%5
0.094
0.07%
Q.085
0.069
0.062
0.094
0.079

R

2.831
2.375
2,135
2077
1.804
1.755
1,870
1503
L.474
1.437
1.432
1.385

a

3,055
D4R
20 33
2,088
1854
1,499
1 553
1,447
1333
1,270
1262
1o 155
1093
1,072
1,013
0990

#]

2791
2.246
2,039
1.893
1.618
1L.444
L3586
L2111
1,133
1e0%%
0.975
0.910



5. AXIAL DISTANCE TO BLOCKAGE 7.0 m

5.1 Wall Shear Stress Variation

ATR DENSITY 1.121 KG/MXX3
RINEMATIC VIGCOSITY 1.6929E-05 M¥%2/SEC

AUERAGE WAl SHEAR STREGR Q. 2R o
ANGLE AND TWCTHETA)

~835.0 0.109 -80.1 0.18%9 =P8 1 0.2321

=702 0.249 ~44.9 0.2764 =400 0.298

=550 0.308 =501 0.322 =451 0.330

-39.9 0.334 ~35.0 0,334 ~30.0 0.330

-25.1 G320 ~=20.1 0,304 ~15.2 0.284
=P 9 0270 =5.Q 0.248 0.0 0,230
4,9 0225 .8 Q214 131 Q.214
0.0 Q228 2540 0245 29 .9 QL.252
34,9 Q. 264 39.8 0244 45.Q 0.248
GQ.0 0.281 G549 0.284 G99 0. 276&
64 .8 0,264 70.1 0.245 75.0 0.218
80.0 0.18% 84,9 Q. 1469

5.2 Mean Velocity Profiles

MEAN VELOQCITY AT 50,0 DEGREES.
WAal.l. SHEAR STRESS 0.3222 FA
FRICYION VELOCITY 0.35341 M/SEC

Y (M) U (M/7SED) Yt U+t

Q.00170 8.180 G93.8 15,257
0.00220 8.400 &P . 4 15,6867
Q0.00320¢ 8.7460 101.0 16339
0.00420 ?.100 132.5 16.973
0. 00520 ?.430 164.1 17,589
0.007219 2.890 226.9 18.447
0.00220 10240 290.3 19.099
0.01120 104620 I53.4 12.808
0.01419 11.030 447 .8 - R0OJGT3
Q0.01719 11.380 425 21,226
0,02120 11690 669.0 21,804
0.02619 11,910 8263 Q2214
Q0. 03119 11990 Y84, 2 22.363
0.03620 12.010 1142.3 22401
0.05120 12,020 L&1LE.7 22,419



MEAN VELODITY AT
STRESS
VELDCAITY

WAl.L
FRT

Yoo0M)

O O0Z20
QL0020

MEAN
WAl
Py

YoM

OL00LF0

I.—. ll(‘\ \I\I\

LOOER0
e DOAR0

0. 03019
0. QR0
0,04019

0. 04519
04 06520

CTION

TEN

SHE®R

VoMZ8ED

LOGITY
B

VoOOMAGED)

o ey
D370
) e
8,830
¥

LOBTRESS
VELOCITY

“"450 0

0¢Z?0”
'*)\\\J4

PR 0
3Rl

A 0 D

0. 3383

NIRRT

54,
L9
1OF .3
13% 4

. \('/ c,([\

’”U.é
.|. A54.8
2L01.8

LEGR

Fo
M/SEC

Ut

l Jo 21 Q
:.ls:'e:.!\f)(?
16,417
17.043
17,559
1982
19143
19.807
20470
» Q04
741
270

A &

:‘a) * \:).I.

D

PR 3

718
& \)\):I.
20,394

’)")

GIREES
&
M/ BEL

8386
19080
195 64
20285
20,961
21618
WL 09R
22,476
22 ERG
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MEAN VELOTCITY AT -3&.0 DEGREES.
WALL. SHEAR STRESS  0.3340 A
FRICTION VELOCITY  0.54858 M/SED

YooOr U (M/ASEDS Y U4

0,0Q0170 270 4.8 13088
Q002320 % 400 07 I-./h&
0, 00320 9,030 l()'lofi 16454
0.+00420 9,390 134.9 l/.HOS
O QOER0 ? . 640 167.1 17.6861
0.00719 10.070 231.0 18.449
0.00%20 10. 329 295. 6 18,999
0,01120 10. 4680 359.¢6 19564
Q.01419 L1.090 4Who, 20,318
0.0171% 11,340 MO2.3 Q077
0.02120 L1660 48141 21344
002519 ! e”’O BOP. X 2165
0. 03015 1 1< 699 21,820
0 QRG220 1
I
I
I

L130.9 217658
0.04019 1291.2 2L 545

0.,05019
Q07019

16124 ’I.O*"J
R P, 493

ME AN UELOCTTY AT ~J0,0 DEGREES.
WALL. SHEAR STRESS  Q.3301 Pa
FRICTION UhLOLlT\ 08406 MABED

Y (M) V (M/BEDR) Y4 U+

0.00170 8240 94,3 15185
000220 8,530 70:3 PE.219
0.00320 £, 930 102,22 165-56
0.00420 PeR70 1341 17,083
0. 00520 500 Lad. 17.507
0.00719 ?.210 DR LA 18,262
0.009220 10240 293.8 18.870
0.01120 10560 AG7 7 19440
0.01419 10,850 A453.2 19995
Q.01719 11.070 H549.0 204200
0.02120 11,230 G771 20495
0.02519 L1250 804.J 20,732
0.03019 1L 180 Q642 20,847
0.03520 10.9350 TE2443 20,179
Q04019 10,700 1283%.6 19.810
0.05019 10.260 1603, O 18907
0.06019 ?.820 19224 18,094
0. 08520 &8.630 D21 . 15903
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HEAN VELOQCITY a7 deA“ DEGREES
Wall, SHEAR STRESS  0.31%28 Pa
FRICTION VELQCITY  0.5338 M/SEC

Yol VM ABED Y Y+ Y

Hed 9(3 554 1%, 134
8%, 15,0588
LOD 4‘5} L& a0 ’4
13d. 1é e
l‘)’m 1785
2 ; 18 . 451
18 P3¢
:I. (;;' *
16, G370
19, 7E

19,

19,

0 GRS
QL0020
O D042
o, ,n“\'(l,\y "rkei‘()
U\UIU
l) 2
(r, (\ [ ) | W
Gurels
044'\’”(”

Ny
[ ".{

ME AN U.' LTy
. ST
AELLQUT

YoM WO(M/BETD) Y Vi

FLRED
8100
e GO0
3. 8&HO
QO8O0 1
) Q290 190. 4
Q007 I ‘/‘ 2. 480 22141
Q00920 G730 282, ".3’
Q. 0L120 @540 24 4 o A
Q0 ) 1O 20 ’1\ . ﬁ

0DOLELY 1QL.090 4] '| 7 31L&
Q01719 L0020 BR8N 19,182
0.0201% Q.890 AR0T7 18,933
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MEAN VELQCITY AT -15.0 DEGREES.

WALL

SHEAR STRESS  0.2837 Fa

FRICTION VELOCITY 0.35048 M/5EC

T oM

(00170
000220
0.00320
000420
0.,00320
0.00719%
0.00920
001120
001320
0. 01620

MEAN
WAL.L.

VoOM/RED Y L4

7450
74710 RS 4
8,050 G810 135,945
8.340 1324.8 14:.%20
88550 154 .5 1& 9324
8.900 2134 L7629
?. 180 273, 4 18124
9200 332.49 18,223
?.130 3022 18.08%5
8.810 48l .4 17,451

VELQCITY &1 -10.0 DEGREES.
SHEAR STRESE  0.28%1 FA

FRICTION VELOCITY 0.489% M/SEC

Y (M)

0.00170
0.00220
0. 00320
0.00420
Q. 00520
0. 00620
0.00719
0.00920
0.,01120
001320

Y o(M/SEC Yt V4

7150 A L4594
7450 X4 13543048
7740 P23 LE5.798
8.020 1211 16.370
8.240 149.,9 16.819
8,450 178.8 17.248
&. 5980 2073 17513
8,710 265.3 17.778
8,580 3330 1748513
8.290 38046 1é.921



AN

0,2474 FPA
O AFO0

LAY

WALL
FRIG

3 08S

e o
B a(?..\J

1éH . 469
LA 8E8

L7192

. N
s \

B.080

ki 8,240 17633
L0120 & - 1328

Q.01219

O
N, s
. &
- .
19 4
O L&

146,939
L2314
L7512
LA ELR
L& 239
1% .902

2 DA
e OO
3400820
000020
0

LI O R
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MEAN VELOTITY aT S0  DEGREES.
Wal.l. SHEAR STRESS  0.22435 Fa
FRICTION VELOCITY 0.4475 M/SEC

Y (M) Vo (M/SED) Y+ Lt

000170 HG70 44,1 14,4682
D.00220 & 770 S LY 18129
0.00320 7090 84,3 1H.844
0.,00420 72360 1104 1&.447
0.0052Q 7,870 1370 16216
0.00620 7.740 16Z.3 17.294
0.00819 7.830 2LE 7 17497
001020 7.4680 268.7 17,164
0.01219 7,330 3211 1é& 380

MEAN VELQCITY AT  10.0 UEGREES.
WALl SHEAR STRESS  0.2140 FA
FRICTION VELOTUITY 0.4370 MAKED

Y (M) V o {M/8ED) Y Ut

0.00170 6.430 45,7 14,715
0. 00220 He6H70 6.6 L& 264
0. 003320 6,990 82.3 15.9296
0.00420 742460 108.0 Lo 614
0. 00H20 7,480 133.7 17118
000620 7680 L&9 .G 17576
0.00819 7 850 2106 L7965
0.01020 74910 262.3 18102
0.01219 7680 J13.8 17576
0.01419 7330 365.0 16,775
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MEWSN QIZLOCTTY AT 15.0  DEGREES
GHEAR STRESS 021846 FA
TTON VR QUITY

>

Yoni) VOooMAEEDD Y4 U+

AaHQO
S P70
P20

185,014
L8 4G
L& 197

Tyt

18477

18131

MEAN VELOCITY a7 20,0
WAL SHEaR STRESE }

FRICTION VELOQCTTY 0.49477 MAGED

YoM YoMABED Y4 (4

Q00170 &¢770 44 .8 1H.121

000220 e P40 580 1358

-~ oty

e S

0 GO0
QoQOFLY
QL OQRA0
Q. 01120
|y

GL. 02019
GL 02220

o STl
18495

18,400
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MEAN VELLOCTTY AT 2454 DEGREES .
WALL. SHEAR STRESS Q.Cﬂfﬁ Fi
FRICTIOQN VELOTITY 0.4877 M/OEC

YoM

0.0Q170
0.00220
oL O0TRA
0.00420
0.00620
0.00819
Q.01020
Q.0121%
0.01519
02.0181%
0,02120
0.0251%
0.A3520

ME AN
bl L
FRICTION

Y o(M)

0.00170
0.00220
Q00320
DL 00420
0. 00H20
0.00719
000920
0. 01120
0.0141%
Q. 01719
0.02019
Q.02419
D.02%19
Q.0%91 ¢

U

kl

(M/SEC)

& 790
7,180
7L ELO
7740
8.180
8H00
Q.740
8.840
8,030
@150
2,080
?.000
84%0

UHLUCTTY AT
SHEAR

STRESS
)L“LJJL,].I A

(M/78EC)

7090
7330
72630
8.020
8.180
8530
8.810
F.000
D290
9,500
2,570
Y710
@700

P,620

Y+

46.8
60, &
Q.1

11%. 4

1707

205, 4

290, 8

IXG 5

418.1

5007

BQ3 6

(‘.)"\5 L3 '4

268, 9

RIARR Y
0.2519
0.4741

Y {

A7 4
Al .4
8.3
112,2
1451
200. 4
2967
KILo%
. ‘) {..l L3 .9
Q479 .4
GEZ 3
H74, 4
Bila,%
1093, 5

Yt

14.946

l Jo “I S
146 06R

16 . 550
17

A9
18178
18731
18.9245
1%,30¢
PRV IR
@,415
19244
1H.068

NEGREE

it

.....

U

14256
135,462
L& 098
14,918
’ /74-;« HE
17.994
1 fh\'TSM
|(; \)\.

l9¢b9/

20.040

20.188
20,483
20,483
20,293



MEAN VELQTCITY a7  3%.0 DEGREES.
WALkl SHEAR STRESS 0.2438 Fa
FRICTION VELQCELTY 04851 MASEC

*1.‘ 2 S“\(‘O

& ol l)"l
17. ")3“
; .

1

A

Y

[
oy on e
AP0 T

o
04,9
s

QAT

oy g e
L3743

HE . N
P @

Wl
FRIG

e s e
FEE e I s B

Q“Oﬁwﬂo
Qe L 120

TP
I D

0.01419 9
0.01719 9. & .
0,0201% 1013 ST .
Q02319 10330 HED. ER PR
Q,027320 LOG20 PTG 21,679
0.03119 104460 890.9 21,967
() Q3620 10,800 10339 22,254
04120 10,910 1176.8 22,482
() LDEHHLY 10,500 1604.9 210638

2,8
i

o~
A

\Un!/'\'-

g I

BN

R



MEAN VELQCITY AT
SHEAR

WAL.L

Y (M)

0.00170
0,00220
0.,00320
0,00420
0.00%20
0.0071¢9
0,00920
0.01120
0.0141¢
0.01719
0.0201%
0.02419
0.02819
0.03319
0.0381¢9
0.+.04320
0.,05820

MEAN
Wal.l.
FRAC

Y (M)

0.00170
0.00220
0§00320
D040
0 Q0320
Q0.00719
0.00920
G.01120
0.0141¢%
QD.0171%9
0., 02019
Q.0231¢
0.02619%
0.03019
0. 03E20
0.0401%
QL0559

V (M/7SE

7.330
74400
7270
g.180
8450
8.760
?170
2,390
®.760
10050
10280
10560
10.790
10.9250
11070
11,180
10+410

VELOCITY
SHEAR STRESS
TION QELOCITY

STRESS
FRICTION VELOCITY

)

AT

Vo (M/SER)

7330
7630
8.020
2.340
8.595%0
8.930
9 ¢ ....\.j'\)
@ H30
PL.R70
LC 130
10370
10.580
10700
10.830
10950
10,9250
10.660

45,0

G0 G

DEGREES.
0.,24680 FA

0.488%9 M/OED

Y

48,9

H3 .3

2.1
120.9
149,46
206.9
284 .7
322.3
408.3
494.7
981.0
696 3 |
811.2
Q551
LQ9% .0
1243.2
16748

0,5010 Ms

Yt

G501
HA LY
94.4
123.%
1E3 .4
2120
271.3
3303
1TQAF
0\‘0
19h°4
A683.9
772.4
890.3
1038 1
118%5.2
1&27 .6

Ut

14,992
15,545
16.201
16,731
L7283
17.917
18.756
19.206
19.963
20,556
21026
21599
22,0469
D2L3PT
‘3 A: 3 -..) 4 :’)
22,8048
21292

DEGREES
0.2814 Ph

U |l

14,429
18228
160064
L& 64a%
17.044
172.823
18,461
19020
| 9 3 "(\(’)
20.218
20497
2L.11é
21,355
21815
2L .854
21.854
21275



5.3 Reynolds Stresses

SCAN ANGLE

Y/ YMAX

0.144
0.240
0.334
0,433
0.52

Oehld
0721
0.818
0.9214
1.010
1.107
1.203

u

1.763
1.670
1.557
1435
1.360
1248
Led11
1042
1.007
0.997
1.008
1.019

SCAN ANGLE

Y/YMAX

0,113
0,212
0.+310
0,409
0507
0,606
0.704
0,803
0.901
1,000
1,098
1,197

U

1.811
1.673
14529
L1327
1.232
L.095
0.953
0.8%0
0.807
0.833
0.922
1.031

SCAN ANGLE

Y/ YMAX

0.144
0.240
0.336
0.433
0.529
0.4625
0.721
0.818
0.914
1.010
1.107
1203

t

17855
l + \{) ! 4
L+477
1.401
1.302
1.209
1,138
1.036
0.976
0.921
0.905
0.912

50
V

1.079
1.00G
1.018
1.090
0.992
&, 887
0.903
0.887
0.8546
0.871
0.884
0.8398

4%
Y

1,099
1,063
1111
0,997
04960
0.836
0.799

V778
0.780
0. 799
0,802
0815

40
V

1.083
0.9463
L0857
0.942
0.963
0.%940
0.828
0.817
0.739
0725
0.712
0.719

W

1.532
1.347
1.304
1+ 2GE
1.146

4 AN

0.984
0.9210
0,854
Q.825
0.834
0 + 8‘48

W

1.589
Leadt
1.347
1199
LeQ@9
0.9259
0.852
079G
0.767
0.780
0.773
Q.84

W

1.537
1.401
1.3346

L.212

1137
1.07%
0.9221
0.879
0.773
0.735
0.706
0.711

A

Uy

0.791
0.738
0.737
0.633
0.485
0,415
0274
0.191
0117
D 0(() 1
0,031
~0.010

LUV

O ¢ 8/\‘)
0.773
0.687
0.530
0408
Q277
0.146%
0.079
0.018
-0.078
~Qs 154

=227

uy

0.804
O + 68!5
0.607
0.532
0.432
O + 3\1)0
0.275
0.207
0.123
0.0446
~0.013
~0.+073

UW

~0.019
-0.004
~-0.016
0.042
0,110
0,004
0,127
0.150
Q.201
0.219
0.237
0,257

Ul

i

0. 024
0.003
=0, 027
0.022
0.02%
0.031
0.0480
Q057
0.067
0.071
0,052
0.051

U

0.003
0.032
0.006
0.012
=0 027
=0+ 079
~0.093
"“O ¢ 09:’
=0, 125
~Q+124
-+ 138
-0, 127

VW

0,219
~0.035
0.042
=0Q.Q76
”00162
=, 071
-0,013
0.011
~0.034
0.003
0.073
0.027

VW

0.067
0.126
0.075
=0 029
=0, 034
Q.029
=0.+042
0.001
0.045
0.017
0.034
0+005

Vi

-Q0.048
=0, 126
0.046
0.058
0.083
0.124
0.004
0.049
0.057
-0+ 058
~0.012
=0+ 022

R

3.310
2.807
2.580
2.415
2.074
1.702
1.308
1.351
1.238
1.217
1247
1.283

2]

3,506
3,017
2.694
2.164
1.823
1.409
1134
0.979
0.933
0.970
1.04%
1,194

Q

3.308
2.748
2.542
2,160
1.956
1752
1.414
1256
1.049
0.9258
0.912
0.928



SCAN ANGLE

Y/ YMAX U
0.182 1.749
0.272 1,616
0.361 1.505
0.451 1.428
0.540 1.402
0.4629 1.326
0.719 1,322
¢.808 *.~83
0.898 1.24
0.987 1. 181
1.076 1.200
1.166 1.180

SCAN ANGI.E

Y/ZYMAX U
0,230 1.703
0.318 1.4628
0.405 1.569
0.492 1.510
0.579 1.481
0,687 1.513
0.754 1.318
0.841 1.305
0.928 1.444
1.016 1.437
1.103 1.422
1,190 1.434

SCAN ANGL.E

Y/YMAX

0.290
0.373
0.457
0.541
0,625
0.709
0.793
0.876
0.240
1.044
1. 1“8
1.21

U

1.729
1.685
1.685
1.691
1.664
1.+650
1.456
1.657
1.645
1.640
1.648
1.614

1

1
0

1

0

0

0

30

1.
0.

0.
+ 244
+ 048
+ 230
0.

0
1
0

0
0
0

0

&

0.

0
0

0
0

0
0

0
1

4]

+Q10
0.

230

000

19299
0.

228

+ 005
0.
(UN

913
gs8

+ 875
1226
0.

838

+B75

v
056

293
856

858

8924
+ 286
+ 43
0.
+ 270

294

25

v

923

+ 282
P23
0.

?41

+ 203
+ 220
0.
+ 240
0.

P12

?12

1216
216
+ 042

W

1.492
1.364
1 329

1.240
1.179
1.181
1.045
0.978
0.896
0.215
0.831
0.81%

W

1.424
1.+350
1.211
1.207
1.243
1.092
1.012
0.997
1.023
0.981
0.249
0.859

W

1.312
1.h7q

1.230
l 121
1.126
1,117
1.089
1.087
1.083
1.048
0.9%1
1.027

uv

0.7460
0.670
0.610
05202
0.491
0.434
0.370
0.301
0.234
0.151
0.089
0.042

Uy

0.727
0.670
0.565
0.361
0.483

457
0.399
0.379
0.308
0.221
0.18%
0.08%5

uv

0.+643
0.4610
0.583
0.574
0.467
0,439
0.421
0.421
05321
0.2

0,197
0.097

Ul

-0.,089
~0.004
~-0.023
-0.059
~Q0.107
-0.,157
~Q+ 225
-+ 240
—~0.273
“0.”77
=Q.29
“00503

U

-0.097
=-0.149
*00154
~0.187
~0.245
-0.318
~Q.371
=451
~0.463
~0.518
~0.491
~0. 486

LW

~Q.289
~0.291
=0,402
~0,447
~0,516
~0,548
,‘0 6!.. [
=0.710
~0.734
~0747
,__0 7!—]“‘
~0.734

VW

0.084
0.003
0.059
-0 .058
”00023
0.089
0.035
0.035
0.021
-0.,019
~-0.,031
0.033

VU

~0.084
0.071
0.031
0.076
-0.042
=0.0064
-0, 234
0.031
“00028
~0.128
“00061
~0,243

Vid

0,010

0.108

0.016
-0.130
=0.028
~Q.,251
=0.175
~Q 287
”00297
~0.+141
-0,228

~Q+220

3,153
2,668
2,516
2.287
2.109
2,081
1.837
1.678

1.558

I. + \J‘qq
L+416
1.411

Q

3,021
2729
2.331
2,314
2.418
2173
2,032
2,030

1,959
1,956
1,868

Q

2.781
2.719
L.éO”
2.500
ﬂ 4AU
2,409
2.380
20406
2.356

2312

0hu9
M.372
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SCAN ANGLE

Y/YMAX

0.577
Q.4628
0.680
0.731
0.782
0.834
0.885
0.936
0.988
1.03%
1.090
1.142

U

1.711
1.697
1.685
1.653
1.623
1.650
1.4631
1.604
1.408
1.510
1.634
1.621

SCAN ANGLE

Y/YMAX

0.600
0.653
0.706
0.760
0.813
0.847
0.920
0.973
1.027
1.080
1.133
1.187

u

1.556
1.529
1.501
1.5035
1.484
1.461
1.4355
1.419
1.417
1.445
1.417
1.424

SCAN ANGLE

Y/YMAX

0.577
6.628
0.680
Q.73
0.782
0.834
0.885
0.236
0.988
1.039
1.090
1.142

U

1.450
1.427
1.400
1.373
1.332
1.369
1.343
1.348
14317
1,323
1.317

1,322

v

0.819
0.841
0.800
0.819
0.888
0.763
0.755
0.794
0.836
J.8684
0.860
0.827

0

v

0.843
0.797
0.811
0.725
0.730
0.798
0.708
0.785
0.817
0.732
0.802
0.826

0.748
0.759
0.6%90
0.668
0.823
0.725
0.716
0.639
0.760
0.759
0.745
0.764

1.423
1.432
1.434
1.457
1.478
1.413
1.449
1.+469
1.477
13028
1.466
1.465

W

oddé
10J1/
1.549
1.941
1.558
10d73
1.514
1.33%
1,527
1.542
64
1.550

W

334
lou.l(‘)
10”0/
1.481
1.581
1.535

“13
Lou
lou39
1.533
1.538
1 + uJA_sj

uv

0.421
0.400
0.328
0.341
0.313
0.228
0.185
0.142
0.177
IRErpel
0.028
0.027

uy

00369
0.333
0.298
0.226
0226
0.149
Q.072
0.054
~0.023
“00077
“00074
~0.116

uv

0.398
0.353
0,258
0.275
0.178
0.145
0.108
0.0469
~0.,023
-0.046
”00060
~0.093

uw

“00838
”00923
-0.981
-1.020
~1+069
-1.098
-1.119
-1.131
~1.096

4
T Ak aen

-1.116
~1.095

U

~0.3460
~0.600
~0.644
~0.+644
~0.728
~0.743
-0.684
~0.714
-0.+688
~0.714
-0.694
~0+&657

Uw

~0.099
=~ 134
-0.112
~0.107
=04 135
~0.131
~0Q.134
~0.+160
“00109
-0, 099
~0.125
=0Q.097

Vi

”00457
“00352
~0+409
~0,3%1
”00374
~0.405
“00484
~0.462
~0.487
-0, 3219
~0.440
0,319

Vi

=0.335
“00346
=0+ 350
~0.403
-0.404
~Q.315
=0+ 333
~0+261
=0,383
~Q.129
“00193
~0.,202

Vu

=079
“00300
~Q. 181
=0+ 080
~0,033
~0,118
0.016
~0.089
“00074
0.037
~0.071

Q

2,811
2.819
24769
2,762
2,805
2,650
2,644
24681
2,732
2,800
R.T79
2.729

Q

2778
24637
24655
2,582
2.599
2.592
2456
2,493
2,903
2:9164
2.548

2.556

8]

+506
~04rh

+ 353
29262
D A7
2.378
2.303
I‘) I') |,, é‘)

+ 340
2.338
2,329
2.333



ALAN ANGILE

Y/ YMAX

0.517
0.575
0.632
0.6%90
0.747
0.805
0,862
0.920
0. 977

.L.092
1.150

u

1,604
1,537
1,506
1.492
1.434
1.+400
1,349
1.379
1.37"

1388
1.353
1382

STCAN ANGLE

Y/YMAX

0.439
0.308
0.576
0.645
0.713
0.781
0.850
0.218
0987
140355
1.124
1192

u

1.751
1.747
1.688
1+662
1.+.63%
1.872
1 E77
1559
1.56%9
1553
L5572
L4602

SCAN ANGLE

Y/YMAX

0360
0.433
0."03

577
O 649
0721
0.793
0.8466
0.938
1.010
1.082
1.154

u

14766
1.745
1+732
Le726
1+706
L6621
1.4678
1eb666
14653
1.682
1.4675
1.+690

L)
v

0,735
0.788
0.768
0.677
0.734
0.738
0.7467
0.712
0.721
L. 7a0
0.823
0.798

15
v

0.867
0,780
0.809
0.774
0.740
0.824
0745
0.821
0.815
0. 8460
0.894
0.880

20

v

0.980
0.9354
0.914
0.858
0,912
0.814
0.830
0.842
0.944
0.878
0,925
0,959

1

W

467

1,493
1.484
1.411
1.414
1.4482
1.46%
1 3 44&{)
1.415
1,483

1.482
L.a472

1

W

414

1.343
1.348
1.361
L2655
1+340
1.283

1.

297

1.291
1.304
1+300
1+294

W

14333
1,287
14284
1,241

200

Ao Nl Al

l.L?l

1

1166
1.

164

1226
1,151

1.

1355

1.148

uv

0.524
0.427
0.413
0.318
0.280
217
0.189
0.159
0.091
O0LO77
0059
~0,.01%

uv

0.4603
Q0. 571
Q. 540
0,459
0..402
0337
0.304
0.296
0.244
0.2135
O.192
0.1646

v

0629
0.589
0604
Q0579
0.570
0.452
0.421
0.401
0.416
0.376
0.326
Q.288

Ul

0.270
0.312
0,359
0,310
0,339
0.38%5
Q.401
0,412
Q.430
Q.541
0.541
0535

LW

05005
0.561
0.4601
Q.683
0.698
0.7889
0.811
0.879
0.871
0.9222
0.928
0.274

UwW

0.459
0.557
0,642
0.787
0.86%
0.854
0.921
0.9246
l Ol"'l..
1.+.050
1.088
1.081

Vi

-0.01%3
-0,117
“00104
0.001
0.014
0.093
0.043
0,216
0.147
0.147
G291
0.257

Vi

=-0.047
0.020
0.034
00 l({)6
0.122
Q.140
0.080
0.206
0.4912
0267
0.338
0.376

Vu

-0.0463
0.035
0262
¢.078

-0.031
0.103
0.086
0.171
0 + 2\‘.{)6
0.+336
0.310
0.372

Q

2.646
2.607
2.533
2.337
g.~98
2,321
2,304
2,250
2,208
2,307
2,352
2.357

Q

2.209
2.732
2.6835
2.609
2.417
2474
2,344
2.394
24394
.3 + 4:’({)

+ 480
2.508

Q

2.927
2.809
2.744
2,628
2.619
2.446
2.432
2.419
2.563
2.4462
2.497
2.547
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SCAN ANGLIE

Y/AYMAX

0.144
0.240
0.336
0.433
0.529
0.625
0.721
0.818
0.914
1.010
1.107
1.203

u

1,750
1,865
L.46%
1.402
1.357
1.328
1.286
1280
1.209
1.216
1.134
1.001

SCAN ANGILLE

Y/YMAX

0.113
Q0212
0+310
0.409
0.507
0,606
0.704
0.803
0.9201
1000
1.098
1.197

t

1.729
1,850
1.443
1317
14210
L1413
1,004
0.922
0.8341
Q775
0773
0,858

H5CAN ANGLE

Y/YMAX

0.144
0.240
0.336
0.433
Q. 829
0625
0.721
0.818
0.914
1.010
14107
14203

U

1.728
1.563
1.441
1.382
1.236
1140
1.048
0.294
0.+929
0.9212
0.893
0.9221

40
v

0.9290
0.977
0.996
0,925
0.9268
0.902
0,923
0.929
LoOLS
0.874
0.848
0.889

1.016
1+090
1+031
0.989
0925
0.843
0.831
0.774
0.730
0.717
0.734
0.744

S0
Y

1,065
1,018
1,068
0,916
0.997
0,921,
0.849
0,785
0,777
0. 750
0,757
04709

W

1,398
1.311
1.2235
14125
1,168
1L.073
L0007
0.995
0.986
0.906
0.782
0.849

W

1.388
1373
1251
1153
1069
0.246
Q.917
0,824
0.753
0.721
Q.7264
0737

W

14395
L3299
1,297
1135
L+119
1.037
0.956
0.855
0.814
0.759
0.768
0711

78

uwv

0.7935
0.625
0,563
0.497
0.446
0.388
Q.382
0.351
0.337
0.295
0.214
0.165

tH

0.786
0.709
04609
0,478
0.396
0,298
0.228
0,171
0,102
0,038

~0Q.027
~0.128

93V

0.821
0.709
0.634
0.579
0.47%
0.372
0.254
0.197
0.136
0.098
0.049
0.015

LW

0.203
0.179%9
0.193
0.215
0.282
0.328
Q+336
0.413
0.395
0.372
0.274

0.232

UW

0.194
0,220
Q.209
0.192
0.148
0.139
0,110
0,085
0.057
0.028
0.030
0,013

uw

0.131
0.192
0.180
0.166
Q.+120
0.074
0.032
-0.028
“00064
=Q0.097
~-0.s131
“00143

VW

~-0.187
~0.213
-Q0.041
-0.085
~0.082
“00094
Q014
0.052
0.080
0.086
0.172
0.070

Vi

~Q.169
~0.104
0.026
~() . 087
0.005
0.0867
0.013
0.033
0.047
0.052
0.024
=04 Q07

Vi

~0.131
“00097
=0 055
=0+ 027
0.120
0.009
=0+ Q26
0.041
0.019
0.043
0.011
=0.008

Q

2.989
2+361
2326
2.043
2.045
1.865
1.75%
1.709
1.732
1.532
1.309

1.258

aQ

2.974
24738
2.304
2,022
1,730
1.422
1,270
1.064
0.203
0.817
0.832
0.916

8|

3.032
2,584
2,450
2,019
1.887
Leb12
1.366
1.168
1.064
0,285
0.982
0.928
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6. AXIAL DISTANCE TO BLOCKAGE 7.1 m

6.1 Wall Shear Stress Variation

~85.0
~70.2
*55.0
-39,
“".l
—~2.9
4.9
20.0
34.9
J0.0
&4.8
80.0

ATR DNENSITY Lel24 KG/M¥K3

KINEMATIC VISCOSITY 1. 4REE~0E  MAck2/5EC

AVERAGE WALL SHEAR STRESS 02338 A
ANGLE AND TW(THETA)

0.161 =80.1 Q.178 =781
0,233 b4 .9 0.240 ~&0) 4 0
0,288 ~50.1 Q+300 4T, 1
0.301 ~3%5.0 0.302 -30.0
0.290 =201 0278 =182
0.233 =50 0.216 0.0
0.197 ¥.89 0194 15,0
0.204 2.0 0.220 29.9
O.f3” 39.8 0.243 45,0

0.245 G4.9 0.249 G9.9
00?2J 70.1 0.208 7E.0
0.1%54 84,9 0.141

6.2 Mean Velocity Profiles
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0.
O
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Q.
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Q.
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0.
O,
0.
0.
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0.
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FRICTION VELOCITY 0.918% M/SEC

Y (M) V (M/BED) Y+ U4
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06260
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O.194
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0.244
O.241
D180



MEAN VELDCTTY AT ~4%5.0 DEGREES.
WAlL.L SHEAR FHS 0L, 3080 FA
FRICTION UhLOLITY 08217 M/BED

Yo(M) UV O (MABEDD Y+ U

3 QOLE

i
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N e ke
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448

10330
104630
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O 980
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11 1 Q0
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LheF70 12984
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MEAN
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WALL &
FRICTION VELQTITY u»al?& MAGEC

YoM VoOMAREC Y+ U
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0. QGR20 B8, 170 afe 2 185778
Q0020 8090 16.589
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0.00%220 BP0
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0.01719 10990
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MEAN VELOCTTY AT -325.0 TNEFGREES.
Wil SHEAR STRESS  0.3025 Pa
FREICTION VELOCITY 0.51886 M/SEC

Y M) U (MABED) Y Yt

QL0010 7930 G$2.0 15,291
Q00220 8.15%0 &7 A LEL7158
&<;90 ??.S L& 564
1(000 128.8 17.142

“"4 ~LAG 1591 L700d
D071 90&50 220.0 18408
(00920 QL R0 201 8 19835
001120 10274 3427 19.803
0.Q14a1% 10, 20.343
D.,01L719 1G.870 20960
D.0201% 11,130 21441
0.0241¢ L1:2%0
Q.02819 L1410 22001
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DL EEO

MEAN VELOCITY AT -30.0 DEGREES.
Wal.l. SHEAR STRESS 00,2983 Fa
FRICTION VELQCITY 0.,8152 M/SEC

Y (M) V (M/SEC) Yt U

0.00170 7950 51,7 15,431
0.00220 8.120 b6 .9 1%5.761
0.00320 8,590 7.3 16,674
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0.00920 Y. 970 L7 b I9 352
0.01120 10,270 340.4 19,935
0,01419 10,590 431 .3 20,5596
0.01719 10.870 HR22.5 21,099
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0.03319 10250 1008.8 Qb 254
0.03819 10.770 11460.8 20,9205



MEAN VELQOCITY
WALL SHEAR STH
FRICTION VELOZITY

AT

Rhe)

YoM VO (M/BED)

Q00170 7.840
G, 00220 8.090
000320 B
Q. 00420 070
DL Oa50

Q. 00720
QeDOP20
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MEAN VELOCITY AT
WALL SHEAR STRESS
FRICTION VELOCITY

Y (M)

0.00170
000220
Q. 00320
0.00420
DL O0520
0.00620
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0.0141%
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§.330
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MEAN VELOCITY AT
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SHEAR STRESS

FRICTION VELOCITY

Y (M)
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Pies DELQCTTY : DEGEE
WALL mHEAR S1TRESS 0.40464 Fa
FRICTING VELQCTTY  0.4387 M/SEC

VELOCTTY
WAL BHEAR
FRICTION VEL




MEAN VELOCITY AT
WALL SHEAR STRESS
FRICTION VELOCITY

Y (M) V (M/78EC)
0.00170 64250
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MEAN VELOCITY &T 15.0 UEGREES.
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WAal.l. SHEAR
FRICTION VELOCITY
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FRICTION VELOCTTY 045489 MNAGBED
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WL QP D1 PO O Vel %D 1M

FRICTION VELOCITY O3482 MASEC
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6.3 Reynolds Stresses

SCAN ANGLE
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9. NOTATION

p/d

U, V, W

Ut(r,o)

uvouw v
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hydraulic diameter

rod pitch to diameter ratio

turbulent intensities {(r.m.s. values of turbulent velocity
fluctuation/local friction  velocity V*(6) in  (z,r,8)
coordinates)

dimensionless axial velocity (U(r,6)/Vv*(6))

wall friction velocity

wall shear stress

turbulent kinetic energy

wall distance

wall distance to central axis of symmetry

non-dimensional wall distance (y V*{(8)/v)

air density

kinematic viscosity of air

non-dimensional Reynolds shear stresses (p uv/t(6), -puw/t(6),
-0 w/t(8))
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