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Abstract

This paper contains the experimental technique to measure the
distributions of velocities and Reynolds stresses in the inlet
of an eccentric annulus. The procedure and the results of the
calibration of the hot-wire probes are discussed. Moreover, the
results obtained by the method at the inlet of an eccentric

annulus (x/dh = 0.05) are presented.

The experimental technique used in this investigation is shown
to give reliable results. Suggestions to improve the technigque

are discussed.

Messungen der Geschwindigkeit und der Reynoldschen Spannungen

im Einlauf eines exzentrischen Ringspalts mit Hitzdr&hten

Zusammenfassung

Der Bericht enthdlt das Verfahren zur Messung von Verteilungen
der Geschwindigkeiten und Reynoldschen Spannungen im Einlauf
eines exzentrischen Ringspalts, Das Verfahren und die Ergebnisse
der Eichung von Hitzdrdhten werden beschrieben. AuBerdem werden
die MeBergebnisse, die mit dieser Methode erhalten wurden, darge-
stellt.

Es zeigt sich, daB die MeBmethode, die flir diese Untersuchung
verwendet wurde, verniinftige Ergebnisse erbringt. Vorschlidge

zur Verbesserung der Technik werden diskutiert,
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1. Introduction

In the first part of this report the procedure and the results of
the calibration are given for a normal wire probe and a dual probe

(x-shaped) , respectively,

The second part contains the results of measurements performed in
the inlet region of an eccentric annulus. The measuring station is
about @,7 mm, i.e, z/dh=0,05, downstream of inlet edge of the inner
rod (Fig.1)

Because of changes of the velocity and mainly the static pressure both
in the radial and peripheral directions and in the axial direction
it is not possible to measure time-meanvelocities using a Prandtl
tube. These measurements were therefore divided into measurements

of the static pressure and the total pressure, respectively.
Corrections for a change of the Reynolds number during the measure-

ment were applied.

For the measurements of the components of the Reynolds stress
tensor the measuring setup suggested by Miiller /1/ 1is used.
For these measurements the DISA hot wire miniature probes 55P61

were used.

2. Test rig and channel geometry

An air test rig with a circular tube of an inner diameter of

¢ 100,0 mm was used. At the outlet side of the tube a disc of

the diameter ¢ 86,0 mm was installed with full eccentricity

(i.e. €=1,0). The mass flow rate was measured by a standard orifice
plate (DIN 1952) placed in the test rig (Fig.2). The detailed
channel geometry is given in Tab.1. Because the channel has relatively
small dimensions (for example the ratio of the diameter of the X-
probe body and the widest gap is 0,157) the measurements were

realized only in the range of -90° < o < 90°,



3, calibration of hot wire probe

The calibration setup is shown in Fig.3.
For immediate record of the output voltages a X-Y recorder was

used.

For the calibration and evaluation method the assumption is made
that the geometry of the probe is ideal (i.e. both wires have
angles of 45°) . The measured values of the sensitivity factors

are considered.
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This calibration is performed with the direction of the flow from
the calibration nozzle perpendicular to the wire to be calibrated
(i.e. a=45°). Because '@ 1linearizer was used this calibration is
performed only to check the linearisation. One example for a DISA
probe 55P6i is given in Fig.7. In all cases the factor S=1/10 was
used. For the evaluation of the experimental results it is neccessary

to make a correction for the real temperature according to Eq.12.
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The effective cooling velocity acting on the sensor is usually
expressed as:
2

2 "E 2 .2 2 .2
= — = . . . 1
Usool 52 UN1 + k Up + h UNz (1)

where

k - yaw factor
h - pitch factor

(coordinate system see Figs. 4,5 and 6)

For the rotation around the N axis (Fig.4) the equation is

valid:




Eﬁ = U2 (cosza + kzosinza) ' (2)
g R

and the yaw factor is:

2
(%%%%67) - cos?q

sin? «

. (3)
The pitch factor calibration can be performed in three ways:

A. Rotation around the N,-axis (Fig.5 ) with Ug=const.

Then for the cooling velocity Eq.(4) is valid:

2
2 _EY 2 2 , 2 2 2 2 2
cool = ;5 = Ug [cos 01(sln Yy + kcos®y) + h".sin 01J (4)

and the pitch factor for y=45° iss

2

E(0,)} 2
h = (E—(Ul:ﬁ) - costoy| L )
' T - 2.8in“g '

In this case k is a function of UR and ao:

k=k (Up,a) = k(U coso,;a=90-y) (6)

B. Rotation around the wire axis (Fig.g )

a. for Ug=const.

2
E(cz) )
ETE;zﬁT - cos®o,

.2
sin“g

(7N
2



b.

for UR= const. In this case the velocity from the
calibration nozzle must be changed according to

U .
= R (8)
g cosa,

and the pitch factor is evaluted by

2
E(g.=0) T .
72 (9)

h =
' t9202

Note, that for comparison of the results of the first (A) and

the second (R) method Eq, (10) is valid:

tgag
= —1
tg oy siny (10)

Results of the calibrations of one probe are given in Figs.8,9,10and 11.
The results from the yaw calibration are used in the form:

k=2A+ B-U + C(U . 11
g { g) a (11)

The values A,B,C are taken from the calibrations in this way:
For each velocity of the calibration the dependence in the

range 200'5_a < 70° is the second. order polynom.evaluated by a
least square fit method. The dependence on the velocity is used as

measured. Because the wire usually is not quite straight, especially

the wires of the x-probes, it is not possible to give a simple

general equatiocn.




For a check of the description accuracy of the yaw factors the
dependence of the ratio of the output voltages on the yaw angle
is plotted in Pig.12. The theoretical relationship (Eg.17) is in

excellent agreement with the measured values,

The correction of the anemometer readings for the influence of

the surrounding air temperature is based on the mean velocity
measurement, when the mass flow rate was kept constant. In Fig,13
the results are compared with results from unlinearized anemometer
readings (/4/) and the results of Bearmann (/3/),

The following equation was used for the correction of the time-

mean and RMS values of the anemometer readings, respectively:

E(25) = E(t) . 1 — (12)
1,3575-0,0143-t (°C)

4. Measurements in the eccentric annulus

The "static" pressure measurements were performed by three static
pressure probesof different outer diameter (Fig.14) available in the
laboratory.

The difference between the static pressure measured by the probes
and the static pressure in the reference static pressure tap
(marked R) on the symmetry line of the channel was measured

by a MKS Baraton Tpe 170 Pressure Meter. The measuring head has

a range of 0:10 mm Hg. The reading of the static pressure was very

sensitive against the axial position of the probe caused by the con-



ditions in inlet region. Changes of about 1/100 mm in axial
direction affected the difference head. In spite of this

trouble the results from the three probes agree very well,

Small differences occur only in the wake near the inner surface.
Some results are given together with results of the total .
pressure measurements in Figs. 15+21, The distribution of the
static pressure in the form of lines of constant static pressure

is shown in Fig.22.

The "total" pressure was measured by a Pitot tube again as a
difference between total pressure from the Pitot tube and the
static pressure in the reference static pressure tap. The results
are shown in Fig., 15-21, The evaluated values of the velocity

(U } are given‘in‘Table 2,

PIT

4.3 Normal wire Erobe measurements

The standard normal wire probe DISAS55P11 was used for measurements
of the mean velocity and the fluctuations (RMS Voltmeter DISA55D35).
Because the flow in the inlet region is three-dimensional, the
results of the longitudinal velocity différ from the results of
classic instrumentation measurements, which is believed to be
insensitive on thé flow direction mainly in a wake region., For a
wire positioned in the peripheral direction, the radial velocity
component increases the reading of the anemometer. The same is
true for the longitudinal turbulence intenéity. it seems, that

its level is very low in comparison with developed conditions in
a-tube. This is caused by the conditions in the inlet. In four
radial positions on the symmetry axis, therefore, the longitudinal
-distribution of the axial velocity and the turbulent intensity
were measured (Fig.23). From these results it follows that the

intensity significantly changes downstream from the inlet edge.
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The velocity fluctuation measurements were performed in the plane

of the channel symmetry line in the axial direction, i.e.

a = 0O

and x/d 0,0143:0,550.

h

The flow direction was measured in this plane in the axial direction
and in the circumferential direction for -90° < a < +90°. The
measuring setup and switch connections are given in Figs.,24 and

25. The scheme of the coordinate systems is shown in Fig.26.

The modified method described in /1/ is used. It is necessary to
note that for a check of the method the probe is rotated from

v = 0 to 3600, but only four positions are necessary for the
evaluation of all components of the time mean velocity and

Reynolds stresses. The average from y = 03135 and ¢ = 180-315°

is considered as £hefina1result.Thetransferfunctionfor the in-
stanteneous output of the linearized anemometer (wire in position y)

is given by equation

2 — -— -—
E é¢) = ﬁz'm + Vz(m-sinzw + hz-cosz¢) + Wz(m-cosz¢ + hz-sin2¢)— _9
S -2 GV.p.sing-2.0-W-p-cosy + 2-V-W.sinycosy (M=-h2)+ F
+u(2-U'm-2.V+prsiny—-2W-p-cosy) +
+v(—26-p-sin¢+2-ﬁ(ﬁ-sin2¢+h2-c032¢)+
+2ﬁ-sin¢-cosw(ﬁ—h2))+
+w(—2-ﬁ-p-cosw+2§-sin¢cos¢(ﬁ—h2)+ (13)
+2@ (- cos2p+h2+siny) ) +
+ufem + vz(ﬁ-sin2¢+h2-coszw)+w2(ﬁ-coszw+h2-sin2w)—
—-2uv-p+ssiny-2uw.p.cosy+ 2vw-(ﬁ-h2)sin¢cos¢. g
and. can be written as
EZ(y) _ =2
—2—‘2— = F2+f+qg (14)
s
The following assumptions are made:
—% = fk for the time mean value (15)



and

| 7
(e £ ppy)

H or

X
s2 oF

for the fluctuations

The following procedure is applied:

a.

Flow direction measurement
The probe is rotated around its axis in steps of 45 deg and only

the time mean output voltages from both wires are read. In the

(16)

position where the ratio of output voltages is maximal or mini-

mal the transverse velocity vector is parallel with the plane

of the wire and prongs. Then the angle of rotation (¢D) for

the minimum and maximum value of §1/E2 is calculated by a com-

puter.program for evaluation of the results. The angle ¢ between

the probe axis and the velocity vector is evaluated from the

equation:

where

2 2
) ol “Py+P, g* *m,-m,
tg©¢ + 2'tg $- %2 - - + 2 - — =0
E -m2—m1 E -m2—m1
w _ By
E = E—
2

il 2 2 2
m1’2 = sin Yq,2 + k1,2 cos 1,2

_ 2 2 L2
m, , = cos 1,2 + k1,2 sin Yq,2

- . _ 2
p1'2 = 51ny1'2 cosy1'2(1—k1'2)

(17)

(18)

and the indices 1,2 are related to the first or second wire

of the

x-probe, respectively.




The value of the yaw factor is computed from the calibration of

each wire:

k, = k. {0,a.)
115 % (19)

k2 = k2(U,a2)
where o, = 90—y1+¢
a, = 9O-Y2—¢

The absolute value of the axial velocity U is calculated for both
wires and both positions of the probe (i.e._wD for minimal and

maximal value of E“) according to Eg, 20:

Ef 2/52

My g+ Wy o c EG¢ - 2:py 50t9d

The velociéies are then recalculated tc the polar laboratory
coordinates (y,a;x) (see Fig.27). The results of the flow direction
measurements from both wires and at both positions (max and min)
agree very well. Averaded values cf the transverse velocity re-
lated to the longitudinal velocity are given in the Tab.2 and

Figs. 28+30.

The results show good agreement between the two symmetrical

halves of the channel (Fig.28) and essentially the same distri-
bution of the relative transverse velocity along the normal to

the inner wall. Fig. 31 and Tab.3 show the development of the flow

direction in axial direction on the channel symmetry line.

The distribution of the axial velocity is given in Tab.2 and Fig.
32+35. The stability of both the linearisator and bridge is not
high enough to give absolute values of high accuracy. Therefore
the hot-wire method is not sufficient for high accuracy without

permanent calibration.

The values of the relative transverse velocities especially in the
surrounding of the inner wall are very high and the flow direction
is away from this wall. In the surrounding of the outer wall the
transverse velocity in relatively weak and the direction is towards
the symmetry line of the channel.



- 10 =

b, Reynolds stresses

From the position of the minimal value of E“ the measurements of
the Reynolds stresses are started.

_ 2 2 2
The values of Ek, e (ek+ek+4) and (ek—ek+4) (see Eg.12}) at
.each position of the probe (k = 1:8, k = 9 = k=1 for a check;
P = (k—1)°%) are read. The coefficients of the resulting set of

equations (21} are given in Tabs. 4 and 5.

e’y _
_;5 =,ai,j(¢k).uiuj; i=1+3, j2i
(21)
(eydey4q) e
3 = by, () gy

]

where

Ny x+4 = l‘-“‘k Yy g Ny k+4 = V’“k =Y ™cr4

Py Priga - Priq By

= + : = -
Ay, k+4 ﬁ _\,m A, x+4 Vora VO

(22)
1.2 2
m = sin Y + Ccos Yx
s 2
Py = siny, ° COSTk(1_kk)
For the solution of these equations the following assumption is
made :
= Y_ = g5°
" 2 = 4
(23)
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Some of these equations are chosen and three sets of equations
are compiled. From each set of equations it is possible to calcu-
late the second order fluctuations and the average value of the

three results is taken as the final result,

Because the time mean velocity vector is not parallel with the
probe axis as in the original method of Miiller /1/ due to the
geometry of closed channels, it is necessary to perform measure-
ments in all eight positions of the probe and the results must be
averaged. In the last step the correlations are recalculated from
the coordinates of the measurement arrangement to the laboratory
coordinates. All turbulent intensities are related to the friction
velocity on the outer wall. The results of measurements along the
symmetry line of the channel (a = OO, x/dh = 0,05) are given in
Tab.6 and Fig. 36-38,

The results show that in the surrounding of the outer wall the
flow is nearly homogeneous, it means that the turbulence inten-
sities are the same in all directions and the correlations are
very small, practically zero., The development of the turbulence

intensities along the x-axis are shown in Tab.7 and Fig.39-44.

5, QConclusions

There are only few experimental results in the literature for com-
parison with the new results. All experiments, available in the
literature (e.g. /6/} have other inlet conditions. These conditions
have a very strong influence on the turbulence intensities. The
same is valid for very short distances of the measuring station

from the inlet.
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Following general statements can be made on the results and the
method of this investigation.

1. The results of the measurements of the velocity direction have
good accuracy and reproducibility. The measurement of nearly
longitudinal flows is affected by the nonexactness of fabrica-
tion of the x-probe. It is possible to improve the results by
the use of a more exact and more reliable traversing mechanism in
the calibration device and by selection of the probes used.

2. To improve the method it is necessary to remove the assumption‘
'k = 0 and to solve the equations given in the Tabs. 4 and ‘5,
In the next step corrections for turbulence intensities in the

evaluation of the time mean velocities should be introduced.

3. The basis of this method - the measurement of the squared RMS
value and its sum or difference from two wires simultaneously
gives the poséibility to measure all turbulence intensities and
correlations of the second order and to remove largely the in-
fluences of the temperature and the fluctuations of the flow

rate,
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7. Nomenclature

4,B,C
d

kl

Pot

Prot
m,m,p

nfﬁlq ra

vp

o ro

empirical constants in Eq. (11)

diameter of the static pressuré taps

of the static pressure probe

hydraulic diameter

diameter of the static pressure and the

total pressure probes, respectively

diameter of thé inner and outer surfaces

of an eccentric annulus, respectively

RMS value of the anemometer reading

time mean value of the anemometer reading
functions, def. by Eg. (15)

pitch factor

yaw factor

number of the wire positions

turbulence intensity

static pressure

total pressure

functions, def. by Eqg.(18)

functions, def. by Eq.({22)

temperature

velocity fluctuation in the axial, radial

and peripheral directions, respectively’

RMS wvalue of u,v,w

time mean velocity in the axial, radial and
peripheral directions, resp.

absolute value of the velocity vector
resulting velocities, def. in Fig.4,5 and 6
traverse velocity

friction velocity on the outer wall

transfer constant of the linearization
distance from the wall

distance between inner and outer walls

angles of the position of the probes

angle of the inclination of the slanting wire
angle between the probe axis and the velocity
vector U, in the plane of the wire and prongs
angle of the rotation of the probe

angle of the position of the wire

vaw and pitch angles, def. in Fig.4,5 and 6, resp.

overheating ratio
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Subscripts

D X-wire probe in the position wD
1,2 number of the wire

fl flow meter

bar barometric {of the surrounding air)
R reference static pressure tap

Coordination system (see Figs, 26 and 27)

X,vY,2
laboratory systéems
r,o,2 .

X21Y¥9129 probe system

N1,T,N Wwire system

2
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Scheme of the traversing mechanism and the arrangement of
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Results of flow direction measurements in the plane x/dh=o,05
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Fig.29: Results of flow direction measurements in the plane x/dh=0,05
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Fig.34:

Axial velocity distribution in the plane x/dh=0,05.

—_— UV JE—



29

28

27

26

25

~ T -
. K005 -

\ _ Re=1794.10° 1o 70

\ a 90

—8F —



—_— <‘Ix_ — -

20 —L & = ]
x/dp, = 005

15 F—- - T

10

00 ‘ -

00 05 10

Fijf.36: Results of fluctuation measurements (x/d4,=0,05; a=0)




T 14 ‘
Ve i
vyv 12 | ‘ + W
W/v : X x V'
1ot W o w |
08 |- —o
06 . ‘/_. _
04 I iowﬁ::—]// \
——"
02}
00 I L |
00 05 10 15
—-——2)!/ Ymax —

20

Fig.37: Results of fluctuation measurements (x/dh=0,05; a=0)



_ v
V"
10 = u'v
0w Y dw
v
08} a VW
vw'
T T
06 |-
0 s
0|2 |
— g
) J l A/A&e\b o’
Olo . '_‘___ﬂTQ_\o o\_ -..____x-:—“_
_0|2 1 | |
00 05 10 20

15
— 2 max ——

Fig.38: Results of fluctuation measurements (x/dh=0,05; a=0)




1 9,357
f \ Re =1,794 .10%
— 'ZO — +
k{v.ﬂ -
60 |- |
50 |- [ -;/
~
ol //
3‘0 = ; oy | ZY/Ymux
; + 02857
| | « 05714
20 Wi °o 1,143
" a 1,74
10 b |
dg==a—u 5 o 8 —
0.0 3 I [ { ( i
"0 0 02 03 04 05 06

— %/,
Fig.39: Results of fluctuation measurements in the axial direction h

e



20 |-

A
:9"‘6/0 ! vl ru l °
( ]
00 1 ] | 1 |
00 O 02 - 03 04 05 06
— %4 —
Fig.40: Results of fluctuation ﬁeasuréments in the axial direction




30

, /‘\
20 |

<

10 r'7 /,./

i
|
LT

0,0 1 ] | 1 1 |
00 O 62 03 04 05 08
T
h

Fig.41: Results of fluctuation measurements in the axial direction




o ]

20+

P .

4
\
+
/

- |
z |
~BAr— A=A .
";‘/ o —A l T
: | 1 | 1 A

00 '
00 01 02 - 03 04 G

5 0,6 |
- __;.ﬁ/ah.*—.—

Fig.42: Results of fluctuation measurements in the axial direction

— 95 —



I

12
u'v'
T * | /
1ot [ ' ju y
08 H— : '
+
P /
04 - /
1, +
02 /._
JP‘G l o— °
(IO Fa—a "y a h [_——‘::r-
- 0,2} | |
I 1 1 | | ]

00 0 02 03 04 05 06

__X/d'h e

Fig.43: Results of fluctuation measurements in the axial direction

— G —



20

00

o
~N

06
- x/dh R

Fig.44: Results of fluctuation measurements in the axial direction

—gs —



— 59—

Tab.1:

Geometry of the channel

®

“hruc]r o Yimml  Ymax
o | 000" 700 14,00
10 10,20 694 13,88
20 20,38 8,76 1352
30 3053 6,46 12,94
40 40,65 6,07 1216
50 50,71 559 11,21
60 60,74 5,05 1013
70 70,71 446 896
80 8065 385 7,74
90 9056 3,2 6,51
100 10046 264 531
10 11035 2,08 417
120 12024 156 313
130 130,15 110 231
140 140,08 0,71 1,64
150 150,04 041 0,82
160 160,01 0,18 036
170 170,00 0,05 0,09
180 160,00 0,00 0,00



© [V | Yyl oPoen [P Tor | T | O |y Vg
E'Cld_ fm 1 torr | torr |m.s' [m.§' |m.s' [grad | 1
-90 1,5 1Q230]2420 { 1,34 [30.0 {35,76 (31 90 {90,817 |0,50M
B 20 10307 |1,930 1,64 | 28,9 34,36 |31 46 |88,94 |0,4394
30 |046% [1,00 | 203 | 27,2 |31,44 |2984 180,61 (03310
4,0 10615 {0,730 | 2,8 | 26,3 [28,98 {28,09 65,67 |0,2544
4,5 (0,691 |0650 | 2,20 - — - - -
50 ]0,761 ]0595 | 219 | 258 |27,39 {2681 [49,60 |0,2085
- 80 1,5 0,194 | 2420 29,6 34,87 (31,08 88,98 |0,5091
2,0 10,258 | 1,880 28,7 |33.,99 |31,14 |88,54 [0,4380
3,0 {0,388 {1,200 27,3 131,38 129,70 |84,97 10,3406
4,0 (0,517 10,785 26,4 |29,65 (28,63 |82,54 |0,2698
50 (0,646 |0,560 257 (28,17 |27,64 |70,89 (0,1970
6.0 |0,775 |0.440 252 (27,17 |26.76 4659 |0,1763
-70 | 1,5 (0,167 | 2,420 29,2 |33,68 (28,83 (88,42 |0,6040
2,0 {0,223 11915 28 4 ]33,55(29,56 |89,35 |0,5362
3,0 |0,335 | 1,245 27,2 |31,31 | 28,80 |8546 |04266
4,0 0,446 )0,825 26,4 29,33 | 27,75 (80,66 |0,3435
50 10,558 | 0,585 25,7 (28,12 (27,18 |72,93 |0,2650
6,0 06700420 25,1 [27,00)2641 |62,61 [0,2112
70 |0781 0305 246 | 26,22 | 25,83 |46 43 |0,1758
7.5 |0837 0,270 24,2 | 2598 | 25,62 |37,58 |0,1691

Tab.2:

Results of the static pressure, total pressure and time

mean velocity (by x-wire probe)




i

L y )yqux'APSt—R apt-r | Upm | Uc Wy VTF)’/U

grad | mm 1 torr [ torr {m.s' [ m.s' |m,s" |grad 1

-60 1,5 0148 | 2440 11100 | 28,8 | 31,72 { 27,40 [ 85,90 0,5832

20 10,197 {1980 1310 |28,1 {3311 | 29,14 |88,63 |05396

30 {0,296 [1,315 (1,780 | 27.2 | 31,34 | 28,73 |84 85 104354

40 10,395 |0.870 {2020 | 26,3 | 2944 | 27,63 |82,18 (03674

60 0592 |0,430 |2180 | 250 {27,19 | 26,42 [70,11 |0,2445

70 10691 (0,285 2,210 | 24 6 | 2701 |(26/60)| 79 37 |0,1747

80 (0,790 0,210 | 2230 | 24,1 | 2563 | 25,31 |47 78 |0,1587

-50 | 1,5 (0134 | 2,475 28,6 |30,72 | 26,27 | 85,34 |0,6070
| 20 0178 | 2050 278 | 3243 | 27,99 | 88,81 {05850
30 |0,268 | 1370 269 | 30,67 | 27,65 | 87,45 |04805

40 (0357 |0935| | 260 | 2907 27.00 83,11 |0A000

60 [0535 | 0445 251 | 2697 | 26,03 |75 ,86 |0,2721

80 [0,714 0,200 | 262 | 2552 | 2510 | 60,75 [0,1833

95 |0847 [0.105 232 | 2463 | 2438 | 38,68 |0]1433

-40 | 15 | 0123 | 2,520 284 | 3110 | 2634 | 86,49 (06279
20 |0,164 | 2115 27,7 3307 | 2828 | 88,24 |06071

30 [0,247 | 1,410 268 3135 | 27,90 | 86,11 |05132

40 10329 | 0,980 260 | 29,78 | 2729 | 8592 |04372

60 |0493 {0475 251 | 27,63 | 26,44 |81 48 |03042

80 | 0,658 | 0,210 2,2 | 2634 | 2578 | 6885 |0,2089

100 {0822 | 0080 23/ l 2,91 | 2466 | 4517 0428

TAB, 2
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ol y YyYma KMPst-R Apot-r| Upir | Uc U Vo VTR/U
grad |mm | 1 torr | torr | m.s' |m.§' [m.s' | grad | 1

-30 | 15 (0116 | 2520{ 0,900| 28,50 | 29,00 | 24,76 | 8522 |0,6105

20 10,155 [ 2140 | 1,120 | 27,80 | 32,39 | 27.47 | 89,32 |0,6247

30 |0,232] 1,470 | 1,560|27,00 | 31,10 | 27,51 | 88,06 |0,5277

4,0 0,309 1,035 1,870] 26,25 | 29,61 | 27,06 | 84,53 |0,4448

6,0 (0,464 [ 0,510 | 2,150 | 2515 | 27,25 | 25,96 {7684 |0,3190

80 (0,618 [0,230| 2,250 24,20 | 25,90 | 25,35 | 76,11 |0,2115

10,0 {0,773 0,080 | 2,190 | 23,20 | 24,68 | 24,51 | 62,77 |0,1201

1.0 (0,850 | 0,045 | 2,140 | 22,70 | 24,39 | 24,27 | 39,88 | 0, 1044

-20 | 15 |0,111 | 2560 29,10 | 29,22 | 25,55 |81 38 [0,5545

20 10,148 | 2190 28,30 | 33,39 | 28,44 | 86,66 |0,6150

30 |0,222] 1505 27,60 | 31,59 | 27,54 | 86,68 |0,5611

4,0 10,296 | 1,070 26,75 | 30,06 | 27,04 | 8568 |0,4855

60 |0444 | 0,510 2510 | 2757 | 25,99 | 8437 |0,3539

80 (0592 | 0,225 24,10 | 26,24 | 2548 8234 |0,2468

10,0 (0,740 | 0,080 23,35 | 2535 | 2506 | 78,64 |0,1488

120 {0,888 | 0,010 2255 | 24,23 | 24,14 |40,06 |0,0845

-10 | 15 |0,108 |2,610 | 30,40 | 2852 | 2,18 |84 52 |0,6253

20 |04 |2200] 2950 | 33,10 | 2739 89 96 |0,6785

| ] 30 0216 | 1,545 2840 | 3153 | 27,30 |88 42 10,5781

~ 1 74p 0288 | 1,100 2720 | 30,22 | 27,22 85,75 10,4834

60 |0,432 | 0540 2510 | 27,63 | 26,12 |79 40 |0,3445

80 |0576 | 0,255 24,00 | 26,18 | 2544 |78 62 |0,2426

100 |0721 | 0110 | 23,50 | 25,29 | 2504 | 77,01 |0,1491

120 |0865 | 0020 2270 | 26,10 | 24,00 | 45,18 |0,0835

TAR 2
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oy Y Y/ymaJ‘Apst-R sprot-r| Upr | Uc U Yo VTR/U
grad ‘| mm 1 torr | torr {m.s' |m. &8 | m.$!' |grad | 1
0 15 |0107 (2,620 {158 | 314 77,81 10,5378
20 |0,143 2,210 {173 308 | 32,76 | 28,91 |93,04 {05497
30 0,214 [1,615 [ 191 29,0 | 31,01 28,11 96,73 |0,4792
- 4,0 0,286 1,165 2,04 27,5 | 29,73 | 27,59 |197,29 [0,4236
60 (0,429 {0,565 | 2,10 251 | 27,38 26,27 | 94,18 |0,3070
80 [0571 |0290 {215 | 24,1 | 26,15 | 25,55 |86 65 | 0,2288
160 0,714 10,145 | 224 23,7 25.1.4% 2517 185,52 [0,1571
120 [0857 |0,040 | 217 | 23,0 | 24,32 | 24,26 | 72,59 00895
+10 15 10,08 |2630 306 — — | 86,22 106721
20 {044 | 2265 298 | 32,69 27,05 | 91,09 (0,6789
30 |0,216 | 1,635 28,7 | 3145 2724 | 91398 {05775
40 10,288 | 1,170 27,4 | 29,86 | 26,83 | 90,74 | 04884
60 (0432 |0570 253 | 2769 26,2 | 92,32 [03512
80 |0576 10,290 24,2 2652 | 2581 | 9014 |0,2367
100 (0721 [0150 238 | 2532 | 2506 | 9554 | 01455
120 /0,865 |0,060 22,9 | 24,31 | 24,18 14315 | 01044
|
+20 15 01 2620 29,7 | 30,20 | 25,26 | 87,65 50.6549
20 1048 | 2240 28,7 | 3315 | 27,78 [ 91,22 |0:6510|
30 (0,222 | 1,610 27,8 | 31,56 27,72 ! 91,38 | 05444
40 10296 | 1,160 27,1 | 3017 | 27,39 | 91,97 | 0,4617
6,0 |0,444 |0,580 253 | 2788 26,41 | 9192 (3385
80 (0592 [0,285 24,3 | 2683 | 26,13 | 95,44 | 02324
100 |0,740 0135 23,9 | 26,05| 25,78 {10695 | 0,3458
120 (0,888 |0080 229 | 2457 | 24,40 15520 |0,1176

TAB. 2
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& | Y | Yyl 2PstrloPR | Upr | U | U W [YR/g
grad | mm 1 torr | torr |m.§' |m.§' |m.s!' [grad | 1

+30 [ 15 lo116 [2605]0900] 29,0 |3023 |25.56|87,72 | 06316

20 0155 [2,210 [ 1,070 | 28,0 | 33,70 | 28,53 |92 65 |0,6289

30 (0,232 [ 1585 | 1560 | 27,3 | 32,12 | 28,42 |93 49 |05265

4,0 (0309 [1,130 | 1,880 | 26,8 | 3017 | 27,38 (9259 04631

B 60 |0464 [0550 | 2170 | 254 | 28,17 | 26,71 | 93,18 [0,3353

80 0618 [0,255]| 2270 | 244 | 27,07 | 26,41 | 99,39 |0.2257

10,0 |0773 |0MO | 2,280 | 239 | 26,36 | 26,13 |114,80 |0,1339

11,0 |0850 |0065 | 2,240 | 233 | 2550 | 25,32 (147,80 |0,1203

+40 | 15 10123 [2710 28,9 | 3062 | 26,12 |8583 | 06117

20 1064 | 2240 279 | 3330 | 28,19 | 90,94 |0,6287

30 [0,247 | 1490 272 | 3176 | 28,05 | 91,99 | 05307

40 10329 | 1025 268 | 3005 | 27,47 | 9386 04432

60 0493 | 0500 254 | 2811 | 26,90 100,06 | 0,3031

80 10658 | 0235 25 | 2703 | 26,52 (11071 |0,1973

100 |0822 |0M0 237 | 2574 | 2548 |13940 |0,1439

+50( 1,5 10134 |2770 292 3181 | 27,04 | 9017 06198
20 [0178 {2240 28,1 | 3344 | 2884|9371 05871

30 (0,268 | 1455 273 | 3181 | 2867|9507 | 04804

40 10,357 | 1000 26,6 | 3006 | 27,92 | 9589 |0,3986

60 (0535 [0435 25,3 | 2794 | 27,01 [10055 [0,2645

80 0714 |0210 2 4 | 2680 | 2645|1610 [0,1637

g0 {0,803 | 0,150 238 | 2624 | 2601 |132,30 {0,1325

95 (0847 [0,130 235 | 2593 | 2573 14410 |0,1255

TAB. 2
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oL y Y/ymux APst-r|APotR| Upm| Uc U ¥h VTR/ U
grad {mm | 1 torr | torr |m.s' | m.s' { m.§" {grad | 1
+60 | 15 10148 12500 | 1,130} 296 (3281 |27,85 90,16 {06226

20 |0197 | 2090 | 1,340 286 | 32,97 | 28,72 | 9439 10,5641

30 10,296 [ 1,395 | 1,800 27,6 | 31 33 | 2845 | 9603 {04609

40 |0395 {0910 | 2060| 26,7 | 29,77 | 27.80 | 9777 |0,3827

50 10484 0620 | 2190 | 25,2 | 28,76 | 27,50 [100,30 {03063

60 (0,592 {0410 | 2,260| 242 | 2793 | 27,18 {10520 |0,2371

70 {0691 10,280 | 2,280} 235 | 2725 | 26,83 | 114,80 |0,1784

80 |0790 |0,200 | 2270 | 22.8 | 2644 | 264 | 13520 |0,1515

85 10839 {0175 | 2240 | 212 | 2594 | 25,65 | 14890 |0,1506

.70 | 15 |0167 |2540 301 | 3354 | 28,86 | 9081 | 05919
20 10,223 12070 290 | 3337 | 29,40 | 94 06 10,5368

30 10,335 [1,305 278 | 31,60 | 29,06 | 96,09 | 04273

40 10,446 | 0870 266 | 29,77 | 28,16 |99 51 |0,3431

50 (0,558 |0,610 257 | 28,67 | 27:63 {10540 |0,2769

60 |0,670 |0,430 250 | 2783 | 27,20 { 117,20 10,2173

B 70 [0,781 0310 24,4 | 2698 | 26,56 |13600 |0.1788
+80| 15 |0,194 2580 306 | 34,93 | 30,87 | 93,70 {05297
20 10,258 [1970 295 | 3426 | 3103 | 96 44 |0,4681

30 {0,388 | 1,240 279 | 31,64 | 29,78 | 99 24 10,3594

40 10,517 ]0,800 26,5 | 2996 | 28,52 104,80 ;0,2712

50 |0646 |0560 256 | 28,67 | 28,06 | 12250 |0,2099

60 |0,775 | 0,440 248 | 2748 | 27,04 | 14300 0,1819

TAB. 2




o Y | Yymax| 2Pst-R| APtot-R Uar | Uc U Wb vTR/ 1]

grad | mm | 1 torr | torr | m. &' | m.s' |m.§' | grad 1

+90 | 15 | 0230] 2420 1420 | 31,0 | 36,23 | 32,54 | 93,42 | 04893
20 1 0,307]11850 | 1,710 | 298 | 34,78 | 3201 .95-1'2 04251
30 | 0461112001 2060 278 | 32,16 | 3063 | 9893 | (43198
40 | 0615 | 0.765] 2,150 | 264 30,43 | 2856 | 11280 | 0,2444
50 | 0,691 | 0,630| 2070 | 259 | 2927 | 2851 |128:80 | 0,2321

TAB. 2




o =0 Re = 179410 ¥ [grad)
2ymax| 0,286 0,571 1,143 1714
oy | Yo (Y0 | W0 [W/O| W WG | Yo |WRD
00143 | 952 | 0562 | 972 | 0419 | 883 | 0223 [ 70,0 | 00%
00500 | 939 | 0527 | 983 | 0401 | — | — - | —
0,0857 | 86,0 (0,480 | 99,7 | 0,379 | — — — | =
0,124 | 60,9 |0454 | 1006 | 0,357 | 90,9 | 0,195 | 701 | 0,065
0,571 | 40,9 (0523 [ 1021 | 0332 | — — - | -
0,1929 | 281 | 0,600 | 1029 | 0308 | — — — —
0,2643| 214 | 0,642 | 1026 | 0,251 | 94,6 | 0,152 | 703 | 0,055
04071 | 158 | 0529 [ 626 | 0,90 | 99,5 | 011 | 67,1 | 0,044
0,5500| 800|039 | 325 | 0218 [108,2 | 0,075 | 598 | 0,03
Tab.3: Results of flow direction measurements in the axial direction
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o 7 a (W) T =13, 7
22, a; (V)
S8l
E § 2 ay Ay Agy Ay A3 Ay3
2
1Al m £ - 2p
' 1L.P (1P 1.2, |.2 p?
2|1 B m 5 > é.p é.p =
I 2
3ic| m £ -2p
1 p? |1 p? 2 2 2
‘0l ™ lzw [zw [P jFP |-
e
5(|A1 m £ 2p
1P 1P |2 2 p?
c 6B 5 rr; 5 D-p r2-p =
7|C 2 2p |
1 2 2 2 ' 2 2
m = sinzy + K. coszy
p = siny .cosy(l-k*)
Tab.4: Resulting set of equations




0 (ek T ek )2 ]
£ _ , TP
@
=
k- by bo bis by, by bys
1 nZ =2 2 n. T
15 sy 15 - Uy
2 1 =2 1 =2 — _ 2
— 2 Mg '5 Q62 7 Qg2 vl Nog - Qg2 % Ny . Qg2 q52
(ek+ekol.) )
S 3 n% 973 2.3 - Qg |
2 =2 1 =2 — - -2
_4 g ;_ Gss 5 - Yas ‘% N . 9ss ‘1%— Nig . 9es — Qg
-2 2 -
t Mg Q15 -2 Mg . Q1s
: =2 1 2 1 2 2 2 — 2
2 n - - - Poc . - Fog . _
(e e 4)2 26 5 - Q26 7 - 92 vz N26- 926 7 N26 - Q26 Q26
s? 2 2 -
3 fi37 Q37 -2 T37. Q37
4 iy 14 L q - g .G | & Tus -q - a
: 48 . 2 - 48 2 . 48 E' 4B . M8 "2— 48 - g 8
Tab.5: Resulting set of equations



a=0

x/d,=0,05, o=0

| Re =1,794 .10%
X/ 0,05
y 2y o v w uv uw VW X
[mm] Yenax v v v v*2 v*2 v v

20 | 0286 | 10647 | 10004 | 13434 |-11037 |-04600 | 0707 | 1,9696

3.0 0,429 | 0588] 06853 | 08028 |-0,3263 |-0,2286 | 0,2840 | 0,7300

4,0 0,57 0,3998 05326 | 0,4509 {-0,1183 |-0,0332 | 0,0630 | 0,3234

50 - 0,714 | 0,2855 0,4177 03842 |-0,0381 |-0,0161 |-0,0037 | 02018

6.5 0,929 { 0,315 0,4021 0,3421 |-0,0656 |-0,0065 |-0,0002 | 0,1879

8,0 1,143 0,3846 | 0,4777 | 0,3878 |-0,0994 | -0,0082 | 0,0293 0,2632

90 1,286 | 03715 0,449 03548 [-0,0785 0,0247 0,0594 | 0,2328
10,0 1,429 | 0,3958 0,4615 0,3509 (-0,0198 00569 0,0502 | 0,2464
10 1,571 04292 0,507 03836 | 0,0329 0,0459 | 0,0136 0,2943
20 | 1,74 | 05206 | 05297 | 0,5390 | 0,0460 | 00207 |-0,013 | 0,421
124 | 1771 | 04885 | 04317 | 05432 | 00422 | 00186 | 0,0207 | 0,3600

. Tab.6: Results of the fluctuation measurements along the line




a=0 Re=1794 . 104 V' =15236 mfi

X 2 ' y' ! u'y' 'w' 'w' '
e rikikiriklikik:

0,0143{0,2857|0,8922(0,7810 | 1,3064}0,7704{0 4869 | 06417 | 1,5563
0,0500 1,0647|1,0004| 1,3434}-11037 |-0,4600(07071 | 1,9696]
0,121 — |- | = === 1-

0,2643 3052623865 19236]-0,2493(2,2146 |1,4985 {93570
0,4071 28417 | 1,6994| 2,1897 -1,0092|4,1393 |-0,4459| 6,208
0,5500 23260 1,6950|1,1760| — [1.4600|05930 |4833

: |

00143 |0,5714 | 03772 [04929|04101 0,091 H00196 00251 {02767
0,0500 0,3998 /05326 |04509|-0,1183 |-00332/0,0430 |0,3234
0,1214 0,4965/0,6347|06398+0,1997 |-01017 {0,156 |0,5294
0,2643] (0819608192 |1,1626 |-0.3592-04761(0,4797 |1,3472
0,4071 1,37680,9304 | 17218 | 0,0875/-1,1924{0,3517 |2,8629
0,5500) 19795 {15714 | 19100 -0,8482|-2,25600,7121 |5,0021
00143 1,1430{03872| 04782 {0,3916 101029 |-00028|00326 {02660
0,0500] 0,3846|04777 |03878 00994 -Q0082| 00293 (0,26 32
01214 03823(04790 | 04180 [-00920(-00156 (00247 {02752
0,2643 0,3811{0,4790 [0,4297 |-00742-00100 {00051 [0,2797
0,407 0,3824(0,4768 |0 4455/-00511 F00025-00044 02860
0,5500 0,3955|0,4839 [0 4758 [-00331 [-00054[-0p068 [0,3085
0,0143 | 17140]0,5262|05331 |05453 00463 [00206 0104 | 04292
0,0500 0,5206|05297 [0 5390|00460 |0,0207 00113 [0,4211

10,1214 | 0,510 |05283|0 526800448 [00221 -00095/04089
0,2643 0,4868|0,5146 |04737 [0,0406|00292 [-0,0009]0,3659
0.4071 0,4730{0,5153 |0.4644 |00413 [00327| 0008303525
0.5500 04604,0,5070/0,472700447 |00194 |00028/03462

Tab.7: Results of the fluctuation measurements in the axial direction





