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Abstract

An experimental investigation was undertaken in order to obtain
information on the transport properties of turbulent flow
through a wall subchannel of a rod bundle with roughened rods
and a smooth channel wall. Detailed measurement values were
obtained on the distributions of mean flow velocity, intensity
of turbulence in all directions and thus the kinetic energy of
turbulence as well as the shear stresses perpendicular and
parallel to the walls and of the wall shear stresses on the
smooth wall. The rod bundle consisted of four parallel rods
contained in a rectangular channel; the Reynolds number of
this investigation was Re=1.82-105. From the measurement
values the eddy viscosities in the directions perpendicular
and parallel to the walls were calculated.bThe results are
compared with predictions calculated by the VELASCO code.

Die Struktur der turbulenten Strdmung in einem Wandkanal eines
Stabbiindels mit rauhen Rohren

Zusammenfassung

Eine experimentelle Untersuchung wurde durchgefiihrt mit dem
Ziel, Informationen iiber die Transporteigenschaften der tur-
bulenten Strdmung in einem Stabbilindel mit rauhen St&ben und
glatten Kanalwdnden zu erhalten. Detaillierte Verteilungen
von Stromungsgeschwindigkeit, Turbulenzintensitdten in allen
Richtungen und damit der kinetischen Energie der Turbulenz
sowie der Schubspannungen in Richtung senkrecht und parallel
zur Wand und der Wandschubspannung an der glatten Wand wurden
gemessen. Das Stabbiindel bestand aus vier parallelen rauhen
Rohren umgeben von einem Rechteckkanal; die Reynoldszahl der
Untersuchung war Re=1.82-105. Aus den MeBwerten wurden die
Wirbelviskosit&dten senkrecht und parallel zu den W&nden be-
rechnet. Die Ergebnisse wurden mit berechneten Werten mit dem
VELASCO-code verglichen.






1. INTRODUCTION

Computer codes used to predict the thermodynamic and fluid
dynamic performance of rod bundles with longitudinal turbulent
flow require experimental knowledge of the turbulent transport
properties. Anisotropic eddy viscosities are used in the most
advanced codes applied to rod bundles /1,2/. The anisotropy of
the momentum transport is described by different eddy viscosities
in the radial direction, i.e., normal to the walls, and in the cir-

cumferential direction, i.e., parallel to the walls, respectively.
The eddy viscosity in the radial direction is defined by

= UV (1)

with ,GT;T as the time-mean correlation of the velocity fluctu-
ations in the main direction of the flow (u') and in the direc-
tion normal to the wall (v'), respectively, u is the time-mean
fluid velocity, and r is the coordinate normal to the wall. As
a dimensionless quantity the radial eddy viscosity can be written

as
+ r
°r = Lo (2)

with L as the length of the velocity profile measured normal to
the wall between the wall and the position of maximum velocity

and u®as the local shear velocity defined by

T
= X (3)

©

with T, a8 the shear stress at the wall.

Likewise, the eddy viscosity in the circumferential direc-

tion is defined by
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with w' as the velocity fluctuation in the circumferential
direction. As a dimensionless quantity the circumferential

eddy viscosity yields
€
e; = i—iw . (5)

In channel flows the eddy viscosities in the radial and cir-
cumferential directions are non-isotropic; this fact is taken

into account by an anisotropy factor n

n = E%— . (6)

Up to now, experimental information on the value of the aniso-~
tropy‘factor and its local dependence has been very poor for
non-circular channels. Information is available only for simple
ducts, circular tubes and parallel plates, for which values be-
tween 2 and 3 have been measured.

For smooth rod bundles some results are known of the radial
eddy viscosity from the experiments by Kjellstrom /3/, Trupp /4/
and Rehme /5 - 10/. Kjellstrom also reported a few values of the an-
isotropy factor n, but his results scatter widely and no conclu-
sions can be drawn on the basis of those values. Detailed experi-
mental data of the anisotropy factor for the turbulent flow
through smooth rod bundles with different pitch-to-diameter
ratios were published earlier /5 - 10/. Experimental results of
the anisotropy factor in roughened rod bundles are not available.
On the other hand, the anisotropy factor strongly influences the
results calculated by the codes. Especially the circumferential
variation of the mean flow velocity averaged normal to the walls,
the variation of the wall shear stresses, and, hence, the resul-
ting variation of the wall temperatures depend on the anisotropy
factor /11/.For instance, the calculations with the VELASCO code
/12/for a smooth rod bundle with a pitch-to-diameter ratio of
the rods P/D = 1.1 show that the ratio of = Ty changes

\'Y .
from 1.86 to 1.06, if the anisotropy factor L& changed from




1 to 30./11/. The VELASCO code is also suited for the predic-
tion of the turbulent flow through roughened rod bundles.
Precise experimental results on the anisotropy factor and
its local distribution are therefore necessary to verify the
assumptions made or to adjust the codes. Moreover, it is des-
irable to apply the more advanced codes (k'-models) to rod
bundles. To test those models detailed experimental results

of the flow structure are necessary.

2. EXPERIMENTAL SETUP

In this investigation experiments were performed in a wall
subchannel of a rod bundle with roughened rods. Since the tem-
perature gradients are the highest in wall and corner channels
of nuclear fuel elements, knowledge of the tranport properties
is most important for those channels. On the other hand, experi-
ments in central subchannels are difficult to perform, since the
flow will always be affected by the channel walls, as the results
of different investigations show /3,4/.

A rectangular channel (180.2x642.2 mm) with 4 rods (DVol =
106.21 mm) in parallel is used for the experiments (Fig.1). The
rods were arranged at a pitch-to-diameter ratio of P/DVol = 1.45
vol = 1.35. The surface of the

rods was roughened by a trapezoidal roughness similar to the

and a wall-to-diameter ratio of W/D

roughness used in the BR2-calibration experiments /13/. The ribs
with a height of h = 1.4 mm were cut with a pitch of p = 16.2 mm
into the outer surface of the aluminium tubes of D = 108.0 mm
O0.D. The width of the ribs was b1 = 4.8 mm at the tip and

by, = 6.76 mm at the root of the ribs, respectively (Fig.2).

The choice of these dimensions means an enlargement of 13.5 : 1
compared to the dimensions of the rods used for the BR2 calibra-

tion experiments.



The rectangular channel was fabricated from plexiglass so that
one of the short walls is adjustable to allow the channel dimen-
sions to be changed for different geometries. The overall length
of the test section is H = 7000 mm; it was made up ©f 4 portions
of L, = 1750 mm each for both the channel and the rods. This

K
makes the length-to-diameter ratios

H

66
Dvol
H ~ so.
Phyall

Small pins of 2 mm O.D. were used as spacers at four levels to

fix the rods inside the channel. The measurements were performed

with air as the fluid at the open outlet, 30 mm downstream from

the outlet. The air is taken in through a silencer and a filter

1, &p = 0.1 bar)
and enters the test section through a honeycomb grid (Fig.1).

(1 um particle size) by a radial blower (m = 4.2 kgs

Measurements were taken of
(a) the time-mean value of the fluid velocity by Pitot tubes,
(b) the turbulent shear stresses in the radial and circum-

ferential directions,

(c) the distribution of turbulence intensities and, hence, the
kinetic energy of turbulence by hot-wire measurements (b)
and (c) (DIsA), and

(d) the distribution of the wall shear stresses by Preston tubes
at the smooth channel wali.

In order to achieve the necessary accuracy of the measured
values and their gradients, the flow cross section to be investi-
gated was covered by a network of mesh points. Measurements were
taken along the rod wall between O and 90 deg : 5 deg each and
along the channel wall between O and 77 mm : 5 mm each for a
different number of points normal to the walls, depending on the
width of the flow cross section between 13 and 18 points. Thus,
measurenients were taken at a total of more than 500 positions
in the symmetrical part of the wall channel by the technique used




in ealier measurements on annuli /14,15/and in smooth rod bundles
/5 - 10/. The hot-wire measurements were performed by the single-
wire method in six different positions against the flow, as sug-
gested by Kjellstrdm /3/. For evaluation of the results Kjellstroém's
method was used. The difficulty in solving the set of six simultan-
eous equations with respect to the shear stress V'w' was overcome
by disredarding this correlation, as reported already by Kjellstrdm
/3/. Since the measurement of all values at all positions takes a
long time,nearly 3 months, the density of the air at the outlet
changes with the conditions of the weather (temperature and baro-
meter readings). Therefore, the speed of the blower was adjusted

by controlling the revolutions per minute of the motor such that

at a fixed point in the channel the fluid velocity measured by a
Pitot tube remained constant (Uppp = 27.78 ms~1). Details of the

test section and the measuring technique can be taken from /16/.

3. RESULTS

The Reynolds number of this study based on the hydraulic

diameter Dy and the velocity averaged across the subchannel

u Dy
Re = &—IS——- (7)

5. The tabulated results are included in this

report in the appendix.

was Re = 1,82-10



3.1 Time-mean velocity and wall shear stress

The velocity ditribution measured by Pitot tubes is shown in Fig.3

as lines of constant velocity (isotachs). The velocities measured
-1

REF = 27.78 ms ') by

a fixed Pitot tube. The average fluid velocity over the cross sec-

are related to the velocity kept constant (u

tion (um = 24,38 ms-1) was calculated by an integration of the
velocity distribution measured. The plot of the isotachs shows
that the lines of constant velocity close to the walls are par-
allel to the walls. It is interesting to note that the line of
maximum velocity is not conicident with the symmetry line between
the rods. This effect is due to the influence of the edge channel
on the flow distribution in the wall channel. Unfortunately, the
measurements were taken in the wall channel which was connected
with the edge channel. Since in the edge channel the mean flow
velocity is lower than in the wall channel the line of maximum
velocity is moved towards the center of the whole channel. The
data were plotted by a computer. For the measurements near the
rod wall cylindrical coordinates and near the channel wall kar-
thesian coordinates were used. Therefore, two plots were drawn
which were connected at the line of maximum velocity between the
rods and the channel wall. This is the reason for the small steps
of the isotachs near the line of maximum velocity.

The same data are shown in Fig.4 for the portion of the sub-
channel close to the rod wall and in Fig.5 for the portion

close to the channel wall. In these figures the velocity distri-
butions measured are plotted versus the relative distance from
the respective wall: the distance from the wall is related to

the length of the velocity profile between the wall and the po-
sition of maximum velocity. Fig.4 shows that the velocity distri-
bution of the wall channel has a minimum in the gap between

the rods (¢=5 deg), whereas the velocity in the gap between the
rod and the smooth channel wall is slightly higher (¢=85 deq).

The wall shear stresses at the smooth channel wall were measured
by means of Preston tubes /17/. The data were evaluated by using
Patel's calibration equations /18/. The use of Preston tubes is

not possible at the roughened wall. Therefore, the wall shear




stresses were calculated from the velocity profiles measured
assuming that they follow the law of the wall:

ut = 2.5 1n % + R(h") (8)
w=2.5u*1ny-2.5u* 1nh +u* R(h") (9)

The data of the velocity u and the natural logarithm of the
distance from the wall y were fitted by a straight line (LSF).
Assuming the slope of the dimensionless velocity profile to 2.5,
as usual, the shear velocity u* and, thus, the wall shear stress

T, were calculated
T, = p u*’, (10)

Considering the recent results on velocity profiles over rough
surfaces by Baumann /19,20/ the assumption of a slope = 2.5 of
the velocity profiles might not be true. The distance from the
wall y was measured from the volumetric radius.

The results are shown in Fig.6. It turns out that the shear
stress at the rod wall due to the roughness is about three times
higher than that of the smooth wall. At the smooth channel wall
the wall shear stress is nearly uniform, however, at the rough
wall the shear stress is lowest in the gaps between the rods and
channel wall, respectively. There is a relatively great varia-
tion of the wall shear stress of about 25%, the maximum value
being at the ¢ = 40 deg position. This position is coincident
with the position at which the length of the velocity profile
between the wall and the maximum velocity has its maximum value.

Fig.7 shows the dimensionless velocity profiles for the rough
part of the cross section. All profiles follow a straight line
but there is considerable scatter with respect to the constant
R of the velocity profile. The mean value of R calculated from
Egq. (9) was R=6.6. With the different positions at the wall this
constant changes between 6.2 and 7.2, The highest values of R
are found in the gaps between the rod and channel wall and be-



tween the rods, respectively. This value of R is rather high
compared with the value of R =5.4 used in the SAGAPO /21/ cal-
culations for the BR2~bundle according to Dalle Donne and
Meyer /22/. Using a combination of the methods of Lyall /23/
and Maubach /24/ the value of R = 5.55 was calculated from the
BR2 calibration experiments /25/. This value is lower than
that found in this investigation, too. Since it is felt that
the assumption the slope of the non-dimensional velocity pro-
file being 2.5 is most questionable it was tried to calculate
the wall shear stress by extrapolation of the shear stresses
measured in the direction normal to the rough wall. The extra-
polated values scatter considerably, moreover, they are higher
than those evaluated from the velocity profiles assuming the
slope to be 2.5. The mean value of the wall shear stress was
Way = 5-562 NmZ 0
profiles compared with Ty, . = 4.261 Nm

T calculated by extrapolation of the shear stress

2 from the profiles.
However, the shear stresses measured near the rough wall are
not very precise, since the maximum ratio of r.m.s axial fluctu-
ation to mean velocity was 28%. The hot-wire equipment used
without linearisators is not able to measure the shear stresses
precisely at such high intensities /26,27,28/. Nevertheless,
the non-dimensional velocity distributions are plotted in Fig.8
using the smoothed wall shear stress distribution calculated
from the shear stress distributions measured. The plot shows
that the profiles have a slope less than 2.5 but nearly the
same constant (5.9). The lowest slope is found in the gaps
(2.03) and the highest at 25 - 35 deg (2.30).

The average wall shear stress on the rough wall can be calcu-
lated by a force balance if the pressure drop gradient is
known. Fig.9 shows the distribution of the static pressure
measured along the smooth channel wall. The distribution shows
small steps due to the presence of spacers. The pressure drop
gradient was calculated from the measurements of the last five

pressure taps:

Ap _ 142.98
AL - T.203

= 118.85 Nm 2.




The force balance can be written as

. Y = AE .
Tsav Us + TRaV U F.

From the measured wall shear stress distribution on the smooth

wall 1 is calculated:

Sav
tg.. = 1.638 Nm 2
av
and with UR,_, = 83.415 mm and Fyo) = 4722.9 mm” and Ug = 77.0 mm
we get
= 5.218 Nm 2.

TRav

This value is only 6.2% lower than the average wall shear stress
calculated via the extrapolation of the shear stress distribu-

tions in the direction normal to the wall.

Using this value of the wall shear stress constant around the
rod surface the non-dimensional velocity plot (Fig.10) shows

a strong dependence of the profiles on the circumferential po-
sition: the highest profiles at the 45 deg position with a
slope of 2.28 and a constant of 5.8 and the lowest profiles

in the gaps (5 deg and 85 deg position) with a slope of 1.78
and a constant of 5.0,

It can be concluded from a comparison of the figures 7,8 and 10
that the wall shear stress around the perimeter is not constahnt

but there must be a distribution with lower values in the gaps.

Since it is not possible to evaluate the precise distribution
from the measurements in the following the intensities, kinetic
energy of turbulence and the eddy viscosities in the rough part
of the channel are related to the average value of the wall
shear stress (5.218 Nm—z) which is felt to be the most precise
value.

It is possible to calculate another value of the roughness
parameter R(h+) by a combination of the Lyall /23/ and Maubach
/24/ methods using the pressure drop measured:
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, = Ap/AL _ = 0.04033

e 4,2 1

2 m Dh

5
Re = 1.824-10
U
%- = 2.527 and 35 = 1.073.
s S

From /23/ we get

A
R _
T 1.472
and
AR = 0,0594.

The annular zone is taken equivalent to the flow cross section
between the surface and the position of maximum velocity
(F = 3194.2 mm?). We get

Tu
y = —2% = 1,574

Tvol
and from
8 _ L o
3" 2.5 1n h + R(h) G
with
_ 3.75 + 1.25y _
G = Ty = 2.221 /24/

R(h*) = 6.13.

This value is higher than those found in the BR2-calibration
tests, too. The reason for this discrepancy is not clear. Per-
haps the small differences in the roughness profiles are the
reason for this difference. The profile used in this investi-
gation was calculated as an enlarged profile of the original
design of the BR2 roughness. But during the fabrication of

the calibration test section the dimensions changed slightly:




BR2 BR2 this
original actual investigation
design mean dimen-
sion
p/h 11.76 10.84 11.57
h/b 0.239 0.255 0.242
Bb 7.57 6.91 7.44

Moreover, the angle between the root of the ribs and the ribs
was 45 deg for the BR2 rods whereas it was 35 dea (Fim,2) for
the rods of this investigation.

The non-dimensional velocity profiles in the smooth part of the
channel close to the channel wall are plotted in Fig.11 versus
the non-dimensional distance from the wall. The slope of the
profiles is nearly coincident with the slope of the Nikuradse
 profile in smooth tubes:

ut = 2.5 1ny" + 5.5 (11)

which plotted as a straight line for comparison. The values
measured are slightly lower than the tube profile. The same
effect was already observed during the investigations in smooth
rod bundles /6 - 10/.

3.2 Intensities and kinetic energy of turbulence

3.2.1 Axial turbulence intensities

Fig.12 and 13 show the measured turbulence intensities in the rough
and the smooth zones of the wall channel. As mentioned before the
axial intensity in the rough zone of the channel is related to the
friction velocity based on the average wall shear stress. In the
smooth zone the intensities are related to the local friction ve-
locity based on the local wall shear stresses measured by Preston
tubes.



It is interesting to note that the axial intensity decreases
close to the rough wall (Fig.12). This cannot be noticed

close to the smooth wall (Fig.13). The axial intensity de-
pends on the circumferential position in the rough part of

the channel the intensities being higher in the gaps and

lower at the ¢=35 to 45 deg position. This effect cannot

be attributed to the reference friction velocity chosen

since the intensities in the gaps are on the high side and
they will be even higher if a slightly lower friction velo-
city is chosen as the reference velocity due to a variation

in the wall shear stress. In the smooth part of the channel
the data agree close to the wall, Far from the wall the in-
tensities spread out depending on the position at the wall.
The lowest values are found near the symmetry line of the
channel (x=77 mm). It is interesting to note that the inten-
sities show a minimum value especially near the gap. This is
more pronounced in Fig.7 which shows the measured axial tur-
bulence intensities in the wall channel made dimensionless

by the reference wall shear velocity uﬁEF=1.794 Nm_z. The con-
tour map of lines of equal intensity shows that the intensity
is the highest near the rough wall, as is to be expected, but
that the intensity drop towards the center of the flow on
lines normal to the wall depends on the circumferential posi-
tion at the wall. Again, as already observed for the time-mean
velocity the line of minimum intensity between the rods is non-

coincident with the symmetry line.

As already mentioned the line of minimum intensity between the
rod and the channel wall is non-coincident with the line of
maximum velocity. There is a considerable shift of the line

of minimum intensity, which is almost parallel to the line of
maximum velocity, towards the smooth channel wall. The same
result was observed in smooth annuli with small radius ratios
/9,10/, for which the line of minimum intensity was coincident
with the line of zero shear stress. The same is true for the

wall channel of a rod bundle.
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The axial intensity close to the rough wall (/ﬁfg;uEEF > 2.2)
is considerably higher than close to the smooth wall (1.5).
The lowest values of the axial intensity close to the walls
are found at ¢ = 40 deg and x = 77 mm. Towards the gaps the

intensity close to the wall increases.

3.2.2 Turbulence intensities normal to the walls

The turbulence intensities in the direction normal to the
walls are presented in Figures 15 and 16. In the rough part
of the channel there is a drop of the intensities close to
the rough wall similar to that found for the axial intensi-
ty. Towards the line of maximum velocity a decrease of the
intensities normal to the wall is found. In the smooth part
of the channel the data show some scatter and the data are
more or less constant across the zone. Approaching the maxi-
mum velocity position a slight increase of the intensity can
be noticed. The contour plot (Fig.17) shows the decline of
the values with increasing distance from the rod wall and

a somewhat non-uniform picture near the smooth surface.

Plots of the turbulence intensities parallel to the walls
are presented in Figures 18 and 19. The trends of the azi-
muthal intensities are similar to those of the axial and
normal intensities. The contour plot shows that the line of
minimum intensity is shifted from the line of maximum velo-
city towards the smooth channel wall.

3.2.4 Kinetic_energy of turbulence

The measured kinetic energy of turbulence (Figures 21 and 22)

k' =—;— [u-'—zj+ \/\7'—?+ \/w—'z_:l

decreases in general more or less with increasing distance from

the wall except near the rough wall. Far from the wall the kine-
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tic energy of turbulence depends on the circumferential posi-
tion in the rough part whereas this dependence is less pronounced
in the smooth part of the channel. Here again an increase in
turbulence enerqy is found approaching the line of maximum
velocity. This fact is clearly demanstrated in the contour plot
of the data (Fig.23). An influence of secondary flows cannot be
noticed, however, the shift of the position of minimum turbu-
lence energy from the symmetry line towards the center of the
channel which is caused by the neighboured corner subchannel

is clearly indicated. The highest values of the kinetic energy

#
REF

the smooth wall the maximum values are less than 1/2 of the

are found close to the rough wall (k'/u > 3,.8) whereas at

maximum at the rough wall (< 1.6).

3.3 Shear stresses and correlation coefficients

3.3.1 Shear stress normal to the walls

The measured shear stresses normal to the walls are illu-
strated in Figures 24 and 25. Close to the rough wall the
shear stress decreases. The data are spread with increasing
distance from the wall. Similar results were found in /27/,
the possible reason was already discussed before. In the
smooth part of the channel the data follow reasonably well

a linear shear stress distribution.

The measured shear stresses parallel to the walls exhibit
values which tend to zero close to the walls both in the

rough and the smooth part of the channel (Figures 26 and 27).
In the rough part the shear stress is negative for the region
between ¢ = 5 and 35 deg, the sign changes to positive approa-
ching the gap between rod and channel wall. This trend is
reasonable because the gradient of the velocity in circumferen-
tial direction changes the sign at about 40 deg. The maximum
of the shear stress parallel to the rough wall is found to be
in the region of ¢ = 55 - 60 deg. In the smooth part of the

channel the shear stress changes its sign at the x = 60 mm
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position. This is reasonable again because the gradient of
the velocity parallel to the wall changes the sign due to

the influence of the corner subchannel.

3.3.3 Correlation coefficient Ruv

The measured correlation coefficients of the shear stress in
the direction normal to the walls (Figures 28 and 29)

exhibit similar curves to that with circular tubes. The
correlation coefficients are slightly higher than in circu-
lar tubes close to the rough wall (0.5 to 0.6). Over a wide

region of the flow cross-section the correlation coefficients
are between 0.4 and 0.5 in the smooth part of the channel.

3.3.4 Correlation coefficient Ruw

The calculated correlation coefficients of shear stress parallel
to the walls (Figures 30 and 31)

-u'w'

R = '
uw \/u,z ’,J;;E

tend to zero close to the walls and rise gradually in the

region distant from the wall. The behaviour is quite similar
with the shear stress distribution in the direction parallel
to the walls,



3.4 Eddy viscosities

From the data for the turbulent shear stresses and the distri-
bution of the mean time-value of the flow velocity in the

axial direction were determined the eddy viscosities in the
directions both perpendicular and parallel to the walls. The
eddy viscosities were calculated on the basis of their de-
finitions (Eqn. 1 and 4) using the original results (not
smoothed). The calculated values are plotted as non-dimensional
guantities. For the rough part of the channel the viscosities
are related to the average value of the wall shear stress; in

the smooth part the local wall shear stresses are used.

Fig.32 shows the calculated data for the roughened part of the
channel as non-dimensional eddy viscosity versus the non-
dimensional distance from the wall. For comparison with the
smooth tube data the line according to Reichardt /29/ was
added in the figure. Compared to the smooth tube values it

is interesting to note that the slope of the eddy viscosity
normal to the wall near the rough surface is steeper, Most
interesting, however, is the fact that the eddy viscosity in
radial direction is strongly dependent on the circumferential
position at the wall. The highest values are found for the
gaps between the rods and the rod and channel wall, respec-
tively, whereas the values are slightly lower than for smooth
tubes for ¢ = 30 - 45 deg. Towards the gaps the eddy viscosi-
ties. increase gradually. The eddy viscosities normal to the
wall in the smooth part of the cross section are plotted as
non-dimensional quantities versus the non-dimensional distance
from the wall in Fig. 33. Close to the wall the data measured
are coincident with the smooth tube results. However, far from
the wall (Y/L > 0.25) the eddy viscosities are higher than for
tubes. This result was also observed in smooth rod bundles

/3 - 10/. The large scatter in the region near the center line
happens because of the small velocity gradients approaching

zero at the center line. From the data shown we can conclude
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that the eddy viscosity normal to the wall is almost inde-

pendent of the circumferential position for the smooth part
of the channel, whereas in the rough part the eddy viscosi-
ties strongly depend on the local position.

3.4.2 Eddy viscosity_parallel to_the_walls

The results for the eddy viscosities in the direction parallel
to the walls differ quite considerably from those in the direc-
tion normal to the walls. The calculated values are shown in
Figures 34 and 35. The eddy viscosities not only depend on the
circumferential position but also on the position pérpendicular
to the wall. In the rough part of the cross section two main
structures can be distinguished. In the region between the rough
rods the eddy viscosities increase with increasing distance from
the wall, as an example the values for the ¢ = 15 deg position
are fitted by a curve. In the region between the rough rod and
the smooth channel wall the eddy viscosities parallel to the
rough wall decrease from high values close to the wall and

with higher distance from the wall they are more or less con-
stant: two examples are shown bv curves for the ¢ = 50 and

65 deg position. In the smooth part of the channel the eddy
viscosities show the same behaviour as observed with smooth

rod bundles /6,7,8/. With increasing distance from the smooth
wall the eddy viscosities first increase and after passing
through a maximum they decrease. Curve fits are shown for the
positions x = 30, 40 and 55 mm at the smooth wall. The cal-
culated values for x > 60 behave different but in this region
there is an influence on the flow distribution from the neigh-

boured corner channel which was discussed before.



3.4.2 Anisotropyv_factor

The latter is true also for the anisotropy factor n which is
the ratio of the eddy viscosities parallel and normal to the
walls. The anisotropy factors calculated from the measurements
are plotted in Fig. 36 for the rough portion of the wall chan-
nel. The anisotropy factor shows a strong dependence on the
position in the cross section both in circumferential and radial
directions. It assumes high values close to the wall of up to
20 and higher. The lowest values are found in the gap between
the rods (¢ <30 deg). Approaching the gap between the rod and
the channel wall the anisotropy factor increases. The highest
values were found at ¢ = 55 + 75 deg. Here, the anisotropy fac-
tors are found to be of the order of 3 + 5 even in the region
far from the wall.

The anisotropy factors calculated for the smooth part of the
wall channel (Fig. 37) are higher than in the rough part by a
factor of more than 2 ¢+ 3. Close to the smooth wall anisotropy
factors of 40 are found. The highest values also in this case
are found near the gap between the rod and the channel wall

(x < 40 mm). For this region values of n = 8 + 10 were measured
in the region far from the wall. Approaching the symmetry line
between the rods ( x = 77 mm) the anisotropy factors decrease
and they assume values comparable to those in the rough part

of the channel.

This strong dependence of the anisotropy factor on the circum-
ferential and radial positions is in contrast to the assump-
tions in the codes /2,12,30/. In VELASC@ /12/ which is suited to
calculate the flow distribution in roughened rod bundles the
anisotropy factor far from the wall is always less than 2, more-
over, the eddy viscosity parallel to the walls is assumed to be

constant in the radial and circumferential directions.




4. COMPARISON OF THE EXPERIMENTAL RESULTS WITH PREDICTIONS BY

VELASC@

Since in VELASC@ only sand roughness can be taken into account
the subroutine PROPA determining:.the characteristic velocity pro-
file parameters of roughened surfaces was modified to allow cal-
culations considering the recent results /22/ for the roughness
parameter R of the velocity profile of rectangular roughness.
The calculations were performed applying the function for the
roughness parameter which was used for the SAGAPO-calculations
of the BR2-calibration tests /21/.

The velocity field calculated by VELASC® is plotted in Fig. 38.
The lines of constant velocity are related to the same velocity
as in Fig. 3, so the values in both figures are comparable.

It is obvious that the calculated velocity field is more uni-
form than the measured field. The ratio of the maximum velocity
divided by the maximum velocity in the gap between the rods

is 1.073 for the predictions compared with a value of 1.219

for the measurements. Another difference is found in the ratio
of the maximum velocities in the gap. This ratio calculated

as maximum velocity in the gap between the rod and the channel
wall divided by the maximum velocity in the gap between the rods
yields 0.989 for the predictions but 1.071 for thé measurements.
Most important is the fact, that it is impossible to diplay the
measured shift of the maximum velocity in the cross section

from the symmetry line due to the influence of the edge channel
by the calculations.

The reason for the more uniform velocity field calculated ob-
viously is the influence of secondary flows taken into account
in the calculations. The assumption in VELASC{@ overestimates

the effect of secondary flows as the measurements with a smooth
rod bundle already showed /6 /.

The comparison between measured and calculated wall shear
stresses (Fig. 39) also demonstrates that the calculated results
are more uniform. The calculated shear stress at the smooth



channel wall is slightly higher that that measured. This is pro-
bably due to the noncoincidence between the positions of zero
shear and maximum velocity. This effect of course is not taken
into account in VELASC@ since both positions are assumed to be

coincident.

5. CONCLUSIONS

Detailed experimental results of the velocity and turbulence
structure and, thus, the eddy viscosities in directions normal
and parallel to the walls were obtained in a wall subchannel

of a roughened rod bundle for the first time by this investi-
gation. Thus, applying the experimental results to the codes
used for the prediction of flow and temperature distributions
makes it possible to check the models and/or adjust them.

The eddy viscosities normal to the roughened rod wall measured
showed that they strongly depend on the circumferential posi-
tion. The same is true for the anisotropy factors in the rough
as well as in the smooth portion of the cross section. Since
rod bundle experiments /13, 31/showed that the temperature distri-
bution is very sensitive against the gap width between the rods
and shroud especially in the wall and edge channels, these ex-
perimental results may be used to improve the codes to achieve
more reliable predictions of flow and temperature distributions

in rod bundles.
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Dh m
Dvol m

G
H m
h m
k! még™ 2
L m
o
m ks
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rib width

rod outer diameter
hydraulic diameter
volumetric diameter

geometry parameter

length of the test section
rib height

kinetic energy of turbulence
length of the velocity profile
length of the test channel
mass flow rate

anisotropy factor

rod pitch

rib pitch

pressure drop

radius

Reynolds number

roughness parameter

perimeter

time-mean velocity

velocity fluatuating in the axial direction

velocity averaged over a channel

reference velocity

shear velocity

non-dimensional velocity

velocity fluctuating in the radial direction

velocity fluctuating in the circumferential direction
distance between rod and channel wall + rod diameter
distance from the wall

non-dimensional distance from the wall

eddy viscosity
dimensionless eddy viscosity

angle

viscosity
friction factor

radius ratio



kgm 3 density

Nm wall shear stress

SubscriEts

av

r

average

radial

circumferential
smooth

rough




- 23 -

REFERENCES

/1/

/2/

/3/

/4/

/5/

/6/

/1/

/8/

/9/

R. Nijsing and W. Eifler, Temperature field in liquid-
metal-cooled rod assemblies, Progress in Heat and Mass
Transfer, vol.7, 115 (1973)

H. Ramm and K. Johannsen, A phenomenological turbulence
model and its application to heat transport in infinite
rod arrays with axial turbulent flow,J. Heat Transfer 97C,
231 (1975)

B. Kjellstr6m, Studies of turbulent flow parallel to a
rod bundle of triangular array, Report AE-487 (1974),
Studsvik, Sweden

A.C. Trupp, The structure of turbulent flow in triangular
array rod bundles, Ph.D. Thesis, Univ. of Manitoba, Canada
(1973)

K. Rehme, Anisotropic eddy viscosities in the turbulent
flow through a rod bundle, Symposium on Turbulent Shear
Flows, University Park, Pennsylvania (April 1977)

K. Rehme, Experimental investigation of the turbulent
flow through a wall subchannel of a rod bundle.
Report KfK-2441 (1977) (in German).

K. Rehme, Measurements of the velocity-, turbulence-,
and wall shear stress distributions in a corner subchannel

of a rod bundle. Report KfK-2512 (1977) (in German).

K. Rehme, Turbulent flow through a wall subchannel of a rod
bundle. Report KfK-2617 (1978) (in German).

K. Rehme, Velocity and turbulence distributions in a wall
subchannel of a rod bundle., Report KfK-2637 (1978) (in German) .



- 24 -

/10/ K. Rehme, Non-isotropic eddy viscosities in turbulent

/11/

/12/

/13/

/14/

/15/

/16/

/17/

/18/

/19/

flow through rod bundles, NATO Advanced Study Institute
on Turbulent Forced Convection in Channels and Rod Bundles,
Istanbul (1978)

W. Eifler and R. Nijsing, Calculation of velocity distri-
bution and wall shear stresses for axial turbulent flow
in an infinite array of parallel rods, Wdrme- und Stoff-
iibertragung 2, 246 (1969) (in German)

W. Eifler and R. Nijsing, VELASCO-Velocity field in asym-
metric rod configurations, Report EUR-4950e (1973)

M. Dalle Donne, J. Marek, A. Martelli and K. Rehme, BR2 bundle

mockup heat transfer experiments, Nucl. Engng. Design 40,
143-156 (1977)

K. Rehme, Turbulent flow in smooth concentric annuli with
small radius ratios, J. Fluid Mech. 64 (2), 263 (1974)

K. Rehme, Turbulence measurements in smooth concentric
annuli with small radius ratios, J. Fluid Mech. 72 (1),
189 (1975)

K. Rehme, Hot wire anemometry in subchannels of rod bundles,
KTG~-Fachtagung "Experimentiertechnik in der Reaktor-Fluid-
dynamik", Berlin (1976) (in German)

J.H., Preston, The determination of turbulent skin friction
by means of Pitot tubes, J. Aero. Soc. 58, 109-121 (1954)

V.C. Patel, Calibration of the Preston tube and limitation

on its use in pressure gradients, J. Fluid Mech. 23 (1),
185-208 (1965)

W. Baumann, Velocity distribution over roeugh surfaces for
turbulent flow, Dr.-Ing. Thesis, University of Karlsruhe
(1978), Report KfK-2618 (1978) (in German).




- 25 -

/20/ W. Baumann, Turbulent flow velocity distribution at rough
walls - Tabulated data and verification of the influence
of the distance between rib and measuring position,
Report KfK-2680 (1978) (in German).

/21/ A. Martelli, Thermo- and fluiddynamic analysis of gas-cooled
rod bundles, Dr.-Ing. Thesis, Univ. Karlsruhe, Report
KfK-2436 (1977) (in German).

/22/ M. Dalle Donne and L. Meyer, Turbulent convective heat
transfer from rough surfaces with two-dimensional rectan-
gular ribs, Int. J. Heat Mass Transfer 20, 583-620 (1977)

/23/ H.G. Lyall, A graphical presentation of the Warburton and
Pirie method of transforming rough surface single-pin and
cluster pressure drop data, Report RD/B/N 3083 of C.E.G.B,
Berkeley (1974)

/24/ K. Maubach, Friction laws of turbulent flows, Chem.-Ing.
Technik 42 (15), 995-1004 (1970) (in German)

/25/ K. Rehme, Evaluation of the fluiddynamic experiments with a
rod bundle of 12 rods (MOL calibration experiments),
Report KfK 1276/1, p.127-1/5 (1976) (in German).

/26/ C.J. Lawn, Application of the turbulence energy equation to
fully developed flow in single ducts, Report RD/B/R 1575,
C.E.G,B., Berkeley (U.K.) (1970)

/27/ A. Aytekin and F.P. Berger, Turbulent flow in rectangular
ducts with varying aspect ratios having one rough wall,
4th NEA Spec. Meeting on GCFR Heat Transfer, Karlsruhe (1977).

/28/ K. Hanjalic and B.E. Launder, Fully developed flow in rec-
tangular ‘dqucts of non-uniform surface texture. Report
TWF/TN/48, Imperial College, London (1968) '



- 26 -

/29/ H. Reichardt, Complete representation of turbulent velocity
distribution in. smooth pipes, ZAMM 31, 208 (1951) (ih German) .

/30/ R. Meyder, Turbulent velocity and temperature distribution
in the central subchannels of rod bundles, Nucl. Engng.
Design 35, 181-189 (1975)

/31/ K. Rehme, Experimental investigations of the thermo- and
fluiddynamic performance of a bundle of 19 rods with arti-
ficial roughness, Report KfK-2313 (1976) (in German).



- 27 -

4

4

silencer

4

filter
T

0004

-

180_{©000

500-300~

1:

Fig.

Sketch of the test rig

e

16.2*0!

Shape of the roughness

2:

Fig.



Fig.

3:

0.550E 00
0.600E 0O
0.650E 00
0.700E 00
0./50E 00

Velocity field

0.800E 00
0.850FE 00
0.900E 00
0.920F 00
0.940F 00

U/Uppp

measured

0.960E 00
0.980E 00
0.100E 01
0.102E 01
0. 103t 01

in the wall channel




REL. AXIAL VELOCITY

1.

1.

2

0

-
& 4
o A@ v O
-+ o Ad @, )
© >
@%v © a%>
g@ © &
® 290, G
. A@v ‘ ®+ 1
©0 %% n n
g0 i 3

REL. WALL DISTANCE

Fig. 4: Time mean value of flow velocity (r/¢)

¢ CGRDJ

o1

10
15
20
25
30
35
40
45
50
55
60
65
/0
/5
80
85

+ OO SOV AaADOOOODCD B DO



AXIAL VELOCITY

REL.

1.2

1.0

0.8

0.6

| l
1 T [ I | 1 | 1D I

0.0 0.2 0. 4 0.6 0.8
REL. WALL DISTANCE

Fig. 5: Time mean value of flow velocity (x/y)

1.

0

XEMMJ

SOOIV AaAD>DDOODATEMTMA

5




- 31 -

S9SS213S IeayUs TTeM JO uoTaInqIIyta :9 °*HbTdg

(ww)x"(6a3p) d
06 08 0L 09 0S 07 ot 0¢ ol 0
_ 1 | i | | | | 0
— =20
Arx

- | —%0
xouy
/1 My

— —180

o
— —0'
| | | | l | I 1 Zl



U+

15

10

Fig,

7:

(wall shear stress calculated with the assumption of

a universal slope)

A 1 L 1 I 1N | L 1 T T
hge 2 3 A 5 6 7 8 9 g 3 ]
Y/H

¢ CGRD1

+ OGOV IAADOOOGCRHDBEDNO

a1

10
15
20
25
30
35
40
45
50
55
60
65
/0
/5
80
85

_Zs_



U+

Non-dimensional velocity profile (r/¢)

(wall shear stress evaluated from shear stress profile)

o

¢ LGRD]

FOODOOVAADPDOOOORL B MG
(o3
(@]

- €€ -



- 34 -

9
1

(w) 7 Y Z

[auueRyD 9yl buoTe paansesw UOTINIIISTP VINSS3dad

Iooreds

I90veds

‘6

*bra

— 00¢

— 00%




¢ CGRD]

- 35 -

oOwmwoLwowoLuwolLwoLwoLwo w
N — — NN MM T - 0w W OMNMNO0o

E 0 E N0 000 dYVDASOSOOD +

\

+M

Y/H

Non-dimensional velocity profile (r/¢)

Fig.10:

{wall shear stress constant)



25

20
+
D
15
12
Fig.11:

-
N
o

m—!
-
o ly
w0

10° 2 10°

Y+

Dimensionless velocity vs. dimensionless distance from the
wall (smooth)

NS

R

><EMM]

SO VL AD OO0 GCHWBEOOA

|—-(ﬂ'

20
25
30
35
40
45
50
55
60
65
/0
/7

_98._



- 37 -

m © © os)
ht OO0 0 0 49VDASODHD +
1 _ 1 _ _ _
7 1 — T 1 L=
| o]
1 MW+ mw bvll
& =
4 O LI
A
1 moy 1
B v Q
™ <
T A o Oo T
>
4 v 1
CHU)
+ +
1 +
" |
T 1
<+ N o8
o - =)
ALISNALINT "HIXY " 144

.0

1

0.8

0.6

0.4
REL. WALL DISTANCE

0.2

0.0

Axial turbulence intensity (r/¢)

Fig.12:



XEMMJ

O}

10
15
20
25
30
35
40
45

REL. AXIAL INTENSITY

65

SOOVAADDOOODNBEMNE

Yy
(e

—— . LN

0.0 0.2 0.4 0.6 0.8 1.0

REL. WALL DISTANCE

Fig.13: Axial turbulence intensity (x/y)

50
55
60

/0
/5




0.900E 00
0.100E 01
0.110E 01
0.120t 01
0.130E 01

Axial turbulence

0.140E 01
0.150E 01
0.160E 01
0.170E 01
0.180E 01

0.190E 01
0.200E 01
0.210E 01
0.220E 01
0. 230t 01




REL. RADIAL INTENSITY

1.4

1.2

1.0

0.8

0.6

0.4

0.0

0.2 0.4 0.6 0.8 1.0

REL. WALL DISTANCE

Fig.15:

Radial turbulence intensity (r/¢)

¢ CGRD1J

+ OO DOV IADODOODLNBEMOA

ol

10
15
20
25
30
35
40
45
50
55
60
65
/70
/5
80
85




REL. RADIAL INTENSITY

1.2

1.0

0.8

0.6

0.0 0.2 0.4 0.6 0.8
REL. WALL DISTANCE

Fig.16: Radial turbulence intensity (x/y)

.0

XEMM]

SOOVAADODOOERCD B MA3

o1

10
15
20
25
30
35
40
45
50
55
60
65
/70
75



| !
L T

'f//////

- 42 -

Fig.17:

0.550E 00
0.600E 00
0.650E 00
0.700E 0O
0./50E 00

.850E 00
.900E 00
.950E 00
.100E 01
. 105E 01

o O o O o

0.110E 01
0.120E 01
0.125E 01
0.130E 01

Radial turbulence intensity (contours)




REL. ARZIMUTHARL INTENSITY

1.2

0.8

0.4

| T ] T T I T
Bo o o
d + @ﬁ@ 1
0o V¥ @
g aue®
®A<] <D<><>[>
® ditﬂ
N o
QDA% M
+ g
— q (D E%D® —
0 o
C) A(} O@OBQ@
® V'(%>
G A
<
1 I | | 1L | 1 L |
T l l - ! T 1 T
0.0 0.2 0.4 0.6 0.8 1.0

REL. WALL DISTANCE
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Shear stress normal to the wall (xr/¢)
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Shear stress parallel to the wall (x/y)
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Fig.38: Velocity field G'/aREF calculated by VELASCO
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3.0697 -1.1748 0.0812 -0.5082 0.0351
3.7173 —1.227€¢ CoelCll —C.52S51 0.0436
3.7203 —142848 0.0737 -0.5520 0U.0317
JsE£52 -1.2801 O0,1C65 -0.5440 0.0453
37648 —142C18 Ca12CC —-Ge5595 0.,0605
3-3C98 -102347 001113 -005640 000508
367539 —1e23€E 0.1C56 —-C.5331 0.0457
3.6757 —-1.2245 C.1152 —-(0.5374 0.0523
343652 —1.1056 0.0502 -C.5064 0.0230
3.1C€3 -CaS117 (Ca323C -Ce4635 0.0117
L7686 —0.7882 00114 —C.47C5 (.CL638
2.4(42 —006944 “000224 -0.4671 -000151
202364 -(G.56£2 -0.0222 -C.3881 —-(C.0221
le7421 —0+4027 —0.0724 -0.3525 -0.0634
1.3739 -0.2394 -0.1439 -C.2537 -0.1525
1.1€52 —0.,07325 -0.2036 -({.0888 —C,. 2464
141587 0.0220 —0.2439 (.0265 -0.2637
12063 0.062C —C.2772 (C.107C -0.3226

Y
YMAX

0.0325
0.0375
0.04c¢Ft
0.0500
0.C62¢E
G.075C
J.10G0¢C
Cel2EC
0.1560
€.20CC
C.25(C
0.31c5
£.375C
0.50CC
0.625¢C
€.75CC
0.875C
1.00C¢C

Y+

117.78
203.27
2286 17
267 .02
330.76
264.50
521.98
€49.41
176.95
1031.92
1lc€¢€.89
1€C5.60
1524.31
2%€l.13
31689.15
3E36.57
447173 .99
5111.41

U+

7.688
7.880
8., 1C3
£.385
8758
5.14C
9.708
1C.1€2
10.528
11.162
11.682
12.162
12.619
13. 2€2
13.6€5
13.846
13.850
13.772

- LL -—



Y
(MM)

-
Cax ooV LWNN -
o o &

-
N
)
[alt NoloNoNoNaNoNt N~ WET, NIV

—
(%)

2U.C
25.C
30.C
35.C
40.0

L
UREF

0.5627
0.5752
L.5865
0.6CS97
J.6405
U.¢62C
7004
Ce734C
Ua1593
08052
Qe €424
CetlS5E
0.9109
CaG61l4
045902
1.0147
1.0228
1.0218

Lt
U*

VERSUCH NRe 15 (wANDKANAL)

CATLWN 3.U3.1976
PCSITIUN 43, GRAD

WANLC SCHUBSPANNUIG  TAUA = 4,635

EEZUCGSWERTE

REFERENZGESCHW INDIGKEIT ~ UREF

SCHUB SPANNUMNGSGE SCHWINDIGKEIT U*

FROFILLAENGE {UMAX) YMAX
v? W! K? urve
ux Uk (Ux)®x2 (U*)*%x2 |

l. €€C3 1.3544 1.4931 3.7620 -1.1304
1.5052 1.2€864 l.4618 3,8521 —1.20CC
1.583G 1.3746 1.3745 3.8573 —-1.317S
2¢C213 1.3415 1l.3461 3.E4E7 —1.3932
2.C814 1.2721 1.2972 3.8167 —1.3214
2.0C2€ 1.3549 1.2796 3.7333 —1.3346
1.€172 1.2794 l.3049 3.7207 —-1.1225
1o87CS la2el7 1.2021 342160 —1.C423
l.7€643 1.1763 1.1959 2.9634 —C.5188
le€4€1 1.1094 loeill3 2.5609 -0.8352
1.£398 1.C500 1l.90642 2.3C30 -C.£836
1.2625 Ce9218 0.963835 1.7291 -0.49C7
1.07¢6 C.E781 0Ue3423 1.3255 -03C¢<8 -
CeG1€2 0.8C060 00,7483 1.0245 —(Ce1€€5 —C.0381 —-(.2255
Ce8487 0071504 U.69065 048842 -0.L725 -
Cot3S7 007233 0s0TU2 0.£6287 GCl.CLET -

{N/ Fx%2)
= 27.73E (M/S)
= 1.787 (NM/S)
= 41.4CC (MM)
Urw? urv? UtW!
Uk) %2 ytay! Urxy?
0.0055 -C.4487 0.0022
G.CE5C —(.4533 0.0321
Ce020¢€ —(e4833 0.0185
J.0467 -C.5138 0.0172
C. (0297 —(C.5C28 0.0112
Uel451 —Coed778 0.0548
01026 —C.46G7 0.037¢6
0.041C -C.491S 0.0151
O.1187 —0.4245 0.0449
Cel€C2 ~-C.45€6C (0.0701
CGelC9E —Cae4421 0.0527
CoelB895 —C44568 0.0490
C.CS36 —(C.423C <C.0581
0.0465 -C.4l18 0.0391
0.0102 -C.3268 -0.0108
—-{U. 0515
J0.0888 -C.1138 -0.1394
0.1C078 (C.0309 -0.1774

Y
YMAX

0D.0314
C.0362
C.0411
0.04€2
0.06(4
0«07cE
0.09¢€¢
C.12CE
0.1446
C.1932
C.241°5
0.3019
C.3623
0.4821
0.603S
Ce724€
C.96¢2

Y+

180.81
2C6.74
222.€7
c1l.¢
336.39
4§(l.22
530.88
€€0.53
156.16
1C49.50
12(8.81
1€22.G5
1957.09
2€C5.37
32£3.65
356Cl.93

45:C.21

5158 .49

U+

T+748
T.929
£.131
€.416
8. 849
S. 151
9.687
1C.155
10.505
11.142
ll. 658
lz.1172
12.€10
12.315
13.80C¢
14.C72
l4.154
14.191

- 2L -



Y
(MM)

— .
COOWNSWNNE -~
[N oNoNoNoNSEV NI NEE RN

12.5
15.0
20.0
25.0
30.0
35.0
40 .0

u
UREF

0.5521
0.5683
0.5825
G.€03C
0.0325
C.€57C
0.6984
0.7287
0.i546
0.7989
0.8363
JeE147
0.9066
C.5637
1.001¢
1.0241
1.C355
1.C334

VERSUCH NKke 15 (W ANCKANAL)

CATLN 3.03.1976

PCSITION 45. GRAD

WANCSCHUBSPANNUNG TAUW = 4.813 (N/M#%2)
BE2UCSWERTE

REFERENZGESCHW INDIGKEIT UREF = 27.73¢ (M/S)
SCHUBSPANNUNG SGESCHWINDIGKEIT U¥* = 1.789 (M/S)
FROFILLAENGE (UHMAX) YMAX = 327.10C (MM)

LY Ve W K* urwe Ut ? yry? U'tW?
ux U* Uk (U*)*%2 (U*)%%x2 (Uk)*%x2 yraye Ut *n?
le €471 1.3C19 1.4950 3.6709 —-1.0664 -0.0534 -0.4434 -0.0222
1.€246 142148 13760 3.6€31 —1.19%52 -0.C1é( -(C.4723 -0.0063
16565 13737 1.4538 3.9149 -1.,2248 —0.0C44 —(.4556 —-0.0C16
2eCS11 12089 1.2918 3,6686 —1.2825 ~0.0070 -0.5172 -0.0028
2.0773 1.1493 1l.4157 3.8202 -1.1¢85 -C.C191 -(C.4856 -0.,0080
20918 1.2012 1.2840 3.7335 -1.2892 O0.C€7C —=C.5131 0.0346
20C432C 1.3771 1.3375 3.9S77 —1.3081 0.046C ~C.4649 0.01l64
2.C180 1432129 1.2745 3.71C1 —1.23€% C.11CS —C.4675 Q.0415
1,942 1.2747 142593 345637 —-1.1545 0.1232 -0.4542 0.0485
1.8695 142259 1.2546 3.2660 —0.S774 00744 —C.4265 0.0325
l.E22Z1 1.C749 1.1331 2.3871 —0.8829 0.1l27z —-(.4505 0.0649
1.€S€2 10485 1.1422 2.6441 -0.7374 00867 -0.4141 0.0487
«£820 1.0703 1.05350 2.3786 —-0,72(9 C.1122 -(C.4258 0.,0663
1.36C5 Ce9C04 0.9796 1.8106 -0.5128 0.0768 —(C.4186 0.0651
1. 1184 0.£8€84 0.3436 13583 -C.3339 0.0454 -0.3438 0.0468
LeS2CT 047456 0.7596 U.9S03 -0.17€C C.C277 —-(C.25€¢€3 0.0403
Co€C31 0.6849 0.6416 0.7€629 -0.066C 0.0088 -C.1201 0.0160
Cod746 0.€441 0.0264 V. 7C37 0.C2€7 0.0C58 0.0576 0.0116

Y
YMAX

0.025C
€.04C4
C.045t
0.6538
0.G614
C.CECS
0.107¢&
C.134¢
C.l€617
0.215¢6
0.26%5
0+33¢€S
0.4043
0.53¢1
0.6739
€.8086¢
Ce9434

1.0782

Y+

1€2.31
208 .46
234.60
213.82
339.19
4C4.56
525,30
€66.03
€11
1C58.24
1319.71
1€646 .54
1573.38
2€2¢T.G¢
3280.173
3934.41
4£€8.C9
5241.76

U+

7.459
T1.677
7. 880
8.158
B+5£5
8. 502
5. 4€9
S.881
1C. 234
10.835
11.344
11.8¢€1
12.302
13.0832
13.£00
13.921
14. 8¢
14.0€1

_EL_



Y
{MM)

—
CwOUVH WNN -
e & & o & 3 8 o 8w O
Y NoNoN s oNoNallt ol VRT, W]

V]
UREF

«£531
0.5661
0.583¢
C.€0232
U.630¢
C.€541
Ce.€92¢
0.7257
Ue 17495
0.793¢
08295
C.€69c¢
U.9u37
3.9599
05594
1.0223
1.0298
1.0207

VERSLCH NR. 15 (WANDKANAL)

CATUWV 360341576

POSITIUN 50 GRAD

WANLSCHUBSPANNUNG TAUW = 4.725 (N/M*%2)
BEZUCSWERTE

REFERENZGESCAWINDIGKEIT UREF = 27.742 (M/S)
SCHUBSPANNUNGSGESCHWINDIGKEIT U%* = 1.792 (M/S)
PFOFILLAENGE (UMAX) YMAX =v35.40C (MM)

u* v? W? K? gy U'w?® urv? Uth?!
U* L* Uk (Uk)*%x2 (U*)x%x2 (U*)*%x2 Yidy?e Ut ki ?
146315 1s1632 1.2557 344644 —-1.1630 0.2391 -0.4918 0.1011
1.€GE9 1.2392 1.2530 3.5569 —1.2523 (0.2645 —-0.5056 0.1068
2,05€]1 1.2786 142355 3.6%44 —1.34£5 0.2561 —0.5122 0.CS76
2eCT7S 1.3£83 1.2081 3.9267 —1.4216 0.2292 —-0.4928 0.0795
2e11E3 143440 142516 3.G3J0 —1.40(8 0.2537 -C.4920 10,0891
21055 1233206 142925 3.9455 —1.3942 (C.239€ —-(.49€1 0.0854
200511 1.2(39 1.1905 3.7450 —1.4020 0.2046 -0.5142 0.0750
20110 143837 141317 36776 —131C6 0.14S7 —C4710 0.0538
1.5432 1.3117 1.1557 3.4161 -1.1335 0.123C -0.4447 0.0482
Le€403 142715 1.,1589 3.1732 —C.S84€ L(.l76%5 —(a42C8 0.0754
1« 75G1 141575 0.9748 2.6622 —0.9067 041112 -C.4468 0.0546
1.€312 1.1431 1.)649 2.55C7 —(.78C6 Q.1104 —-C.4187 0.0592
164317 1.C109 0.9264 1.9650 —0.58C1 C.11CS —C.40C8 0.01766
1.16528 C.CS105 068041 1.4492 —-C.3941 O0.1134 -0.3629 0.1044
Ce€9C9 Coi516 06096 JeGCS76 —C.1724 (Ca1C2S —-C42314 0.1382
(€489 0,7310 046377 0.8308 -0.055¢6 C.0E5S -(C.(855 0.1385
CeB42]1 0.€%4T7 0eold8 0.,7E63 (Q.C578 0.0762 $.0986 0.1302

Y
YMAX

0.032¢7
0.0424
0.04¢C
0 ..05¢E
0.07C¢
C.CE4T
0.1130
C.141l2¢
0.1€SE
0.2260
Co2825
C.3521
0.4237
C.565¢(C
C.7062
0.847F%
C.S6¢7
1.1266

Y+

178.71
2C4 .34
229.97
2€8.42
332 .49
3%6.517
£24.72
€52.88
1€1.C3
1037.34
1253 .64
1€14.02
1934 .41
25175.18
3215.94
3856.71
4457.48
5128.24

U+

1.522
T1.707
7.551
8.213
8.607
8.542
9.456G
95.920
16, 24¢€
1C.850
11.342
l11. 887
12.360
13.134
13.€82
14.006
l4. 118
14,003

- L -



Y
{ M™)

o & o o 0 g

C oo WS NN =~
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OOOOoOUMCoOOoOCOoOOoONO~NU W

N N s
MO wN
® o & ¢ 8

3u.0
35.0

u
UREF

ve 5506
05655
0.5799
U.5584
0.6271
06526
J.6357
U.7193
Ue 1475
C.7899
0.8253
G €643
C.E971
V5534
Ce5934
1.C148
1.0129

VERSLCh NR. 15 {WANCKANAL)

CATUWM 3.03.16176

PCSITION 55. GRAD

WANCSCHUBSPANNUNSG  TAUW =  4.561

BEZUCSWERTE

REFERENZGESCHWINDIGKEIT UREF

SCHUB SPANNUNGSGE SCHRWINDICGKEIT U*

FRCF ILLAENGE (UYAX) YMAX
ur v! We K? yrye
L* L* Uk {Ux)¥*x2 (Ur)**2 (
le5522 11464 1.2556 3.4299 —1.05¢€8
20207 1.27806 1.3090 3.17158 -1.,1918
20822 142373 1.1198 3.5€23 —-1.34(E
21058 142580 1.2773 3.8241 —-1.25¢1
241510 1.24C9 1.1840 3.7€43 -1.2722
241520 1,23285 1.3535 3.9683 —1.25¢€3
201206 1.2152 1.3151 3.5738 -1.2688
20768 1.3€15 1.3283 3.9€E5 ~l.24¢E4
20456 1.32186 1.3342 3.8522 -1.1520
165420 1.2749 1.26039 3.46G1 ~-1.0415
L.E615 1.23220 1.2409 3.,2€689 -C.S512
1.,77€81 1.C759 1.1732 2.3538 -C.7621
le€6E5S 1.0£€68 1.1288 2.5680 -C.7041
1.4639 00,9821 l.JJ)o8 2.0€(€ —C.5¢14
1.20C2 C.S(98 U.9265 1.5633 -(.34006
1.CCC1 0.7€25 0. 7907 1.1(81 -C.17C1
CaS152 Je6S36 0.0805 0.8909 -C.0157

(N/M%%x2)

= 274726 (M/S)

= 1790 (M/S)

= 22.5CC (MM)

u'w? Lve Utw?

U#) %2 Jtay? UP*pn?

Ce2:CC —C.4802 041095
0.1518 -0.4613 00,0588
C-2434 -CQSZCZ 0.0944
0.2308 —-0.4742 0.0871
0e2651 —Co5141 0.0993
0.3101 —(C.4714 0.1163
0.2174 -C.4548 0.0779
Cs274S - (4415 00,0972
Ce3248 —(.4270 C.1l2C4
C.2653 -C,.4230 0.1071
0e2¢6€¢€ —Co4148 0.1162
0.2759 -C-3983 0.1442
0.2507 -0.3956 0.1633
Ce3C4E -Ce39C5 (.212C
0.3064 -0.3119 0.2806
0.2488 -0.2230 0.3263
0.205¢ -(C.031C 0.3233

Y
YMA X

0.036°%
0.045¢
C.05117
C.06CE
0.07€C
C.C512
C.121¢
O.152C
Colé&24
0.2432
0.394C
0.375¢
0.455¢
C.6C7¢
B.75%¢
C.91169
l.C62€

Y+

175.58
201.22
22€6.46
z2€4.32
327 «41
360.51
516.71
€42.90
T€5.10
16¢1.49
1273.88
1£€S.317
19C4.86
2£325.84
31¢¢. 82
37S7.80
4428. 117

u+

70628
1.839
B8.045
8.308
B«.T15
S.074
9.595
10,010
1C. 403
10.66¢
11.488
12.C33
12.452
13.282
13.8417
14.155
14.137

- gL -
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VERSLCH NK. 13

CATUM 3.03.1576

FCSITICN 60+ CGRAD

WANLC SCHUBSPANNUNG TAUW = 4.412
BEZLCSWERTE
REFERENZGESCHAWINOIGKEIT UREF

SCRUBSPANNUNGS GESCHWINDIGKELT U*

( WANDKANAL)

FROFILLAENGE (uUH4AX)

vl
U=+

0.5471 2.C451 0.S€54

C.5618 2.(817
ce 1252
0.5948 2.15(4
22438
2.1621
2.2301¢€
ze 1572
cs 1159
2.C127
1.62(7
l.€372
L.3338
1.5C25
1.2603
1.0521 0.67%9%
«S6G67 C.€€48

Ce51741

0.€253
Jeta7E

-0 «06863

Ceilb?
Qe7401
0.7834
C.8183
0.E582
Ue 65457
UeG44¢€
0.9838
1.C001
L.G373

1.C409
l. C247
1.0190
0.5457
1.CEée3
l.C606
1. 14606
1.1716
1.0593
1. C4173
0.€473
0.5C206
C.£569
0.7585

n
Jx*x

le4220
1.4786
l. 3750
1.3132
1.3119
le 4190
1.3823
1.3133
1.2965
1.2439
1.1718
l.1540
l.1438
1.J435
U.33T0V
0.7748
0.76175

Kl
(Ux)*%x2

3.5¢51
3.8017
3.7398
3.7¢C3
38250
4.3C16
3.5415
3. 86426
3.7¢53
3.4C33
3.0801
208025
2e5€45
2. 2754
1.5C¢3
1.0844
i.0153

YMAX

UIVI

(U*)*xx2 (U*)¥%2

~Ce961C
-0.6733
-1.1370
'I.ZZGC
—1.2451
-1.23C7
—l.1l€c¢
-1.1940C
-1.13¢€2
-009671
-0.8667
-C.14€(
=0 .63¢€4
_00466C
—(.2€6651
-0.C6176

C.C8¢C

(N/NMx%2)
= 27 .724 (M/S)
= l.78€ (M/S)
= 30,300 {(EM)
TLE"L LYye U'W"
REAL LV%p?

0.2098 —-C.4868 0.1062
02237 —(Ce44S2 0.1032
C.2007 -0.,517v 0.0912
Cel3l2 —(.55C6 0.9588
C.l181 —-0.5867 0.0557
0.0654 —-(.5166 (0.0401
Cel24€ —(.49EC uL.0534
0.1265 —(C 4827 0.0511
Cs 1691 —-C.4583 0.06482
CoeCS4C —C.437L (C.C425
0.1908 —-C44307 0.0948
Ca2501 —(.42€E4 (Q.1437
Qel&72 —Co4Cé€E U.1196¢
0.2414 -0.3458 3.1792
C.2€2% —(C.2674 0.26069
Uel2282 —040940c 0.3193
0.2221 0.1295 0.3341

Y
YMAX

0.0429
C.04¢¢E
0.05€1
0.08c%
0.C3SC
Cel3e(
O.1€5C
0.198¢C
Le2€4(
C.3300
C.4125
C.4S%5C
0.66C1
0.8251
G.95C1
1.1551

Y+

177.43
2(Z2.88
228432
2€6 .49
220.11
32G63.73
£20.56
€48.20
1715443
1025.50
1284.37
16C2.46
1ScCe 54
2E8€.12
31¢2.89
3€2S.C1
44€5.24

T.666
7. 881
8.059
B8.357
8. 753
S.111
9.662
1C.CS52
10,423
11.035
11.521
12.G91
12.536
13,21¢
13.877
14. 116
13.545

-— 9L -
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12.5
15.0
ZU.C
2549
30.0
35.0

u
UREF

0«5426
0.5614
35140
0.5931
0.6232
C. €442
C.€81C
J.7115
O.71381
0.7811
Ue8143
Ce£521
0.£338
C.534C
C.S714
0.G778
Ce G516

[
L*

2. C2¢C
2.0800

VERSLCH NR. 15

CATUWM

PCSITION

WAND SCHUBSP ANNUNYG

BEZUCSWERTE

FFCFILLAENGE (UAAX)

"]
L*

C. 5867
l1.1208

2.1625 1.0067

e 183E
2.2417
242521
2.202¢
Zo11Tz2
2.1C62
20253
1.6335
l. £3S4
leo74¢€l
«£1C4
1. 2270
1.0570
1.(€38

1.C139
0.5357
C.c523
leC229
1.2771
l.C329
1.0=50
l.C€730
C. <184
0.¢8853
0.8204
Cei€36
0.6892

(WANDKANAL)
3.03.19176
05. GRAD
TAUW = 44332 (N M2XZ)
REFERENZGES CHW INDIGKEIT UREF = 27.734 (M/S)
SCHUBSPANNUNG SGESCHWINDIGKEIT U*x = 1.788 (M/S)
YMAX = 28.20C (MM)

W? K? Uy U'W?' ytve UthW?
Uk (UR) 2 (UR)EE2 (UX) *%2 UTxV! Us xpt
le3430 344507 -1.0245 0.2151 -C.5074 0.1065
164353 3.8¢13 -1,148C CalC7C —C.4924 0.0459
12394 346129 —-1.2274 C.142]1 -C.563E 0.0£53
1.2673 3.7008 —1.,1884 0.1697 —0.5368 0.0766
lo2846 3.7756 —-1.252¢ (.23272 —(.5976 (.1131
1.1834 3.6969 -1.2554 (.12C2 —-C.5852 0.0561
« 2457 347252 —-1.256C T.1504 —-C.5588 0.0667
13289 3493297 —1.2€57 Cel4€f —C.4681 Q.0542
le2720 3.6C37 —141349 041192 -0.5015 0.0527
1.2521 3,3747 -(.G6432 0.1475 ~C.4482 0.0703
1.1253 3,0787 —0.9138 0.1532 —C.44C2 0.0931
LedT03 2.66G27 —C.7669 0.2196 —-C.454C ($.1300
L.Ul78 24082 —Co€5E3 (a2295 —-(e44(8 0.1540
Ve 9505 149347 —(.4334 0.2861]1 -C.346E 0.2306
Je 3927 1.4550 —~0.,2514 0.3C06 -0.2661 0.3183
Ue 7950 1.1122 —0.0313 (C.2€42 —(.0425 043626
UeB8025 1.0935 0.1485 0.2682 (.2151 0.3885

0.€491

Y
YMAX

0.C4¢€1
0.0532
C.CECZ
0.07C9
0.C8E7
C-10¢€4
0.141¢
C.1772
C.21cE
0.2827
€.354¢
0.4433
0.53169
€.7CSc
0.886%

Y+

174.11
159.08
2z4.C5
2€1450
323.93
2E€.3€
£11.21
€26.C6
7€C.51
1010.62
12€0.32
1572.45
1884 .58
25(8. ES
3123.11

1.0638 3757.37

1.2411

4%El.63

U+

1.726
T.998
8. 184
8. 4¢3
8.9C2
S. 207
9,731
10,177
1C.558
11.176
1l.651
12,163
12.650
13.374
13,618
14.018
12,656

_LL—



u
UREF

Ca5501
C.56061
U.5788
05574
0.6234
0.€453
C.t814
g.712C
U.7354
0.17784
0.8107
0.8446
0.879C
09244
Je 9554
C.S52¢

VERSLCHE NR. 15

CATUM

PCSITICN

KANL SCHUBSP ANHUNG

BEZUGSWERTE

PROF ILLAENGE (UMAX)

Le
L%

2.(863
ce 1155
2e142E
2.18€7
202229
ce 1971
2.18S4
2+ 1455
2.1173
2.002¢
1.602z=
l.7745
17110
1.4£35
1.2023

ye
L*

0.9147
l. {106
1.C1¢e5
D« 5465
0. €E401
OeC€76
1.C1i5
1.(ES3
1.0475
1.C487
0.€£55
0.8574
0.E522
G.£€¢€85
0.6760

{ HANDKANAL)
3,003,196
70 GRAD
TAUW = 3.S87 (N/Mx%xg)
REFERENZGESCAWINDIGKEIT UREF = 27.728 (M/S)
SChUBSPANNUNGS GESCHWINDIGKEIT U* = 1.78¢ (M/S)
YMAX = 26.70C (kM)

W' K urw?* UtW? ueye U'w!
U {UE)RR2 (UR )RRz [UR)dxz UTay?® Ut xwt
le 1706 342859 —1.1145 Cel757 —-(.5834 0.0919
142326 3.571G —1.17€3 0.1€S1 -C.5401 0.0777
1.18313 3.5366 —1.2601 U.2178 —(C.6088 0.1052
Ue 9914 343424 —1.2687 041896 -0.6715 G.1004
1.1324 345242 —1.232% (al1S€L1 -C.5756 0.0922
1,0262 344348 —1.28€1 0416032 —(C.58C7 00724
11352 345716 -1.240€8 0.0611 -0.5298 0.0389
V9624 3.2%832 —1.184C CelC4S —Ce5338 0.0473
lell43 3.1760 -0.9961 0.1705 —0.4743 0.0812
1.0014 2.8251 —C.83C5 041365 -C.4569 (.0751
Ge 9539 242819 ~0+63€3 0.,2072 -C.4364 0.1l421
0e3112 146264 —Co4251 0.25€S -(.4226 0.2530
UeT0683 142463 -0.2125 0.2731 -C.2615 0.3360
025637 09549 —0.0072 0.2362 -0.,0121 0.3936

l.(i2l

C.EEST

Y
YMA >

C.04817
0.05¢€c¢
0.0637
C.C7456
0.093¢
O0.1124
C.l4S¢
0.1873
0.2241
0.2G¢¢
0.3745
C.561¢

L7491

C.53¢3
l.12z¢

Y+

171 .39
165.57
220455
25742
318.87
380.32
£C3.22
€c6.12
145.02
$C4. 83
1240.63
1547.88
1€5.13
24€9 .€4
3(¢€4.15
3€S8.65

8.196
Be463
8.63C
8.914
S.3CS
9.642
10. 186
10. €46
10.997
11. 642
12.125
12.634
13.152
13.839
14.312
14,281

- 8L -



Y
(MM)

T O VL WNDON- - -
COOLOoOCU o~

U
UREF

O+.£454
0+563C
0.5766
Ce 5574
0.6244
0.0455
C.6d804
0.7J86
C.7328
0.7138
0.80T71
ce €413
C.£7CE
ve9179
0.5355
0.923C

VERSUCR NR. 15

C ATUN

PCSITIUN

WANL S CHUDBSPANMNUNG

EEZUCSWERTE

SCHUB SPANNUNGSG

FROF ILLAENGE (UMAX)

ue
L*

2.0557
2.101¢€
2.14€5
21556
2.2150
2.2182
ze1771€
2+138¢€
2.10CC
l.€E45
1.8843
l. 7887
1.€524
1.4269
1.1537

V'
U*

C.5521
1.C£9%
1.C707
1.CS49
J0.€799
1.C263
l. (724
1. 1507
1.C586
lL.(€21
0.5¢47
C.8427
0.£7S3
O.€E31
0.€510

(WANDKANAL))
3.03.167¢
75. GRAD
TAUW = 3.878 (N/M*%g)
REFERENZGESCHA INDIGKEIT LREF = 27.734 (M/S)
CSCHWINCIGKEIT U* = 1.782 (M/S)
YMAX = 25.5C( (MM)

W K? utve U'W? urye Utw?
JEO{UR)ER2 (U )ER2 {(UR)FF2 Y TAY? Utxy
1.2061 343018 —1.1G¢€E Q<2442 -C6103 041245
Lel770 3.56S7 —142G6C2 (C.2ECE —C.€C4S 0.1222
1.1537 3.0822 ~1.3976 0.2095 ~-C.5814 0.0872
1,1282 3.5€666 —143G926 0.2367 -0.6418 0.1091
ledodé 3.5167 —1.3531 0.1793 —-0.5754 0.0768
10651 33,5226 —1.2311 (1522 ~C.5381 0Q.0629
10504 3.3278 —1.1468 0.0684 —(.5171 0.0443
0e97J3 24,7113 -€4%326 C.2C4E —(.5132 0.1127
1.0010 244558 -(+6969 (.1558 —C.u643 00,1033
Ue9351 242373 (6368 0.2015 -C.4366 0,1387
0e7259 1e5413 —-(C44C45 (Ce2714 —-(o4l4l 0.2778
Ue TJTT 0.5762 CoC47€8 (.230C (C.0799 0.3844

1.C£€0

0.5¢€¢13

Y
YMA X

0.051C
D.05€¢€
£.C681
C.07¢€4
0.0G8&C
Collie€
C.l15¢¢
C.19£1
Ce23%2
0.3127
0.3G6z¢
C.46(¢
0.58¢€2
C.7842
C.98C4
Lel7€5

Y+ U+

8. 29C
8.5073
8.716
5.0317
9.453
S.778
10.313
10.741
11. 110
11.733

1€8. 76
152.9¢6
217.16
<3.41
313.97
374.48
495,50
616.51
127.52
$79.55
1221.58 12.239
12c4.12 12,155
182€.66 13.206
2421.73 13.631
3CZ¢€.81 14.2¢8
3641.88 14.027

_GL_



VERSUCH NR. 15> {AANCKANAL)

C2TLY 3031970
PCSITION 8J0e. GRAD
WANDSCHUBSPANNUNG TAUW = 3.817 (N/M3*z)
EEZUGSAERTE
REFERENZGES CHW INDIGKEIT UREF = 27.74L0 (M/S)
SCHUB SPANNUNSGSGESCHRINDIGKEIT L*x = 1.784 (M/S)
FRCGFILLAENGE (UAAX) YMAX = 24.6CC (MM)
Y U LY v Wt K* . urw!? U ? Uty U'W? Y Y+ U+
{MM) LREF u* L=* JE - (U )*RE2 (U*)%%2 (UX)*%2 yrayv* Uy xut YMAX
Le3 05475 2.06€2 1.0€32 1.2996 35444 —-1.1174 0Q0.0288 ~C.5087 0.0131 0.052¢ 1¢6.51 8,327
1e5 00,5608 ¢e115€ 1413268 1e1343 345502 —1.258€ Ce(S1S —(Ca5221 0.0216 Ca061C 150.39 8.531
Le7 045731 2.18CC 10446 141935 3.6400 —14251€ Ce0275 —CeS4S€6 (040121 Cua(86S1l 214.27 84725
20 045914 241910 1a1574 1.1320 3.7€80 —1.3434 —0.0422 —0.5268 -0.0166 0.08132 2£0.1¢ S.012
2e5 V0185 2.2466 045890 1.1771 3.7C55 —-1.2062 —=CeCE12 —(e5442 -0.,0231 C.l01€6 32(9.80 9.433
36C Ca€4ll 2.2545 049151 lel476 3.0183 —1ec21€ 0.0246 —Co5921 0.0119 £.122C 2€G6.50 S.7£l
40 0.€763 241671 11058 107306 3.6068 —1.2758 00111 —0.5251 0.0046 0.162¢ 4€8.51 10.32¢
560 067032 261729 1.(726 09952 3.43235 —1423326 C.C18€ —(.529C 0.0080 0.2027 ¢€(8.31 1C.739
640 047291 01225 1.C0€S2 10334 3.4325 —1.1603 0.012C -0.50l9 0.0052 024258 7772 11124
8.0 07680 2.CC72 1.0108 1.UN10 3,02€62 —0GET76 (Ce0G03 —0.4868 00445 0.3252 9€6.53 11.730
1Je0 UeBULY9 1.8891 CeSS30 1.03569 2.8150 —-C.83€5 Ce0ET1 —Ca4456 060464 Co4U€E 12(5.34 12.250
125 0.€35C 1.7€22 Ce€40l Qe 9442 2.4814 —C.7186 0.0703 —CL.4262 0.0417 G.5CE1 15C3.85 12.7%8
1560 08660 1a€£33 04485 09379 2.2563 —Ce€28C (o154 -Ca40C5 0.0959 0.6058 18C2.37 13.233
202C CeS053 14416C 026540 047408 145178 =Ce393C 02142 —(+395S5 04218l Ca813(C 22<€G.4C 13, €41

2540 0.9224 1.1214 Q€790 047555 1. 1446 —-0.1225 0.2175 -C.lold ($.28B57 1.01€3 2656.43 14.11C
3060 UeB8959 140741 045524 047553 160452 Co1C4E Ce2(S1 (el647 043285 1.2155 3563.45 13.714

- 08



Y
{MM)

MoOoOoCoDOoOWwWO g W

Lol ]
NOOCUMHOLWNN - p

15.0
20.0
250

U
UREF

U.5441
0.5605
0.51727
0.591¢6
0«.€6158
C.€381
0.6741
0.7024
U.7232
0.7633
0.798¢C
0.831¢0
0.8583
0.£982
U.9100
CaE746

LY
U*

2.0821
21476
2.1£12
242175
22763
2e €22
2.2710
2.20¢4%
¢ 1C14
1.c38C
1. €562
1.9541
1l.€6172
1.2550
l.CS5€
l.CE13

VERSUCH NR. 15

CATLM

FCSITICN

WAND SCHUB SPAIHUNG

BEZLGIWERTE

{WANDKANAL)

FFOFILLAENGE {(U1AX)

v?
U

1.1104
le1492
1. 1737
1l.1402
1.0157
C.<529
1.C191
1.C765
1.1732
1.1140
l. C145
C.<£39
0.€£862
€C.7¢23
0.£780

3.03.197¢6
85« CRAD
TAUW = 34695 (MN/NM%x%x2)
REFERENZGESCHA INDIGKEIT UREF = <cT+4T42 (M/S)
SCHUBSPANNUNGSGE SCHAINDIGKEIT U* = 1,785 (M/S)
YMAX = 24,00C (MM)

W K yrve Ur?® yrye U'W?
JF L (JF)RE2 (UR)xkz (Uk) kg LI%YE (R o
11018 3.4560 —1.29€4 0.1372 —C.56C07 0.(6593
1e1602 346394 —1.,3673 C.0€86 —{(.56€62 0402765
le 1437 347215 —1.4436 0.0874 -C.5639 0.0341
1.2545 3,6%€5 —1,3G28 —0.042€ —(55({7 =-0.0169
le1147 3.7347 -1.3802 0.0227 —-(.59862 0.0141
100332 3.5679 —1e4266 041425 -0.6349 0.0634
0.3)J9 3.5174 —1.42C2 C.CS17 —C.612C 0.0395
De9612 344800 =-1.3591 —0.02C€ —Ce5717 —0.0087
Oe 9486 343461 -1.2241 (0.G775 -0.5371 0.0314
1.0259 3,127 —0.S8(S (040727 —Ce442S5 J.0328
009047 207217 -0.9342 001566 _0.485b 0.0814
09729 2,4%€6 —Co7462 0.01791 -0.4341 0.0459
03046 21062 —0.,6538 0Q.1404 —Ce4425 0.0550
0e82J)4 1la5738 -0.3547 0.1611 -C.3295 0.149¢6
0.7459 1l.1(84 -C.(882 C.17SC —-(C.1187 0.241¢
De7541 1le0554 00,1602 0.1452 (.2428 0.2261

0.6105

Y
YMA X

0.0542
C.0625

L.07CE

0.0833
C.1042
0.125C
C.l6ET
0.2CEz=
€..25CC
C.333z2
Cealei
0.52(8
0.62°5C
0.8322
1.0417
1.28(C

Y+

1€3.52
1€6.98
21C.43
245.61
304.24
3€2.E7
480.14
£67.4C
114.66
G4G6,.19
11€3.72
1476.87
177C.03
23%€.325
2942,67
3528459

8.411
8. 664
8. 8¢€C
9.159
9.543
9.854
10.457
1C. €58
11.225
11.847
12.386
12.901
13.327
13.655
14.144
12. 6C3

- L8 -



Y

(MM)

o

VMINODO WV & WNN M

[«BUNoNoNoNoNaNoRUN oI VEE, J ]

U
UREF

07048
0.7184
0.7316
Ve 7469
0.71735
0.7925
0.8222
0.8460
0.8639
0.8910
0.9044
0.9091
0.5008

DATUM 2€.05,15176

POGSITIOGN 5 (M)

WANCSCHUBSPARNNUNG TAUW = 14608 {(N/M*%x2)

BEZUGSWERTE

REFERENZGESCHWINDIGKEIT UREF = 27.779 (M/S)

SCHUBSPANNUNGSGESChWINDIGKEIT U* = 1,794 (M/S)

PROFILLAENGE (UMAX) YMAX = 12.040 {(MM)

ue v! h? K? urve Uti? Uy U'W?®
Ux* U#* U (U*)*%2 [U*)*%2 {Ux)*xXx2 UYrxy!? Utxy?

163219 0.6180 Ce8€32 144272 -0e3763 -0.0657 ~0.4607 -0.0804
1e3077 045872 CoB8€E2 1.4043 —0.3468 -0.0738 -0.4516 -0.,0961
162747 05868 C«8€17 1.3558 -043393 -0.0710 -044536 -0.0949
12640 045522 (.8453 1.3C85 -0.3247 -0.0709 -0.4652 -0.1016
1.2338 045555 (48323 1.2€17 -0.2968 -0.0614 ~-0.4374 -0.0897
141708 0e57CC (83244 1416559 -0,2739 ~-C.C863 -0.4104 -0.1293
le1186 045541 08168 141357 -0.2436 -0.1135 -0.3665 -0.1707
1.0757 045912 C.7662 1.071S ~-0.1507 -0.1212 -0.2999 -0.1906
160338 045782 (e7€64 049553 -0e1015 -0.1287 -0,1698 -0.2154%
160469 Ce6183 (7570 10257 -0.0129 -041559 -0.0200 -0. 2409
1.1260 06519 C.7%41 1.1886 0.1106 —-0.1823 00,1419 -0.2340
162625 067147 (48109 143812 062424 -02083 062686 -0.,2309

VERSUCH NFe 1& (WANDKANAL)

Y
YMAX

0.1080
0.1246
0.1412
0.1661
0.2076
0.2492
0e3322
0.4153
0.4983
0. 6645
0.8306
1.0382
1.2458

Y+

103.96
118.87
133.78
156.15
193,42
230.170
305.25
375.840
454,35
603445
152,55
$38.92
1125.20

Ut

16,474
16.80%
17.124
17.493
18.12¢
18.58C
15.284
16,845
20.2¢€1
2C.305
21.224
21.337
21.141

_z8-



Y

{MM)

——
VINOOOC U $H WNN -~

couaocorcoccwmwO g

J
UREF

U.7092
Ue1224
C.735¢
0.752%
J= 1766
Cal97C
C.8283
L8525
LeETCT
0.8958
0.5056
0.516¢
Ue9110

VERSLCH NR.

CATLY

FCSITIUN

WAND SCHUB SPANIIUNG

1o

{ wANOKANAL)

20.0%.15176

BEZLCGSWERTE

FFOFILLAENGE {(U4AX)

L
u*

1.2270
1.2123
1.20C7
1.2640
1.2713
le 24 €2
1.1860
1.1274
le (SEE
l.C455
1.(423
l.11¢€C

NS
L

0.£€157
0.5636
C.€121
C.5€83
Q.5542
C.£268
0.5842
0.€235
0.5755
0.5S30
0.€213
0.€$35

1. (MM)
TJAUN = 1.616 (N/MF*%2)
REFERENZGESCHW INDIGKEIT UREF = 27.77% (M/S)
SCHUBSPANNUNGSGESCHRINDIGKETIT L* = 1,794 (M/S)
YMAX = 12.40C (MM)
oY K? yrve Uri? ury? U'W?!
JE O (UE)RE2 {UF)xkZ (UF)FRZ2 IRy LY¥%u!
UeB3625 104092 —0.3566 —0.C75C —C.45€1 -C.1Cl4
Ve 3014 1.4C42 -0.3485 —-0.0896 —0.4382 -0.112¢
Ued3559 1.3¢50 —0.3448 —0.0807 -(.468S —-0.1098
063327 143C13 —C.323¢ —0.CE88C —(.46(S5 —~C0.1254
Ue 3278 12603 —-0.31C7 -0.1040 -0.4725 -0.1582
D.8%06 141832 —0.2448 —0.126¢€ —(a3483 —-0.1944%
0.8155 1.1€41 -C.2018 —-0.154¢6 -C.3170 -0.2428
Ve 7753 13222 —Cal227 —Cel1€54 —(.1977 -0.2730
UsT7964 Lo0596 =(.0292 -0.2025 -0.0444 -0.3084
UeJdJ25 1,182 (C.(834 —C.2181 <(C.l1078 -0.2818
De8538 14427S (2128 -0.2650C (L.224C —-0.279C

le2417

0.78E49

Y Y+

YMA X
C.104E 1C4.16
C.121C 119.14
G.1271 124.C¢
0.1612 126450
C.2C1€ 193.86
C:2419 <22l.21
0«322€¢ 305.93
C.4CZz ZEC.E5
0.4836 455,37
Ce.6452z €(4.80
C.8CE€E 1t4.24
1.CCE1 S4l.04
1.20S7 1127.83

U+

16.536
16.858
17.1€1
17.593
18.158
18.€43
15.3282
15.¢51
20,218
20.6G68
21.263
21460
21.338

- €8 -



Y
(MM)

ooV HWNINP -
.

[

VOOCOOOUO~NW!W

-
Y
[

15.0

U
UREF

0.7146
C. 1295
0.7426
0.7599
0.,17831
0.803%
0.8337
0.853¢€
0.6795
Ce 5048
0.915%6
0.9275
0.%239
U947

Le
U*

VERSUCH NR.« 135 ( AANDKANAL)

CATLM 26.05.1576

FCSITICN 15. (MM)

WANDSCHUBSPANIUNG TAUW = l.621 (N/M%%x2)
BEZLGSKERTE

REFERENZGESCHWINDIGKEIT UREF = Z27.757 (M/S)

SCHUBSPANNUNGS GESCHWINDIGKEIT U= 1.791 (M/S)

FROFILLAENGE (UYAX) YMAX = 12.,74C (¥NM)
v? W? K? urve  U'wa' Lrye U'w?

U* Jx o (Ux)AR2 (UR)F*2 (UF) %z Utaye? Urxn?

143478 0.€183 094063 1le£6472 —(3892 -CoC84(C —Ce4671 -C. 1008
13347 0.€324 0.9235 15171 —043985 ~-0.0723 -0.4721 —-0.085¢6
1e3244 0.€354 0.9123 1.4%50 -C.40C3 —-0.0829 —-0.4757 -0.0985
12124 D.€C35 0.9046 1.45¢5 —C0.3773 —(C.0844 —C.4752 -G. 1C64
le 264€ Ce5%53 0.8783 1l.4CC9 -0.3703 -0.0930 ~-C.4804 -0.1206
1.2€4S 0.€144 0.3321 1.3717S —-Ce3528 —0.06859 —044540 —-0.1234
1.2072 046133 0.8603 1.2867 —0.3145 -0.112% —C.4248 —C.152C
1.1€19 Ce €131 048532 1+.2270 -0.2744 —0.1396 -C.3852 -0.1959
11202 0.6(94 0.8149 1lelf€3 —042417 —Ca156S =-[.35(C5 —-C.2279
le(7€4 0.€208 07917 1.0E54 —001427 —Ce1792 —C.2135 —-0.2681
1.C753 Ce€189 07330 1.0761 —-0.0636 —-0.2063 -C.0956 -0.3101
1.1358 0.6875 0.8180 1.2159 040452 -C0.2554 (.057S8 -(.3271
le2545 007596 0.8325 1.4219 041725 -0.2803 0.1810 -0.2942
02224 C.8929 0.3307 1.6%€2 Co42€4 -0.3051 (3137 -0.2245

Y Y+
YMA X

€e1G2C 1C5.20
Be1177 12Ce2S
0.1324 135,37
Ce.l157C 158.00
0.1G6¢€2 15,172
C.2355 223,44
C.314C 2(8.838
0.3925 284.32
0.471C 459,76
C.627S £1Ce€3
0.784S T&1.51
C.981z S50.10
1.1774 11328.¢€9
1.565S 1515.88

16.654
17. C17
17.332
17.748
18.3C1

18.786

15499
20.0C88
20. 5174
21164
21.2517
21.707
Z2l. €26
20.959

—78_



Y
(MM)

'—‘
OOV WNN P~ p=
[ ]

NOVCCGOOOV O G W

——
W N
[ ] [ )
O

20.C

L
LKREF

0.7221
0.7359
C.17481
Je.765¢
C.7891
C.8G8¢
U.B841E
JeE653
0.8850
0.9112
L. G275
L.G378
J.937¢€
Ca9117

VERSLCH NR.

C

p

WANC SCHUBS PANWUNG

ATLWM

CSITION

Lo

(WANCKANAL)

25405 .1976

EEZUCSWERTE

REFERENZGLSCHw INDIGKEIT

SCHUB SPANNUNGSGESCHWINDIGKEIT U*

FFOF ILLAENGE (UMAX)

Le
U*

le 3€€4
1.3577
l1.3438
1.235¢
1.2149
lecE43
1.2276
l.1751
l.13¢¢€
1.CEL17
1. 0651
lo 11523
l.2247
le 4€55

Ve
U*

0. €280
0.6221
0.€115
0. 5639
0.5790
" 0. 6C67
C.6(54
0.€222
Ce €429
O0.€3240
0.€371
C.€tl4
0.7€54
C.£543

Hl

0. 9452
0.9011
0.8977
0U. 3335
0.3744
0.8758
Oed574
Ue3493
0. 3352
C.3001
0.7930
Us du33
0.3213

20.  (MM)
TAUW = 1.642 (N M#%2)
LREF = 27.757 (M/S)
= 1.791 {M/S)
YMAX = 12.16C (MM)
K ysve L urye UTh?
[UR)%k2 (UR)%%2 (U%)#%2 LIays Ty
1.5774 —0+4012 —0.0853 —=(.4675 —0.0994
15213 —Ce4C2E —C.0€28 —Co4TEC —O. 0744
124527 —043914 —CaCE2C =Co4763 =C.0754
1.4€11 =C+3€33 —0.0777 -0.4826 —-0.0978
Lo4144 —Co3726 —ColET5 —(e4B8S6 —0o 1149
1.3524 =043486 —0.0862 =0.4473 ~0.1106
1.249% —Co2867 =0ei345 —(.35C8 =0. 1834
1e2Cle —022513 —0.1493 343439 —0.2042
1.1C65 —Cel€3€ —Cal7S1 —C.2385 ~0.2609
1.0889 ~CaC38S ~C0e22C4 =~Cal3(5 —0o03236
1.1767 0.0189 —0.2653 C.0248 —0.3490
1428C1 01336 —C.3CCC C€.1429 —0.3200

Ue 9201

Y
YMAX

c.0988
C.1140C
C.1262
0.1520
G.15CC
Le22EC
0.304C
€.37¢¢
D.4EE€C
0.6C17s
C.75¢¢
Ue946GE
1.1358
l.51¢¢&

Y+

1€5.88
121.07
12¢€.25
1£6.03
156.99
2244566
310.89
3€¢€.81
6€2.14
614 .60
556.27
1146.09
1£25.13

U+

16.1722
17.355
17. 348
17.7¢5
18.323
18,783
19.554
2C.110
20.5€S
21.183
21. 570
21.EGE
21.807
21. 218

- S8



VERSUCH HR. 16 {WANDKANAL )

CATUM 2040541516

FCSITICN 25, {FM)

WANCSCHUBSPAYHUNG TAUW = 1.€44 (N/N#%Z)
EEZUCSWERTE

REFERENZGESCHAWIMDIGKEIT LREF = 27.791 (M/S)

SCHUBSPANNUNGS GESCHW INDIGKEIT U* l.8CC (M/S)

FROFILLAENGE (UMAX) YMAX = 13.7CC (VM)
u ut v? W’ K? ury?e UtwW? Leve Ut w' Y Y+ U+
UREF L* U* Jx {U*) %2 (UH)*32 (U%)*xz yrave LYsw? YMA )X

07204 13528 04€€18 0e3314 165€78 —Ce3947 —0Ue075C —Ca44(C8 —0.uUB838 Cual94S 1(2.17 16.6C3
Oe 1345 142468 Co€535 $.9J4) 145292 —C.3865 -0eU739 —-0e4420 -0.U339 0,106 116.83 16.642
Us7469 1,.2414 0.,€272 0.9150 145213 —=Ce374C —-CeC692 044376 -0.U3810 0.1241 131.48 17.238
De 1641 1e3274 0a€144 0e3754 1.4529 —043711 —Ce(C€8E —Ca455C ~GCal840 Lal4€( 1E53.46 17.64€
Ce7873 142115 Ca5619 0.8634 le4l22 —-0.,3525 —-0.0834 -0.4541 -0.1074 0.1825 150.10 18.197
0.8099 142911 05571 0.3773 1.3S6€5 —Ce34(0C =CalECT —(a441C ~0.1046 Co21SC 226473 18.727
CeB423 142506 Co5543 08394 1.3109 —0.33C1 -0.1C027 —-Ce444l -0.1382 Ca2S52(C 20000 15.483
Ce€682 141622 Co€219 0.36J8 1.2746 —0.2914 —0.130€6 —~C+3929 -0.1761 C.3650 273.27 2L.(84
08891 1a1622 0.€172 0.3322 1.2121 —Cel262€ —Cal®2S —Ce3661 -0e2145 Ca43EC 446.54 20.571
CeS185 14(919 04£€325 Ca31lLll 141251 -041895 —0e185G ~Ce2744 -0.2€92 0.582¢ £<3,C07 21.25%52
069375 10723 0,€185 07754 1.C€76 —CellES -0.2188 —-Cel780 -0.3299 0.7299 73G.61 21.693
05485 1.0(863 Ce€439 045033 141232 —040282 —0e2€6CE —(a04C2 -0.3716 CoGlz4 S22.78 21.953
CeS5U1 141565 Coi20l U.80T76 13C78 0.C659 -0.3095 00,0790 -0.3707 1.064S 1185.65 21.9G7
09320 144273 0.7¢C6 0a3947 1le7214 (Ce2742 —Ca345E (42431 -Ga3C65 1.4556 1472.30 21.592

_98_



Y
{MM)

oo c oo ocumcC yuWm

—
VNOEOWUNH W=
» & e & o & -

N
c
L]

e

U
LREF

0.7250
C.7395
L1531
VU.7692
U.7938
C.E14E
U«8490
Ce€744
Ce893¢€
0.9239
CeS4356
0.5631
G.9707
0.5565

VERSLCH NK. lo

{wAMDKANAL)

CATLNW 20.U05.,1376

FUS 1T IGN 3D. {MM)

WANDSCHUB SPAIHNUG TAUW = 1.£58 (N/MXXk2)
BEZLGSWERTE

REFERENZGESCHW IHDIGKEIT UREF = 27.795 (M/S5)
SCHUBSPANNUNGSGE SCHWINDIGKEIT U* = l.801 (M/S)
FECFILLAENGE (UMAX) YMAX = 14 ,54C (MM)

Le V' At K urye UrWr o uye Ut
L* SL® J¥x o (U*x) Ak (UA)k*k2 (Uk)dkz UPHxy? LYxp?
1e3€18 Je€469 (0.9124 15828 —0.3736 —0.C€CE —Co4243 —Ce C69C
162552 Ce€287 DeI132 145329 =043811 —0.0698 -C.4472 -0.0820
1.353€ CobC79 Ue33498 1le4S24 —Co36S6C —0a0€€2 —C.4484 -(.0805
1e32G9S Ce5G661 0483701 144435 —0.3616 —C.CEC1 -(.45€62 -0.1C11
02177 CoaBE35 08577 leal63 —0.,3514 -0.0652 -C.4571 -0.1239
1425€€ Co€127 068850 143712 =0.32236 —-CaCS4€ -(.42C1l -0.1227
12154 046227 Ue3654 143C09 —-04303C —-0e113¢€ —C.4004 —Ca 1501
Jel72€ Coa€2l5 003365 142317 -Co2723 -0.1315 -0.3733 -0.1803
1.1030 0.€62 0.7961 1lelcl3 —-Co217€ —Cal€CE —-(.3151 —G. 2328
le {686 06260 07828 10733 —-041453 -0.1864 —-0.2173 -0.2178¢
1oCT€2 0.€422 043027 1le1(54 ~(,(752 —0.239€ -0.1148 -0.3473
1.1300 0.6806 U.3435 14230 Co.0117 —0.2683 C.Cl51 —C. 3844
le 2442 CL.E(OL Je91l71 1.06440 (2096 —0U.3621 0.1949 —-0.3367

Y
YMA X

C.0854
C.1lC2¢
Call€c
C.137¢
C.l71¢
C.2G€3
€.2751
C+34=6
O0.41217
C.55C2
C.687¢
0.85617
1l.031¢
1e3755

Y+

1€2.62
117.34
122.C¢
154.14
156.93
227.13
301.32
274.91
448.51
565.69
142,817
$26 .85
1116.83
1478479

16.638
16.985
17.3CE
17.6%91
18.268
18.7¢€0
19,554
2Ca 142
2C. 585
21.285%
21.75C
22,197
22.311
£2.133

_Lg_



Y
{ MM)

P
C OV e WNN -~
S 6 ¢ & & a O o & @

MO oOoOCUOCOoOVO~NUL W

———
(G N
o o
-

2V

u
LREF

0.1279
0.7423
L7553
37691
0.8170
C.8492
G.8760
0.8960
Ce6272
N.5484
CsS5703
U097911
0.5748

VERSUCH NRe Lo

LATUM

PGSITIGN

WANCSCHUBSPANNUIG

(A ANLKANAL)

26.95.157¢€

BEZUCSWERTE

PROF ILLAENGE (U¥AX)

L
Lk

1.2868
1.276%
1.2715
1.35¢€9

e24¢€3
« 2321
le2711
1.2214
1.13¢1
l.1150
1.CECC
l.C€16
1.1023
1.2790

V?
L%

0.€833
0.6€78
0.61768
C. 6517
O.€€806
0.€204
O. E€73
Co€€54
Oe 6685
Co. €€27
C.t414
0.€596
Co€El4
0.8239

35. (MM)

TAURK = 1.687 (N/MExZ)
REFERENZGESCHWINDIGKEIT LREF = 27.795 (M/S)
SCHUBSPANNUIGSGESCHWINDIGKELIT U¥* = 1.800 (M/S)

YMAX = 15,440 (MM)

e K? yry? U Lev? U'W?
J¥ {Uux) xR (UH)x%2 [(U*)FF2 Y13y Uty ?
Ue8996 1.6C38 —-044332 —C,0411 -GC.45€2 -0.0432
Ue9022 1e5E2]1 —-0.44184 —Ca0504 -0.4540 —-0.,0547
Qo142 1,5875 —C.41£Z ~Cal484 —(o44E5 —0. (0522
049093 1.5732 =-0.4078 —-C.0358 —(L.4345 —-0,0382
049039 145383 —-C+3945 -0.0515 =-C.4382 -0.0572
Oe301lU 1le4%03 —Ca2814 —Cu(C58€ —Ce401l6 -0, 0706
063916 1le4279 =C 3057 —0.0621 -0.4311 -0.0733
VeB6LT 1429170 —Ca3049 —-C. 1055 —C.384% —C. 1387
UeBlub 141637 —0.2463 —0.1362 -C.3333 -0.1843
Ja7723 1.0E71 —Coal7€C —Cualb5€¢ -Ca254C -0.2102
Je 7772 1.UE30 -0.1082 —041656 —(.1545 -0.27G8
Ue 7652 11258 =0,C23E —0.23%6 -C.0316 -0.3181

Y Y+

YMA X
C.CE42 1(3.62
0.0972 118.48
C.11C1 123.34
CeleSs 185463
0.l161S 152.178
CelS42 22S9.93
C.25¢1 Z2(4.24
£.3238 378.54%
C.38t€ 4£2.85
C.5181 €C1.45
Ce6417 1EC.O6
C.80%¢ S:5.82
09718 11¢1.58
1.2552 14¢3.10

U+

16.563
1€.50¢
17.211
17. €CS
1€.234%
18.649
16,361
20.0C7
2Ca465
21.119
21.668
224172
22.3¢E1
22297

_88_



Y
{MM)

o 8 o o & 8 o o 3 8 b ¢
CcCUuoOoCocouwnmoOyWwmw

——
VUNOXC U WNHN~F~

2U.0
25.0

u
UREF

0.7253
O.7414
Us=155C
07721
C.71964
C.8175
L3504
C.t762
0.8780
0.62917
045540
0.5784
J.59896
0.591¢
C.5T718

Ll
Ux

1.3€¢51
1.3722
«ZEEE
l.z617
1.3270
1.2922
l.2484
1.1571
L.1276
l. (7C6
1.C4€
1.0525
l. 1816
1.3166

VERSLCH

CATLM

FCSITICHN

WANLC SCHUB SPAHNUNIS

NR. 16

(WANDKANAL)

26¢35.1976

BEZLGSWERTE

PROFILLAENGE {UMAX)

V'
u*

0.£¢14
C.6856
C. €508
S.6123
C.€444
C. €450
0.€226
0«.€152
O.t447
Oe€483
Co€427
4 C.€550
C.6701
Ceifo8
0.5836

40. (MM)

TAUR = 1683 (N/M*xx2)
REFERENZGESCAWINUIGKEILT UREF = 27.795 (M/S)
SCHLBSPANNUNGSGESCHWINDIGKEIT L* = 1.8CC (M/S)

YMAX = 16.,46C (MM)

W' Ke UV Uth' Lrve Utw?
Use  (U*)#%2 (U*)%x%2 [ U¥)*k2 raiy! Lo xph?
069240 146264 —0e4GC27 —0.0274 —-Ce4l169 -0.0284
0e9200 1.6133 —043921 -0.028€ —(-4168 —-0.03C6
Je9391 146160 —0,4C077 —0.028€ —-Ce4312 -0.0302
0.9053 1.5€33 —Co3SE7 —CaC362 ~(e4355 =040397
Ue9012 145213 -0.3846 —C.0402 —Ce44320 —U(464
0s3998 1l.,4632 -C.384]1 —C.038B8 -C.4487 -0.0454
Ue3771 leé4134 —Co2612 —CaCECT —Caa4€S —-(0.0630
Ue3347 143598 —-C.43385 —0UeU596 —-C.44C8 V0776
0.,3359 1.3167 -G.3045 -C.0782 -0.3945 -0.1013
De301lB Lel€73 —Ca2622 -C.CEB8€ —(325EE —Cul212
0 7959 140563 —-042038 =D41293 ~0.2961 -U.1879
JeT77152 1a0€15 —0e135C —0e1€11 -Ca2029 -U.2353
067588 1.0663 =G 4C68c -0.2037 —-CaLG67 —-0,2888
03509 143468 0.0823 -0.3341 {£.0920 -0.3735
le 236 LeBE44 GCaec35€ —(C.4(55 (.181C —-0.3116

Y
YMA X

0.076C
C.CS11
Q.1G22
C.1215
C.151¢
0.1823
C.242C
C.30z¢
0.364%
C.uEEC
C.€Git
C.7554
CsGl12
1.2151
1.51¢8

Y+

1C3.51
118.35
123,20
155.46
162.517
229.69
3€3.951
278. 14
452 .36
€(C.81
14G .c€
934.82
112C.38
1451.50
1862.62

U+

16.521
16.903
17.223
17.€25
18.162
18.¢€51
15.439
2C. C24
20.533
21.260
21.€15
22.381
22. 44
22,762
22.269

_68_



CUCOoOUVUOoOCOOCOGCUVOaU W

VCUNGOGOWNHS NN

[\

u
UREF

Ve7325
Je 7453
Ge1592
0.7774
0.8011
C.8203
D.E526
C.£8uU4
0.5001
Je933¢
veS5605
0.9826
Je 59695
1.C0¢€1
CeG9417

VERSLCH

NKe

lo

{WANGKANAL)

CATLUN 26+ 05,1970

PCSITION 45, (MM)

WAND SCHUBSPALIIUIG TAUW = 1705 (N/M*%Z)
BEZUGSWERTE

REFERENZGESCHW INDIGKEIT UREF = 27.£01 (M/S)
SCHUBSPANNUNG SGESCHRINDIGKEIT U* = 1,801 (M/S)
FROFILLAENGE {(UMAX) YMAX = 1T7.64C (MM)

L v W K?* urye U'W?* urve UtiW?*
(VE L* U (ukx)Fk2 {Ud)dkzg (URk)*kg LPxY? Lixut
1.4C45 0.6698 UsJoTl 1.6762 —(44212 —0,0263 -C.4542 —-0.0280
13882 046639 U.9467 1.6321 -0.42(S —0.0131 —C.4567 —-0.0142
12815 Ca€E27 GeI39] 16282 —(+4153 ~-0,0133 -C.4446 -0,.0141
103€2° 0.€484 0.9214 15903 —0.4255 —0.0182 -(.4756 —-G.0204
le2511 Co €100 003316 14877 =0.4006 -0.027% -C.4933 —-0.0339
le213€ 0.€C26 0.88Ll0 144325 -C,37€2 -=Cel323S —Cs41717 —-0.0429
12550 0e6€46 0483753 164091 —Ce3736 —04022¢€¢ —Co447S5 —0.0272
le2l€C Je€453 043772 1.2323 -0.3418 -0.0392 -C.4356 -0.0499
1. CES50 Oe 6414 0.7309 140693 -042493 -0.0728 ~-0.3532 -0.1045
1.(34S 0.€39] 0.7408 10187 —C.18£3 -C.0S91 -(.28C2 -0.1498
1.CL79 0.€272 047235 V497065 —0.1228 —0.134¢ —Cal924 -0.2109
La(S7S Ce€929 Ue 7457 141209 040052 -0.2336 (.3069 -0.3070C
142722 0.€141 044257 1.4£28 (041532 -Co3453 C(.1478 -0.3332

Y
YMA X

0.0727%
C.085(C
0.06¢€4
Je1134
C.1417
C.17C1
C.22¢8
0.2824
0.3401
0.452%
0.5€¢€9
C.708¢
C.85(3
1.133¢
14172

Y+

1¢3.54
118.85
~1232.15
156.12
1¢3.38
¢20.€5
2(5.19
27194 12
454,26
€(3.33
1£2.4C
1125.08
14¢€7.16

1870 .44

16.574
16.877
17.2€3
17.627
18.176
18.€18
19.3¢5
1S5. 651
2G. 442

21.206

21.816
22.324
22.657
22,882
22.639

- 06 -



Y
(MM)

OOV WNN -
* o ® & & @

——

N

e 8 9o & &
CUOOOCOCLOO VO -y

[
w
.

20.C
25,0

U
UREF

U.1730¢
0.7452
C.7157:Z2
0.7748
C.8001
0.819¢€
0.8525
0.8799
0.89917
0.6331
C.5616
(a.CE48
1.G024
leviB2
1.01517

VERSLCH NKRe lo ( AANDKANZL)

CATLVW 250541976

POSITION 50, (MM)

WAND SCHUB SPANHUNG  TAUW = 1.698 (N M%%2)
BEZLCSWERTE

REFERENZGESCHW INDIGKEIT

SCHUBSPANNUNGSGE SCHRINDIGKEIT L*

FFOFILLAENGE (UMAX)

ue v? W K*
L* U Jr o (UX) Fx2

1.36€7 0.€€15 0.9796 1.61739
1.3888 0.€526 0.9814 1.6590
13615 Coe€E97 049572 L6366
1.3656 0.£€614 Q0.9005 1,6382
1e36€5 06540 0.9236 1.5740
le 3458 C. €456 0.9200 1.5371
1.2044 C.£439 C.9103 1.4724
12559 046602 049324 14412
12179 Co€544 0.9126 1.31722
1.1491 0.€480 0.3401 l.223C
1.C866 0e€427 0.3007 1.1175
1.€292 0.5584 J.7524 0.5¢17
CeS8BLL 046263 U.T7276 U.5421
1.CCC5 0.6681 0.7201 0.9830
1.1262 0.7346 0.,7689 1.2(19

UREF = 27.7871 {(M/S)
= 1.800 (NM/S)
YMAX = 19.000 (MM)
urv? UTwW? ury?e U'W?
(U*)%%2 (U*)*%2 Yr*y? Ut*i?
-0.3685 0.0049 -0.4313 (0.0053
~C0.39C% (C.0ClC —-C.43(S 0.0012
-0e4142 00136 ~C.4478 0.0147
-0.413C 0.0C36 —0.4361 0.0038
—Ce4182 CeCCT75 —Co46E0 (G.0CB4
-0.4026 0.003€ —-C.4634 0,0042
—0+361C 0.0111 -Q.4656 0.0133
-0.3628 0.00C4 —-C.4375 C(C.0CCH
-0.3477 0.0010 -C.4362 0.0012
—Ce31¢€5 —Ce 0147 —(e4251 —0.0197
~0+268€ —Ca0245 —(a284€ —(.C495
-0.203€ —-C.0598 —(+.3305 -0.0971
—C.1536 -C.C711 -(C.25(5 —-0U.1157

-0.0321 -0.1548

-0.U480 -0.2315

0.0867

-0.3025

Y
YMAX

0.06€4
0.078S
0.0&6E
0.1053
C.131¢
C.151S
C.2105
Le2632
0.315¢
C.4211
Ce52¢€2
0.65165
0.78S5
d.05c¢€
le.315€

Y+

1C3.68
118.55
23.42
1£5.73
1€2.90
2:0.C8
304.43
318.178
453.13
€01.83
1£0.54
S36.41
1122.29
14€4.C5
1£€5.80

U+

l6.5¢€2
16.5C9
17.162
17.€C1
18.189
18.€4C
19.395
2C.021
20.472
21l.23¢
21. 865
22.419
22.818
220203
23.163

L6 -



Y
{MM)

MO OOCOoOoOWNMO g W

-
NOROWVESEWNNPP~

15.CG

N
<
o

25.0
30.¢0

U
LREF

Ce 1344
U750 4
Ca1628&
0.7796
U.8023
Ce 8236
D.£571
Je8831
0.56016
0e5346
C.G5(8
1.6100
1.(0262
l.C31l¢
1.0206

VERSLCH

CATUN

PCSITIGN

WANLC SCHUBSP A LUNG

AR

lo

(WARNDKANAL)

25.05.19170

5

EEZUCSWERTE

REFEFENZGESCAHA INUIGKEIT

SCHUB SPANINJNG SGESCHRINDIGKEI T U* =

Je {mH4)

FECFILLAENGE (uUMaX)

Le
L*

1.41329
1.41¢€5
1.4C56

«2G678
l.2813
L.36¢€C
«2359
l.2E38
l. 2263
1,108
1.{93§
1.0248
C.C71S
(.$310
C.€ct3
1.1366

v
L*

De€229
C.€251
0.€290
C.€226
0.€6110
0.€178

« SE48
C.€178
C.€4C0
C.€237
0.€283

« 5760
C.2162
Ce€l42
C»€€49
0.7133

L
Jx

Je 8986
0.38u ¢
Ve3911
Ge 3300
0.3314
U315
Ue 3035
Ue 3614
Us 3241
0.4071
Ve 7344
JeTl30
Ue63U9
0.7218
Je 7536

Kl
(J*)*%x2

L.0165
l.5¢€€l
L.5E31
l.5€42
l.5¢S1
l.5213
l.44C5
1.4125
Le3437
1.2133
lelcla
JG112
U.9C41
Je 3607
l.1€39

TAUW =

1.680 (N/M*%2)

LREF = 27.712 (M/S)
1.802 (M/S)

YMAX = 2C.€cC (MM)

Ueve utuw? gy Uti?
(U#)%k%x2 (UXx) %2 yeiye Ut %y
—=0.3369 —-0.0025 -0.41591 -0.0028
=Ce3E€7 —Ce0(52 ~(a4367 -0.0C60
-0439C6 —-C.0CE]l -Ce4417 ~-0.C(G<
-0.3875 —-0.,0173 -C.4382 -0.0195
~(.28€3 -C.01C7 —(.4578 —-0.0126
-(+3883 -0.0188 —{.4600 —0.0223
—Ce3675 =(040CG7 -C.4704 -D.0124
—Je258S —CaJC34 —(Ce4525 —0.CL42
~0 34863 -0.U141 -04367 -0.0178
—0.3060C -0.0225 -C.4160 -0.J306
—U0+2568 —0.0c72 —Ca3726 —0.0C396
=0.2113 ~0.,0404 —-C.3542 -0.0677
—C.1561 —=C.Cé€61 —(Ce281C -U.1167
=J.0547 -0.1C82 -(.C556 —C.1892

Col47S -Co23256 (.1824 -0.2910

Y
YMAX

C.063(
0.0727
C.C82z4
0.091C
Cel212
Cal4Zt
0.1940
C.2425
€.291C
€.388¢C
Ce48EC
C.60€2
GC.7274
LaGECE
l.2124
l.454¢

Y+

181.68
116426
12C. 84
182.12
189.18
ce5. €3
ZS8.55
37l.46
444,28
5%0.21
126403
518.32
11€0.€61
14¢c.18
1829.75
2154.32

U+

16.714
17.091
17.3&C
17,715
18.311
L&€. 811
15. 511
2C.172
2C. €CE
21.359
22+ L63
22.€4°%
23.091
22.542
23.€11
23.385

_z6-



Y
(MM)

OCVOoOO0OOCcOoWnMCadun W

——
ZWNoOCXo O UuHSWNNF-- P~

2540
33.0

N
(@)

u
UREF

0.1326
0.7478
3. 159¢
0.7770
0.8021
Cl.82023
U.ES33
CeETTS
£.9004
0.G32¢
09038
L.53878
1.0076
1.0322
1.0381
1.0333

VERSLCH nR. 1o

CATLW

PCSITIGH

WAND SCHUB SPANAUNG

( WANDKANAL)

26405.1976

BEZLUGSWERTE

REFERENZGESCHW IHDIGKEIT

SCHUBSPANNUNGSGE SCHRINDIGKEIT ULx =

FFOFILLAENGE (UvMAKX)

L
(VR

l.42¢2
1.4122
1.402C

«3670
1.32818
. 3€C13
1.22¢¢
1.26¢8
lec392
1.16(8
l.(S¢€3
1.0224
CeS5EC
C.EE4C
C.EES5€
(.C€32

vl
L*

5. 5S84
0.€045
Ca €452
C.€275
Ce€l4l
Ca €277
D.€102
C.€539
C.€c14
0 «€3289
0.€273
De5514
Js €ES7
C.SET8
C.£555
Geb747

ﬂl
J*

U. 3389
Ue8915
0.90359
Ve 3905
U.9041
Ved719
JeB8384
0.9198
Ge 9009
Deda22
Ue 3018
Je 16438
Ve 1538
D. 0874
0.0918

5). {Mi1)
TAUWN = 14676 (N/M*%2)
UREF = Z7.17€ (M/S)
1.8G2 (M/S)
YMAX = 22.70C {(MM)
K? yrye U'W?* yrye UtW?
{uUx)3%x2 (U*)%x%xZ {U*)*xgz LIy Le*xpne
1.5611 ~0.36¢6 —0.0039 -C.4330 -0.004¢
1.5772 -C.357S 0.0C&6€ —C.41S3 0.0C77
15595 =(C.3804 —-0.0105 -C.42C05 -0.0116
1.5¢693 —0.3815 0.003C -C.4352 (C.0C34
Le5520 —0.38€2 0.0C45 -C.4551 (.CC53
Le5200 =043782 -0.0068 -(C.4430 -0.0080
le 4724 —C+35E5 (.,0156 -C.4385 J.019¢6
le4424 —0.3605 0.0C36 —(.4324 0.0C47
le 3659 ~Co34C7 0.0182 —-0.4221 0.0225
1.2224 —C.3210€ (.014€ —-(.41E9 C(.0198
lo1191 -0.2734 0.0191 -0.,3976 0.0278
Je9C23 —0.1724 -0.0C65 —-(.3071 -0.0123
Ve 7697 -0.0818 —0.0386 —0.1575 =0.0743
08485 (204 —0.078& (.C34S -0.1350
0.5741 0.C911 -0.1C41 C(C.1372 -0.157C

0.7254%

Y
YMA X

.0572
C.Ce€1
0.074¢
c.0881
€C.11C1
Cel3zz
C.l7¢€2
C.22Cz

(0 +2642

C.3524
C.44(5
£.55C17
L.ce(E
C.8811
1.1013

Y+

1Cl.59
116.16
12C.13
152.59
1€S5.C2
2¢544
258.29
2il. 15
444.00
£ESLTC
125.41
S17.54
1CS9.67
14€3.63
1828.19

1.321€ 21S2.45

16.689
17.C50
17.33¢
17.737
1£8.323
18,747
19.508
2C. L4
2C.5%1
21.330
22.C47
22.598
23.059
23,631
23.791
23.700

- €6



Y
{ MM)

S WNN -
* ¢ o ® 8 & o

u
U REF

0.7285
Ce 1427
0.7555
0a.7716
3. 795€
0D.E1l€e4
0.E476
CetT44
O.8961
C.52175

> Je€DC4

098117
lolul5
1.0273
1.0373
1.0321
1.0222

VERSUCK NKe 10

( WANDKANAL)

CATLN 2oeUne 108

FCSITICH 5. (MM)

WANDSCHUBSPANNUIG  TAUw = 1e€E2 (N/M*%kZ)
BEZLGSWERTE

REFERENZGESCHWINDIGKEIT UREF = 27.78¢ {(M/S)
SCHUBSPANNUIMGSGESCHWINDIGKEIT U* = 1.794 (M/S)
PRCF ILLAENGE (UMAX) YMAX = 2€.00C (M¥)

u? v ot K? urve Urw? urve U's"®
VES U* Jx o (Ux) A2 (UR)RF2 (UX)¥%2 UTaV? Utxy
1.4108 0.€247 0.3634 1e5€31 —0.47(S C.CELE -C(C.5343 C(.0924
1.4CS3 065733 048457 1.5158 =0 +4614 0.0886 —0.5711 0.1097
e3G20 04.€165 Ue3500 1.5215 —0.4520 0.0662 -0.5263 0.0800
142819 0,€330 0.3556 leZ212 —Ce45€L (0766 —C.5213 0.C876
1e2811 Coe€€9 UaudS51l3 1a4899 -0.4438 043767 —0.5450 0.0942
1.3€47 C.S518 0.3425 1.43E3 -0.437C 0.0859 -C.58C4 J.1141
1.32S90 0.5863 0.8%06 1e4C33 —Ce4242 C.0E4Z —-(C.5445 0.1C82
loa 2822 Ca €035 Ue30LlY 1e3767 —-0.4074 J.0904 -C.5263 0.11638
162271 0.€463 U.8515 le33€6 —0.2936 (.CE8C -(.4927 0.11407
1o15E5 0.€528 0.8129 142145 —-0e35€4 U.CE3E —-C.4713 C.11G8
La(CS76 J.€025 UaT730 140826 -C43036 J.0E85 =(.4591 (.1339
1eC3J0 0.5€78 Q. 7218 0e6%21 -Ce2511 CoC0€SE ~(.425% 0.1194
(a€529 Cef727 VaTlUY V3706 —0.2008 VL0632 —-Ce3679 UJ.1158
Col611 0L.5E25 Da0T19 Ve 7€l —ColléC D.0424 -0.2313 0.08B4a6
Ce€540 045787 0V.0376 047354 —Ce0250 U.0271 —(.05C¢6 UaC54S
Col€4€ (o282 0V.08381 Je8342 (040504 —0.000C C.C896 -0.0001
1.C313 Q4€2C4 U.TJ31 0eG472 Callc8 -Co03SC (1787 -0.0618

Y
YMA X

C.05CC
0.0577
C.0€t4
C.C7€5S
0.05€¢
C.l1154
C.152¢
0.1522
C.23C8
0.3C717
C.384¢
C.4ECE
Ce5TES
0.7662
C.Gel5
l.15Z¢
1.34¢€2

Y+

1C6.50
lzla i1
127.C5
1£68.96
168415
226433
312.70
389.07
465445
€18.19
17C0.63
S€l.86
L1£2.79
1534.65
151€.50
2268.3¢6
2680.22

U+

16.655
16. 693
17.267
17.677
18,242
18.721
16.442
20.0C€2
2C.560
21.285
21.G54¢
22.536
224556
23.605
23.856
23.151
23.553

_p6_



Y
{MM)

* g & @ ® & o ¢ o B

»
VOOoOCOoOoOoOL WO~ w

i
VN CooWVE WUN N

i

(e

204C
2549
30.0
35.0

U
LREF

Do1222¢
0.71370
0.751C
0.7656
07906
v.E109
0.8421
Je8B0B3
C.8892
0.9242
0.9553
CeST781
0.9984
1.0214
l.C323
1.0293
10200

L
L*

VERSLCH 4R. 15 {WANCKANZL)

PCSITICN 7). (MM)
WANC SCHUBSPANNUNG  TAUW = 1.680

EEZL CSWERTE

REFERENZSESCHW INDIGKEIT UREF

SCHLE SPANNUNGSGESCHRINDIGKEIT U*

PKOF ILLAENGE (UMAX) YMAX
vl Hl K' UIV'
L* Jx {Ux)xXx2 (U )xx2 |

16 4045 C.€235 038870 le58084 —Go4437
«3G14 0.£€39]1 0.8672 1.5482 —(.4464
1.38S5 0.€149 0.8670 1.5302 =C.42E3
leZi0€ Ce€162 0.3331 1.4E899 -C.4478
14355C 0.€193 0.3545 1.4€02 —Ce4344
1.2€625 045809 (43303 144452 —0..429C
1.2228 0.5879 VU.3410 1l.4C27 —C.4055
12832 046C15 048372 1.3547 —C.3959
lezZ22l Ce€519 0.38479 1.3310 -C.3388
lel€24 0.€€36 048232 1la2224 —-C.25732
Le1CE5 05552 De7540 140762 -0.30€2
1.0322 0.5€30 0.7135 0,9422 -0.2511
CoC€34 045710 047203 V.ET23 -0.2042
(€66 Ce5746 VeudlB Ve1556 =Coll28
Cab5€1 CaS760 Veo3l4 0.7317 -C.C28S
Ce8GE4 0.€C62 00,0502 J.T7587 C.C3SC

Ce€?S

8 Ue€226 0.a6d70 0.9063 0.1035

Y
YMAX

0.0461
0.0532
.06C:z
0.07Cs
C.C8E
C.1C¢4
0.1418
C.l71Z
C.212z¢
0.2837
Ce384¢
0.44922
0.5315%
C.7C6S¢

Y+

16 .42
12¢€.55
1£9.84
168.00
2Z€. 16
312.48
3E8.76
4€5.11
€17 .74
71C. 38
Sel.l7
1151.96
1£23.54

D.1776 0.88¢5 1615.12
0.1511 1.C62¢€ 22S6.7C

(N/NM%x2)

= Z7.78¢€ (M/S)

= 1l.794 (M/S)

= z8.2CC (MM)

U'w? Uty U'W?
UX)xx2 UP*y? U'=n?
0.0605 -C.4986 0.1017
Co UTSE - (C.5054 0.0893
C.C72¢ —(.5Cl3 (C.0888
C.0710 -0.5275 0.0836
CeCSC4 —-(C.51€1 0.1C74
0.0732 -05300 0.0916
C.0788 —-(0.5262 0.1013
CedB811 —Ce513C C.1C51
0.351G6 -C.4840 0.ll44
Ce1C4E ~-Ca4632 0.1358
C.CS8c -(C.4641 0.1488
0.0652 -C+4320 0.1707
C.LEBS -(C.3712 0.1617
0.3666 -C.2277 0.1939
C.0876 -C.05806

C.CE22 (C.0717

0.J718 C.1704

0.1182 12411 2€78.25

U+

16.545
16.875
17. 2C5S
17.551
18.137
18.€1C
19.345
15.937
20.4165
21.223
21. 855
22.482
224942
23e. 481
23.1E€
23.709
232.511

- G6



Y
(MM)

l.3
1.5
la7
2.C
2.5
3.0
4.0
5.0
6.0
8.C
10.9
12.5
15.¢C
20.0
25.C
3U.c

U
UREF

0.7193
0.7334
0.7459
0.1€25
Ce 7853
J«8064
C.8378
C.E€31
0.8850
Cabl173
0.5432
0.97u17
J.S886
1.0J317
l.Clobé
l.cl21

VERSUCH NKe. 1o (WANDKANAL)

CATLM 260541576

FCSITICN 7. (V)
WANCSCHRUBSPANNUNG  TAUW = 1.€E2
BEZLCSWERTE
REFERENZGESCHAWINDIGKEIT UREF

SCHUESPANNUMGS GESCHWINCIGKELIT U*

PROF ILLAENGE (UMAX) YMAX
u Ve A K* ueve
L* u* Uk (U*) 22 (U2 (

1le4CC9 De5€13 0.3446 1.4654 —(C.38176
»ZEZ9 Cef€32 Ua37u2 1.4676 —0.3668
1.28€64 Co25C4 0.3579 1.4ECS5 —C.381C
13767 045270 048450 1l.4477 —0.3€39

1o3¢4S Cof225 048504 1.4296 -0.3658
142515 0.5201 0.8388 1.4(55 -0.35¢6
1.2156 0.£288 0.3584 1.37338 -0.3418
le231l 0.5890 0.3528 1.2949 —(.31¢1
le1576 Ce5S14 07970 1.1€24 -0.2850
1.C9¢84 0s2€41 J.7653 1.0552 —C.25117
1.03€9 J.5255 U.7333 0.5445 -0.1946
(€762 Cof225 0.7241 J.3€90 —-0.1525
Co€140 0L.E5707 0.0551 J.7$58 -C.C61€
(€289 Ce€112 0.06451 Ve3202 0.0222
{a€S23 Co€216 0406137 U.9100 0.9955

{N/V%%Z)

= 27.762 (M/S)

= 1.,79¢ (M/S)

= 269200 (MM)

U'W? Ly U'w?
Uk)¥%Z Jrayr L Vap!
00628 —C.4925 0.1181
D.,0805 -0.4699 0.1032
CeCG48 -(.4963 0.1242
00541 ~C.50C5 01295
0.067S5 -0.5129 0.1372
Ce(ST2 —(.492¢ 0.1357
Q0.058% -(.4999 0V.l421
0.1084 -C.4553 0.1475
0.1212 —C.4l162 0.1771
0.1284 —C.4062 0.2072
0.1374 -C.3578 (C.2521
Oel442 —Ca2925 0.217606
C.157% -(.1266 0.302¢
0.1756 (C.C352 0.3168
0.1868 C.1525 0.3025

Y
YMA )

0.044%
0.C514
0.058<
C.CEE5
O -C’BS&
C.1027
0el37iC
0.171z¢
C.2C5E
0.274C
0.3425
C.42¢E1
€C.51217
0.6849
C.t5¢€c¢
1.0274

Y+

1¢5.30
1eC.41
125.51
1£8. 16
155.92
233.68
2(S. 169
384.7C
460.22
€1l. 24
762.27
651.C5
1136.83
1517.40
1lES4.57
2272.54

16.423
1€.175S
17.055
17. 444
17.9711
18.4¢€8
15,163
16.775
2C.280
21.C22
21.618
22.253
22.€11
23.169
2343248
22,264

_96_



