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INTRODUCTION

As part of a program on secondary flows, the velocity profiles
behind a rotor were measured for various rotor operating flow coefficients
and several upstream body configurations. These tests were conducted in
the ARL 48—inch diameter water tunnel at a nominal velocity of 15 ft/sec .
The velocity components were obtained by using a 5—hole probe .

Secondary flows are produced when the flow near the rotor wall which
contain large velocity gradients does not have sufficient momentum to
balance the pressure gradients imposed by the rotor. The result is a cross—
flow component containing vorticity aligned in the streamwise direction
which causes a deviation in the rotor outlet angles. This deviation
depends on the velocity profile upstream of the rotor and the amount of
turning in the flow. In some cases, this deviation from the primary flow
becomes quiet large.

DESCRIPTI ON OF EXPERIMENTS

The experiments were conducted at Reynolds number of 8.8 x ~~ based
on rotor diameter. The test facility was the 48—inch diameter water tunnel
located in the Garfield Thomas Water Tunnel Building of the Applied
Research Laboratory at the Pennsylvania State University . The rotor was
located near the end of an axisynrnetric body where the boundary layer
thickness is the same order of magnitude as the body curvature.

Results were obtained for body configurations with/without upstream
appendages, with/without a screen on the nose of the axisymmetric forebody.
Also , the rotor flow coefficient was varied from the design point. These
basic flows are described in Table 1.

To reduce any effects produced by tunnel—wall interference,
a “liner” was used in the test section. The resulting inner contour
in the test section was determined by a potential flow solution for
the body which approximated a streamline surface where the body is in
a flow of infinite extent.

Five pressures were measured with the probe —— one total pressure ,
two static yaw pressures, and two static pitch pressures. The pressures
were recorded only after the probe was nulled in the yaw plane and the
angle recorded . This nulling state implied that the two static yaw
pressures were equal in magnitude.

Variations in measured pressures caused by the pitch plane not being
in null were accounted for by calibrating the probe in an open—jet
tunnel. The calibration results are shown in Figure 1. More detailed
information on the calibration of 5—hole probes can be found in Reference 1.

The velocity components were calculated using the measured yaw angle
and the calibration for the pitch angle. This calculation was done by
using the geometric relationships shown in Figure 2. The results are
given in Tables 2 through 10.
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The measurements were obtained in a plane located approximately one
blade cord length downstream of the rotor. Because of the long distance
traveled by the probe , data were obtained using two different supporting
structures. One configuration uses a long supporting foil and the other
uses a short supporting foil. A sketch is shown in Figure 3 of the location
of the inlet and exit survey planes relative to the rotor.

DISCUSSION OF EXIT VELOCITY PROFILE

The mean velocity profiles are shown in Figures 4 through 12 and are
listed in Tables 2 through 10. The following is the list of flow
configurations for which the profiles were obtained :

Figure 4 — without upstream appendages, without screen, and
rotor on design flow ciefficient (Basic Flow #1)

Figure 5 — without upstream appendages, without screen, and rotor
10% low in flow coefficient (Basic Flow #2)

Figure 6 — without upstream appendages, with screen, and rotor on
design flow voefficient (Basic Flow #3)

Figure 7 — with upstream appendages, without screen, and
rotor on design flow coefficient (Basic Flow #4)

~-e 8 — with upstream appendages, without screen , and rotor
10% high in flow coefficient (Basic Flow #5)

figure 9 — with upstream appendages, without screen, and
rotor 10% in flow coefficient (Basic Flow #6)

Figure 10 — with upstream appendages, with screen, and rotor on
design flow coefficient (Basic Flow #7) appendages

Figure 11 — with upstream appendages, with screen, and rotor
10% low in flow coefficient (Basic Flow #8)

Figure 12 — without upstream appendages, with screen and rotor 10%
low in flow coefficient (Basic Flow #9) -

It is important to note that in all cases the normalized tangential
velocity (V0/V~1,) does not approach zero at the wall, even though the rotor
is so designed. This increase in the tangential velocity is a direct re-
sult of the secondary flows produced near the rotor wall. In all cases
the normalized axial velocity ratio (V/V~,,) has a parabolic profile
downstream of the rotor as a result of the loading of the rotor. This exit
profile can be compared to the boundary layer profile shown in Figure 13
that would exist without the rotor. Also, the inlet velocity profile to
the rotor included in Figure 13 are given in Reference 2.

t
—
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A comparison of tangential velocity ratios (V0/V ) obtained
with the rotor operating at 

~
=1.1

~d 
(Figure 8), 4=4d ~Figure 7),

and at 4=°•9
~d 

(Figure 9) shows that as the flow coefficient increases
the amount of turning decreases. Also , the axial velocity ratio
(V/V~) decreases with increasing flow coefficient. This is particularly
true near the body wall where R << Rp.

The influence of upstream appendages on the measured profiles can
be noted by comparing Figure 4 with Figure 7, and Figure 9 with Figure 5.
It seems that adding upstream appendages causes an increase in both V0/Vc,,
and V/V near the wall of the rotor hub .

SUMMARY

The tangential and axial velocities were measured downstream of a
rotor for various rotor operating flow coefficients and several upstream
body configurations . A comparison can be made with previously measured
inlet profiles given in Reference 2. The body configurations where chosen
to have large differences in velocity profiles near the wall but similar
velocity profiles where most of the rotor loading occurs.

- ~~~~~~~~~~~~~~~ ~~~~
•. -
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TABLE 2

Tabulation of Velocity and Flow Angle Data for
Basic Flow #1

Model Configuration : Without Upstream Appendages
Without Screen
Design Flow Coefficient

Total Pitch Yaw V V Turning
R Velocity V~ V

7 Angle Angle ~~ /- Angle
(inches) (fps) (~ps) (fps) ($) (0) (~)

0.26 9.0 7.9 3.3 —18.6° 22.8° 0.53 0.22 12.4°

0.45 10.4 9.4 3.2 —16.6 18.8 0.63 0.21 11.8

0.65 11.5 10.7 3.4 —13.0 17.4 0.71 0.23 12.9

0.84 12.7 11.9 3.4 —13.5 16.0 0.78 0.23 12.9

1.03 13.6 12.9 3.4 —10.8 14.6 0.84 0.23 12.9

1.23 14.4 13.8 3.3 —10.1 13.4 0.90 0.22 12.4

1.42 14.8 14.3 3.0 — 9.9 12.0 0.93 0.20 11.3

1.61 15.3 14.8 3.1 — 9.5 12.0 0.96 0.21 11.8

1.81 15.6 15.2 2.9 — 8.7 10.7 0.98 0.19 10.9

2.00 16.0 15.6 2.6 — 9.6 9.6 1.01 0.17 9.8

2.19 16.0 15.6 2.2 — 9.4 8.0 1.00 0.15 8.3

2.39 16.1 15.8 2.0 — 9.6 7.1 1.00 0.13 7.6

2.00 15.8 15.4 2.7 — 9.4 10.0 1.02 0.18 10.2

2.19 15.8 15.4 2.3 — 8.9 8.6 1.02 0.15 8.7

2.39 15.5 15.2 2.0 — 8.9 7.4 0.98 0.13 7.6

2.58 14.9 14.7 1.5 — 8.4 6.0 0.95 0.18 10.5

2.77 14.2 14.0 1.1 — 7.3 4.4 0.90 0.07 4.2

2.97 13.2 13.1 0.5 — 8.3 2.3 0.86 0.03 1.9

3.16 13.6 13.4 0.3 — 8.9 1.2 0.89 0.02 1.1

3.35 13.8 13.7 0.2 — 7.2 1.0 0.91 0.01 0.7

3.55 14.2 14.0 0.2 — 9.6 1.0 0.93 0.01 0.7

• 3.74 14.5 14.4 0.3 — 7.9 1.0 0.95 0.02 1.1

3.93 14.9 14.7 0.3 — 8.4 1.2 0.96 0.02 1.1

4.12 15.2 15.1 0.4 — 7.8 1.6 0.97 0.02 1.5

, •

~

i1•. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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TABLE 3

Tabulation of Velocity and Flow Angle Data for
Basic Flow #2

Model Configuration : Without Upstream Appendages
Without Screen
10% Low in Flow Coefficient

Total Pitch Yaw V V Turning
Velocity V~ V7 Angle Angle ~~ ~

/- Angle
(inches) (fps) i~ps) (fps) ($) (0) co ( 1)

0.26 8.8 7.4 4.1 —16.5 29.2 0.54 0.30 16.9

0.45 10.6 9.1 4.5 —16.5 26.0 0.67 0.33 18.4

0.65 11.5 10.4 4.2 —13.2 22.1 0.76 0.31 17.3

0.84 12.6 11.6 4.2 —12.3 20.0 0.85 0.31 17.3

1.03 13.5 12.6 4.2 —10.8 18.4 0.93 0.31 17.3

1.23 14.3 13.4 4.1 —10.8 17.0 0.99 0.30 16.9

1.42 14.8 14.0 3.9 — 9.8 15.7 1.03 0.29 16.1

1.61 15.3 14.6 3.8 — 9.7 14.5 1.07 0.28 15.7

1.81 15.7 15.0 3.6 —10.0 13.5 1.10 0.27 14.9

2.00 15.9 15.3 3.4 — 9.5 12.4 1.13 0.25 14.1

2.19 16.0 15.4 3.0 —10.0 11.0 1.14 0.22 12.5

2.39 15.9 15.4 2.6 — 9.8 9.6 1.13 0.19 10.9

2.00 15.7 15.2 3.1 — 9.7 11.5 1.12 0.23 12.9

2.19 15.7 15.2 2.8 — 9.6 10.3 1.13 0.21 11.7

2.39 15.4 15.0 2.4 — 9.0 8.9 1.11 0.18 10.1

2.58 14.7 14.3 1.9 — 8.8 7.6 1.05 0.14 8.0

2.77 13.8 13.6 1.6 — 6.8 6.5 1.00 0.12 6.8

2.97 11.5 11.4 0.4 — 8.2 1.8 0.84 0.03 1.7

3.16 12.2 12.0 0.2 —10.3 0.8 0.88 0.02 0.8

3-35 12.4 12.2 0.2 —10.2 0.8 0.90 0.02 0.8
3.55 12.7 12.5 0.2 — 9.6 1.0 0.91 0.02 0.8

3.74 13.0 12.8 0.3 — 9.2 1.3 0.93 0.02 1.2

3.93 13.2 13.0 0.3 — 9.1 1.3 0.95 0.02 1.2

4.12 13.4 13.2 0.3 — 9.3 1.3 0.96 0.02 1.2
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TABLE 4

Tabulation of Velocity and Flow Angle Data for
Basic Flow #3

Model Configuration : Without Upstream Appendages
With Screen
Design Flow Coefficient

Total Pitch Yaw V,~ V0 
Turning

R Velocity x 7 Angle Angle 
~~

— 

~~~

— Angle
(~pches) (fps) (fps) (f ps) ($) (0) (~)

0.26 9.2 7.9 3.4 —20.7 23.2 0.53 0.23 12.8

0.45 10.6 9.5 3.5 —17.0 20.5 0.63 0.23 13.1

0.65 11.7 10.8 3.4 —14.8 17.5 0.72 0.23 12.8

0.84 12.8 12.0 3.3 —12.6 15.7 0.80 0.22 12.4

1.03 13.7 13.0 3.4 —11.5 14.8 0.86 0.23 12.8

1.23 14.4 13.7 3.4 —10.6 14.1 0.91 0.23 12.8

1.42 15.0 14.4 3.4 —10.0 13.4 0.95 0.23 12.8

1.61 15.4 14.8 3.3 — 9.7 12.4 0.98 0.22 12.4

1.81 15.8 15.3 3.0 — 9.5 11.2 1.01 0.20 11.3

2.00 16.0 15.5 2.9 — 9.2 10.4 1.02 0.19 10.9

2.19 16.1 15.7 2.6 — 9.1 9.5 1.03 0.17 9.8

2.39 15.9 15.5 2.3 — 9.3 8.3 1.01 0.07 3.8

2.00 15.7 15.3 2.8 — 9.1 10.3 1.01 0.19 10.6

2.19 15.7 15.3 2.5 — 9.3 9.3 1.01 0.17 9.5

2.39 15.4 15.1 2.1 — 8.8 7.9 1.00 0.14 7.9

2.58 14.7 14.5 1.6 — 8.0 6.5 0.96 0.11 6.1

2.77 13.8 13.6 1.2 — 7.0 5.2 0.90 0.08 4.6

2.97 12.1 12.0 0.3 — 6.1 1.6 0.79 0.02 1.1

3.16 12.5 12.4 0.2 — 8.8 0.8 0.82 0.01 0.8

3.35 12.7 12.5 0.2 — 9.8 0.7 0.82 0.01 0.8

3.55 13.3 13.1 0.2 — 9.5 0.7 0.86 0.01 0.8

3.74 13.4 13.3 0.2 — 8.2 1.0 0.88 0.01 0.8

3.93 13.6 13.5 0.2 — 7.9 1.0 0.89 0.01 0.8

4.12 14.0 13.8 0.3 — 8.4 1.2 0.90 0.02 1.1
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TABLE 5

Tabulation of Velocity and Flow Angle Data for
Basic Flow #4

Model Configuration : With Upstream Appendages
Without Screen
Design Flow Coefficient

Total Pitch Yaw V V Turning
R Velocity ~x Angle Angle ~~ ~~ Angle

Linches) (fps) (fps) (fps) ($) (0) 
- ____ ____ 

(~)

0.26 10.3 8.8 3.4 —24.2 21.0 0.59 0.23 12.8

0.45 11.4 10.1 3.3 —21.8 18.2 0.67 0.22 12.4

0.65 12.5 11.3 3.5 —19.6 17.1 0.75 0.23 13.1

0.84 13.4 12.2 3.7 —17.4 17.0 0.81 0.25 13.9

1.03 14.1 13.0 3.9 —15.5 16.5 0.87 0.26 14.6

1.23 14.6 13.6 3.8 —14.5 15.5 0.91 0.25 14.2

1.42 15.1 14.2 3.7 —13.6 14.6 0.95 0.25 13.8

1.61 15.5 14.7 3.5 —13.0 13.4 0.98 0.23 13.1

1.81 15.8 15.1 3.2 —12.6 11.9 1.01 0.21 12.0

2.00 15.8 15.2 2.8 —11.8 10.6 1.01 0.19 10.6

2.19 16.0 15.5 2.6 —11.5 9.4 1.03 0.17 9.8

2.39 15.7 15.3 2.1 —10.9 7.9 1.02 0.14 7.9

2.00 15.8 15.2 3.2 —10.6 12.0 1.01 0.21 12.0

2.19 15.7 15.2 2.8 —10.0 10.5 1.01 0.19 10.6

2.38 15.2 14.8 2.4 — 9.8 9.3 0.99 0.16 9.1

2.58 14.4 14.1 2.0 — 9.5 8.0 0.94 0.13 7.6

2.77 13.4 13.2 1.6 — 7.7 7.0 0.88 0.10 6.1

2.97 11.7 11.5 0.5 — 9.2 2.7 0.77 0.03 1.9

3.16 12.1 11.9 0.3 —10.6 1.3 0.79 0.02 1.2

3.35 12.4 12.1 0.2 —11.7 1.1 0.81 0.01 0.8

3.55 12.6 12.4 0.2 —10.1 1.1 0.83 0.01 0.8

3.74 12.8 12.7 0.2 — 8.5 1.0 0.85 0.01 0.8

3.93 13.0 12.9 0.2 — 8.0 1.0 0.86 0.0]. 0.8

4.12 13.2 13.1 0.2 — 7.7 0.9 0.87 0.01 0.8



• 
-
~~~~~~~

••

~~~~~~~~

— 14 — October 12, 1976
NLB: tms

TABLE 6 -

Tabulation of Velocity and Flow Angle Data for
Basic Flow #5

Model Configuration : With Upstream Appendages
Without Screen
10% High in Flow Coefficient

Total Pitch Yaw V VV V x 0R Velocity x 7 Angle Angle ~~
— 

~~
— Turning

(Inches) (fps) (fps) ~fps) ($) (0) Angle_

0.26 10.6 9.0 2.4 —28.8 15.0 0.54 0.15 8.3

0.45 11.6 10.4 2.7 —22.0 14.7 0.63 0.16 9.3

0.65 12.6 11.5 3.0 —19.5 14.7 0.69 0.18 10.3

0.84 13.5 12.4 3.3 —17.6 14.9 0.75 0.20 11.3

1.03 14.1 13.1 3.4 —16.3 14.6 0.79 0.21 11.6

1.23 14.7 13.8 3.4 —15.0 14.0 0.83 0.21 11.6

1.42 15.0 14.2 3.6 —13.6 13.3 0.86 0.22 12.3

1.61 15.5 14.8 3.1 —13.0 11.9 0.89 0.19 10.6

1.81 15.8 15.2 2.9 —12.3 11.0 0.92 0.18 9.9

2.00 15.9 15.3 2.7 —12.3 10.0 0.92 0.16 9.3

2.19 16.0 15.5 2.3 —11.5 8.5 0.93 0.14 7.9

2.39 15.9 15.5 1.9 —10.5 7.1 0.93 0.12 6.6

2.00 15.9 15.4 2.9 —10.6 10.7 0.93 0.18 9.9

2.19 15.7 15.2 2.6 —10.0 9.5 0.92 0.16 9.0

2.39 15.2 14.8 2.1 — 9.7 8.2 0.89 0.13 7.3

2.58 14.5 14.2 1.6 — 9.3 6.6 0.86 0.10 5.5

2.77 13.6 13.4 1.2 — 8.0 5.2 0.81 0.07 4.2

2.97 12.6 12.4 0.6 — 9.4 2.6 0.75 0.04 2.1

3.16 12.9 12.7 0.3 —10.2 1.3 0.77 0.02 1.0

3.35 13.3 13.1 0.3 — 9.9 1.4 0.79 0.02 1.0

3.55 13.3 13.2 0.2 — 8.5 1.0
. 

0.80 0.01 0.7

3.74 13.6 13.5 0.2 — 8.0 1.0 0.81 0.01 0.7

3.93 13.9 13.8 0.2 — 7.9 1.0 0.83 0.01 0.7

4.12 14.1 14.0 0.2 — 7.7 1.0 0.84 0.01 0.7 

~-
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TABLE 7

Tabulation of Velocity and Flow Angle Data for
Basic Flow #6

Model Configuration : With Upstream Appendages
Without Screen
10% Low in Flow Coefficient

Total V V Pitch Yaw V V
0 

Turning
— 

R Velocity x 7 Angle Angle 
~~ 

j— Angle
C (inches) (fps) (fps) (fps) (~) (0) (f;)

0.26 10.4 8.9 3.9 —21.0 23.6 0.65 0.29 16.1

0.45 11.2 9.7 3.8 —21.1 21.5 0.71 0.28 15.7

0.65 12.3 10.9 4.3 —19.0 19.9 0.80 0.32 17.7

0.84 13.3 12.0 4.2 —17.0 19.2 0.88 0.31 17.3

1.03 14.0 12.8 4.4 —15.0 18.8 0.94 0.33 18.1

1.23 14.6 13.5 4.3 —14.3 17.8 0.99 0.32 17.7

1.42 15.1 14.1 4.2 —13.3 16.5 1.04 0.31 17.3

1.61 15.5 14.6 4.0 —12.6 15.4 1.07 0.30 16.5

1.81 15.8 14.9 3.8 —12.6 14.4 1.10 0.28 15.7

2.00 15.9 15.1 3.4 —12 .3 12.8 1.11 0.25 14.1

2.19 15.9 15.2 3.1 —12.3 11.6 1.12 0.23 12.9

2.39 15.7 15.1 2.7 -12.2 10.0 1.11 0.20 11.3

• 2.00 15.9 15.2 3.6 —10.6 13.4 1.12 0.27 14.9

2.19 15.7 15.1 3.2 —10.5 12.0 1.11 0.24 13.3

2.39 15.2 14.7 2.8 —10.0 10.6 1.08 0.21 11.7

2.58 14.5 14.1 2.3 — 9.2 9.2 1.04 0.17 9.7

2.77 13.1 12.9 2.0 — 6.3 8.9 0.95 0.15 8.4

2.97 10.3 10.1 0.5 — 9.7 2.9 0.74 0.04 2.1

3.16 10.5 10.3 0.3 —11.8 1.6 0.76 0.02 1.3

3.35 10.7 10.5 0.2 —12.0 1.2 0.77 0.01 0.9

3.55 10.8 10.6 0.2 —11.3 1.0 0.78 0.01 0.9

3.74 11.1 10.9 0.2 — 9.7 0.9 0.80 0.01 0.9

3.93 11.1 10.9 0.2 — 9.5 1.0 0.80 0.01 0.9

4.12 11.3 11.2 012 — 8.8 0.9 0.82 0.01 0.9 

~~--- 
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TABLE 8

Tabulation of Velocity and Flow Angle Data for
Basic Flow 1/7

Model Configuration : With Upstream Appendages
With Screen
Design Flow Coefficient

Total Pitch Yaw V V Turning
R Velocity 

V~ V7 Angle Angle ~~ Angle
(inches) (fps) (~ps) (fps) (0) 

- 
($) ~~ ( E )

0.26 10.1 8.8 3.6 —20 .3 22.5 0.58 0.24 13.5

0.45 11.0 .8 3.7 —17.2 20.9 0.65 0.25 13.9

0.65 12.2 l.0 3.9 —17.0 19.4 0.73 0.26 14.6

0.84 13.1 12.0 4.0 —15.3 18.6 0.79 0.27 14.9

1.03 13.9 12.8 4.1 —14.0 17.9 0.84 0.27 15.3

1.23 14.5 13.5 4.2 —12.2 17.1 0.89 0.28 15.6

1.42 15.0 14.1 4.1 —11.7 16.1 0.93 0.27 15.3

1.61 15.4 14.6 3.9 —11.6 15.0 0.96 0.26 14.6

1.81 15.7 15.0 3.7 —11.0 13.8 0.99 0.25 13.9

2.00 15.8 15.1 3.4 —10.8 12.8 0.99 0.23 12.8

2.19 16.0 15.4 3.2 —11.0 11.6 1.00 0.21 12.0

2.39 15.8 15.2 2.8 —11.1 10.5 0.98 0.17 10.6

2.00 15.8 15.1 3.4 —10.5 12.8 1.02 0.23 12.8

2.19 15.6 15.0 3.1 —10.1 11.8 1.01 0.21 11.7

2.39 15.1 14.6 2.7 — 9.5 10.4 0.99 0.18 10.2

2.58 14.4 14.1 2.3 — 8.6 9.2 0.95 0.15 8.7

2.77 13.3 13.1 2.0 — 7.0 8.5 0.88 0.13 7.6

2.97 10.5 10.3 0.5 — 9.5 3.0 0.70 0.03 1.9

3.16 10.8 10.6 0.5 —10.5 2.5 0.72 0.03 1.9
3.35 11.1 10.8 0.4 —12.5 2.0 0.73 0.03 1.5

3.55 11.2 11.1 0.3 — 8.1 1.8 0.75 0.02 1.1

3.74 11.7 11.5 0.3 —10.2 1.4 0.78 0.02 1.1

3.93 11.9 11.8 0.3 — 8.2 1.6 0.80 0.02 1.1

4.12 12.2 12.1 0.3 — 8.0 1.5 0.82 0.02 1.1 
- -

— - ~~~~~~~~~ p- -.- —— --



— 17 — October 12, 1976
MLB: tins

TILBLE 9

Tabulation of Velocity and Flow Angle Data for
Basic Flow #8

Model Configuration: With Upstream Appendages
With Screen
10% Low in Flow Coefficient

Total Pitch Yaw V V0 Turning
R Velocity ~x Angle Angle -

~~~~
- i— Angle

(inches) (fps) (fps) (fps) ($) (0) (~)

0.26 9.6 8.1 3.7 —21.7 24.3 0.60 0.27 15.3

0.45 11.0 9.6 4.2 —16.8 23.7 0.71 0.31 17.3

0.65 11.7 10.4 4.2 —15.9 22.0 0.76 0.31 17.3

0.84 13.0 11.6 4.5 —16.6 21.0 0.85 0.33 18.4

1.03 13.8 12.6 4.6 —14.0 20.1 0.93 0.34 18.8

1.23 14.4 13.3 4.6 —11.8 19.0 0.98 0.34 18.8

1.42 15.0 14.0 4~4 —11.4 17.6 1.03 0.33 18.0

1.61 15.5 14.6 4.3 —11.3 16.5 1.07 0.32 17.7

1.81 15.8 14.9 4.1 —11.3 15.5 1.10 0.30 16.9

2.00 15.9 15.1 3.9 —11.1 14.3 1.11 0.29 16.1

2.19 16.0 15.3 3.5 —11.2 13.0 1.13 0.26 14.5

2.39 15.8 15.1 3.4 —11.1 12.6 1.11 0.25 14.1

2.00 15.8 15.0 3.8 —10.6 14.3 1.12 0.28 15.7

2.19 15.6 15.0 3.5 —10.4 13.0 1.12 0.26 14.5

2.39 15.2 14.6 3.1 —10.5 11.8 1.09 0.23 12.9

2.58 14.5 14.1 2.6 — 8.7 10.3 1.05 0.19 10.9

2.77 13.4 13.2 2.3 — 2.0 10.0 0.99 0.17 9.7

2.97 9.2 9.1 0.5 — 9.0 3.3 0.68 0.04 2.1

3.16 9.3 9.0 0.3 —13.5 2.0 0.66 0.02 1.3

3.35 9.7 9.5 0.3 —12.5 2 .0  0.71 0.02 1.3

3.55 9.9 9.6 0.3 —13.4 2 .0  0.72 0.02 1.3

3.74 10.1 9.9 0.2 —11.6 1.4 0 .74  0.01 0.9

3.93 10.3 10.1 0.2 —10.7 1.4 0.75 0.01 0.85

4.12 10.7 10.4 0.3 —12.5 1.4 0.78 0.02 1.3
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TABLE 10

Tabulation of Velocity and Flow Angle Data for
Basic Flow #9

Model Configuration : Without Upstream Appendages
With Screen
10% Low in Flow Coefficient

Total Pitch Yaw V V
0 

Turning
R Velocity x y Angle Angle 

~~~~~

- v Angle
(inches) (fps) (fpsl (fps) ($) (0) 

.~~~~~. .~~~~~~~. _(~~)

0.26 9.1 7.6 3.9 —19.8 27.4 0.56 0.29 16.1

0.45 10.5 9.2 4.1 — 16.4 24.3 0.68 0.30 16.9

0.65 11.6 10.6 3 9  —14 .2 20.2 0.78 0.29 16.1

0.84 12.7 11.8 3.9 —12.0 18.5 0.87 0.29 16.1

1.03 13.6 12.7 3.9 —11.3 17.2 0.93 0.29 16.1

1.23 14.3 13.5 4.0 — 10.6 16.4 0.99 0.30 16.5

1.42 14.9 14.2 3.7 —10.5 14.8 1.04 0.27 15.3

1.61 15.4 14.7 3.7 — 9.6 14.0 1.08 0.27 15.3

1.81 15.7 15.1 3 . 5  — 9.8 13.0 1.11 0.26 14.5

2.00 15.9 15.3 3 . 2  — 9.8 11.9 1.11 0.24 13.3

2.19 16.1 15.6 3.1 —10.0 11.2 1.12 0.23 12.9

2.39 15.8 15.3 2.7 — 9.7 
- 

9.8 1.11 0.20 11.3

2.00 15.7 15.1 3.2 —10.0 12.0 1.11 0.24 13.3

2.19 15.6 15.1 2.9 — 9.6 10.7 1.11 0.22 12.1

2.39 15.3 14.9 2.5 — 9.3 9.5 1.10 0.19 10.5

2.58 14.6 14.3 2.0 — 8.7 8.1 1.05 0.15 8.4

2.77 13.7 13.5 1.7 — 5.8 7.0 0.99 0.13 7.1

2.97 10.5 10.5 0.4 — 5.1 2.0 0.77 0.03 1.7

3.16 11.0 10.7 0.3 —12.3 1.8 0.79 0.02 1.3

3.35 11.0 10.9 0.4 — 9.2 2.0  0.80 0.03 1.7

3.55 11.4 11.2 0.5 — 9.5 2.6 0.82 0.04 2.1

3.74 11.7 11.5 0.4 — 9.6 2.0 0.85 0.03 1.7

3.93 11.9 11.7 0.4 — 10.1 2.1 0.86 0.03 1.7

4.12 12.2 12.0 0.4 —10.5 2.1 0.88 0.03 1.7

~~~~~~~~~ 
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[ 1 1 1 1 1 1 1  l i i i
I W ITHOUT UPSTREAM APPENDAGES
I W ITHOUT SCREEN
I DESIGN FLOW COEFFICIENT
£ (BASIC FLOW#I)
4 1
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5 ci
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VELOCITY RATIOS, V,~ /V0, AND V9 /V~,

Figure 4 Velocity Ratios for Model Configurat ion Without
Upstream Appendages , Without  Screen , and
Roto r on Desi gn Flow Coeff ic ient  (Basic
Flow #1)
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1 1 1 1 1 1 1 1 1 1  I I
I WITHOUT UPSTREAM APPENDAGES
I WITHOUT SCREEN
I 10% LOW IN FLOW COEFFICIENT
£ (BASIC FLOW#2)
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VELOCITY RATIOS, V~ /V0, AND ~ /V~
Figure 5 Velocity Ratios for ~fode 1 Conf igura t ion W i t h o u t

Ups t r eam Appe ndages , Wi thou t  Screen , and Rotor
10% Low in Flow Coeff ic ient  (Basic Flow #2)
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1 1 1 1 1 1 1 1 1 1 1 1 1
I WITHOUT UPSTREA M APPENDAGES
I WITH SCREEN
I DESIGN FLOW COEFFICIENT
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Figure 6 Velocity Ratios for Model Configuration Without
Upstream Appendages , With Screen , and Rotor on
Design Flow Coefficient (Basic Flow #3)
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I I I I I I I I I I I I
I WITH UPSTREAM APPENDAGES
I WITHOUT SCREEN
I DESIGN FLOW COEFFICIENT
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VELOCITY RATIOS, V~/Vw AND V9 /V~
Figure 7 Velocity Ratios for Model Configurations With

• Upstream Appendages , Without Screen , and Rotor
on Design Flow Coefficient (Basic Flow 1/4)
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V LOCITY RATI OS, V~/V~ AND V9 /V~,
Figure 8 Velocity Ratios for Model Configuration With

Upstream Appendages , Without Screen , and
Rotor 10% Low in Flow Coefficient (Basic
Flow #6) 
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I WITH UPSTREAM APPENDAGES
I WITHOUT SCREEN
I I0% LOW IN FLOW COEFFICIENT
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VELOC ITY RATIOS, Vx/VGD AND VB /VGD

Figure 9 Velocity Ratios for Model Configuration
With Upstream Appendages , Without Screen ,
and Rotor 10% High in Flow Coefficient
(Basic Flow 1/5)
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I I I I  I I I I I I I
WITH UPSTREAM APPENDAGES
WITH SCREEN
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VELOCITY RATIOS, V,~/V~ AND V9 /V~
- Figure 10 Velocity Ratios for Model Configurations

With Upstream Appendages , Wi th Screen, and
Rotor on Design Flow Coefficient (Basic
Flow #7)
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1 1 1 1 1 1 1 1  I I I  I
I. WITH UPSTREAM APPENDAGES
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VELOCITY RATIOS, V~/V~ AND V8 /VGD
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