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SYMBOLS

coordinate measured in free-stream flow direction

radial coordinate measured from LRLV longitudinal axis of rotation
normalized resultant velocity vector magnitude

velocity vector pitch angle

velocity vector yaw angle

angle between r-direction and horizontal, measured counterclockwise and perpen-
dicular to free-stream velocity

111



SUMMARY

The predicted flow disturbances induced in the test sections of the Ames 40- by
80-Foot and 80- by 120-Foot Wind Tunnels by the presence of the Long-Range Laser
Velocimeter (LRLV) are presented. The predictions were made using a potential-flow
paneling code to model the test section and the LRLV, and a calculation of the
resulting flow field was made. The flow velocity and angularity were calculated at
numerous locations in the flow field relative to the LRLV, and the results are
presented.

INTRODUCTION

In practice, wind tunnel measurements of flow-field velocities are made using
mechanical probes. Although widely accepted, this method is inherently intrusive;
mechanical probes occupy a finite volume and, therefore, can have a significant
influence on the flow. Also, the structure required for probe support may be large
relative to the flow field of interest. This presents difficulties, especially when
probe translation is required in order to survey a region of the flow. Remote,
nonintrusive velocity measurements can be made, on the other hand, using a laser
velocimeter (LV), and the need for mechanical probes as well as the support struc-
ture 1in the vicinity of the probe can thereby be eliminated.

Laser velocimeters have been successfully used to make detailed velocity mea-
surements 1in small wind tunnel facilities through test section windows (ref. 1).
Unfortunately, the use of test section windows for LV measurements is not practical
in the large wind tunnels of the National Full-Scale Aerodynamics Complex (NFAC).
In these tunnels, the measurement distances are too large for operation in the
backscatter configuration. To overcome this difficulty, an LV has been developed
that 1s designed to measure velocity from within the wind tunnel test section, as
shown in figure 1. When this instrument is used, the measurement range can be held
to within acceptable limits while preserving the ability to survey significant
portions of the test section flow field. This device is designated the Long-Range
Laser Velocimeter (LRLV) and is described in detail in references 2, 3, and 4.

Although the LRLV eliminates the need for mechanical probes and the associated
support structure in the vicinity of the measurement location, the velocity measure-
ments are not completely nonintrusive. The entire instrument is located in the test
section flow field and hence will perturb the flow nearby. This study was under-
taken to assess the magnitude of these perturbations.

POTENTIAL FLOW MODEL

A three-dimensional paneling code, VSAERO (refs. 5 and 6), is used to model the
test section and the LRLV in order to estimate the flow-field disturbance induced by



the LRLV. The code is a surface-singularity panel method that uses quadrilateral
panels upon which doublet and source singularities are distributed in a piecewise,
constant manner. The code can simulate nonlinear effects (e.g., wake roll-up and
boundary-layer effects); however, the calculations for this investigation were
limited to potential flow with fixed-wake geometry.

A diagram of the LRLV is shown in figure 2. The paneled representation that
was generated to model this configuration consists of 525 panels and is shown in
figure 3. It should be noted that no attempt was made to accurately model the minor
geometrical details (such as the overhang of the nose fairing and the tail cone, the
exact nose shape, and the surface discontinulty at the window where the beams exit
the LRLV) in this paneled representation. These details are not important in this
study because only the far-field effects on the test section flow are of interest.
The rail system, which attaches to the wind tunnel floor, as shown in figures 1
and 2, lies within the boundary layer of the floor and was also neglected. The LRLV
height above the wind tunnel floor resulting from the presence of the rail system,
however, was correctly modeled.

Figures 4(a) and (b) are two views of the paneled representation of the 80- by
120-Foot Wind Tunnel and the LRLV. This representation required 1,837 panels and
clearly illustrates the small size of the LRLV in comparison to the 80- by 120-Foot
Wind Tunnel test section.

A similarly paneled configuration was developed to represent the 40- by 80-Foot
Wind Tunnel test section and the LRLV. This configuration, shown in figures 5(a)
and (b), consists of 1,349 panels, and also clearly illustrates the relatively small
size of the LRLV in comparison to this test section.

RESULTS AND DISCUSSION

To obtain an initial estimate of the flow disturbance induced by the LRLV, a
flow-field calculation was made for a simple configuration in which the wind tunnel
representations were omitted. In this configuration, the LRLV was represented as an
extension from a reflection plane which simulated the presence of the ground. This
is referred to in the remainder of the discussion as the free-air case. A second
case was then formulated that consisted of the 40- by 80-Foot Wind Tunnel test
section and LRLV representations, as depicted in figure 5, and is referred to as the
40-by-80 case. A comparison of the results of these two cases was made to determine
whether significant additional information would be gained by proceeding with a
third case consisting of the 80- by 120-foot test section and LRLV representa-
tions. Based on this comparison, it was concluded that the third case would not
yield significant additional information.

The paneling code was used to calculate the flow velocities and angularities
for both the free-air and 40-by-80 cases at specific points within the flow
fields. The locations of these points form a series of six transverse planes
(fig. 6) located at selected longitudinal positions relative to the LRLV. In each
plane, the points are further organized to form a series of lines that extend
radially from the cylindrical portion of the LRLV. The polar coordinate system used
for position reference is shown in figure 6.



The plane at x = 4 ft 1is designated the LRLV Measurement Plane. This desig-
nation 1s made because its location was chosen to coincide with the plane in which
LRLV velocity measurements are made. The interference induced in this plane is
obviously of particular interest since it directly affects the accuracy of the LRLV
velocity measurements.

The normalized resultant velocity in the Measurement Plane is presented in
figure 7 for the free-air case, plotted versus radial distance, r, from the LRLV
(fig. 6) for various values of 8. The corresponding pitch and yaw angles are shown
in figures 8(a) and (b).

These data show clearly that the interference decreases rapidly with distance
from the LRLV. An increase 1in resultant velocity in the range 1.1% to 1.7% occurs
at about 5 ft from the LRLV, depending upon the value of 6. However, this value
decreases rapidly to about 0.3% at 15 ft and to less than 0.1% at 35 ft, the respec-
tive measurement distances required to reach the 40- by 80-foot and 80- by 120-foot
test section centerlines. Similarly, the induced pitch angle of about 0.9° at 5 ft
decreases to about 0.06° at 15 ft and to 0.01° at 35 ft, while the induced yaw angle
decreases from about 1.4° to 0.18° and to less than 0.01° at the same respective
distances.

To illustrate how the values of velocity magnitude and angularity vary with
longitudinal position relative to the LRLV, two sets of curves for the free-air case
are presented in figure 9. Figure 9(a) shows the variation in velocity along lines
extending vertically (e = 90°) from the LRLV at various values of x. Figure 9(b)
is a similar plot for pitch angle. The curves show that the free-stream values are
quickly approached as the distance, r, is increased. Large variations in either
parameter are apparent only 1in close proximity to the LRLV. (Yaw angularity 1is not
presented since this parameter is 0 for 8 = 90°.)

The normalized velocity predicted for the 40-by-80 case is presented in
figure 10. Calculations were made to a distance of r = 30 ft, in this case,
because the optics intended for use in the L40- by 80-Foot Wind Tunnel test section
are not designed for use beyond this distance. The corresponding yaw and pitch
angles are shown in figures 11(a) and (b). A comparison with the predictions pre-
sented for the free-air case is shown in figure 12 for 6 = 90° and reveals the
presence of only small differences. Specifiecally, smaller pitch and yaw angulari-
ties are predicted for the 40-by-80 case, accompanied by a slight increase in free-
stream velocity resulting from blockage introduced by the LRLV. At r = 10 ft
and @ = 0°, for example, the pitch and yaw angle predictions are 0.04° and 0.12°
less, respectively, than in the free-air case. These differences are largest close
to the LRLV but decrease with r, since the angles for both cases converge to zero
in the free stream. It should also be noted that the predicted interference 1induced
by the LRLV in the 80- by 120-Foot Wind Tunnel must fall between the 40-by-80 and
free-air cases, and that a conservative estimate of flow angle can be obtained by
using the free-air values.

CONCLUDING REMARKS

A panel code was used for the prediction of the flow interference induced by
the presence of the LRLV and results were obtained for two configurations: a case
which consisted of the LRLV and a simple ground plane, and a case which consisted of



the LRLV and the 40- by 80-Foot Wind Tunnel test section. The predictions obtained
show similar behavior for both cases, although smaller pitch and yaw angles were
calculated for the case which consisted of the 40- by 80-Foot Wind Tunnel and the
LRLV configurations. Taking the free-air case as a conservative estimate, maximum
pitch and yaw angles of 0.06° and 0.18°, respectively, are predicted at a distance
15 ft from the LRLV, which is the minimum distance required to reach the 40- by
80-Foot Wind Tunnel test section centerline. An increase of 0.3% in velocity is
also predicted at this distance. At the distance required to reach the 80- by
120-Foot Wind Tunnel test section centerline, the pitch and yaw angle predictions
decrease to less than 0.01°, and the velocity to less than 0.1% of free stream.

Verification of these predictions is necessary in order to gain confidence in
their accuracy, especially if they are to be used in correcting LRLV measurements.
This verification is the subject of possible future work using the LRLV and applying
the method described in references 3 and 4 for making three-dimensional velocity
measurements. When this method is used it 1s possible to measure the velocity
components at a particular point in the flow field from two different LRLV measure-
ment ranges, and thereby provide the data required to determine the relative
interference.
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Figure 1.- Wind-tunnel application of the Long-Range Laser Velocimeter (LRLV).
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Figure 2.- The LRLV, drawn to scale, showing external fairings and also selected
internal components.
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Figure 4.- The paneled representation of the 80- by 120-Foot Wind Tunnel showing the
relative size of the LRLV from a viewpoint (a) on the inlet centerline, (b) above
and to the left of the centerline.
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