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Abstract

METHOD for improving flow quality in the University

of Washington Aeronautical Laboratory (UWAL) 8 x 12
ft closed, double return wind tunnel was developed by a joint
effort of The Boeing Company and the University of
Washington. The importance of flow quality has been rapidly
increasing in wind-tunnel testing because modern aircraft
performance improvements are attained by relatively small
configuration changes. The capability to measure and in-
terpret small changes in configuration is limited in part by the
uniformity of flow in the test media. The improvements
attained, which included a more uniform flow, reductions of
power and turbulence levels, and their effect on aerodynamic
test data are presented.
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Early studies indicated that a problem with flow quality
existed with the University of Washington Aeronautical
Laboratory (UWAL) facility.2 The tunnel’s original flow
characteristics showed what appeared to be flow patterns
similar to four solid body rotations. In surveying other wind-
tunnel facilities, large gradients in angularity in the test
volume were found, indicating that this was not a problem
unique to the UWAL facility. Single return wind tunnels
exhibited similar flow rotations.?> Early investigations
suggested that these rotations were caused by combined
viscous and inertial effects of fluids flowing in ducts and/or
turning corners.*? In spite of what appeared to be a possible
explanation, the sense of rotation in all cases was reversed
from that predicted by theory. Another potential source for
the rotations was the contraction cone. For this investigation
a three-dimensional vortex panel potential flow computer
program was used to model the flow in the contraction cone
and test section. No evidence of solid body rotations was
produced. Interestingly, the accuracy with which the program
predicted the effects of protuberances in the stream such as
the model mounting strut suggested the possibility of future
optimization of fairings and support systems to minimize
flow disturbances.

The significant parameters that controlled angularity in the
test section were found to be a) flow uniformity in the fan
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diffuser and b) the effect of horizontal and vertical vanes in
the fourth corner prior to the test section. After improvements
to the fan diffuser were made and the fourth corner vanes
were fine tuned, angularities were reduced to £0.25 deg. An
additional benefit was a significant reduction in the tur-
bulence level. The flow improvements attained are shown in
Fig. 1. Immediately downstream of the UWAL fan are four
streamlined struts supporting the gear housing. Attached to
these struts are antiswirl vanes which were originally installed
to straighten the twist in flow imparted by the fan.

Tests in a 0.125-scale model facility showed that the rec-
tangular fan diffuser had very low velocities near the corners.
Deflecting the antiswirl vanes to larger angles than required to
remove the twist or to large angles to aid the twist increased
the velocities in the corners. This more uniform velocity
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Fig. 1 Comparison of flow angularity before and after im-
provement.
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Fig.2 Flow characteristics at test section centerline.

distribution produced large reductions in the test section flow
angularities. To fine tune the test section flow in the full-scale
tunnel, 24-in. chord extensions were used on the vertical
fourth corner vanes in conjunction with horizontal splinter
plates. The power of these devices was amply demonstrated
by their ability to completely reverse the flow angularities.
The tunnel flow was very sensitive to the vane extension
angles, and adjustments as small as 0.125 in. on a 24-in. chord
vane extension were required. The tailoring of the flow took
over 100 configurations.

Figure 2 shows the improvements to turbulence, upflow,
and crossflow on the balance moment center in the lateral
direction. Turbulence level measured with a hot wire for the
lateral component is shown on the upper portion of the figure.
The upflow distribution presented in the middie portion
shows a reduction to +0.25 deg. The crossflow shows a
complete elimination of the gradient near the vertical center-
line. The same reduction in flow angles is dramatically
illustrated in Fig. 1.
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To check the effects of the tunnel flow modifications a
typical jet transport type model was used with no change in
the model when tested before and after the tunnel
modification. Significant changes to model data were noted.
For example, the large improvement in tunnel crossflow
resulted in a 12% change in vertical tail effectiveness. The
changes would of course be of significance only as they relate
to the flow changes incurred in this facility. Changes in
airplane performance due to small changes in model con-
figuration such as wing twist could easily be masked by the
original upflow distribution shown on Fig. 2. Power con-
sumption of the tunnel drive system was reduced by 2% at all
speed ranges.

The flow improvement program described herein resulted
in the identification of the portions of a subsonic wind tunnel
circuit which may have predominant influence on flow
uniformity in the test section. With minor modifications to
existing UWAL component hardware, significant im-
provements were made to flow quality at minimum cost.
Rotational flow patterns which were not unique to this double
return facility were eliminated.
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