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Drag Measurements on a Laminar Flow Body of Revolution

David A. Dress*
NASA Langley Research Center, Hampton, Virginia

Abstract

OW-SPEED wind-tunnel drag force measurements were

taken on a laminar flow body of revolution free of sup-
port interference. This body was tested at zero incidence
in the NASA Langley 13 in. Magnetic Suspension and Balance
System (MSBS). The primary objective of these tests was to
determine the drag force measuring capabilities of the 13 in.
MSBS. The drag force calibrations and wind-on repeatability
data let us assess these capabilities. Other studies included the
effects of fixing transition and surface flow visualizations us-
ing both liquid crystals and oil flow. In addition, the drag co-
efficient data from this study are compared with data from
another source.

Contents
Background

Support interference is a serious problem in testing models
in wind tunnels.!? Using a Magnetic Suspension and Balance
System (MSBS)? is the only way to eliminate completely sup-
port interference. With the elimination of the support, not
only will the flow distortion produced by the sting be
eliminated, but many other advantages will accrue, such as
1) elimination of model modifications to accomodate the
sting, 2) ease of model movement for dynamic testing, 3) fast,
efficient testing at any attitude, and 4) improvement in pro-
ductivity due to elimination of stings and struts.

Since the late 1970’s, in-house activity with MSBS’s has
steadily increased at NASA Langley. Most of the effort has
been aimed at improving the 13 in. MSBS by using a digital
control system and an optical position sensing system. How-
ever, in 1984 this MSBS was combined with a small low-speed
(M = 0.5) wind tunnel, and in 1986 a program was initiated
to obtain drag data on various axisymmetric shapes at zero in-
cidence. The results reported here are part of this program.

Description of Model

The profile of the laminar flow body (see Fig. 3) was gener-
ated from an eight-parameter class of rounded-nose, tailboom
bodies described in Ref. 4. This class of bodies was developed
to verify a method of shaping axisymmetric bodies to produce
minimum drag in incompressible, nonseparating flow at zero
incidence. The model used in this study is 12 in. long with a
fineness ratio of 7.5.

Drag Force Characteristics and Repeatability of Data

A drag force calibration was performed with a full-scale
load of 242.5 gf. The data was fitted with a second-order
polynomial. The rms of the errors between the applied loads
and the calculated loads from the polynomial equation is
0.27 gf or 0.11% of the full-scale calibration load.
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Wind-on drag force measurements were taken for this body
over the Mach number range from approximately 0.05 to 0.2.
The results, presented in Fig. 1, indicate that the drag coeffi-
cient Cp, .. (based on wetted surface area) decreases as the
length Reynolds number R, increases. This figure also shows
a repeat run comparison; there is excellent repeatability of the
data. The rms of the differences between the first and second
runs in terms of drag force is approximately 1.4 gf or 0.58%
of the maximum calibration load of 242.5 gf.

Figure 2 is an oil flow photograph from the present study
showing a laminar separation bubble at R, = 1.2 x 10S.
Figure 3 is a liquid crystal® flow visualization photograph also
showing this laminar separation region at the same R, . (Note
that Fig. 3 was artificially enhanced to highlight the “‘colored”’
regions on the model. This was necessary due to poor contrast
on the original photograph.) A laminar separation line and
turbulent reattachment line are shown in both figures. At
lower values of R, it was observed that the separation line was
at a more forward station on the body. It is estimated that this
separation line originated between x/L = 0.50 and x/L =
0.55. This separation line moved rearward as R, increased. It
also was observed that the reattachment line originated near
the tail of the body at a lower R;. This reattachment line
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Fig. 1 Repeatability of drag characteristics of laminar flow body.

Laminar separation (x/L = 0.67)

Turbulent reattachment (x/L = 0.73)

Fig. 2 Photograph of oil flow visualization. Free transition. R; =
1.2 x 106,
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Turbulent reattachment (X/L =0.74)
/ Laminar separation {(x/L = 0.63)

Fig. 3 Photograph of liquid crystal flow visualization. Free transi-
tion. Ry = 1.2 x 106,
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Fig. 4 Comparison of drag characteristics with U.S. Naval Academy
data.

moved forward as R, increased. Thus, this separation bubble
decreased in size as R; increased.

Comparison with Other Data

A sting-mounted version of this shape also was tested at the
United States Naval Academy.%’ Only one data point from
this study overlaps the data from Ref. 7. However, the data is
compared by looking at the relative drag coefficient levels as
shown in Fig. 4. The tabular data from Ref. 7 was used for
this comparison. There is a large discrepancy in Cp . at
R, =1 x 10® when comparing the uncorrected Naval Acad-
emy data with the data from the present study. This author
subsequently corrected the Naval Academy data for cavity
pressure using pressure measurements given in Ref. 7. As
shown in Fig. 4, the corrected data are in good agreement with
the results from the present study. The author attributes the
difference that still exists at R, = 1x10° to one or more of
the following:

1) The sting at the rear of the model used at the Naval Acad-
emy may act as an extension of the body. This would result in
a higher fineness ratio shape, which would reduce the overall
drag coefficient.

2) The sting would divide and alter the wake region at the
tail of the model, possibly reducing the overall drag.

3) The rear portion of the model used at the Naval Academy
was slightly modified to accommodate the sting. This model
does not have the slight flair at the tail as in the case of the
13 in. MSBS model. This slight modification may have altered
the wake pattern.

Drag coefficient data on this laminar-flow body are also
presented in Ref. 6. However, these drag coefficients do not
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¥ig. 5 Drag characteristics of laminar flow body. Comparison of
fixed and free transition. Fixed at 50% station with both number 80
grit and number 40 grit.

agree with those in Ref. 7. The differences currently are not
understood.

Comparison of Free and Fixed Transition

Several fixed transition runs at different model stations
were performed in an effort to assess the effect of fixing tran-
sition on the laminar separation bubble. Three-dimensional
abrasive grain transition grit was used. One set of runs in-
volved fixing transition at the 50% station using grit numbers
80 and 40. These correspond to nominal trip sizes of 0.008 and
0.020 in., respectively. Transition was fixed at this location to
retain a large portion of laminar flow while avoiding laminar
separation by making the boundary layer turbulent just ahead
of the separation bubble. Figure 5 shows a free and fixed tran-
sition comparison. The smaller grit (number 80) did not trip
the boundary layer to fully turbulent flow until R, =1
x 10%. The larger grit appears to have effectively tripped the
boundary length through the entire Reynolds number range.
In fact, at Reynolds numbers above 8 x 10°, the boundary
layer has thinned to the point where the number-40 grit is too
large. This results in grit drag for Reynolds numbers greater
than 8 x 10°, where Cp, ., is larger for the number-40 grit
data as compared to the number-80 grit data.
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