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11 .    THE  F.XPhRIMENT 

A.     Test  Facility 

mm 

The tests were run in the BRL Supersonic Wind Tunnel No. I11 

This is a symmetric, continuous flow, closed circuit facility with a 
flexible plate nozzle.  The test section has a height of 38 cm and a 
1 ! ^' "i        The nominal tunnel operating conditions were M = 3.0, 

and To ■ 308°K. The total pressure was maintained 

within i 0.4 percent and the total temperature was controlled within 
1 K during each individual test run. 

Po ■ 0.299 x 106 Pa, 

B. Model * 

The model used was a seven caliber long tangent-ogive-cylinder 
with a one-caliber ogive section.  The diameter of the model was 5 08 
cm.  A v ew of the model mounted in the test section is shown in Figure 
1.  Ihe model was suspended on ball bearings and an internal air driven 
turbine was used to drive the model in spin. The model was made of 
high strength aluminum alloy and was highly polished. The model was 
dynamically balanced to a tolerance of 2.1 gram-cm. 

^-  Survey Mechanism 

The survey mechanism, shown installed with the model in Figure 1 
was designed to drive the probe perpendicular to the axis of the model. 
Hie probe is positioned by a cam that is rotated using the roll head 
mechanism. Since the survey mechanism is attached to the angle of 
attack crescent, the probe is driven perpendicular to the axis of the 
model for any angle of attack setting. The azimuthal position is deter- 
mined by selecting predrilled mounting holes placed at 30° increments. 
The positions, t = 90° and 270°, could not be surveyed due to a 
mechanical limitation of the mount. 

The survey mechanism was calibrated by using a dial indicator to 
indicaia the displacement of the probe support in thousandths of an 
inch to establish a table of displacement versus electrical output 
signal from the roll head mechanism. In the data reduction procedure 
divided difference interpolation was used to determine the y position 
tor a given electrical signal. The coordinate system is indicated in 
Figure 2. 

11.    J.   C. MaMullen,   "Wind Tunnel Testing Faailities at the Ballietia 
Reeearch Laboratoriee," BRL Memorandum Report No.  1292,  U.S. Amy 
Ballietia Reeearoh Laboratories, Aberdeen Proving Ground 
Maryland, July 2960.    AD 244180. 
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D. Test Procedure 

Total head surveys were made of the boundary layer one-half 
caliber from the base of the model for an angle of attack of 4° M = 3 
and for spin rates of zero and 10.000 RPM. TTie surveys were made for ' 

SS^J fStU*T  0f t 'S.'  300' 600' 1200' 1500' I80'' 210°. 240% 300  and 330 . A spark shadowgraph showing the model with the total 
head probe positioned beyond the boundary layer is shown in Figure 3. 
The boundary layer was allowed to develop naturally (no trip was used) 

*nHSr0i^-n ^ I  the b0Undary layer was turbulent on the lee-side 
and relatively thick. On the wind-side, transition to turbulence 
occurred close to the measuring station. TMs resulted in a large 
difference in thickness of the boundary layer from the wind to the 

A      '"J6 s"1"^5"6" "»ade by starting the measurements well beyond the 
lt\ n %*  bouniary layer-at y - 1.25 cm whereas the largest 6  was 
about 0 65 cm. The pressure signal from the total head probe was 
measured using a strain gage transducer that was calibrated within 
± 0.25 percent of its full scale range-0-25 psi (0-0.172 x 106 Pa) 
Measurements were made while holding the probe in a fixed position 
aiter allowing approximately thirty seconds for the pressure signal to 
stabilize. The position of the model surface was detected by 
electrical signal when the probe contacted the model surface when the 
model »as not spinning. Immediately following the survey for the model 
not spinning, the model was spun to 10.000 RPM and another survey made 
again starting from well beyond the outer edge of the viscous region. 
The model spin was held constant within ± 200 RPM during the survey. 
These surveys were stopped close to. but not touching, the model 
surface in order to preclude damage to the model surface or the total 
head probe. 

ITie total head probe used had a flattened tip. The probe tip had 

S TJt"*  ^ 0-07J nm with a UP thickness of 0.025 mm a^d was 2 5 mm 
in width. The probe was positioned to measure the pressure alone 
lines parallel to the mode] axis. 

III.  DISCUSSION OF THE RESULTS 

An attempt was made to measure the static pressure through the 
boundary layer; however, the results were considered unsatisfactory 
due to angle of attack sensitivity of the probe. Since no satisfactory 
measurement of the static pressure was available, the data could not be 
reduced to obtain the velocity in the boundary layer. For this reason, 
the data are presented as profiles of total pressure normalized by the 
total pressure external to the boundary layer. Examples of the 
measured profiles are shown in Figures 4 to 12. The consistency of 
the profile measurements is indicated in Figure 5 where individual 
data points are plotted for one of the profiles. 

10 
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1igurc 4 shows a comparison of the profiles obtained on the wind 
and the lee-sides.  These profiles clearly show the large difference in 
thickness of the boundary layer from the wind to the lee-side. It is 
also seen that there is a substantial difference in the profiles at 
I = 180° for u ■ 0 compared to u = 10,000 RPM. In this case, the 
profile for a> > 0 is less thick and more full than that for w = 0.  In 
examining the profiles at other azimuthal stations, it is seen that the 
profiles for u ■ 0 are more full for * = 0°, 30°, 60°, 120°, and 150°. 
At all other azimuthal stations, the profiles for w > 0 are more full. 
The trends indicated here arc:  (1) the boundary layer is more thick 
and less full where surface spin opposes the crossflow velocity; and 
(2) the boundary layer is less thick and more full where surface spin 
is in the same direction as the crossflow velocity. 

lor the profiles at <}, = 0°, 50°, and 330°, there is an overshoot 
in the total pressure near the edge of the viscous layer. This over- 
shoot could be an indication of the formation of lee-side vortices 
which are fed from the wind-side inviscid flow. Another possibility 
is that the presence of the probe causes the very thin boundary layer 
to separate.  Oil flow visualization was used in an effort to gain 
insight as to the cause of this overshoot. Pictures of the oil flow 
obtained are shown in Figures 13 through 15. 

The oil flow pattern wa., obtained by painting the entire model 
with a thin coating of a mixture of ro and Dow Coming 200 Fluid. 

The model was held non-spinning at 4° angle of attack for about fifteen 
minutes after flow was started in order for the oil pattern to become 
fully established. The pictures were made after the tunnel was shut 
down and with the model at a = 0°. The model was positioned at 90° 
increments in azimuth in order to obtain views over the complete 
surface of the model. The pictures reveal the presence of high surface 
shear along the windward ray, wrapping up around the sides of the 
model as the flow develops toward the base. The unexpected appearance 
of a slender vortical strtunur developing near the tip of the model and 
wrapping around to the lee-side at about the midlength of the model is 
also indicated. 

These oil flow patterns strongly suggest the presence of vortex 
filaments submerged within thl boundary layer on the lee-side near the 
base; however, the reason for the presence of the overshoot detected in 
the boundary layer surveys on the wind-side is not explained. Local 
boundary layer separation dnr to the presence of the probe is, however, 
considered to be lei,s likely a cause for the shape of the total head 
profile than the presence ui vortex filaments. 

11 
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IV.    CONCLUDING REMARKS 

yawedAn
SnTnPneirnamentf1 ^^^^ ** »easure the boundary layer on a 

reDo«edP   Z!    8 Ve  Cyllnder m0del in s"Pe"onic flow has been reported.    Measurements  were made using a flattened total  h^»7n^K 
at one axial station,   one-half caliber from tJe base of thSmnH^w 

These data were obtained for the purpose of comoarison with 

a non-spinning n,odeI   l»tt«JSd ^^1%^%^!"" *'* 
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local total pressure behind a normal shock-sensed by total 
pressure probe 

pressure sensed by total head probe at a position beyond the 
edge of the viscous boundary layer 

azimuthal position, see Figure 3 

coordinate perpendicular to model axis 

reference length, 2.54 cm 
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