






































II. Apparatus

The apparatus used in this investigation consisted of the Air

Force Institute of Technology's fourteen inch wind tunnel, the

pyramidal balance system, the model mount and the nine model cones.

Wind Tunnel

The fourteen inch AFIT wind tunnel is a 1:17.45 scale model of the
Wright Air Development Center's 20-foot wind tunnel. This tunnel is a
closed circuit, single-return tunnel as shown in Fig. 1 with the
exception of a modified conical diffuser inser (Ref. 2).

The test section has a 14.0 inch diameter, circular cross-section
and is 32.5 inches long. The top half of the test section is removable
to provide easy access to the model and the support system.

(See Fig. 2)
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Balance

The balance used for this investigation was the three degree of
freedom pyramidal balance shown in Fig. 3. This balance is a null type
balance with automatic scales and pitching mechanism; also, the bal-

ance system includes a remote indication and control panel. (See Fig. 4)

Fig. 3. Pyramidal balance.
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Fig. 5. Cross-Member and five stings

Models

Nine cones varying in apex angle from 10° to 90° were used for
this investipation and are shown in Fig. 6. The cones were constructed
of aluminum for two reasons: first, to keep the models as light as

possible; and second, to facilitate construction by the AFIT shop.

Fig. 6. Nine model cones,.






GAM 65B/AE/65-6

III. Procedures

Calibration of Equipment

The tunnel speed was calibrated by comparing the electrical read-
out to the measured pressure difference in the test section (manometer
reading of total pressure minus static pressure) over the entire speed
range in increments of q = 25 lb./ft? This data was plotted (Fig. 40)
and the slope of the curve used to determine the accuracy of the system,
The q scale was found to read 1.07 below the actual q; this deviation
was corrected when the tunnel speed was set for each run throughout the
test program.

The lift, drag and pitching moment scales were calibrated by
loading the model mount with known weights and recording the balance
read-outs. Calibration curves were drawn for each force component to
determine the accuracy of the balance, as was done for the q scale.
(See Fig. 37 - 39.)

The weights for the lift calibration were hung along the center-
line of the model mount (Fig. 7.) to also measure any drag or pitching

moment due to lift. No interaction of forces was noted and the lift
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scale was found to record within the guaranteed accuracy of the balance
system,

The drag scale was loaded as shown in Fiz. 8 and althouch no
interaction of forces was measured, the drag calibration curve showed
that the actual drag was 1.0% hicher than the recorded drag. This

deviation was corrected in the data reduction.

Fig. 8. Calibration of drag scale
Weizhts were hunz an equal distance on either side of the model
mount centerline and in opposite directions in order to load the balance
in pure pitching moment. (See Fig. 9.) The pitchinz moment scale was

within the guaranteed accuracy of the balance.
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To calibrate the angle of attack indicator, an inclinometer was
used to set the model at each desired angle of attack. The corre-
sponding angle of attack indication was then recorded so that each

angle could be repeated throughout the test program.

Model Test

For tests conducted in the angle of attack ranze from -5° to 900,
the stings were screwed into the base of the cone. The sting was then
inserted into the front of the model mount and secured by tightening
a set screw which fitted into a countersunk hole {n the sting.

(See Fig. 10) This method of attachment produced the same angle of

attack each time the sting was used.

Fig. 10. Model installation ( @C= 40°)

Upon completion of the model installation, the upper half of the
tunnel was secured in place. Zero readings of all scales were recorded
and the tunnel was set at the test dynamic pressure and allowed to
stabilize. Readings were then taken of 1ift, drag and pitching

moment. Then, depending upon the particular test being run, one of the
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following steps was performed; 1. Chanzing the tunnel speed. 2.
Changing the angle of attack by the pitching arm. 3. Shutting down
the tunnel. After tunnel shut down, another zero reading of each scale
was taken for comparison with the readings taken prior to the run.

The upper half of the tunnel test section was then removed and the
angle of attack changed by installing the model with another sting.

In order to evaluate the tare forces and interference effects by
the model on the support systems, the model had to be supported in its
normal position but unattached to the balance. To accomplish this, a
thin steel bar was suspended from the top of the tunnel test section to
hold the cone in the proper position. The cone nose section was
removed and the cone attached at the front end to the steel bar by an
angle bracket as shown in Fig. 11. Ry supporting the model in this
manner, the assumption was made that the steel bar did not influence

the flow over the support system.

Fig. 11. Model installation for tare ( = 40°)y,
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Although this method permitted the model to be held in the test
section at any desired angle, exact positioning was difficult and time
consuming.

Angles of attack between 100° and 180° were established by
removing the tip of the cone and attaching the front end of the cone
to the sting. (See Fig. 12.) The procedure for obtainine force data
on the model was exactly the same as for the angle of attack rangze of

-5° to 900.

Fig. 12. Model installation ( oC= 140°)

The 10° cone and 20o cone did not have removable nose sections
and a slightly different procedure was used to obtain the tare and
interference forces. First, the tunnel was run with the model attached
to the model mount and a steel rod supported from the upper half of
the test section placed just behind the model as shown in Fig. 13.
Then, the tunnel was run with the model attached to the steel rod as

shown in Fig. 14 and the forces on the model obtained as previously
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mentioned. Due to the small size of the 10° and 200 cones, it was
assumed that the model had little effect on the support system.

Above an angle of attack of 40° the steel rod was removed from the
tunnel and the tare and interference forces were obtained with the

model removed.

Fig. 13. 10" cone with upper support ( cC= 20V).
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