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FOREWORD

The work reported herein was done at the request of the Arnold
Engineering Development Center (AEDC), Air Force Systems Com-
mand (AFSC), under Program Element 6241003F, Project 7778,
Task 777812,

The results of research presented were obtained by ARO, Inc.
(a subsidiary of Sverdrup & Parcel and Associates, Inc.), contract
operator of the AEDC, AFSC, Arnold Air Force Station, Tennessee,
under Contract F40600-69-C-0001. The research was conducted
from June to September 1967 under ARO Project No. PD3814. The
manuscript was submitted for publication on July 31, 1968.

This technical report has been reviewed and is approved.

Charles V. Bennett Edward R. Feicht

Acting Chief Colonel, USAF

Technical Facility Director of Plans
Development Division and Technology

Directorate of Plans
and Technology

ii



AEDC-TR-68-189

ABSTRACT

A test was conducted in the V/STOL Pilot Tunnel of the Propulsion
Wind Tunnel Facility to determine the effects of the throttle on test
section flow and to evaluate the performance of the throttle. The throttle
produced no measurable effects on the test section flow as long as the
fan was not stalled. The throttle losses should be variable so that the
power absorbed by the throttle can be matched to the model power input.
Operating the air exchanger at air exchange ratios above 20 percent in-
creased the allowable throttle loss to model power input mismatch. The
measured throttle loss coefficients agreed well with predicted perform-
ance. Additional testing will be required to determine the effects of the
throttle on model forces.
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SECTION |
INTRODUCTION

The testing of powered models at very low test section velocities
is made much more difficult by the low tunnel power requirements at
these velocities. In fact, the model power input to the airstream is
frequently more than the power required to maintain the desired test
section velocity. Therefore, additional losses must be introduced into
the tunnel to absorb the model power input if testing is to be accom-
plished at low test section velocities. The proposed Multipurpose Low
Speed Wind Tunnel incorporates a throttle to absorb the model power
and to improve the tunnel speed control at low test section velocities.

The throttle must absorb the required horsepower without disturb-
ing the flow in the test section and with minimum effects on the fan.
The location of the air exchanger inlet downstream of the test section
further restricts the throttle location and requires that the throttle be
located relatively close to the test section. Therefore, tests of the
throttle were conducted in the V/STOL Pilot Tunnel to determine the
effects of the throttle on test section flow and to evaluate the perform-
ance of the throttle.

SECTION 11
APPARATUS

2,1 TEST FACILITY

The V/STOL Pilot Tunnel is a low speed, closed-circuit wind tun-
nel capable of operation at test section velocities from 20 to 270 ft/ sec.
A schematic of the tunnel is shown in Fig. 1, Appendix I, and a photo-
graph of the tunnel is presented in Fig. 2.

2.2 TEST ARTICLE

The maximum required loss coefficient of the throttle is determined
by the horsepower that must be absorbed at the minimum test section
velocity. If incompressible flow is assumed, then the required loss coef-
ficient can be written as:

= 950 hp
CT qcavcoAlh (1)
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The designed loss coefficient of the throttle tested in the V/STOL Pilot
Tunnel was determined by calculating the loss coefficient required to
absorb 100 hp at a test section velocity of 20 ft/sec in the proposed
Multipurpose Low Speed Wind Tunnel.

The throttle tested in the V/STOL Pilot Tunnel was a scale model
of the Multipurpose Low Speed Wind Tunnel throttle except that five
vanes were used instead of six. The throttle consisted of five vanes
located just aft of the test section plenum shell. Perforated plate flaps
on the vanes completely spanned the tunnel when extended and retracted
into the vanes with the throttle in an open position. The vanes have a
modified NACA symmetrical airfoil section to minimize losses when
the flaps are retracted. The location of the throttle is shown in Fig. 1,
and additional details are shown in Figs. 3, 4, and 5. The variation of
throttle solidity with throttle flap angle is shown in Fig. 6.

2.3 INSTRUMENTATION

The test section dynamic pressure and fan pressure rise were meas-
ured with a precision pressure transducer and recorded manually. The
tunnel total pressure was measured with a self-balancing precision
manometer. The static pressures along the top and one side wall of the
test section were measured sequentially with the precision transducer
and manually recorded.

The longitudinal component of the test section turbulence intensity
in the horizontal plane of the tunnel centerline at station 24 was sur-
veyed with a hot-wire anemometer.

SECTION 1l
TEST DESCRIPTION

3.1 TEST CONDITIONS AND PROCEDURES

The iongitudinal turbulence intensity, fan static pressure rise, and
the static pressure distribution were obtained for each throttle flap posi-
tion. The maximum test section velocity was limited by the maximum
allowable stress in the throttle flaps and varied from 160 ft/sec with 15-
deg throttle flap deflection to 60 ft/sec with 90-deg throttle flap deflection.

The static pressures along the top wall and one side wall of the test
section are normally measured with a 50-tube, oil-filled manometer;
however, the resolution at test section velocities below 100 ft/sec is not
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very precise. Therefore, for this test, the last six static pressure
orifices on these walls were connected to the precision pressure trans-
ducer through a set of valves and a manifold. This method gave
acceptable resolution, but the pressures had to be read sequentially,
and any variation in tunnel speed while the pressures were being read
would give erroneous data. Therefore, the test section dynamic pres-
sure was measured with the precision pressure transducer at the be-
ginning and end of each data point, and the data were rejected if the test
section dynamic pressure varied more than 2 percent.

3.2 PRECISION OF MEASUREMENTS

The estimated precision of the data obtained during this test is as
follows:
Test section velocity, ft/sec

20 60 100
V,, ft/sec +0. 625 +0.617 *1. 250
Throttle loss coefficient +0. 547 +0. 167 +0. 216
Circuit power factor *0. 170 +0. 052 +0. 067
P/Pa --- +0. 00001 -—-
Fan speed, rpm +10 +10 +10

The uncertainties quoted for fan speed were the limits to which the fan
speed indicator could be read. The remaining uncertainties were deter-
mined by a statistical method based on a 95-percent confidence level and
a.normal error distribution.

SECTION IV
RESULTS

A typical variation of longitudinal turbulence intensity with distance
from the wall with the throttle flaps extended is shown in Fig. 7. The
profile shape did not vary with throttle flap deflection angle or test sec-
tion velocity, although there were variations in the magnitude of the tur-
bulence level.

The variation of the centerline longitudinal turbulence intensity with
throttle flap angle is presented in Fig. 8. When operating the tunnel
with maximum air exchange ratio, no increase in turbulence level was
experienced. However, the turbulence level was found to increase rapidly
with increasing throttle flap angle above 45 deg with no air exchange. The
fan also began to emit an irregular low frequency noise usually associated
with fan stall when the turbulence intensity began to increase.
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The variation of the longitudinal turbulence intensity with air
exchange ratio when the throttle flaps were at the 90-deg position is
presented in Fig. 9. Increasing the air exchange ratio above 20 per-
cent decreased the turbulence intensity and decreased the fan speed
required to maintain test section velocity as shown in Fig. 10.

Figure 11 shows the variation of fan speed with throttle flap de-
flection angle for no air exchange and for maximum air exchange at
a test section velocity of 60 ft/sec. This figure shows that for throttle
flap deflection angles below 45 deg, the fan speed must be increased to
maintain a constant test section velocity while increasing the air ex-
change ratio from zero to maximum. However, for throttle flap deflec-
tion angles above 45 deg, the fan speed must be decreased to maintain
a constant test section velocity as the air exchange ratio is increased
from zero to maximum. When the throttle flaps are deflected 45 deg, the
air exchange ratio has no effect on the fan speed.

The performance of the fan at throttle flap deflection angles above
45 deg without air exchange is characteristic of a severely stalled fan.
The decrease in fan speed, turbulence intensity, and fan noise for air
exchange ratios above 20 percent indicate that the severity of the fan stall
was considerably reduced by the increased mass flow through the fan.
Therefore, it was concluded that the increased test section turbulence
level at large flap deflections was caused by fan stall rather than by the
throttle.-

The variation of fan pressure rise with test section velocity for
various fan speeds and throttle flap deflection angles is shown in Fig. 12.
The constant-rpm lines indicate that the fan may have begun to stall at
throttle flap deflection angles as low as 30 deg, although no other indica-
tion of fan stall was observed until the throttle flap deflection angle ex-
ceeded 45 deg. The full-scale Multipurpose Low Speed Tunnel will have
a control system capable of maintaining fan speed within £0. 25 percent
of the set point. Therefore, the small variation of test section velocity
with throttle flap deflection angle at a constant fan speed suggests that
the throttle may provide an effective means for regulating test section
velocity below 100 ft/sec if a suitable throttle controller were provided.
If the throttle were used to regulate test section velocity, the fan speed
would be set to give a test section velocity slightly above the desired
velocity. The throttle would then be used to maintain the desired test
section velocity.

The variation of circuit power factor with test section velocity for
several throttle flap positions is presented in Fig. 13. The circuit
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power factor increased as the test section velocity decreased below

60 ft/sec. A portion of this increase may be caused by the decreased
accuracy with which the fan pressure coefficient could be read at low
velocities. However, the uniform decrease for all throttle flap posi-
tions suggests that at least a part of the increase in circuit power
factor is attributable to other factors. The most likely reason for this
increase seems to be an increase in tunnel skin friction losses with de-
creasing Reynolds numbers.

The rapid increase in circuit power factor as the throttle flaps are
opened will quickly stall a highly loaded fan. The fan may begin expe-
riencing stall over a portion of the fan blades at throttle flap deflection
angles as low as 15 deg. Therefore, it is apparent that the throttle
losses should be closely matched to model power input to avoid fan stall
problems. This will require that the throttle flaps be continuously
variable between 0 and 90 deg. '

The longitudinal static pressure distributions over the rear half of
the test section for various flap deflection angles are presented in
Fig. 14. The variation of the static pressure distribution with throttle
flap deflection was less than the probable error in measuring the static
pressure variation at all flap deflection angles.

The variation of throttle loss coefficient with throttle flap angle is
shown in Fig. 15. The loss coefficient of screens and grids for solidity
- ratios up to 0. 3 can be approximated by:

Ap _ _ G0 (2)
. q (1-0)*

and the loss coefficient of a sharp-edged perforated plate at an angle,
8, to the airstream can be approximated by:

2

Ap _ [_021 Bin e] (3)

q . l=~0

Equation (2) is from Ref. 1 and Eq. (3) is from unpublished data.
Equation (2) should be valid for predicting throttle losses for throttle
flap angles up to 30 deg, and Eq. (3) should predict throttle losses for
flap deflection angles near 90 deg. The measured loss coefficients
showed good agreement with Eq. (2) for flap deflection angles below
30 deg and with Eq. (3) for flap deflection angles over 60 deg.

Data were also obtained with a jet-in-fuselage model installed in
the test section in an attempt to determine if the throttle had any effects
on model forces; however, the balance was not sensitive enough to
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accurately measure the small forces produced at the low velocities
required by the throttle. It has been shown that wake interference is
one of the principal sources of errors when testing V/STOL models
at low speeds (Ref. 2). The possibility of the throttle affecting the
wake of the model, therefore, needs further investigation.

SECTION V
CONCLUSIONS

The following conclusions have been drawn from the results
obtained:

1. The throttle produced no measurable effects on the test sec-
tion flow without a model installed as long as the fan was not
stalled.

2. The throttle losses should be continuously variable so that
the power absorbed by the throttle can be matched to model
power input.

3. Operating the air exchanger at air exchange ratios above
20 percent increases the allowable throttle loss to model
power mismatch.

4. The measured throttle loss coefficient agrees well with pre-
dicted performance.

Additional testing is required to determine the effects of the
throttle on model forces.

w
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