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ABSTRACT

The report describes methods for generating reproducible
gusts 1in a wind tunnel and tests conducted on an airfoil. The
measured 1ift on the airfoil as a function of time is compared
with theoretical predictions. The agreement is considered
satisfactory for the scale of the tests conducted. A descrip-
tion is given of a larger scale gust-generator model now under
construction.

OBJECTIVE

The objective of this constract is to study on a scale model
and evaluate experimental techniques for the simulation of at-
mospheric gusts in a wind tunnel.
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INTRODUCTION

The response of an aircraft to atmospheric gusts is of interest in structural
design, in problems of riding comfort and guidance, and in the design of an aircraft
as a launching or gun-firing platform. Since it is not feasible to determine the
structure of a gust in the atmosphere except by the response of an aircraft to it,
the simulation of atmospheric gusts in a wind tunnel is of special importance.
Various methods of generating gusts have been considered, and the two most promising
have been selected for development.

The development of devices for generating reproducible gusts in a wind tunnel
is described in the following pages, along with the results of pilot mcdel tests and
comparison with theory. The associated instrumentation for measuring the effect of
gusts on an aircraft, being an essential part of the development, is also described.

NATURE OF THE GUST SIMULATION PROBLEM

The end point of gust studies is the determination of aircraft response to the
type of atmospheric turbulence likely to be encountered in flight. Two problems are
posed, the first being the nature of atmospheric gusts, and the second, the response
of an aircraft to these gusts. Actually, the two problems involve the same consid-
erations, since the nature of atmospheric turbulence is deduced from the measured
response of an aircraft that is flying through it.

Gust Response
AIRCRAFT

Whether it is desired to predict the response of an aircraft to a known gust
input as shown above or, alternatively, to determine the input from the measured
response, the behavior of the aircraft in non-stationary flow must be understood.
Ideally, gust-simulation studies should provide response information on an uncon-
strained elastic aircraft to unsteady flow of the same harmonic content as the at-
mospheric turbulence. The degree to which the designs that have been developed can
be made to meet this criterion is discussed later.

APPLICATION OF A GUST MODEL TO DYNAMICS FROBLEM

The application of gust-simulation studies to the aircraft dynamics problem may
be represented by the following block diagram:

WADC TN 55-6k4



A B C D

Dynamic Free Aircraft Motion : 3»— Structural Loading
Loads

Gust Structure Velocity > Consiruine& Aircraft |
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3 Platform Stability
|3 Riding Comfort

Constrained | Velocity 3»— Guidance Information
Aircraft Taput

The gust structure is simulated by generating unsteady flows that have frequency
spectra representative of those likely to be encountered in flight. Four major uses
of data obtained from gust-simulation equipment are given below.

1. A major use of the experimental equipment is the measurement of dynamic
loads produced on the constrained aircraft, as indicated by Section BC of the diagram
above. Some aerodynamic configurations develop higher loads for a given gust input
than do others; that is, their gust sensitivity is higher. The design problem of
reducing gust sensitivity by proper aerodynamic shape (including gust alleviation
devices) is aided by measurements on the constrained airplane.

2. A knowledge of the dynamic loads on the constrained aircraft is needed for
a theoretical response analysis.

3. Aeroelastic problems can be studied by measuring the loads on an elastic
model that is constrained as far as its free body motions are concerned.

4, The overall dynamics problem, which is essentially represented by sections
B to D of the diagram, may be studied by releasing the constraints on the aircraft's
degrees of freedom. It does not appear feasible to release all six constraints,
however; this is unnecessary for many practical problems. For example, freedom in
pitch alone is sufficient for the design of gust-load alleviation devices that sense
the motion in pitch to obtain information for operating the alleviating mechanism.
Platform stability in the longitudinal motions depend largely on pitch and plunge.
Important characteristics at the stall are manifested by the rolling and yawing
motions. Aeroelastic couplings with the rigid-body modes usually depend on fewer
than six of the rigid-body degrees of freedom.

UNSTEADY AERODYNAMIC EFFECTS

If the flow field about an aircraft is changing rapidly, certain non-stationary
effects come into play that make the 1ift and moment on the aircraft depart from their
"quasi-steady" values. The term "quasi-steady" is used to denote the time-varying
force that, at any instant, is equal to the steady state value corresponding to the
flow configuration at that instant., The difference between the true dynamic 1lift
and the quasi~steady value is called the 1ift lag.

The details of the various contributions to the 1ift lag is not understood for
wing-body~tail combinations in which interference effects play a prominent role. TFor
wings alone at subsonic speed, the lift lag is produced by the wake that accompanies
the time-varying circulation and by the inertial reaction of the air to local accel-
eration. For simple plan forms, the so-called "wake 1lift" and apparent mass 1lift can
be predicted from the theory of thin airfoils.

WADC TN 55-6L4 2



For a wing moving through a severe gust, the 1lift lag is known to be important.
For a complete airplane with all interference effects considered, it is expected
that the 1ift lag will also be a prominent factor. The 1ift lag is an essential
feature of the gust problem, and therefore gust simulation equipment must include
instrumentation that is adequate for the measurement of the lift lag.

Tests on the pilot model of gust-simulation equipment that are described in the
following sections have been run on a constrained two-dimensional wing. The theory
for this case is well understood and has served as a guide for developing the in-
strumentation necessary to measure the 1lift.

PREVIOUS WORK ON GUST SIMULATION AND RELATED PROBLEMS

In this section are cited typical references to literature on problems related
to the dynamies of airecraft flying through gusts. No attempt is made to give a
complete bibliography on the subject.

It is believed that the only facilities presently in use for simulating the
effect of atmospheric gusts are of the NACA Langley Field type (References 1 and 2),
in which a model is flown through an updraft of controlled profile and the resulting
motion is observed photographically. The facility may be used to measure the re=-

a velocity input B as shown on the diagram of page 2. Detailed informa-
-stationary aerodynamics (B to C) or airplane dynamics (C to D) taken
cannot be observed.

Experiments in unsteady aerodynamics have been confined very largely to the
measurement of forces and moments on models that are oscillated in a wind tunnel.
The frequency information so obtained is used for arbitrary periodic motions by
applying the superposition principle. Experiments of this type have been reported
in the literature as long as 20 years ago and they are currently being performed in
ever-increasing numbers. Representative experiments on wings, bodies, and wing-body
combinations are described in References 3 through 6.

Unsteady forces and moments have been calculated from the theory of thin air-
foils for two~ and three-~dimensional wings moving through an incompressible fluid,
and also for wings moving subsonically and supersonically through a compressible
fluid. Numerical data appear in the literature in the form of the indicial admit-
tance (response to a unit setup input) and the aerodynamic transfer function (response
to a sinusoldal input). The response to an arbitrary input is found by Duhamel in-
tegration, using the indicial admittance, or Fourier synthesis, using the transfer
function. Representative theory and calculations on non-stationary aerodynamics
appear in References 7 through 16.

Among the earlier experiments on unsteady flow are those of Reference 17, in
which an airfoil was set in motion in a water tank and the flow pattern made visible
by shining light on suspended o0il globules. The circulstion bulld-up during the
first few chords of airfoil travel was calculated from the motion of the globules.
Tn Reference 18 direct force measurements were obtained on a wing near the stall,
that was rotated at a rate of one degree in 2.5 chords of wing travel. In Reference
19 the author determined the circulation build-up on a wing by taking hot-wire
measurements of the flow pattern around the tip-trailing vortices as the wing passed

WADC TN 55=64 3



through an updraft of known profile,

Calculations on the response of aircraft to gusts of given profile have appeared
abundantly in the literature. A complete investigation requires that the rigid and
elastic degrees of freedom of the aircraft be considered in investigating the re-
sponse as the craft penetrates gusts of various sharpness. Though there is no diffi=-
culty in principle in assuming many degrees of freedom, the computational labor is
large and most investigators have considered only a small number. Typical examples
of these calculations are given in Reference 20, in which the authors have calculated
the response of a rigid airplane to gusts of various degrees of sharpness, consider-
ing the plunging degree of freedom only.

Calculations have been made using both steady and unsteady flow theory. In
Reference 21, the response of an airplane entering a sinusoidal gust, with the
plunging and wing-bending degrees of freedom considered, has been calculated. Cal=-
culations on the influence of unsteady flow and structural flexibility on the rigid-
body oscillations of an aircraft are numerous; typical examples are given in Refer-
ences 22 through 25. A general treatment of dynamics calculations 1s given in Ref=-
erence 26. Finally, the nature of atmospheric turbulence, as deduced from meteoro-
logical measurements or the response of an airplane, is reported in the literature
and typical examples are given in References 27 through 31.

WADC TN 55-64 N



METHODS AND APPARATUS FOR PILOT MODEL TESTS

There appears to be no standard for gust structure in the atmosphere. For that
reason, the emphasis in this investigation has been to generate in the tunnel air-
stream reproducible disturbances of sufficient severity so that the wake and apparent
mass effects are large enough to enable their accurate determination experimentally.
Since, within the framework of thin-wing theory, these effects may be superimposed,
it will be possible to obtain the response to a range of gust structures from repre-
sentative tests.

The possible experimental techniques for measuring gust effects may involve the
motion of a model through a disturbance (Reference 19) or the generation of a dis-
turbance which sweeps over the model. The "moving model" technique appears to be
more difficult and more expensive than the "fixed model" method, if representative
Reynolds' numbers are to be attained. The fixed-model method was therefore chosen
and various methods for generating reproducible gusts in a wind tunnel have been con-
sidered; two of the methods have been investigated experimentally in some detail.

The methods considered are of two types: a transient change in the boundary
conditions at the wall of the wind tunnel in which the model is mounted, and the move-
ment past the model of a disturbance generated upstream. Either method can be uti-
lized to cause a disturbance to sweep over the model; the speed at which the disturb-
ance moves is the speed of penetration of the model into the gust.

The first method developed for simulating a gust in the wind tunnel utilizes a
moving bump, as shown schematically in Fig. 1. The curved streamlines upstream of
the bump form a non-uniform flow field. The bump is moved downstream at speeds low

DIRECT/ON OF -
FLOW
DIRECTION OF
BUME
A/@ c/ —

Tesr MODEL.

POTENTIOMETER TO DETERMINE POSITION OF BUMP.

MOVING BUMP,

SHOCK ABSORBING CYLINDER.

ACCELERATING MECHANISM (AIRCRAFT SHOCK CORD ¢ WINDING DRUM).

mMooOb>»

Fig. 1. Schematic diagram of moving=-bump gust generator
(See Fig. 2 of Progress Report No. 1).
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enough for the non-uniform field to follow it with no appreciable lag. As a result,
the test model at point A experiences a varying flow field directly related to the
position of the bump and the speed of the bump relative to the wind. The first
order effect on the test model arises from the velocity component normal to the gen-
eral direction of the flow. This is shown in Fig. 2 for three positions of the bump.
Thus, as the bump moves downstream a gust-like pattern passes over the airfoil. The
gust gradient is controlled by varying the ratio of the bump speed to the tunnel
speed.

The second method for simulating a gust makes use of a "venetian blind" arrange-
ment to generate a series of vortices that are carried downstream with the wind.
The principle is illustrated schematically in Fig. 3. The "flippers" are given a
positive angle of attack of 12° and then returned to neutral. If the motion is
carried out rapidly, fairly discrete vortices are formed in pairs. Because the
vortex pairs move downstream with the wind, their induced field forms a moving gust-
like pattern. Due to the finite spacing and the viscous wake behind each of the
vanes, it is difficult to obtain a uniform disturbance over the cross-section of the
tunnel. However, it is easier to obtain very intense and rapid disturbances by this
method than by the moving-bump method.

TOP VIEW QF TEST SECTICN

Sy

o A

é@:T~

e

DIRECTION QOF Y
FLOW QGBS ¢

~. b Al

oty Ty

/!

|

- ——

[ 5
SUST GENERATOR TEST MODEL
MECHANISM,

Fig. 3. Schematic diagram of vortex-type gust
generator (Fig. 1 of Progress Report No. 1).

A small closed return-type tunnel generally used for instructional purposes was
modified for the moving-bump program. A sketch of the circuit used is shown in
Fig. 4. The circuit was opened in order to reduce the turbulence level caused by
flow separation in portions of the return leg. Other methods for applying this
method might involve downstream motion of a source or sink or through the use of in-
flatable inserts. Descriptions of the mechanical and instrumentation aspects of this
system are given in References 32, 33, and 3L,

For the vortex generator tests, rather extensive modifications were made to
this circuit. A sketch of the circuit is shown in Fig. 5. With this circuit a
turbulence level of 0.2% for ﬁ/U was obtained. Descriptions of the mechanical and
instrumentative details are given in References 35, 35, and 36.
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RESULTS OF PILOT MODEL TESTS AND COMPARISON WITH THEORY

The effectiveness of the gust-generating devices were appraised by measuring
the dynamic 1ift on a two-dimensional wing and comparing the test data with theory.
In the following section, aerodynamic 1lift-lag theory for two-dimensional wings is
briefly outlined. This is followed by samples of the measured data, using pilot

models of the two devices.

AERODYNAMIC LIFT-LAG THEORY

Kinematically, the unsteady flow field is determined by Laplace's equation,
T?2¢ = 0, as in the steady flow case. The only difference is in the boundary condi:

%ions, which are functions of time for unsteady flow.

Dynamically, the pressure distributions on a model are determined by Euler's
equation,

p%% +grad P = O,

which for incompressible irrotational flow may be written

2
ot 2 Y
&, ¥e
or + 1=+ B = H
ot 2 o

Linearizing in the usual fashion and forming the pressure coefficient Cp = E_:“Bz_,
we get P

S 2 f _ 2u

P T TV, ot TV,

where the bar indicates surface values. For a two-dimensional thin airfoil in un-
steady motion, the Kutta and Helmholtz conditions lead to the picture shown in Fig. 6.

¢ (€)

aklv}

-2b o | t2b - |-
dx dé

Fig. 6. Sketch of wake pattern behind airfoil.

The airfoil of chord L4b is followed by a wake of strength 7 (§). The surface velocity
U and potential ¢ that appear in Eé above include the wake effect.

Integrating Eb over upper and lower surfaces of the airfoil leads to the linear-
ized expression for 1ift.

WADC TN 55-64 10



+2b

L' = - Db/m EL(@! -F)dx + pV( ﬂQ + T )
-2b

FQ is the circulation about the airfoil ignoring the wake (quasi-steady) and FW is
the circulation arising from the velocity induced by the wake.

The physical interpretation of the first term is not clear because (f; - @)
includes the potential induced by the wake, the potential associated with the circu-
lation, and the potential of the acyclic flow. The integral, using only the acyclic
potential, is the "apparent mass" effect. If the part of the integral not associ-
ated with the "apparent mass" is separated out and combined with pV, f’ (a process
requiring about 10 steps), and if in addition r is interpreted via the Helmholtz
condition in terms of y (&), then the expression for 1lift given above reduces to
that given by Karman-Sears (Reference 8),

+2b 2
L' = f Qxdx + PV, r@ + pr 7(§)d§ . (1)

‘-—————-;i§1_,_-,/ \2b /
L. I

7Q(x) is the quasi-steady vorticity distribution needed to make the airfoil a stream-
line (Kutta condition satisfied, but wake absent).

The apparent mass 1ift L'a and quasi-steady 1lift L'Q are easily computed from
stationary thin airfoil theory. The wake 1ift requires special consideration. The
method for obtaining each component of the 1ift is briefly outlined in the following
paragraphs.

QUAST-STEADY LIFT L'Q

~2b +2b Let g(x) be an arbitrary distribution of
e P — normal velocity over the airfoil as shown in
Fig. 7. Then the quasi-steady circulation EQ is
w11 T TR ot -
FQ = 27b Eli (2)
Fig. 7. Arbitrary distribution of pR+l
normal velocity of an airfoil. n=1
11
where n By = 2\/n g(x) sinne Sin e ae (24)
bn+l 1t
-7
with x = 2b Cos © .
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APPARENT MASS LIFT Lé

To form this integral, 7q is needed.

00
7q = \' B Bp (l-cos ne (3)
' potl || sin ©

n=1

where the coefficient is given by (2A) above.

WAKE LIFT L',

The wake 1ift is found in terms of HQ by first finding the L', following a unit
Jump in rb (Wagner Problem). The wake 1lift for a continuously Varying FQ is then
found by linear superposition (Duhamel Integration).

The vortielty distribution in the wake following a unit jump in F was found by
Wagner. Using this 7 (£) in the last term of Eq. 1, Karman~Sears and others were
able to express L'y as follows:

Li(o) = = pV,o(ae) , ()

where ¢ is the nondimensional time Vt/2b and represents the half chords of travel
following the unit jump in fg, Jones Titted the following formula to the numerical

values of &(0).

o(0) = 0.165¢70-04550,0 335,=0-3000 (5)

By applying the superposition integral to the 1lift, Eq. 4, generated by a unit jump
in ﬂé, we find the wake 1ift L) at any time 0 following the start of a continuously
varying Eéu

g

Ly(o) = = oV, f o) a(onay = - pvo{ly*9) (6)
(0]
. al-j
where q = g;g

The information in this section is sufficient to compute the 1lift lag follow=-
ing an arbitrary time variation in the chordwise local angle of attack distribution.

TEST RESULTS ON THE MOVING BUMP GENERATOR
Quasi~steady and dynamic measurements of the 1lift and hot-wire measurements of
the flow pattern were obtained in the manner described in References 32, 33, and 3L

for a pilot model of the moving-bump gust generator.

The quasi=-steady 1lift force as measured in the manner described in Reference 3k
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is not the true quasi-steady 1ift. The uncorrected quasi-steady 1lift is determined
by placing the bump in a series of static positions. When the bump moves, however,
the gust profile is modified, due to the motion of the bump. The true quasi-
steady 1ift is found by taking the product of the uncorrected quasi-steady 1lift and
the ratio of the difference between the free stream velocity and the bump velocity,
and the free stream velocity.

Figure 8 shows the uncorrected quasi-
steady lift force as a function of bump posi-
tion for a constant tunnel speed. Five runs
were taken under similar conditions. A curve
200 \% has been drawn through the arithmetic mean of

the test data, and the scatter is interpreted
\ as an uncertainty. The true quasi-steady
\\ 1ift was determined by the manner described

o
o

above.

LOAD-GRAMS

100 Figures 9 through 12 show the dynamic
TRUE quasi- UNCORRECTED tests. FEach of these figures represents a
TEST NO.I series of runs at a particular shock-cord
50 \\\ tension. The range of bump speeds for each
V\§\ run is indicated on the figure. All tests
%\ were conducted at constant tunnel speed of
40 feet per second. The 1lift of the airfoil
20 B VP POSITION INGHES and bump position are plotted versus time in
these curves. The plot of bump position
Fig. 8. Quasi-steady lift versus time has been compensated to take into
force vs bump position. account a shift in the zero reference.

Figure 13 shows a cross plot of 1ift versus bump position of the dynamic runs
taken from the curves of Figs. 9 through 12. The uncorrected quasi-steady plot of
1lift versus bump position is taken from Fig. 8.

The difference between the true quasi-steady and dynamic responses is repre-
sented in Fig. 14 as 1ift lag versus bump position. In Fig. 15 the lift lag versus
time is presented. In these figures only data from the first test is plotted.

Figure 16 shows the measured values of flow deflection as a function of bump
position for quasi-steady and dynamic flow using hot-wire, and quasi-steady flow
measured by means of the pressure probe.

The scatter of the experimental points in Figs. 9 through 13 and Fig. 16 were
caused largely by unsteadiness in the wind-tunnel airstream. As used for these tests,
the tunnel had a relatively high turbulence level and, in addition, there were low
period excursions from the mean velocity, probably caused by movement of the flow
separation point in the diffusor.* Consequently, the results shown in Figs. 14 and
15 show an r.m.s. deviation of 5 grams in 1ift response.

¥Since the tests reported here were completed, the 20- x 30~ft tunnel has been over-
hauled, reducing the turbulence level to below 0.03 percent. Subsequent tests will
utilize this improved airstream.
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LIFT —GRAMS

200
160 SYMBOL TEST
X #|
o w2
A w3
Ow4
120
UNCORRECTED
QUASI-STEADY
FROM Flé% /\
. \
‘éQ
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\\
40 \\\\
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\‘k:;\\\\‘\o
_:DA
20 24 28 32

BUMP POSITION -INCHES

Fig. 13. Comparison of airfoll 1ift vs bump position for the dynamic
tests and quasi-steady test (Fig. 11 of Progress Report No. 3).
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AIRFOIL REMOVED FROM TUNNEL

14 \%\ SYMBOL TEST
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Fig. 16. Angle of flow deflection vs bump position
at trailing edge position of airfoil (Fig. 1L of
Progress Report No. 3).

In Fig. 16 the angle of flow deflection at the position of the airfoil trailing
edge (with airfoil absent) is plotted for the range of bump positions. Test data
were taken for both quasi-steady and dynamic conditions. The curves have been ad-
Jjusted to agree at the forward bump position in order to eliminate zero shift errors.
The average uncertainty in angle of attack is + 0.35° from the faired curve of Fig.

16.

The local angle of attack variation with bump position as given by Fig. 16 was
used in conjunction with the theory described earlier to compute the 1ift lag. The
maximum 1ift lag predicted by theory is 39 grams. This compares with the experi-
mental value of 4O grams shown in Figs. 14 and 15. The time at which the maximum
occurs is approximately the same from theory and experiment.

The experiment has been compared with theory in order to get a rough quantita-
tive estimate of the effectiveness of the gust-generating device and the measuring
apparatus. It is pointed out that the theory has not been applied in the most
accurate fashion possible, taking into account small variations in bump speed and
tunnel wall interference effects. These refinements were considered unnecessary for
present purposes.

The comparison between experiment and theory indicates that non-stationary flow
effects are being generated and can be successfully measured.

TEST RESULTS ON THE VORTEX GENERATOR

Because there is no way of making the flow pattern stand still with the Vortex
Generator gust-similating device, quasi-steady values of the 1lift cannot be obtained.
As described in References 35 and 36, the flow pattern and dynamic 1ift are measured
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simultaneously for each run. This makes repeatability unnecessary.

Tests were made at wind speeds of 15, 30, and 60 feet per second. Shown in
Fig. 17 are the oscillograms for the above tunnel speed conditions. In Figs. l8a,
18b, and 18c are shown the reduced data for these tunnel speeds.

In Fig. 18a are shown 6 runs at a tunnel speed of 59.7 feet per second. The
variations in 1ift measurements follow the variations in flow as shown by the moni=-

tor wire.

The hot-wire probe is located 2—1/2 inches ahead of the leading edge of the
airfoil. Velocity measurements made at this station indicate that the same velocity
occurs there as occurs at the reference pitot tube point for the tunnel. Thus, for
a tunnel velocity of 59.7, 0.00350 seconds are required for the flow pattern to
travel from the probe to the leading edge of the 1lifting surface. Similarly, it
requires 0.0119 seconds for the pattern to travel from the probe to the trailing
edge of the lifting surface. Referring to l8a, it can be observed that zero angle
of attack as measured by the probe, and zero 1lift as measured by the balance are
separated by an interval of approximately .025 seconds. Thus, there 1s a time delay
of 0.013 to 0.021 seconds, which may be attributed to unsteady aerodynamics and
balance response. Of this, not more than .00L seconds can be assigned to balance

lag.

The maximum dynamic 1ift predicted by theory is about twice the experimental
value shown in Fig. 18a. Whether the theory is incorrect for velocity gradients of
the magnitude indicated here, or the instrumentation is inadequate, is uncertain
until an accurate balance calibration is completed.
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Fig. 18. Responses of 1lifting surface and monitor probe to vortex
generator (Figs. 10a, 10b, and 10c of Progress Report No. 5).
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MODEL GUST GENERATOR

With the present gust~generation model it is possible to test to Reynolds'
numbers of 130,000 with an airfoil of six inches. This Reynolds' number is too low
to assess accurately the operation of either the gust-generating devices or the in=-
strumentation. Therefore, it is necessary to build a larger model.

In Fig. 19 is shown an artist's sketch of the eircuit and in Fig. 20 is shown
the plan view 'of the system.

The model is being constructed on University of Michigan property, the cost of
Stations 5 through 13 (see Fig. 20) and of the building housing the test section to
be borne by the University, while the cost of that portion from Stations 135 through
the working section to Station 5 is chargeable to the contract, since it has been
designed with special attention to the problem of gust simulation and to the achieve-

ment of low turbulence.

Important items in the configuration and performance are listed below:
A. Basic Dimensions
Test Section
Width - 7 ft
Height - 5 ft
Length - 25 ft
Settling Chamber
Contraction ratio ~ 15
Width - 26 ft
Height - 20 ft

Length - 20 ft
Number of screens in settling chamber - 5

First Diffuser
Equivalent cone angle
Section (2=3) - 3°
Section (3=4) « 5°
Area ratio: test section area/area at Station 4 - 0,224
Length of diffuser - 44 ft

B. Aerodynamic Performance in Test Section

Speed range = zero to 230 ft/sec at a test~section density of one
atmosphere .

WADC TN 55-64 22
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Maximum Reynolds' number ~ 1.5 x 106 per ft for a density of one atmos-
phere in the test section.

Free stream turbulence = 0.01%
Gust Simulation Device

A gust generator of the "moving bump" type will be built and installed in
the test section.

Power Requirements and Power Plant

The power plant will be of the Ward~Lecnard type system and will be cap=
able of developing 1000 horsepower. The fan has been designed by
methods outlined in Reference 37. The fan will have 10 blades and
there will be T straightener vanes; detalls are given in References

38 and 3%9.

A power factor of 0.30 is calculated for the circuit. Thus, at a test
section speed of 230 ft/sec, the power required is 280 horsepower.
Tabulated below is a breakdown of the contribution of the various
circult components to the total power factor. See Fig. 20 for sta=-
tion locations.

1. Wall Frietion Losses

a. test section 0.0395
b. settling chamber .0000k4
c¢. nozzle section .003%2
d. fan section L0176
0.0603
2. Diffuser lLosses
Section (2=3) 0.0590
Section (3=4) .0519
Section (10«11) .0218
Section (12-13) .0007
3. Rapid Expansion Section .0061
k., Corner Losses
Corner (L4=5) 0.0280
Corner (6=7) .0280
Corner (11~12) .0028
Corner (13=1k) .0022
L0610
5. Sereen Losses L0450
Total value for power factor 0.3000

Details of the above results are given in Reference LO.
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SIGNIFICANT RESULTS AND WORK IN PROGRESS

The sample results given in Fig. 16 indicate the feasibility of simulating
gusts in wind tunnels. The airstream in which these tests were made. was quite
turbulent and the Reynolds' number was quite low (130,000). The later work with
the pilot model tunnel will he directed toward refinement of the equipment to make
it applicable for tests in the 5« x T7=ft working section now under contract.

Dynamic calibrations of the 1ift balance are being carried out. One of the
greatest difficulties in these calibrations is the method of application of the
fluetuating load. If the area over whieh the load is applied to the wing is too
small, local deflections will introduce a lag which is a function of the detaills of
the calibration method. The first wing model was covered with thin balsa sheet and
the difficulty described was encountered. A new wing is currently being constructed
with a sheet metal skin; the load will be applied through a sleeve which fits closely

over the wing.

Some consideration is being given to the use of pressure capsules to measure
pressure distributions on wings and bodies in unsteady flow. The actual taking of
data would be more difficult than with a balance system, but the response of the
pressure capsule is not affected by the inertia of the model and, therefore, higher
frequency contributions to forces and moments can be detected.

In connection with the discrepancy between theory and experiments on the vortex
generator device, some experiments will be initiated to determine whether the Kutta
condition 1is continuously satisfied throughout a rapid change in flow direction.

The 5- x 7-ft wind tunnel has been contracted for with the Nooter Corperation
of St. Louls. Construction will begin in the spring and should be completed early
in the fall of 1955. Every effort will be made to reduce the turbulence to a very
low value so that the utility of the alrstream will extend to tests 1n which low
turbulence is of paramount importance.

Design of the worklng section and gust-simulation equipment will be finished
by early summer so that construction will be completed simultaneously with the rest
of the equipment and buildings.
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