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ABSTRACT

A single axis, five beau, three component
laser velocimeter system has been used in a
juncture flow experiuent. A description of the
seeding system developed for and used in this
experiment 1s given. The performance of the LV
system has been evaluated, and some of the probleus
associated with it have been identified.
Satistactury results have been obtained in the
Juncture flow experiuwent using this LV systen.

INTRODUCTION

In a wing-fuselage juncture the oncouing
turbulent boundary layer on the fuselage surface
experiences steep adverse pressure gradients as 1t
approaches the wing leading edge. These gradients
cause the boundary layer to separate ahead of the
leading edge, resulting in a vortex which rolls up
and trails downstream in the juncture (Fig. 1).
The coupled effects of the separation vortex and
the secondary flows that 4re present in any
rectangular corner lead to a complex
three~diuensional turbulent ilow. This vortical
flow can have significant e¢ffect on the juncture
interference drag, and more iwportantly, it can
adversely affect flow on the surfaces downstream of
the wing.

Hot—wire neasurewents in sinulated
wing-fuselage junctures formed by a flat surface
and a constant-thickness wing have been carried
out by various investigators (e.g., Refs. 1, 2, and
3). These are siuple streauwise jJjuncture flows
with no pressure gradients present along the
juncture. The juncture flow experiuent conducted
at the NASA Langley Research Center had the
following objectives: (1) to study the turbulent
flow in a simulated wing-fuselage juncture with and
without streauwise pressure gradients, and (2) to
assess the effectiveness of juncture rfairings in
wodifying the potential aund viscous flows 1in the
juncture.

The use of laser velociuetry will greatly
facilitate wmaking detailed measurewents near the
non-planar surfaces foruing the juncture, and
within near-separating flows cluse to trailing edge

of the wing. Therefore, a three couponent laser
velocimeter system was used toward achieving these
objectives. GSome of the relevant results have been
published 1in Reference 4. This paper tries to
evaluate the perforumance of this new laser
velociueter systew in order to identify its merits
as well as its shortcomings. An LV geeding system
has also been developed to be used with this
experiment; a brief description of the final
seeding-systeu coniiguration and the results of the

particle evaluation tests are included in the
paper.

EXPERIMENTAL DETAILS

Wind Tunnel

The juncture flow experiuent was carried out
in the Low-Turbulence Pressure Tunnel (LTPT) at the
NASA Langley Research Center. The LTPT is a single
return, closed-circuit wind tunnel which can be
operated at pressures from 0.1 to 10 atwospheres
(Fig. 2). It is capable of operating at Mach
anuwbers from 0.05 to 0.50, and unit Reyuolds
nuubers  from 300,000 to  49,000,000/m. The
turbulence level is very low because of the nine
turbulence reduction screens and bLecause of the
17.0:1 contraction ratio. The test section is 0.91
w (3 ft) wide, 2.29 wm (7.5 it) high, and 2.29 w
(7.5 ft) long.

Experiuental llodel

The juncture flow was generated by a vertical
splitter plate ("fuselage”) with an unswept wing
mounted perpendicular to it (Figs. 3 and 4). The
wing had a chord length of 0.457 m (18 in.) and a
thickness-to-chord ratio of 0.07. It had a curved
surface (circular arc of radius of curvature 10 m)
on one side and a flat surlace on the other in
order to simulate juncture flow with and without
streauwise pressure gradients. The wing root was
designed so as to accouwodate corners with and
without fillets (Fig. 4). The rewovable corner
fillet used iu this study had a radius of curvature
of 25.4 mm (1.0 in.). The leadlng edgze of the wing
was located 0.406 w (16 in.) downstream of the
plate leading edge. Trailing-edge flaps on the
splitter plate and the wing were used to control
the leading edge stagnation points.



LV MEASUREHMENT SYSTEM

Details of the laser velocimeter system design
and the data analysis are found in Reference 5; a
brief description of the system 1s given here.

LV Configuration

The single  axis, five bean optical
configuration (Fig. 5) uses the standard two color,
two component beaw pattern with the two green beams
arranged in the horizoutal plane and the blue beaus
arranged in the vertical plane. The green beams
are used to weasure the U component and the blue
beams to measure the V couponent. A third green
beam is placed along the optical axis bisecting the
angles between the original two green beams. The
addition of this beaw creates two additional fringe
patterns, frou which the W component 1is obtained.
Bragg cells are used in the two outer green beaus
to separate the three signals obtained from the
three green fringe patterns.

The LV system described above resulted in a
sample voluue of diameter 80 mnicrometers and a
length of 120 microueters. An off-axis backscatter
collection mode was used 1in order to reduce the
effect of background reflections from the splitter
plate. In order to make neasurements very close to
the juncture, the LV beam systew was oriented at an
angle of 11 degrees with respect to the horizontal
wing (Fig. 3). Flare from the juncture surfaces
restricted the closest measureuent distance to 3.5
mm frow the vertical splitter plate, and to 1.0 mm
frou the horizontal wing.

Operating Conditions

The experiments were conducted at atwospheric
pressure since the installation of LV optical
system and traversing uwechanisu in tue plenua
chauber precluded any tunnel pressurization. The
requirements of the three component LV system also
limited the maximum tunnel speed to about 40 w/s.
A noninal freestream velocity of 34.5 u/s
corresponding to a Mach number of 0.1 and a unit
Reynolds number of 2,300,000/w was used for making
all of the measurewents. A rectangular weasureument
grid of width 3 cm and height 3 cm was covered at
each one of the measuring stations indicated in
Figure 4. The instantaneous velocity information
froan ensemble weasurement at each weasureuwent
location was processed in real tiwme, and it was
also stored perumanently for later processing.

LV SEEDING SYSTEHM
System Consideratious

Since the laser velocimeter uweasures the
velocity of seeding particles in the test medium,
the fluid flow meassurements depend highly upon the
generation of particles with known particulate
characteristics. In the design of a system for
artificial seeding, various requirements such as
gseeding rate, particle size, particle
characteristics, aund particle ejection point need
to be considered. !llany of these requirements are
contradictory in nature. For example, insufficient

seeding rate leads to long data acquisition time
over which the test conditions could vary. But if
the. seeding rate is too high, the probability of
having more than one particle inside the sample
volume increases. The particles must be small
enough to folow the flow stream, but large enough
to be detected by the LV  systeu. Another
requirement is that the particles have small
diameter variation (mono-dispersed). 1f the
particles have too wide a dispersion, and if they
are in a highly accelerating flow, the turbulence
ueasureuwent may be due to the velocity variation of
particles of dJifferent sizes rather than the
turbulence level of the flow streau.

A primary requireunent of the Langley
Low-Turbulence Pressure Tunnel was that the seeding
material did not deposit on or damage in any way
the turbulence reduction screens 1located in the
tunnel settling chanber. Both solid and 1liquid
seeding systems were evaluated (Ref. 6), and soue

of the results are presented in the next two
sections.

Soliu Particle Seeding

A potential flow analysis of Kaolin particles
of various sizes woving past a cylindrical wire
(127 uicroueters in diameter) indicated that the
fraction of particles i{iwpacting on the cylinder
increases with increasing particle size. The
results led to the couclusion (Ref. 6) that the
desired size of particles should be below one
microueter in diameter, in order to minimize
particle build-up on the screens. A special
experiment was set up to evaluate and gain insight
into solid-particle seeding problems. Kaolin
particles were injected into the flow stream in the
diffuser (Fig. 2) between the test section and the
drive fan, and the particle data rate was weasured
with the a laser transit aneuometer. The particle
data rate is shown in Fig. 6 as a function of time.
A curve fit of the experimental data indicates that
that there is a 15% loss of particles/minute at the
operating Mach number of O0.1. Other evaluation
tests indicated that the particle decay rate is
proportional to tunnel speed, and that the
gravitational settling rate is 1iunsignificant
(Ref. 0). This iuplies that continuous tunnel
operation will require continuous seeding, which
will lead to undesirable accuaulation of solid
particles in a closed—circuit tunnel.

Liquid Particle Seeding

If the liquid particles are too large, then a
large percentage of them will iupact on the screens
(Ref. 6). Ir the screen wetting rate 1s faster
than the drying rate due to liquid evaporatiom, the
liquid could collect dirt in the tunnel.
Therefore, it 1s desirable to generate small
particles and to use a liquid which is volatile
enough that it will evaporate. Further, a safe and
readily available liquid 1is desirable. Kerosene
which satified most of the requirenents left
residues on a test screen, and therefore, 1t was
not acceptable. However, kerosene is made up of a
nuuber of purer hydrocarbon components. Of these,
dodecane and tridecane have droplet forming
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characteristics very nearly equal to that of
kerosene. These hydrocarbon fluids can be obtained
in a highly refined state, and they evaporated
completely from the screens, at varying rates.
Particle size evaluation tests indicated that

dodecane and tridecane are very  nearly
mono-dispersed with very suwall mean particle
dianeter (Fig. 7). Therefore, dodecane and

tridecane were chosen as the seeding particles for
this experinent.

. Particle Generator

The particle generator (Fig. 8) wused 1in the
present experiment operates on the principle of a
shearing atowizer. Adequate air flow and pressure
is supplied in order to have a shock wave at the
exit of the nozzle. The low pressure at the exit
sucks the 1liquid from the reservoir past an
ad justable needle valve to the exit plane where the
shock wave exists. The shock wave breaks up the
Jjet into minute particles. The needle valve is
used to control the seeding rate.

Successful LV weasureuments were obtained by
injecting tridecane or dodecane through the
atouwizer. The sawe LV seeding system as well as
the LV measurement system have been used in another
ma jor experiment carried out in the LTPT (Ref.7).

EVALUATION OF THE LV SYSTEM

In order to determine the accuracy of the LV
data, measurements made at stations located
farthest from the juncture were compared with the
two-dimensional turbulent boundary layer results of
Klebanoff (Ref. 8). Eventhough these stations were
chosen to minimize the influence of the juncture,
some three-dimensional effects are expected to be
present in the LV data. Ideally, it is desirable
to compare LV and hot-wire data taken under
identical conditions; but, such experiments could
not be carried out because of time liuitations.

The comparisons presented in Fig. 9 are for
the case of boundary layer on the rlat surface of
the wing at 75% chord streauwise measuring statiom,
and at a lateral distance of 3 cu frou the splitter
plate (z = 3 cm).

The mean velocity components U and V, and the
Reynolds Stress uv compare very well with the
two-diunensional results (Figs. 9(a)-9(c¢)).
Comparison of the turbulence intensity v~
(Fig. 9(d)) within the boundary layer is very good;
but, outside of the boundary layer the turbulence
level is high. This is due to the fact that the
lowest turbulence level that could be ueasured with
the present LV system (ur any other LV systeus) is
about 1%.

In the case of the turbulence intensity u”
(Fig. 9(e)), the value outside of the boundary
layer is higher than the freestream turbulence
intensity of 0.04%, obtained Lrou hot-wire
measurenents made in the saue facility (Ref. 9).
The value 1s also higher than the LV resolution
limit of 1%. This can be due to the following
reason: hot-wire weasurements normally filter out

1. Shabaka, I. M. lil. A.; and Bradshaw, P.:

the very low frequency tunnel oscillations (< 2 Hz)
whereas in the case of LV ueasureuwents, no such
filtering is carried out. This will result in the
higher-than-normal distribution of turbulence
intensity u” as measured by the LV systen.

The accuracy of the mean velocity component W,
and Reynolds stresses Uw and VW are not as good as
the other cowmponents (Figs. 9(£)=9(h)). The
overall distribution of the turbulence intensity w”
(Fig.9(i)) 1is much higher than the reference
profile. Part of it can be attributed to the
three-dimensional effects of the juncture. Also,
the narrow cross-beam angle between the laser beaus
that were used to obtain w-related coumponents
resulted in lower signal-to-moise ratio; this could
have 1introduced soue inaccuracies in these
components. This problem is being investigated by
the Instrument Research Division at NASA-Langley,
and the results are to be published soon (Ref. 10).

SAMPLE RESULTS

In order to get an idea about the type of data
that were obtained in this experiment, some sample
results are presented in Fig. 10. The contour
plots of wean velocity U shown in this figure are
for the 95% chord streamwise measuring station in
the juncture forumed by the curved surface of the
wing and the splitter plate. The mean velocities
encountered very near the juncture surfaces are
relatively low. The presence of a low-momentun
“bulge” (Fig. 10(a)) on the wing surface in the
Juncture without fillet can have adverse effects on
the flow over the wing surface by accelerating
trailing~edge separation at non-zero angles of
attack. Fig. 10(b) indicates that the juncture
fillet can be effective in removing this
low-uomeutun region on the wing surface.

CONCLUDING REMARKS

A single axis, five bean, three component
laser velociweter system has Dbeen used for the
first time in a major experiment. A seeding system
which wuses Lkerosene derivatives such as tridecane
and dodecane as seeding waterials has been
developed and successfully used in the experiuent.
Satisfactory results have been ubtained with the LV
system in the juncture flow  experiment.
Inaccuracles in the w-related components can be due
to the small cross-beau angle between the laser
beaus measuring these components. This 1iuplies
that limited optical access to the tunnel {s still
a wajor prublem for a three couponent LV systeu.
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