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ABSTRACT

-"iiThis thesis determines the aerodynamic drag parameters
for three different generic helicopter nose fuselage
sections at various angles of attack and velocities using a
3.5 x 5 foot wind tunnel and a locally constructed three
component strain gage balance. A common center section is
used with provisions for three dipferent tail sections
allowing for nine possible configurations to effect the
overall shape of a fuselage. This allows a student in a
basic conceptual helicopter design course a quantitative
means of comparing general shapes in order to select the
best configuration of the fuselage. However, the results
are questionable due to problems with the strain gage
balance used to determine the aerodynamic forces on the

models. +xcw - il 7 L
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I. INTRODUCTION

A. COORDINATION OF EFFORT

Successful and safe operation of a wind tunnel project
requires at least two people in full-time involvement,
either the investigator and an assistant/technician, or co-
investigators. Inasmuch as this was an unfunded project,
there was no full-time technician support available and, as
a result, a coordin. .ed effort was conducted with the thesis
project of another Masters of Science in Aeronautical
Engineering student, CPT Sargent. [Ref. 1]

Even though a deliberate effort was made to seperate the
majority of the functions in the two projects, e.g., design
of the balance -~ Sargent and the design of the test and
calibration equipment - Mair, when two people work closely
together, much of the output is the result of proposals and
counter-proposals, and it is therefore quite difficult to
define completely down to every little detail what each
member of the team contributed.

The differences, however, in the scope and outcomes of
the experiments dictate that the results of these efforts,
no matter how great the coordination, be presented as two

seperate theses.




B. BACKGROUND

1. History of the Project

iz Aerodynamic drag on an aircraft or a vehicle is a

; major concern to an aerodynamicist. Since the dawn of

- aviation, an aircraft designer had to be concerned with the
efficiency of the design of an airframe. In simplistic
terms, the power that is provided by the engine must be
sufficient to overcome the power required to provide lift

and/or thrust and overcome friction.

The vehicle moves through air and because air is a
viscous medium it imparts a retarding force on the vehicle
(not unlike friction) that acts against the lift and/or
thrust forces. Common sense would lead one to agree that a
design that r~duces the drag on a vehicle would provide more
available power to apply to the generation of lift and/or
thrust forces. This would make the design more efficient.
Drag is related to many different aspects: skin roughness,
shape of the object, drag due to lift (induced drag),

compressibility and shock effects to name a few. When

dealing with subsonic, low speed drag on fuselage shapes,
the compressipility and Mach effects can be ignored. The
effects of different shapes on drag can be investigated if
models are compared with different shapes as the only E
varying parameter. General size, skin friction, velocity o

and air properties are constants. Induced drag is that e




f; generation of lift and parasitic drag is that portion of the
total drag that remains.

Dr. Sighard F. Hoerner [Ref. 2] conducted extensive
studies of aerodynamic drag where many types of solid bodies
were subjected to drag studies. He first published his
works in 1951 and it is the most frequently referenced book
to be found in a literary search on the subject of
aerodynamic drag.

It may be physically impossible to duplicate the
actual full size aircraft phenomenon in the laboratory.
However, using the principle of similitude, scaled models
can be tested and the results related to the actual aircraft
shapes through the use of independent dimensionless products
(Reynolds number, Mach number, Pressure coefficients) and
dimensionless shape factors [Ref. 3]. The drag coefficient
is a type of pressure coefficient. The measurement of drag

can be accomplished in many different ways. Since drag is a

force, it can be measured in pounds (lbf). One technique is
to measure the amount of drag force through the use of
strain gages attached to a model. The strain gages are
calibrated and indexed to read pounds force enabling drag
force analysis under varying conditions. The process is in

common use in aircraft wind tunnel testing.
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2. Motivation for the Project

This project was undertaken as an adjunct to a basic
helicopter design course. It would serve as a viable wind
tunnel experiment allowing a student to become familiar with
one of the basic research tool of the aeronautical engineer
and provide meaningful data to be used in the fuselage

design phase of a helicopter conceptual design project

report.

B. GOALS

l. Project's Desired Accomplishments

The purpose of this thesis project was the use of
the results of a wind tunnel experiment to produce data that
would allow a student to quantitatively determine drag
parameters of three selected fuselage nose shapes. In
conjunction with a collateral thesis on tail shapes [Ref.
1}, nine general shapes were possible.

The wind tunnel experiments allow the student to see
the interrelationships of fuselage shape (in this case nose
shapes) with the lift and drag characteristics while keeping
the general volumes approximately the same. The structural
aspects of the fuselage are not covered in detail because it
is too much material for a one-semester course. [Ref.4]

Generic shapes were chosen instead as a scout/sleek
nose of the S-76 Sikorsky helicopter, the blunt/rounded nose

of the H-53 Sikorsky helicopter and the angled/attack nose

11




of the AH-64 Hughes attack helicopter to give a wide range

of contrasting shapes.

2. Projected End-Use of Information

The drag data would be used in the fuselage design
phase to determine the equivalent flat plate area for the
chosen prototype configuration. This value would then be
used throughout the remainder of the design.

3. Project Shaped by Projected End-Use

A one-semester or one-quarter helicopter design
course has a limited amount of time to devote to the
fuselag; design phase of a basic helicopter design report.
In the past, canned data or data from outside resources was
used to determine the drag coefficients or equivalent flat
plate areas. The scope of the experiments was restricted to
lift and drag components, ignoring the pitching moment
contributions because of the limited amount of material that
could be covered in a one-semester course. The selection of
only three nose sections was limited by the amount of
construction shop time allocated to this thesis project.

The three different nose configurations are representative
of helicopters and sufficiently different to hopefully

differentiate the results for comparison.

12




II. APPROACH TO THE PROBLEM

A. BASIC LINE OF APPROACH

The basic line of approach of this thesis was to
determine by experimentation the drag parameters of selected
helicopter models in a wind tunnel. Various model
configurations were fixed to a sting support system attached
to an internal strain gage balance mounted into the common
center section of the fuselage of the models. The
experiment was conducted at different angles of attack and
at various airspeeds. The raw electronic information from
the strain gages was converted to counts of axial and normal
force on the balance. The axial and normal components are
ther reduced to drag and lift components (in pounds) with
the aid of a Fortran computer program that also corrects the
model configuration to account for strain gage interaction.
The data acquisition presupposes the availability of the
models, balance, support system, wind tunnel and electronic
test equipment. The reduced data was plotted with the use
of Disspla plotting routine on the Naval Postgraduate

School's IBM 3033 mainframe computer.

B. DETAILED METHODS
Additional engineering drawings of the balance and the

models can be found in reference 1.
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1. Models
All the model pieces had to be designed,
manufactured, and assembled at the Naval Postgraduate School
for the project. The basic generic shapes for the nose
sections were designated smooth or scout (Fig. 1), blunt
(Pig. 2), and attack (Fig. 3) for reference. A common
center section (Fig. 4) was designed to provide a housing
for the balance and attaching points for the nose and tail
sections.
2. Balance

The balance was designed by Sargent as an internal
strain gage balance that would be fixed to the model through
the center fuselage section and attached to a sting mount
that would support the entire weight of the model inside the
wind tunnel (Fig. 5). The balance was constructed from
Sargent's design by both Sargent and Mair at the Naval
Postgraduate School. The balance consists of twelve strain
gages in four bridges (Fig. 6) to measure three axes. The
pitch axis was ignored [Ref. 5]. The sleeve housing for the
balance was an elaborate design to accept a NASA Mark 34,
3/4 inch balance that was planned to be used in the
experiment but rejected when the financial liability could
not be accepted by the Naval Postgraduate School. The
sleeve secures the balance to the center section at the

center of gravity of the model.

14
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3. Support System

The support system was constructed to provide
structural support to the model and provide a means to
change the angle of attack of the model while the wind
tunnel was in operation (Fig 7.).

4. Wind Tunnel

The wind tunnel was the only piece of equipment that
was available prior to the start of the project. However,
it had seen very little recent use since its construction.
It has a three and one half foot by five foot test section
(Fig. 7). Built entirely of wood in 1957. It is powered by
electric motors connected to sets of blades. One set of
blades was removed\for repair leaving only one set of blades
driven by one motor for the project. The models were large
in comparison to the tunnel test section. No wall effects
were taken into consideration in the calculation and
reduction of data.

5. Test Equipment

The test equipment (Fig. 8) consisted of an
electronic amplifier box with four channels to provide
signal amplification of the three strain gage channels and a
channel for the angle of attack measuring device. The angle
of attack was measured by an accelerometer (Fig. 5) attached
to the inside of the center common fuselage where the sting
attached to the balance. A signal conditioner was connected

to the amplified strain gage output to account for the

15
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vibration in the tunnel transmitted to the model. Finally, IORS
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the conditioned and raw unconditioned strain gage amplified

output signal was observed on the voltmeters. The pictures O
that appear in Appendix D were taken by a 35mm camera with EE
black and white 400 ASA film pushed to 1200 ASA (Fig. 9). e
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The models are painted black and the tufts of string are
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C. LIMITATIONS ON APPROACH >
The major limitation on 1e approach was the finite .ZE
amount of time to complete the thesis experimentation _E
project and the possible use of the data (and collection of :g
data) by a basic helicopter design student with a very riﬁ
limited block of time to devote to data collection and .
reduction. ;i
1. Models ' Z?

a. Inhibited S

The limitations due to the amount of shop time =

available and the capabilities of the wood shop may have

inhibited the method of approach. Refinement of the model ;53
design was limited to one prototype for three sections. R
b. Assisted

The limitation of only three nose sections ‘iﬁ

limited the scope of the experiment to a manageable level.
This allowed the timely collection of data to complete the

project in the alloted time.

16
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2. Balance
a. Inhibited
The method of approach was limited when the NASA
balance was disapproved. This required the design and
construction of a balance that set the experimental time

table back 90 days. The capability of the machine shop and

the limited amount of shop time allotted to the project
limited the refinements to the balance design and
g manufacture.

b. Assisted

The limited machine and design capability forced
a three component balance construction as opposed to the six
component NASA balance. Only two of the channels
(components) were ever needed (lift and drag). Therefore
the complexity of the component resolution was greatly
simplified. However, calibration and strain gage
interaction were unknown.

3. Support System

a. Inhibited
The support that was constructed was attached
directly to the tunnel test section. This inhibited the
approach by transmitting the tunnel vibrations to the
balance.

b. Assisted

EE The support system allowed the angle of attack

(AOA) to be varied while the wind tunnel was in operation fﬁj




..................................

without changing the vertical or horizontal position of the
model's center of gravity.

4. Wind Tunnel

a. Inhibited
The wind tunnel was limited to a maximum dynamic
pressure of 70 psf. This limited the method of approach to
low speed testing with no capability to scale the speed to
the required Reynolds number for full size fuselage
comparisons of drag parameters [Ref. 6: p. 265]. The tunnel
also had 25% turbulence d.e2 to design and construction
errors that were never corrected. Swirl in the tunnel was
found to be considerable (Fig. 10). The effect of the
turbulence and swirl were not explored due to the limited
amount of time available to complete the thesis. Wall
effects were not considered.
b. Assisted
The wind tunnel was the major tool of the
experiment and allowed the variation of wind speed or

relative wind. The construction or correction of the

tunnels deficiencies were beyond the scope of the thesis and fﬁ
could not have been accomplished in the allotted amount of ,1

time to complete the experiments.

L]

5. Test Equipment

The intermediate calibration procedure (Appendix A) %j
was required because of the limitation on the use of a -

balance design over the NASA balance and greatly inhibited




the method of approach. It was extremely time consuming to
re-zero the instrumentation that was necessary due to the
drift in the amplified signal or to the thermal induced
expansion of the balance. The bridge design had temperature
compensation but variations in data were experienced with

temperature changes of four to five degrees F.

-
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III. THE SOLUTION

A. ACTUAL SOLUTION METHODS
The models, balance and support system were constructed
and assembled into nine possible configurations by varying

the nose/tail combinations. The combinations were

designated:
No. 1 Attack/high Fig. 11
No. 2 Attack/middle Fig. 12
No. 3 Attack/low Fig. 13
No. 4 Blunt/high Pig. 14
No. S Blunt/middle Fig. 15
No. 6 Blunt/low Fig. 16
No. 7 Smooth/high Fig. 17
No. 8 Smooth/middle Fig. 18
No. 9 Smooth/low Fig. 19

A single data run consisted of one model configuration
assembled and attached to the support system. The center
section was initially calibrated prior to any data runs to
determine the extent of the strain gage balance interaction.
The model combination was calibrated again using the
intermediate calibration procedure in Appendix A. The
testing started at eight degrees positive angle of attack at
the lowest speed (Q = 10 psf). Data was recorded manually

every two degrees angle of attack as the angle was decreased

20
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to minus ten degrees. Then the speed was increased (Q =
30,50,70) and data was taken again until Q = 70 psf was
! \ recorded as the last data run for a combination. The
‘ original data appears in Appendix C listed as nose/tail =
- No. and remarks state the combination type. All nine data
. set were tabulated, and then reduced to computer data files
(Data File 1 thru Data File 9 are Table 1 thru Table 9).
A Fortran computer program (Appendix B) was written to
F? reduce the raw data (counts of axial and normal force) to
¥ lift and drag coefficients (Appendix C, Table 12 - 20). A
. Disspla computer graphics program was added to the PFortran
E: program to plot the reduced data (Appendix D, Fig. 24 -~ 35).
A qualitative method using tufted models (white string
taped to the model) was attempted to provide some additional
information about the flow field around the model
configurations [Ref. 7: p. 73]. Black and white pictures
were taken of all the model configurations at Q = 30 and Q =
70 psf at positive eight, zero, and negative ten degrees

angle of attack (Appendix D, Fig. 24 - 35).

B. DETAILED TECHNIQUES

l. 1Initial Strain Gage Interaction Calibration

The intent of the initial strain gage calibration
was to determine the extent of the interaction between the
axial and normal strain gage bridges on the balance and to

develop a method to account for the interaction so that the

21
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reduced data would take the interaction into account [Ref.
7: p. 313]. A calibration rig was developed by the author
. consisting of aluminum sheet metal pans suspended by cables
from the center of gravity of the center section for the
>, normal component and a similar pan turned by a pulley at the
I rear of the sting support to load the axial component (Fig.
. 20). When the center section was at zero degrees angle of

attack, the axial channel amplifier and the normal channel

| R

amplifier were zeroed. A twenty pound of weight was placed
on the normal calibration rig pans and the span was set to
200 counts on the normal channel amplifier. The twenty
3 pound weight was removed from the normal calibration rig and
= added to the axial calibration rig pans. The span of the
axial channel amplifier was set to 200 counts. The weight
i was removed from the rig and all channels re-zeroed. The
spans were checked again if the zero had changed. The
procedure was repeated until there was no drift ir ither

i zero or span. Then a one pound of weight was adde to the

normal channel. The corresponding counts of normal force
- and axial force were recorded. One additional pound of ﬁ;€

» normal weight was added and the corresponding counts were

ey
'y

recorded. This procedure was repeated until twenty pounds of
known normal weight data were recorded. Then the procedure
.ﬁ was repeated with one pound of known normal weight and one %?
pound of axial weight. The normal weight was again éﬁ

{i increased pound by pound to twenty pounds weight with the ) i&

B
22 o
o
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corresponding counts of axial and normal channels recorded
for each pound of weight added to the normal channel. The
procedure was then repeated with two pounds of known axial
weight varying the normal weight from zero to twenty pounds.
This procedure was followed until the known axial weight
reached twenty pounds.

The recorded data generated a 21 by 21 matrix,
with normal force of zero to twenty pounds and axial force

varied from zero to twenty pounds. The 21 x 21 matrix is

only the third and fourth quadrants of the required solution
matrix if negative axial and positive normal forces are

encountered. The 21 x 21 matrix was mirrored to the first

and second quadrants to account for positive axial forces.
This assumes that the strain gages respond to tension in the
same manner as they respond to compression only with a

negative sign. Table 10 is the 41 x 41 solution matrix for

the normal readout when loaded. The number of axial pounds
of force indicates the proper column to search. One can
find the closest reading or interpolate to find the proper
corresponding corrected normal force in pounds at the
extreme left of the table with an input of normal counts.
Since the normal component was much more consistent than the
axial component, the raw normal component was used to
determine the corrected axial component (Table 1ll1), and the
corrected normal component was determined from the corrected

axial component. However, the corrected normal component

23




was found to round nicely to the raw normal component upon
comparison. This observation verified that the normal
component was not as sensitive to strain gage interaction as
the axial component and should be the independent variable
to determine the calibrated axial component.

The corrected search procedure to determine the
corrected normal and axial counts can be outlined in six
steps:

Step 1. Assume raw normal count is accurate. Round to
the nearest one pound of normal force where ten counts

equals one pound. Example.... 106 counts -» 10.6 pounds
—> 11 pounds.

Step 2. Locate the column relating to the normal count
using the Axial Calibration Table (Table 11). Example...
11 pounds ~>» column 12. Note that column 1 => zero
pounds.

Step 3. Remaining within the located column, search this
column from top to bottom until the raw axial count is
bracketed with higher value above and lower value below.

Step 4. Interpolate to position raw axial count between
these values.

Step 5. Now move to extreme left column remaining between
the same two rows from step 3. Interpolate between column
one (extreme left column) values to obtain "corrected"”
axial count.

Step 6. The axial count is now corrected for strain gage
interaction. Using the axial corrected count, go to the
Normal Calibration Table (Table 10) and round axial count
to nearest one pound equivalent of axial force. Then
repeat procedure from Step 1. thru Step 5. but use the
normal table.

2. Resolution of Forces

The forces diagram is shown in Figure 21. The

purpose of this diagram is to show the relationship of the




AR "r

axial and normal forces to the resolved lift and drag
forces. Axial force is considered positive in the direction
of nose to tail of the model (+ =>). Normal force is
considered positive when 90° from and normal to the axial
component (+4). The drag component is in the same
direction as the relative wind [Ref. 8: p. 147]). The lift
component is normal to the drag component and positive up.
The weight of the model opposes the lift of the model.
Essentially, the axial and normal forces must be converted
the lift and drag forces taking into account the angle of
attack and the weight of the model.

3. Computer Program

The Fortran computer program is given in Appendix B.
The program computes the corrected axial and normal forces,
converts to drag and lift forces, calculates the
coefficients of lift and drag, Reynolds number, and the
weights of model configuration. The Disspla portion of the
program plots the coefficeint of drag versus the angle of
attack, coefficient of drag versus coefficient of lift, and
the coefficient of lift squared versus coefficient of drag
for the different model configurations. Subroutines reader
and writer are used to read the original data files (Data
Files 1 thru Data Files 9) while subroutines "rdr" and
*"wrdr" are used to read and write the calibrated normal and

axial tables. The generated numerical computer output of

25




the program is in Appendix C, Table 12 thru Table 21. The
graphical output is in Appendix D, Fig. 24 thru Fig. 35.
4. Test Equipment

The test equipment is shown in Fig. 8. The wire
bundle from the balance was connected to the amplifier which
provided the zero and span capability on each of four
channels. Channel 1 was for pitching moment which was not
used. Channel 2 was the the normal counts and channel 3 was
the axial count. Channel 4 was the angle of attack. Two
digital voltmeters were connected to the amplifier thru a
switching box, that allowed selection of raw channel output
or conditioned output from a signal conditioner (not shown)
and the addition of an oscilloscope to investigate vibration
frequency.

5. Qualitative Method

Black and white 35mm photographs were taken with a
35mm reflex camera at F5.6 and 1/30 shutter speed using a
62mm macro zoom lens (1:3.5-4.5, £f=28-80mm). The models
were painted black for contrast against the white string.
The models were tufted with white string taped to the model
surface. The intent of the tufting is to show the turbulent
sections or sections of separated flow along the model
surface to gain some insight on the developing and changing
flow around the model. The photographs were developed by
the Naval Postgraduate School Photo Lab. Half tones of the

photographs appear in Appendix D. The pictures were taken

26
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at various angles of attack and at different airspeeds (Q).
In Figure ll are the pictures of the attack/high
configuration at positive eight degrees angle of attack,
zero degrees angle of attack, and minus ten degrees angle of
attack. Figure 22 shows the attack nose at different camera
angles to view the tufting at different aspect angles. The
tufting directly behind the nose protusions is turbulent
depicting detached flow. Figure 14 thru Figure 19 did not
reveal and such detached flow around the noses. The detail
on the half tones is not sufficient to see any real
difference in the tufts at Q = 30 and Q = 70. Therefore the
best of the photographs at Q = 30 and 70 was selected for

Appendix D.
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IV. RESULTS

A. ULTIMATE OUTCOME OF PROJECT . -
The ultimate outcome of the project can be divided into =

three categories. These are the construction and setup of

the equipment, the quantitative results, and the qualitative

results. -

l. Construction and Setup of Equipment

The construction of the models, support system and :
the balance took in excess of 400 manhours to complete with c
constant modifications to integrate the different pieces
into a workable system. The models turned out well with
additional provisions for the application of landing gear -
and wings on the center fuselage s-ction and tail cone
sections on the different tail sections.

An oscillation was observed to occur when the wind -

tunnel was in operation. The model visibly moved up and
down and occasionally sideways. The digital output also
fluctuated with the model oscillations. An oscilloscope was
added to the output and the frequency determined to be in
the range of 5 hz. The model was excited by hand without
the tunnel running and the frequency was verified to by 5
hz. A signal conditioner was then added to the circuit with

a low pass filter set to .5 hz to eliminate the output
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fluctuation [Ref. 9]. Any signal over .5 hz was eliminated.
See Pig. 23 for a diagram of the principle of a low pass
filter.

The various other pieces of testing equipment were
gathered together from within the Aeronautical Engineering
Department at the Naval Postgraduate School. Numerous trial
and error sessions were performed until the equipment was
integrated and producing reasonable data. The data
collection was accomplished by manually reading the channel
output on the digital voltmeters and logging the results on
paper. The data was later input to the Fortran computer
program thru the use of data files.

The type of strain gage used on the balance was EA-
06-060L2-120 made by Micro-Measurements, Measurements Group,
Raleigh, North Carolina. These are student gages with 120.0
t 0.3% resistance in ohms and a gage factor at 75°F of 2.04
+ 0.5%. The gages were attached to the stainless steel
balance with M-bond 200 adhesive that drying time of 5 min
also form Micro-Measurements.

2. Quantitative Results

The quantitative results are Tables 12 thru 20 shown
in Appendix C. Appendix D, Fig. 24 - 35 are the graphical
result of the tables in Appendix C. The graphs show

coefficient of drag versus angle of attack, then coefficient
of drag versus coefficient of lift, and coefficient of drag

versus coefficient of lift squared for angles of attack of
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+8° to -10° at Q of 70 psf and 30 psf. The Q of 10 psf was

deleted due to insensi 1vity of the balance at the low speed
(Q=10 psf). Graphs of Q = 50 psf were not included because

there were no noticeable differences in the trends from the

Q = 70 psf. The graphs allow a student to determine the

proper coefficient of drag with a given angle of attack

provided one knows the type of nose section desired for a Q l
(speed) of 30 psf (Fig. 24) or 70 psf (Fig. 25). With the ;ii
coefficient of drag selected the student can then select the T
coefficient of lift (Fig. 26 & Fig. 27). The coefficient of
lift can also be used to determine the coefficient of lift

squared (Fig. 28 & Fig. 29). Additional figures (Pig. 30 o

thru Fig. 35) are provided from Sargent [Ref. 1] to provide

insight with the nose section held constant and the tail

sections varied. The coefficient of drag, coefficient of

lift, and coefficient of lift squared are used by the N

student as parameters in the basic design of the helicopter 252

configuration similar to the selected nose configuration T

selected. If the student does not know the tail

configuration, then the values selected should be between

the lines shown of Figure 24. o
3. Qualitative Results ﬁ‘

The pictures of the tufted models are located in Efi

Appendix D. The attack nose (Fig. 22) showed a significant
amount of detached flow at the top front of the nose behind

the protrusion. This would indicate turbulent flow in this ) ﬁ{
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region. The blunt nose (FPig. 14 - 17) and the smooth nose
(Pig. 17 - 19) did not depict any region of detached flow
around the nose. This would lead one to believe that the
attack nose would have the largest coefficient of drag when
compared to the other nose configurations. This was not
always the case as depicted by Figure 24 and Figure 2S5.
There was not any visible difference between the pictures

taken at Q = 30 and Q = 70.

B. FINISHED PROJECT DIFFERENCES

1. Balance

The original project was to use a six component

balance provided by NASA Ames. The Naval Postgraduate
School could not assume the liability for this equipment,
therefore a three component balance was designed and
constructed at the Naval Postgraduate School. The
calibration of the balance and the proper interface of all
the associated test equipment required much more time than
would have been required with the Nasa balance with its well
documented calibration data.

2. Quantitative Results

The original data was planned to be collected with a
strain gage scanner attached to the raw output of the strain
gage balance. The vibration and resulting induced model
oscillations produced fluctuations in the data requiring a

signal conditioner that negated the use of a strain gage
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scanner. The scanner would have provided near real time
data reduction of the strain gage output to force

components.

3. Qualitative Results

The tufting was to be done with mini-tufts of mono-
filament nylon fiber. The tuits are visible with fluorescene
photography. All the required equipment was available
except a 2000 joules per flash lamp. White string tufting

was substituted to allow completion of the project.

C. VALIDITY OF OUTCOME

The tufting or qualitative technique did nothing to
support the quantitative results. The white string tufts
may be too stiff to react to small changes in the flow field
around the models. The black and white photos did not
produce the desired resolution to permit detailed analysis
of the tufts.

Consideration of the fuselage shapes as airfoils shows
a trend that the fuselages resemble cambered airfoils. The
drag polars are similar but the magnitude of coefficient of
drag appears to be an order of magnitude larger for the
fuselage shape. One would expect a bucket shape of the
fuselage drag polar. The left side of the plots for the
fuselage shapes in Appendix D (Fig. 24 - 27) are not as

negative in slope as might be expected. This may be due to

the similarity of the fuselages to a cambered airfoil that
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produces some lift at negative angles of attack. However,
for the coefficient of drag versus the angle of attack the
bucket is clearly not apparent. One reason may be due to
the weight component of the model at negative angles of
attack. The weight of the models was accounted for in the
equations for the resolution of forces but may not fully
account for the tensile force experienced by the strain
gages and the associated interaction. Compressive force was
adequately tested and calibrated. The tensile force was
assumed to react in a like manner. This may have been a bad
assumption. Since the wind tunnel runs at a low Q or
airspeed, it is not useful to try to compare the output to

an actual helicopter.

N
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V. CONCLUSIONS AND RECOMMENDATIONS

A. SUMMARY

. The three nose sections were constructed and mated to
the center section. The center section was completed with
provisions for the attachment of all three noses.

Additional mounting provisions were made to allow the

. Kl

installation of wings and landing gear at a later time. The
strain gage balance was assembled and fitted to the center
b section. The support system was built and assembled in the
. wind tunnel. An electric motor was incorporated in the
support system to allow variation in the angle of attack
i while the tunnel was in operation. A calibration and test
rig was designed and constructed to load the model/balance
fj combinations. The calibration procedure was established and
i conducted on the center section and model configurations.
All the electronic testing and data collection equipment was
gathered together, integrated, and debugged in the attempt
iA to acquire meaningful data. The data was collected for nine
model combinations at various angles of attack and airspeeds
(Q). A Portran computer program was developed to reduce the
iA data to aerodynamic coefficients. A Disspla plotting
: computer routine was added to the Fortran program to plot

the resulting aerodynamic coefficients. The Disspla program
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plotted coefficient of drag versus angle of attack,
coefficient of lift, and coefficient of lift squared. The
models were tufted with white string in an attempt to
validate the guantitative results with gualitative

photographs of the flow field around the models.

B. SHORTCOMINGS AND STRONG POINTS

1. Shortcomings

The vibration encountered from the tunnel caused
fluctuations in the data requiring a signal conditioner with
a low pass filter. This technique may have introduced
errors to the output data.

The calibration took a great deal of time to
complete and may be of dubious value. The interaction of
the strain gages had such a dramatic effect that the output
may be undecipherable. A student would have a limited
amount of time to spend on the calibration.

The wind tunnel vibration, turbulence, and swirl was
not completely understood or documented.

The wetted area of the model combinations was taken
as the frontal cross sectional area. This allowed the same
general area to be used for every model. The wetted area

may have been an order of magnitude too small. This would

account for the larger drag coefficient values.

The validity of the output curves is questionable.
The coefficient of drag versus the angle of attack curve f;%

should show a bucket, instead of an increasing slope. -
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2. Strong Points

The use of the wind tunnel and the strain gage
balance as a tool for the aeronautical engineer along with
an appreciation for the problems associated with their usage
are the positive learning experiences for the student.

Once the equipment is in place, setup, calibrated,
and working properly the student can collect and analyze
data in a relatively short period of time.

The student can see the relationship between shape
and drag in graphic form and later select the appropriate
aerodynamic coefficients for his nose configuration.

C. RECOMMENDATIONS

1. Strain Gage Balance

The strain gage balance should be re-designed to
eliminate or reduce as much as possible the interaction
between the strain gage bridges. This would simplify the
calibration procedure and reduce the amount of time devoted
to calibration. A single axis gage might be used
effectively if drag is the only aerodynamic coefficient to
be investigated. Different strain gages should be used on
the balance. The EA-06~-060LZ-120 gages were the best
available off the shelf at the Naval Postgraduate School at
the time. Gages made to be used with stainless steel and
bonded with epoxy would be better suited to the model

environment.
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2. Support System
, The support system should be isolated from the

tunnel to eliminate the tunnel vibration from attenuating
thru the model causing the fluctuations in the data.

3. Data Collection System

A digital data collection system could be attached
to the strain gage output. All the data collection and data
' reduction would be accomplished in a fraction of the time
required to manually record the data and manually transfer
the data to a computer for data reduction. An IBM-PC-AT
. would be sufficient. The data could be displayed in
graphical form near real time at the tunnel.

4. Additional Projects

The models were constructed with provisions for

Y. ...

attaching tail cones, vertical stabilizers, wing, and
landing gear. Additional projects could be accomplished to

add these parameters to a design and calculate the resulting

. aerodynamic coefficients.

: 5. Center of Gravity

: Additional studies should be conducted to determine

' the extent of the effect of changing the center of gravity
of the model on the output of the strain gages.

: 6. Wind Tunnel

? A comprehensive wind tunnel survey must be

i accomplished to completely understand the tunnel

- deficiencies.
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7. Mini-Tuftirg

Mini-tufti:. : should be used to provide flow field
visualization around the models. The string tufting is not
sensitive enough and the quality of the photographs is not
sufficient to make any meaningful conclusions. [Ref. 10]

8. Validation
The strain gage output should be validated with some

corresponding testing, possibly with pitot static testing to

determine if the results are accurate.
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APPENDIX A : INTERMEDIATE CALIBRATION AND EQUIPMENT SETUP

Step No.

1. Turn on all electrical equipment for approximately
10 min.

2. Zero angle of attack reading (AOA).

3. Record model configuration.
4. 1Install calibration rigging. S

5. Zero normal axial component reading on channel #2
amplifier.

6. 2Zero raw axial component reading on channel #3
amplifier.

RSN Y

7. 2Zero normal & axial signal conditioner LP e
adjustment. ST

8. Place 10 lbs. weight under model on rigging to set

Raw normal channel to span of -.0100 counts on i
voltmeter #1. ~ 3

RN: -10% = -.0100 o
9. Check & record conditioned normal signal. ?ﬁ?
CN: .0100 approximately. e
[
10. Place 10 lbs. weight on axial rigging to set raw -

axial channel to span of +.0100 on voltmeter #2.
RN: +10#% = +.0100

11. Record as counts: conditioned normal (CN). o
example: -.0100 is -100 counts. S
conditioned axial (CA). - 4

example: +.0100 is 100 counts.

12. Remove calibration rigging from model.

;". oo e

'
)

o

et

PRV S

13. Re-zero angle of attack (AOA).

14. Re-zero raw normal & raw axial channels (should
check conditioned normal & conditioned axial to
ensure close to raw readings).

39
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15.

16.

17.

18.
19.
20.

21.

22.
23.

24.

25.

Use DATA RECORD provided and note nose/tail
combination number in the first line.

Set junction box switches to conditioned normal
(CN) and conditioned axial (CA). Both should read
*.0000".

Ensure all tools and loose equipment is removed
from the tunnel and doors are secure.

Start tunnel with model at eight degrees AOA.
Set Q (speed) of the tunnel. (10,30,50,70)

Vary AOA and record counts axial & normal
(conditioned).

Return model to zero AOA and turn off tunnel
motors.

Re-zero normal & raw axial channels if necessary.

Check and record temperature of the tunnel. Allow
tunnel to cool to approximately the same
temperature as the start up temperature of the
tunnel.

*note: axial channel is very susceptible to large
temperature variations.

When temperature stabilizes, prepare to continue
to next higher Q (speed).

Go to step #16 and continue.

40
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APPENDIX D : FIGURES

Fig. 1 Smooth/Scout Nose
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Fig. 3 Attack Nose
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4 Center Section
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Fig. 5 Balance
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Fig. 20 Test Calibration Rigging
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