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Abstract 

A wind tunnel Investigation of three basic shapes (cubes, rectangles, 

and cylinders) was conducted to determine the aerodynamic characteristics 

of similar shaped cargos carried externally by helicopters or V/STOL 

aircraft.   The ratio of side ar«a to frontal area (A /A ) was used as 

a parameter to plot the lift* drag, and pltchlna moment versus anale of 

attack for the three shapes.   All tests were conducted at Reynolds 

numbers between 105 and 106,   The aerodynamic characteristics of the 

rectangles did not vary with Reynolds number.   The cylinders, however, 

were all tested at Reynolds numbers slightly less than critical, and 

therefore, the cylinder forces In this report will be higher than 

those obtained at slightly larger Reynol 's numbers.   The lift, drag, 

and pitching moment coefficients were plotted for angles of attack 

from +5° to -90°.   The change In slopes of the pitching moment of both 

rectangles and cylinders was smooth and gradual Indicating no rapid 

changes In static stability.   A nose fain no was found to reduce the 

aerodynamic forces on a rectangle substantially at 0° angle of attack^ 

but Increased the forces for aniles laroer than -45°.   By using a 

very flat nose fairing (i.e. 10% of model length or less) It was possible 

to reduce the drag by 30% at 0° angle of attack without Increasing the 

forces at the larger angles of attack. 
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I.    Introduction 

History 

Until recently, helicopter speeds were not high enough to produce 

large aerodynamic loads on cargo suspended outside the helicopter. 

With the advent of the rigid rotor helicopter, compound helicopter, 

and various V/STOL vehicles, which are capable of much higher cruise 

speeds, aerodynamic forces on the cargo may severely limit the per- 

formance of these towing aircraft.   These limitations may come f-om 

large lift and drag forces or from unstable cargo/sling systems 

whose flucuatlons endanger the towing vehicle. 

Previous Investigations of non-aerodynamic bodies were mainly 

concerned with drag.   Most of these tests were conducted In the 1920's 

and 1930*5 for biplane wing struts and supports as well as for 

designing automobil« shapes.   The majority of this data was two- 

dimensional or. In the case of automobiles. In ground effect.   Hoemer's 

book (Iter 1:3-17) seems to have the most complete data for the drag of 

these various shaped objects.   This reference was used as a basis to 

check the accuracy of some of the test results. 

The Air Force has several missions requiring the transportation 

of many different cargo configurations.   Accurate prediction of range 

and time required can be obtained only when the effects of the cargo 

on the towing aircraft's performance are known.   To obtain this 

Information Aeronautical Systems Division has requested AFIT to 

provide wind tunnel data on various cargo configurations.    Flight 

tests have been planned to correlate the wind tunnel results with 

actual flight conditions (Ref 2). 
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This study Is the Initial wind tunnel Investigation of the 

aerodynamic characteristics of non-aerodynamic shapes. 

Purpose 

The purpose of this Investigation Is to obtain the lift, draq, 

and pitching moment characteristics of three basic shapes; cubes, 

rectangles, and cylinders.   The characteristics are plotted versus 

angle of attack for three ratios of side area to frontal area (A$/A ). 

Area ratio was chosen as a parameter richer than a simple length to 

width or length to diameter ratio so that more complicated cargo 

configurations might be approximated by this data. 

In addition to the three basic shapes, the effects of different 

nose fairings on one of the rectangles was Investigated.   The purpose 

of this secondary Investigation was to determine If any Improvement 

In the aerodynamic characteristics could be obtained. 

The final goal of this data Is to be able to predict the effects 

of an external cargo on the performance of the towing vehlchle. 

Assumptions and Limitations 

The assumptions used and the limitations which occured In this 

study are as follows: 

1. The effect of Interference between the model and the balance 

support was assumed to be small using the procedures outlined In 

this report. 

2. It was assumed that the model mounting system used would 

give similar characteristics as the full scale cargo. 

3. The cylinder tests were limited to Reynolds .lumbers below 

the critical Reynolds number due to tht maximum capacity of the 

balance. 

wm . 
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II. Apparatus 

The equipment used In this Investigation consisted of the AfIT 

fourteen-Inch wind tunnel« a pyramidal balance, a model mountlnq 

system, and several models of various sizes. 

Wind Tunnel 

The AFIT 14-1n wind tunnel Is a slnqle return, closed circuit, 

tunnel with provisions for 10% air exchange, Introduced Just prior to 

the fan.   The dimensions and layout of the tunnel are shown In Fig. 1. 

The test section Is circular and Is 32.5-1n long.   The entrance 

diameter Is 13.875-in and the exit diameter Is 14.0-1n.   This slight 

divergence allows for the boundary layer growth along the walls 

of the test section.   The top half of the test section Is removable to 

provide access to the model and model mounting system.   The top Is 

constructed of clear Plexiglas for observations or photography 

while the tunnel Is In operation (Fig. 2). 

The power for the tunnel Is provided by a 120 hp electric motor- 

generator set.   It Is connected to the tunnel fan by a belt drive 

system.   The tunnel speed Is varied from zero to maximum by rheostats 

on a control panel left of the balance read-out panel (See Fig. 3). 

Balance 

The balance Installed In the AFIT 14-in wind tunnel Is a three- 

degree-of-freedom, null type, pyramidal balance.   Lift, drag, and 

pitching moment are measured; yaw, side force, and rolling moment are 

restrained.   Three automatic beam-balance scales measure the lift, drag, 

and pitching moment.   Tunnel dynamic pressure Is measured by a separate, 

sylphon actuated beam balance.   Lift, drag, pitching moment, dynamic 
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Fig. 2.   Plexiglas top of test section. 

Fig. 3.   Wind tunnel control panel and balance read-out panel 
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pressure and balance angle of attack are displayed on a remote balance 

read-out panel. 

The angle of attack of the model can be changed from ±45* by a 

control on this panel.   The load capacity and accuracy of each scale 

are given In Appendix A, Table I. 

Model Mounting System 

The model Is supported by three struts.   The front two struts are 

stationary and the rear strut Is movable.   Pitching of the model Is 

accomplished by a motor-actuated pitching arm, which moves the rear 

strut up or down.   The pitching arm Is controlled by the switch on the 

balance read-out panel.   The front struts are enclosed In fairings to 

minimize the tare forces and Improve the flow characteristics.   Dummy 

fairings are Installed In the upper half of the test section as an Image 

system to provide symmetrical flow. 

The model Is attached to a 1/4-1 n rod Installed between the two 

front struts.   A clamp and bolt arrangement In each model Is used for 

this purpose.   A fairing material such as bee's wax Is placed In the 

attachment holes on th* model after It Is attached to the supporting 

rod.   Two arms at the ends of the red are connected to the rear support 

and contain two set screws to fix the angle of attack of the model 

with respect to the balance angle (Fig. 4).   Figure 4 shows the model 

mounted Inverted.   This mounting position Is explained further In the 

section UA procedures. 

Models 

The models were constructed by the AFIT shop.   The rectangular 

models were birch, sanded and lacquered.   Generally, two Inch models of 

various lengths were used because they were the most compatible to the 

Y, ".  
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Flg. 4.   Model mounting system, 

tunnel test section and gave the most conslstant results.   The nose 

fairings on the rectangular model were sculptured from bee's wax using 

a template and pallet knife (Fig. 5). 

The cylindrical models were machined from aluminum stock to 

appropriate dimensions so as to give Integer values to the ratio of 

projected side area to frontal area (A./A ).   All models used In this 

study are shown In Fig. 6. 

Ultraviolet Light 

Two 100-watt ultraviolet lights were used to obtain fluorescence 

of oil films on the models.   This was used to study the boundary layer 

and the mounting system Interference effects.   A short film strip 

showing the boundary layer on several models is Included with this 

report. 
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Fig. 5.   Comparison of 2x2x4-1n rectanqle with 
2-1/2 Inch elliptical nose fairing and blunt nose 
model. 

Fig. 6.   Test models. 

8 
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III. Procedures 

The procedures used In this Investigation Mere confined to three 

separate areas; the calibration of equipment, the model tests, and the 

data reduction. 

Calibration of Equipment 

Lift, drag, and pitching moment tare values were obtained by 

Installing only the model support system In the tunnel test section. 

Static readings (I.e. wind off) were recorded for different angles of 

the balance.   Then the forces on the balance were recorded for a given 

tunnel speed.   Finally, static readings were taken after the run and 

the average of the pre-run and post-run readings were subtracted from 

the force readings.   These data were plotted versus angle of the 

balance and used as the tare values for the actual tests. 

The calibration of the tunnel speed, lift, drag, and pitching 

moment scales was accomplished by AFIT personnel.   The calibration 

curves are Included In Appendix (Flg. B.6-B.9). 

When a model Is Installed In the test section. Interference 

effects between the model and the model support tend to change the 

tare values.   To obtain the magnitude of these effects, a knife edge 

support was constructed to support the 2x2x2-1n cube from the top of 

the test section (See Fig. 7).   This permitted the model to be 

positioned close to, but not actually touching the model support. 

Tare runs were made at a tunnel speed of 0 = 50 psf and with the model at 

0° and -90° angle of attack.   The tunnel speed was limited to 0 ■ 50 psf 

because of severe lateral vibrations of the model in the -90° position. 

The interference effects are shown in Fig. B.4.   For certain balance 
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Flg. 7.   Model support used In measuring Interference effects, 

angles, the Interference Is negligible and to avoid having different 

tare values for each different model, only these engles were used In the 

model test procedure. 

The amount of deflection (twist) of the 1/4-1n rod supporting the 

model Is shown In Appendix B., Figure B.5.   Under the loads considered 

In this study, the deflection was approximately 0.1°.   This was less 

than the accuracy with which the model could be set and was neglected In 

all the tests. 

Model Tests 

All the models were mounted In the test section In the Inverted 

position (See Fig. 4).   By limiting the balance angle from ♦IS- to ♦#••, 

the Interference effect of the model on the support was minimized. 

This Interference Is primarily from the wake of the model Impinging on 

the rear support of the balance, shielding It from the full dynamic 

10 
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pressure In the test section and resulting In lower tare values.   In 

general, the models were always mounted so the wake passed well above 

the rear support.    Exceptions to this were the longer models at angles 

of attack from -60° to -90° where It was Impossible to keep the wake 

entirely above the rear support.   Slight errors In drag and pitching 

moment might be expected In these cases. 

The models tested were to be rotated from ^5° to -90°.   A standard 

routine was used In all the tests.   First the balance was set at an 

angle of +20° and the model mounted inverted at 0s.   The top of the test 

section was secured and static readings were taken at balance angles 

from +15° to +49°.   The tunnel speed was set and readings were recorded 

for the necessary data points.   This provided test data for model angles 

of +5° to -29°.   Now the balance was set at 20° and the model remounted 

at -30°.   The above procedure was repeated to obtain test data for model 

angles of -30° to -59°.   This routine was repeated twice more to obtain 

test data for model angles up to -90°.   The tunnel speed was limited by 

the drag scale capacity for certain models or model configurations. 

Table II In Apoendlx A summarizes the test program used In this study. 

Data Reduction 

The raw data was obtained by subtracting the average static forces 

found before and after the run from the Indicated forces recorded 

during the run.   From this, the tare values were subtracted and the net 

forces were corrected according to the calibration curves In Appendix B. 

The tunnel speed (Q) was corrected for solid blockage In the test 

section.   Three-dimensional wind tunnel boundary corrections were 

checked but found to be negligible In this Investigation.   All 

11 
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I 
coefficients were based on the model frontal area at 0° angle of 

attack. 

These procedures are sunmaHzed In Pope (Ref 3:337) and are 

Illustrated with sample calculations In Appendix C. 

12 
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IV. Accuracy 

The 2x2x2-1n cube was used as a control model for the test. 

Previously published data for drag of cubes at 0° angle of attack 

was used as a basis of comparison (Ref 4:32).   During the tests, runs 

on the 2x2x2-1n cube were repeated periodically to Insure that the 

calibration and tare values remained constant.   Average deviations 

from the original run are as follows:   Lift 0.05 lb. Drag 0.06 lb, 

Pitching Moment 0.09 In-lb. 

The accuracy of the angle of attack setting was within ±1* due to 

the flexibility of the mounting system and the error Induced when 

setting the model angle with the Inclinometer. 

No Indicated change In lift, drag or pitching moment forces was 

observed when the tunnel speed was changed by ±0.5 psf, and It 

was assumed the speed could be set within the accuracy of the other 

components. 

The repeatability of the data for the 2x2x2-1n cube Indicates the 

forces measured were within the required accuracy for this test. 

Interference and Tare Effects 

To determine the effects of model Interference with the balance 

several tests were run on the 2x2x2-1n cube.   First, It was 

established that tare value variations could be minimized by limiting 

the balance angles used In each test (See procedures).   Then, 

possible Reynolds number's effects were Investigated using different 

tunnel speeds and different size cubes. 

The drag, lift and pitching moment are shown In Flg. B.10, 

Fig. B.ll, and Flg. B.12, respectively.   The forces on the lxlxl-1n 

13 
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Fig. 8.   Comparison of center mounting system and top mounting 
system for a 2x2x2-1n cube. 
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cube were too small to measure accurately and the data for this model 

are shown only to Indicate that the curve shapes or trends are 

similar to the two larger models.   The data presented were not 

corrected for the amounts of the support rod covered by each model. 

A check of several data points using this correction accounts for the 

difference In the curves of the 2-1 n cube and the 3-1 n cube.   This 

Indicates there was very little change In the forces with Reynolds 

number for rectangular shaped objects.   This Is due to the sharp 

edges of the model which definitely establishes the separation point 

regardless of the Reynolds number (Ref 4:31). 

The amount of the support rod which Is covered or shielded by 

the model definitely changes the tare values.   This was not accounted 

for In the tests since It Is a variable with the angle of attack.   The 

greatest error occurs at -90° where the rod lies In the stagatlon area 

of the leading face of the model. 

The support rod mounted on the top of the model also effects the 

flow around the model.   Figure 8 compares the lift, drag and pitching 

moment of the center mounted cube and the top mounted cube.   The tares 

for the center mounted model were corrected for the shielded portion 

of the rod.   Figure 9 compares the top mounted and center mounted 

2x2x4 rectangle.    In this case, very little difference Is noted 

except In the magnitude of -he pitching moment curve.   It Is concluded 

that the top mounted model provides realistic values of the forces 

for area ratios of 2 or greater, 

Fluorescent-011 Film Study 

In order to study the effects of the mounting rod and certain 
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Fig. 9.   Comparison of center mounting system and top mounting 
system for 2x2x4-1 n rectangle. 
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flow characteristics, a fluorescent-oil film Investigation of several 

models was made.   This technique Is based on the fact that ordinary 

engine oil (SAE 30) Is fluorescent under ultraviolet light (Ref 5). 

The boundary layer action moves the oil film Into definite patterns on 

the surface of the model.   These patterns provide qualitative 

Information such as areas of separated flow, areas of reversed flow, 

and transition points from laminar to turbulent flow.   Photographs 

of several models are shown In Fig. 10. 
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Fig. 10. 
cube at 0" 

(f) 
011 film studies, 

(b) 
Flow from right to left.    («.)    3x3x3-1n 

3x3x3-1n cube at -30°;   (c)   3x3x3- In cube at -90° 
(d)    2x2x2-in cube with centermount;    (e)   2x2x2-1n cube with top 
mount;    (f)   Cylinder (Ae/Aw - 3) at-45°;   (g)    Cylinder (Ae/Av - 3) 
at -60°. s    x s   x 
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V. Discussion of Results 

Rectangles 

All coefficients In this report are based on the frontal area 

at 0° angle of attack.   The results of the tests have been plotted 

using a sign convention of nose down moment as negative, and upward 

force as positive.   Since the models were mounted Inverted» the signs 

for the lift and pitching moment data were reversed.   Therefore, signs 

of these forces were changed to correspond to the actual support 

system as shown In the model sketch at the top of each figure. 

The drag curves for rectangles are shown In Fif. D.I.   Typically, 

the curves Increase with Increasing angle of attack due to the larger 

profile area exposed to the free stream.   The cube Is an exception, 

and shows a decrease In drag for angles of attack greater than -30°. 

This effect comes from the support Interference and a more accurate 

representation of cube drag was shown previously In Fig. 8.   This 

Interference was less noticeable In the higher ratios (A /A ) as 

confirmed by Fig. 9.   Therefore, the data has been presented using 

the top mounting system since It produced better pitching moment data 

as well as being more representative of actual support systems. 

The lift coefficients for three area ratios are shown In Flg. D.2. 

In general, the lift decreased from zero until reaching an angle of 

attack between -40° and -60° where It Increases back to zero at -90°. 

The cube Is again an exception due to the support Interference. Fig. 8 

again shows that cube lift remains essentially zero through the angle 

of attack range of 0° to -90°.   The variations around zero are caused 

by Inaccuracies In measuring very small forces and reducing them to 
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non-dimensional or coefficient form. 

The pitching moment coefficients are shown In Fig. D.3. 

Negative slopes occur for area ratios at all angles of attack less 

than -30°.   Positive slopes occur from -5° to -30° but the slope 

changes are smooth and gradual and do not Indicate rapid stability 

change In this range. 

Cylinders 

The flow patterns on the cylinder are considerably more complex 

due to the transverse flow at angles of attack other than zero. 

Calculations of the Reynolds number for the cylinder model Indicated 

the tests were being conducted very near the critical Reynolds number 

or transition region (Ref 6:250).   A flow visualization study was 

conducted using the fluorescent-oil film technique.   This Indicated 

that laminar flow existed up to tunnel speeds of 0 * 50 psf.   In other 

words, the tests were conducted at Reynolds numbers slightly less than 

the critical Reynolds number.    It Is well known that a decrease In 

cylinder drag occurs after transition to turbulent flow due to the 

delay In flow separation.   While It would have been desirable to test 

the cylinders at these higher Reynolds numbers, the size of the test 

section and the capacity of the balance limited the Reynolds number 

obtained to less than critical.   However, this data should be 

useful In predicting trends of the lift, drag, and pitching moment at 

higher Reynolds nunbers. 

The cylinder drag coefficients are shown In Flg. D.4., and 

agree with those published by Hoemer (Ref 1, 3-12) at 0° angle of 

attack.   The cylinder drag Initially Increases with decreasing angles 

of attack, reaching a peak which Is a function of the projected side 
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area to frontal area ratio.   The larger the area ratio, the more 

negative angle of attack Is required for the drag to peak.   The 

decrease In drag at the larger negative angles Is due to the lessened 

drag for the rounded sides of the cylinder as compared to the blunt 

face of the cylinder. 

The cylinder lift varies largely with the area ratio.   The lift- 

ing force produced by a cylinder at negative angles of attack Is the 

result of the positive force produced by the blunt face at a positive 

angle of attack and the negative force produced by the sides of the 

cylinder which are at negative angles of attack.   For area ratios of one, 

the force from the blunt face predominates resulting In a positive 

lift force.   At area ratios of two, the forces are approximately 

balanced and the resultant force Is very nearly zero.   At a larger area 

ratios, the forces on the sides of the cylinder are greater and 

produce negative resultant forces. 

The pitching moment produced by the cylinder Is similar to that 

of the rectangle as shown In Flg. D.6.   All area ratios have negative 

slopes after -30° anqle of attack.   The slones from -30° to 0° are 

slightly positive or zero, but the changes are smooth and gradual 

Indicating no rapid or radical chanqes In pitching stability. 

Nose Fairings 

Three different nose fairings were tested on the 2x2x4 rectangle 

to determine their effects on the aerodynamic characterlsltlcs.   They 

are compared with the blunt rectangle to Illustrate the magnitude of 

the changes. 

The drag coefficients are shown In Flg. D.7.   The hemisphere 
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and 2-in ellipse fairing produce almost Identical drag coefficients 

and show a decrease In drag of over SO% at zero degrees angle of 

attack.   However, this advantage decreases as the angle of attack 

becomes more negative, until at -45° the drag becomes greater than 

the blunt body due to the Increased profile area produced by the 

fairings.   The 2-1/2 Inch elllotical nose fairing reduced the drag at 

0° angle of attack by 30%.   This fairing also reduced the drag below 

the Hunt body values up to angles of attack of -A)0 where It retained 

approximately the Seme d-ig coefficient as the blunt body up to -90°. 

All the fairings produced Increased negative lift coefficients as 

shown In rig. 0.8.   The magnitudes of these Increases are a function 

of the Increased profile area attributed to the fairing. 

The pltcltlng moments have positive slopes from 0° to -40° and 

negative slopes from -40° to -90° as shown In Flg. D.9.   Larger values 

of pitching moment occur for longer nose fairings.   Again, the slope 

changes appear to be smooth and gradual Indicating no rapid changes In 

static stability. 
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VI.   Conclusions and Reconwendations 

In establishing the aerodynamic characteristics of rectangular and 

cylindrical shapes, the following conclusions were reached: 

1. Reynolds number effects were negligible for rectangular shapes. 

This was a result of the flow visualization studies and a 

comparison of force data of the 2x2x2-1 n cu.He and the 3x3x3-1 n 

cube.   The cylinders, of course, are definitely affected by 

Reynolds number and the values shown In this report would be 

expected to be less for slightly higher Reynolds numbers. 

2. The support Interference was difficult to measure and eliminate. 

It was most apparent on the small models and those with low 

area ratios.   For area ratios of two or greater, Che top 

mounted support gives the best results since it corresponds to 

the actual support system.   For smaller area ratios, errors in 

the lift and drag forces dictate a center type mounting.   This 

changes the magnitude of the pitching moment, but the slopes of 

the pitching moment curve remain essentially the same. 

3. A rounded nose fairing reduced the drag by a significant 

amount at low angles of attack, but tended to increase the drag 

at angles of attack larger than -45°.   It was determined that 

a flat fairing which does not increase the length of the cargo 

by more than 5% to 10X will result in a substantial decrease 

in drag at small angles of attack without producing an Increase 

in drag at the larger angles of attack. 

To further substantiate the data in this report, it is recommended 
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that a representative model be tested In the AFIT five foot wind 

tunnel.   The larger test section and wire-type balance should establish 

any error produced by the original support system.    It Is recommended 

that several similar fairings be tested as a tall fairing on the 

2x2x4-1 n rectangle to determine whether the nose fairing or the tall 

fairing Is the most advantageous.   The cumulative effect of using both 

nose and tall fairings could also be assesed. 
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Appendix A 

In table I, the capacity and accuracy of the AFIT 14-1n wind tunnel 

Is shown.   Table II summarizes the test pronram showing model sizes, 

configurations, etc. 

»     '«■ 
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Appendix A 

Table I.    Capacity and Accuracy of Balance   (Ref 7) 

LOAD CAPACITY REQUIRED 
ACCURACY 

Lift 

Drag 

Pitching 
Moment 

Dynamic 
Pressure 

Angle of 
Attack 

+ 50 lbs 
- 25 lbs 

± 10 lbs 

i 30 lbs 

500 lb/ft2 

± 50° 

± 0.05 lb 

± 0.01 lb 

± 0.05 in-lb 

± 0.5 lb/ft2 

0.1° 
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Table II. Test Protjram 

Appendix A 

MODEL VAx ANGLE OF ATTACK 
RANGE (deg) 

TUNNEL SPEED 
Q (psf) 

REYNOLDS 
NUMBER 

2x2x2-1n rec. 1 ♦5 to -90 50 213,000 

2x2x4-1n rec. 2 ♦5 to -90 35 356.000 

Ix1x3-1n rec. 3 ♦5 to -90 50 316,000 

1.95x1.54-1 n cyl. 1 ♦5 to -90 50 162,000 

1.95x3.08-1 n cyl. 2 ♦5 to -90 50 321,000 

1.95x4.59-1 n cyl. 3 ♦5 to -90 50 489,000 

2x2x4-1n rec. 
2-1/2 In 45° 
elliptical nose 

2 ♦5 to -90 35 356,000 

2x2x4-1 n rec. 
2-1 n 45° 
elliptical nose 

2 +5 to -90 35 356,000 

2x2x4-1n rec. 
2-1 n dla. 
hemisphere nose 

2 +5 to -90 35 356,000 
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Appendix B 

This appendix contains all the wind tunnel calibrations used In 

this Investigation.   In addition, several figures Illustrate the 

Interference and Reynolds number effects discovered during the tests. 
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Fig. B.l. Drag tare values for various settings of 
wind tunnel dynamic pressure (Q). 
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Flg. B.2.   Lift tare values for various settings of 
wind tunnel dynamic pressure (Q). 
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Flg. B.3. Pitching moment tare values for various 
settings of wind tunnel dynamic pressure (Q). 
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Flg. B.4. Effects of model Interference with balance 
supports on drag tare values. 
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Flg. B.5.   Calibration of deflection (twist) of l/4-1n rod used as 
model mount. 
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Flg. B.6.   Calibration of drag scale. 
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Flg. B.7.   Calibration of lift scale 
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Fig. B.8.   Calibration of pitching moment scale. 
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Fig. B.9.    Calibration of dynamic pressure scale. 
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Flg. 8.10.   Drag coefficient vs angle of attack for cubes of 
various sizes. 
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Fig. B.ll. Lift coefficient vs angle of attack for cubes of 
various sizes. 
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20      -10 

Flg. B.12.   Pitching moment coefficient vs angle of attack 
for cubes of various sizes. 
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Sample Calculations 

Th« wind tunnel data In this report have been reduced by methods 

described by A. Pope In his book Wind Tunnel Testing (Ref 3:337).   The 

numbers used In the sample calculations are from the 2x2x2-1n cube at 

30° angle of attack and with the tunnel speed set at Q ■ 50 psf.   All 

coefficients are based on model frontal area at 0° angle of attack. 

Tunnel Blockage Factor 

e - (MFA ♦ SFA)/4C 

e - (4 Sin 30° •»• 4 Cos 30° ♦ 26.0)/4(150) 

e ■ 0.0525 

Corrected Dynamic Pressure 

Q • Qu(l ♦ 2e) 

Q • 50n + 2(0.0525)] 

Q ■ 55.25 psf 

Drag Coefficient 

C0 • D/QS 

D-LWCO^VD^-CO,*!,)] 
Where       0* "♦" L + D« " Net drag force from wl r.d tunnel data s      m      m 

D   + Im ■ Tare values from Fig. B.l. 

1.04 ■ The slope of the drag calibration curve. 
Flg. B.6. 

I    Is assumed to be 0. m 

0 - 1.04[4.51  - 2.56] 

D - 2.03 lb 

CJJ ■ 2.03/(55.25)(0.0278) 

CD - 1.325 
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CL - CL[1 - T2«(S/C)(57.3)(a)] 

L/QS 

^-^♦».♦^-^♦w 
Where        L. ♦ I_ ♦ L. ■ Net force from wind tunnel data 

L. ♦ I« ■ Tare values from Flq. B.2. s       m 

L 

L 

L 

CL 

CL 

T2 

6 

C. 

I. Is assumed to be 0. 

■ (-0.29) - (0.30) 

- -0.59 

■ +0.59 lb Since model was mounted Inverted. 

- 0.59/(55.25)(4.0/144) 

- 0.386 

- 0.25 (Ref3.318) 

■ 0.125 (Ref3.297) 

^ - 0.386[1 - 0.25(0.125)(4.0/150)(57.3)(0.2/10)] 

CL - 0.385 

The streamline curvature corrections were found to be small and 

have been neglected. 

Pitching Mpment Coefficient 

Cm - M/QS1 

"•tWV-^m'V 
Where   M + I + M ■ Net pitching moment from wind tunnel data s  m  m 

PL ♦ I. ■ Tare values from Flg. B.3. s   m 

1 ■ Model length at 0° angle of attack 

I. Is assumed to be 0. 

M ■ (-1.35)-(-2.90) 
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M 

M 

Cm 

C
m 

Reynolds 

+1.55 

-1.55 tn-lb Since model was mounted Inverted. 

-1.55/(55.2S)(0.0278)(2.0) 

-0.506 

Number 

Rn • pVl/y 

T ' • 340C + 273 

P ' ■ 29.098 In-hg 

Q' ■ 55.25 psf 

P • • P.(P/P.)(T./T) 

P • > 0.002378(29.098/29.920)(288/307) 

P ■ • 0.00217 lb-sec2/«** 

y ■ • [358.3 + 0.987(oC)]10'9 

M ■ « [358.3 + 0.987(34)]10'9 

u • • (391.9)10*9(lb-sec/ft ) 

V • •• ^Q/P 

V - >/ 2(55.25)/(ö.öö217) 

V - ■ 225 ft/sec 

1 - 2/12 

1 - 0.1667 ft 

(0.00217)(255)(0.1667)/(391.9)10' 

208,480 
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The following figures represent the lift, drag, and pitching moment 

coefficients versus angle of attack for rectangles and cylinders.   The 

lift, drag, and pitching moment coefficient for a rectangle with 

various nose fairings Is also shown. 
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Fig. D.I.   Drag coefficient vs angle of attack for rectangles 
at different ratios of side area to frontal area (As/Ax). 
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Flg. 0.2.   Lift coefficient vs angle of attack for rectangles at 
different ratios of side area to frontal area (As/Ax). 
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Flg. D.3.    Pitching moment coefficient vs angle of attack for 
rectangles at different ratios of side area to frontal area 
(A$/Ax). 
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Flg. 0.4. Drag coefficient vs angle of attack for cylinders at 
different ratios of projected side area to frontal area (A /A ). s x' 
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Flg. D.5.   Lift coefficient vs angle of attack for cylinders at 
different ratios of projected side area to frontal area (A /Ax). 
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AFIT 14-INCH WIND TUNNLL 
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Flg. D.6.    Pitching moment coefficient vs angle of attack for 
cylinders at different ratios of projected side area to frontal 
area (A /A ). 
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ANGLE OF ATTACK (DEGREES) 

Fig. D.9.    Effects of different nose fairings on pitching 
moment of rectangular shape (As/Ax"2). 
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