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part is discussed in detail im Part II of this report, and the experimental

PROPELLER STUDY PART I
INTRODUCTION AND OVERVIEW

This study, begun in November, 1972, had as its objective the deter-
mination of &riteria for the acoustical design of general aviation propellers.

The study included a theoretical and an experimental part. The theoretical

program is discussed in Part III.

Theoretical Study

The theoretical study was cénfined to consideration of a free-running

propeller at zero angle of attack speéified over speed. The aerodynamic

‘model consisted of a lifting surface vortex sheet for the blade, attached

té a ﬁelical vortex sheét extending downstream to infinity.. Superposed
on the blade vortex sheet was a source-sink distribution to model thickness
effects. The general aefodyﬁamic-acoﬁétic theory for tﬁis system was then
develaoped, including first-order tﬁickness and camber effects. |

In order to make the optimum design problem numerically tractable,
a simplified fﬁrm of the general proélem was formulated which replaced the
lifting surface with a line vortex, ignoring thickness and camber effects.
The acousﬁical model ﬁas gimplified to contain oﬁlj a radial line dipolé

representing blade-loading effects only. A non-linear program formulation

~ for this simplified problem was developed and numerical solutions were

obtained. The details of the method and the results are contained in

~Part II of this report.

Experimental Program

The initial expectation in the program was to utilize the results of

the theoretical investigation to. design and manufacture a propeller which

would then be mounted on a YO-3A aircraft, and the noise and performance
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Yg- characteristics measured. Difficulties with the theoretical study precluded E
- this event however, and the focus of the experimental portion of the program | ?
A . I
LE ' was the measurement of thrust and tbrque of the propeller in flight. 5
i The ac;essibility of approximately 20 cm. of propeller shaft forward ;
gj of the main propeller- shaft bearing on the aircraft indicated that direct E
a 1 instrumentation tb measure strains in this portion of the shaft was the - ;]
. 'appropriate approach to measurement of thrusﬁ and torque. Two methods of
:j measuremeﬁt weye congidered. Mechanical amplification of the thrust-induced _
| o strains in the shaﬁ; was pursued‘td the point of laboratory bench testing. :
1 mé The presence of severe_torque-induced signals in the mechanically amplified i
ré thrust signals could-ndt be resolved, and this approach was discarded. The ﬁ
- direct measurement of shaft strains using foil gauges for the torque-induced ;EH
/ _g strain measurement and using semiconductor gauges for the measurement of |
e thrust-induced strain was adopted._ The presence of torque-induced signals

in the thrust-induced measurement could not be avoided. However, laboratory

B
LS

bench tests and in situ static tests on the aircraft demonstrated that these

i

effects were repeatable and calibratable.

A series of flight tests were conducted during the Spring of 1977

F}Hﬁé )
| PR

utilizing this method. The results were not definitive due primarily to .

.

e | e ot gy gy

the presence of unanticipatred temperature gradients in the shaft. The

' experimental set-up was designed on the expectation that the temperatufe

. {.‘:ﬂ‘ﬁv‘-“"}
T

of the engine oil in the shaft used to energize the constant~spéed'propeller

|
I

‘would determine the steady state temperature of the shaft itself. It was >

discovered during the course of the flight tests that ambient air in the

‘.}»‘-:"'-'L

‘shaft compartment had at least as large am effect on shaft temperature, and

ﬁhe-lchgitudinal temperature gradients generated by this effect preventeqd

the acquisition of reliable data. The primary préblem due to the temperature
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gradients is the extreme temperature sensivity of the foil gauges used
for the thrust measurement. Time did not permit refinement of the installa-
pion to account for these thermal effects; however, it was concluded that
they could be accounted for and reasonable résults could be éXpecﬁed
utilizing this technique. The details of this study are presented in
Part III of this report.
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Technical
Report
Number Title Author Journal Publicatgion
AAE 62-1 An Introduction to Viscoelastic H. H. Hilton Engineering Design for
Analysis Plastics, Reinhold Publ.
Corp., N.Y., 199-276
(1964).
AAE 62-2 A Method of Characteristics Analysis R. A. Strehlow
of Detonation Stability
AAE 63-1 On Non-Stationary White Noise Y. K. Lin J. Acoust. Soc. Amer.
36:82-84 (1964).
AAE 63-2 Formulation and Evaluation of H. H. Hilton Proc. Conf. on Thermal
Approximate Analogies for Transient and Loading and Creep, Inst.
Temperature Dependent Linear J. R. Clements Mech. Eng., London,
Viscoelastic Media 6.17-6.24(1964).
AAE 63-3 Free Vibrations of Continuous Skin- Y. K. Lin AFML-TR-64-347, Wright-
Stringer Panels with Non-Uniform T. J. McDaniel, Patterson AFB (1965).
Stringer Spacing and Panel Thickness B. K. Uonaldson,
C. F. Vail and
W. J. Dwyer
AAE 64-1 Random Vibrations of a Myklestad Beam Y. K. Lin ATAA J., 2:1448-1451 (1964).
AAE 64-2 On Detonation Initiation R. A. Strehlow AIAA J., 2:783-784 (1964).
AAE 64-3 A Theoretical Investigation of a Restric- R. B. Gilbert AIAA J., 4:1777-1783 (1966),

tive Model for Detonation Initiation
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RECENT AERONAUTICAL AND ASTRONAUTICAL ENGINEERING DEPARTMENT TECHNICAL REPORTS (continued)

Technical
Report -
Number Title Author Journal Publication
AAE 64-4 Transfer Matrix Representation of Flexible Y. K. Lin J. of Aircraft, 2:116-121
Airplanes in Gust Response Study (1965), -
AAE 64-5 Dynamic Characteristics of Continuous Skin- Y. K. Lin Acoustical Fatigue in
Stringer Panels Aerospace Structures,
Syracuse Univ. Press,
163-184 (1965).
AAE 64-6 Experimental Study of the Growth of Transverse R. Liaugminas See AAE 66-3
Waves in Detonations
AAE 64-7 Nonstationary Excitation and Response in Y. K. Lin Journal of the Acoustical
Linear Systems Treated as Sequences of Random Society of America, 38:
Pulses 453-460 (1965).
AAE 65-1 Transverse Waves in Detonations :ﬁdA. Strehlow Combustion and Flame,
F. Dan Ferna. les 2:109-119 [1965).
AAE 65-2 A Summary of Linear Viscoelastic Stress H. H. Hilton Solid Rocket Structural
Analysis Integrity Abstracts, 2:
1-56 (1965),
AAE 65-3 Approximate Correlation Function and Spectral Y. K. Lin _AFMK-TR-66-62, Wright
Density of the Random Vibration of an Patteison AFB (1966),
Oscillator with Non-Linear Damping
AAE 65-4 Investigation of the Flow Properties Downstream R. E. Cusey See AAE 65-6

of a Shock Wave Propagating into a Convergent
Duct
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AAE 65-5

AAE 65-6

AAE 66-1

AALE 66-2

AAE 66-3

AAL 66-4

AAE 67-1
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RECENT AERONAUTICAL AND ASTRONAUTICAL ENGINEERING DEPARTMENT TECHNICAL REPORTS (continued)

Title

A Method for the Determination of the Matrix
of Impulse Response Functions with Special
Reference to Applications in Random
Vibration Problems

Convergent Channel Shock Tube for Detonation
Initiation Studies

A Comparison of Experimental and Theoretical
Transverse Wave Spacings in Detonation

A Simple Model for the Mechanism of Detonation

Transverse Wave Structure in Detonations

A Real Gas Analysis Using an Acoustic Model
for the Transverse Wave Spacing in Detonations

Shock Tube Studies in Exothermic Systems

Author

Y. K. Lin

A. J. Crooker

R. H. Watson

J. R. Eyman

R. A. Strehlow,
R. Liaugminas,
R. H. Watson and
J. R. Eyman

R. E. Maurer

R. A. Strehlow

Journal Publication

AFFDL-TR-66-80, Wright
Patterson AFB, 743-751
(1966),

"Detonation and Initiation
Behind an Accelerating Shock
Wave'" by R. A. Strehlow,

A. J. Crooker, R. E. Cusey,
Comb and Flame, 11:339-351
(1967), -

See AAE 66-3

See AAE 66-3

11th Symposium (Inter-
tional) on Combustion,
Mono Book Corp.

Baltimore, Md., (1967),

AIAA Journal, 7: 323-328,
(1969),

Phys. Fluids, 12: 96-100,
(1969).
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AAE

AAE

AAE

AAE

AAE

AAE

67-2

67-3

67-4

67-5

68-1

68-2

68-3

68-4

68-5

69-1
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NT AERONAUTICAL AND ASTRONAUTICAL ENGINEERING DEPARTMENT TECHNICAL REPORTS (continued)

Title Author Journal Publication
Shock Tube Chemistry R. A. Strehlow Progress in High Temperature

Physics and Chemistry,
Pergamon Press, N.Y., 2:
127-176 (1968).

Structural Failure Criteria fcr A. R. Zak J. Spacecraft, S: 265-269 (1968)
Solid Propellants Under Multiaxial
Stresses

Structural Analysis of Realistic A. R. Zak J. Spacecraft, 5: 270-275 (1968).
Solid Propellant Materials

Characteristics of Transverse Waves (. D. Engel AIAA Journal, 7: 492-496 (1969).

in Detonations of ”2’ Csz. C2H4
and CH4 - Oxygen Mixturés

A Review of Shock Tube Chemistry R. A. Strehlow Progress in High Temperature
Physics and Chemistry,

Pergamon Press, N.Y., 2:

1-146 (1969). -

On the Interpretavion of Molecular A. Klavins A, Klavins and L. H, Sentman

Beam Data Rev, Sci. Instr,, 41: 1560-1567 (1970).
Detonative Mach Stems R. A. Strehlow

H. 0, Barthel

On the Strength of Transverse J. R. Biller R. A. Strehlow and J. R. Biller

Waves and GCeometrical Detonation Comb. and Flame, 13: 577-582,

Cell Model for Gas Phase Detonations (1970).
The MISTRESS User Manual H. H. Hilton
The Chemical Shock Tube - R. A, Strehlow

Implications of Flow Non- R. L. Belford

Idealities
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RECENT AERONAUTICAL AND ASTRONAUTICAL ENGINEERING DEPARTMENT TECHNICAL REPORTS (continued)

Report
Number

AAE 69-2

AAE

AAE

AAE

AAE

69-3

69-4

69-5

69-6

69-7

70-1

70-2

70-3

Title

Phenomenological Investigation
of Low Mode Marginal Planar
Detonations

Multi-Dimensional Detonation
Wave Structure

An Experimental and Analytical
investigation of a Two-
Dimensionally Stiftened Panel

On the Kinetic Equations for a
Dilute, Short Range Gas

The Sawtooth Column of the
Supersonic Electric Arc in
Sulfur Hexafluoride

Theoretical and Experimental
Analysis of Stiffened Panels
Under Dynamic Conditions

On the Interaction Between
Chem:cal Kinetics and Gas-
Dynamics in the Flow Behind a
Cylindrical Detonation Front

Preliminary Studies on the
Engineering Applications of
Finite Difference Solutions of
the Navier-Stokes Equations

Some Aspects of the Surface Boundary
Condition in Kinetic Theory

Author

A. J. Crooker

R. A. Strehlow

A. R. Zak
C. E. French

T. J. Forster
L. H. Sentman

C. E. Bond

A. R. Zak

R. N. Yurkovich
J. H. Schmidt
S. Rajan

W. F. Van Tassell

A. Klavins

Journal Publication

Acta Astronautica,
1:303-315(1974).

Astronautica Acta,
15:345-358(1970).

AFML-TR-68-390, Wright-
Patterson AFB, (1969).

~with A.D. Grimm, Proc. Ninth

International Symposium on Rarefied
Gas Dynamics, A3.1-3.8 (1974).
AIAA J., 9: 510-512

as7m).

J. of Aircraft, 3: 149-
155 (1971). -

Proc. of International Symposium
on Rarefied Gas Dynamics,
Pisa, Italy (1970).
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AAE 70-4

AAE 70-5
AAE 71-1
UILU-ENG

AAE 71-2
UILU-ENG

AAE 71-3
UILU-ENG

AAE 72-1
UILU-ENG

AAE 72-2
UILU-ENG

AL 72-3
UILU-ENG

71

71

~J
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RECE

0501

0502

0503

0501

0502

0503

B

Title
A Study of the Transient Behavior of Fuel
Droplets during Combustion: Theoretical
Considerations for Aerodynamic Stripping

On the Solid Body Model for an Accelerating
Electric Arc

Detonative Mach Stems

An Investigation of Transient Phenonena
in Detonations

On the Role of Tangential Velocity Changes
in the Scattering of a Molecular Beam from
A Solid Surface

Unconfined Vapor Cloud Explosions - An

Overview

Application of Illiac IV Computer to
Numerical Solutions of Structural Problems

On the Measurement of Energy Release Rates
In Vapor Cloud Explosions

H.

Krier

F. Klett

AT
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Strehlow

. Barthel

. Stiles

Thrisman

. Sentman

. Strehlow

. Hilton

Zak
Kessler
Rockenbach

Strehlow
Savage

. Vance

NT AERONAUTICAL AND ASTRONAUTICAL ENGINEERING DEPARTMENT TECHNICAL REPORTS (continued)

Journal
Publication

with R, A. Strehlow,
A. A, Adamczyk,
Astronautica Acta,
17: 509-527 (1972)

Chemical Physics

Letters, 26:407-413(1974

Fourteenth Symposium
on Combustion, 1189-
1200 (1973).

Combustion Science
and Technology, 6:
307-312 (1972).
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Number

AAE 72-4
UILU-ENG

AAE 73-1
UILU-ENG

AAE 73-2
UILU-ENG

AAL 73-3
UILU-ENG
AAE 73-4
UILU-ENG

\AE 73-5
UILU-ENG

AAE 73-6
UILU-ENG

AAE 73-7

UILU-ENG

AAE 73-8
UILU-ENG

AAE 73-9
UILU-ENG

72

73

73

73

73

73

73

73

73
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RECENT AERONAUTICAL AND ASTRONAUTICAL ENGINEERING DEPARTMENT TECHNICAL REPORTS (continued)

0504

0501

0502

0503

0504

0505

0506

0507

0508

0509

Title -

A Performance Comparison of Several Numerical
Minimization Algorithms

Stresses and Damping in the Matrix of a
Composite Material

Early Burning Anomalies in the XM 645
Flechette Cartridge

Equivalent Explosive Yield of the Explosion
in the Alton Southern Gateway Yard, East St.
Louis, I11., January 22, 1972

Failure Studies of Gaseous Detonations

An Investigation of Hydrogen-Oxygen-Argon
Detonations

Interior Ballistic Predictions Using Data
From Closed and Variable-Volume Simulators

Theory of Rotationally Symmetric Laminar
Premixed Flames

Burning of Fuel Droplets at Elevated
Pressures

An Impact Ignition Model for Solid
Propellants

Author

J.

A.

H.

E. Prussing

R. Zak

Krier
R. Hall

. A. Strehlow

. J. Salm

R. Biller

Krier
A. Shimpi
J. Adams

M. Vance
Krier

H. Rush

. Krier

. Krier

H. Hilton
Olorunsola
L. Reuss

Journal
Publication

BRL Rept. No. 104
(1973) .

Acta Astronautica
(in press).

Proc. 11th JANNAF
Combustion Meeting, CPI
Publ., 261:17-30(1974).

Comb. and Flame J.,
22: 365-375 (1974).

Ccomb. and Flame J.,
22: 377-382 (1974).

BRL Rept. No. 1707
(1974).
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AAE 73-10
UILU-ENG 73

AAE 73-11
UILU-ENG 73

AAE 74-1
UILU-ENG 74

AAE 74-2
UILU- . 74

AAE 74-3
UILU-ENG 74

AALE 74-4
UILU-ENG 74
AAE 74-5
UILU-ENG 74

AAE 74-06
UILU-ENG 74

AAE 74-7
UILU-ENG 74
AAE 74-8

UILU-ENG 74

AAE 74-9
UILU-ENG 74

RECENT AERONAUTICAL AND ASTRONAUTICAL ENGINEERING DEPARTMENT TECHNICAL REPORTS (continued)

0510

0511

0501

0502

€03

0504

0505

0506

0507

0508

0509

Title

Optimal Multiple-Impulse Direct Ascent
Fixed-Time Rendezvous

The Structure and Stability of
Detonation Waves

Model of Flame Spreading and Combustion
Through Packed Beds of Propellant Grains

On the Nature of Non-Ideal Blast
Waves

Viscous Incompressible Flow in Spiral
Channels

Frequency Response Functions of a
Disordered Periodic Beam

Predicting Uniform Gun Interior Ballistics:
Part I. An Analysis of Closed Bomb Testing

Predicting Uniform Gun Interior Ballistics:
Part II. The Interior Ballistic Code

Predicting Uniform Gun Interior Ballistics:
Part I1I. The Concept and Design of the
Dynagun Ballistic Simulator

Process of FFluidization During Porous Solid
Propellant Combustion

An Analysis of Flame Propagation Through
Coal Dust-Air Mixtures

J. E. Prussing
L. R. Gross

R. A. Strehlow

. Krier

. F. Van Tassell
. Rajan

. T. Ver Shaw

“Cwn=Ex

R. A. Strehlow
A. A. Adamczyk

W. F, VanTassell

J. N. Yang
Y. K. Lin

i1, Krier
S. A. Shimpi

H. Krier
M. J. Adams

H. Krier
J. W. Black
H. Krier

J. T. Ver Shaw

J. L. Krazinski
H. Krier

Journ.
Publication

AIAA J., 12,

885-889 (1974).

BRL Report No. 147
(1974). Int. J. Heat-Mass
Transfer, 1377-86 (1975).

WSS/CI Paper
No. 74-12, Pullman, Wash.
(1974).

J. Sound and Vibration
38: 317-340 (1975).

Comb. and Flame J.
25: 229-240 (1975).

Proc. 11th JANNAF Comb.
Meeting, CPIA Publ. 261:
17-30 (1974).
Proc. 11th JANNAF Comb.
Meeting, CPIA Publ. 261:
31-43(1974).

AIAA Pay~r 75-242
(1975).

AIAA Paper 74-1111
(1974).
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AAE 74-10
UILU-ENG
AAE 75-1
UILU-ENG

AAE 75-2
UILU-ENG

AAE 75-3-
UTLU-ENG

AAE 75-4
UILU-ENG

AAE 75-5
UILU-ENG

AAE 75-6
UILU-ENG

AAE 75-7
UILU-ENG

AAE 75-8
UTLU-ENG

AAE 75-9
UILU-ENG
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75

75

75

75

75

75

75

75
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0510

0501

0502

0503

0504

0505

0506

0507

0508

0509

Title

An Interior Ballistics Prediction of the M549
Rocket Assisted Projectile

Dynamically Induced Thermal Stresses in
Composite Material. Structural Panels

Numerical Analysis of Laminated, Orthotropic
Composite Structures

The Characterization and Evaluation of Accidental
Explosions

Program Manual for the Eppler Airfoil Inversion
Program

Design of High Lirt Airfoils with a Stratford
Distribution by the Eppler Method

Prediction of Flame Spreading and Pressure Wave
Propagaticn in Propellant Beds

Vigorous Ignition of @ranulated Beds by Blast
Impact

Solid Propellant Burning Evaluation with the
Dynagun Ballistic Simulator

Structural Reliability & Minimum Weight Analysis
for Combined Random Loads § Strengtks

Journal
Author Publication

H. Krier

S. Shimpi

E. Meister

A. Zak

W. Drysdale

A. R. Zak

R. A, Strehlow NASA CR 134779

W. E. Baker (June 1975). Also
Progr. Energy & Comb
Sc. (in press).

W. G, Thomson

W. G. Thomson

H. Krier ﬁ{&i;l;
(in press)

H. Krier Int. J. Heat-Mass

S. Gokhale Transfer (in press)

H, Krier

T. G. Nietzke

M. J. Adams

J. W, Black

E. E, Meister

H. H. Hilton ATAA T,

(in press)
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Number

AALL 75-10
UILU-ENG

AAE 76-1
UILU-ENG

.\AE 76‘2
UILYU-ENG

AAE 76-3
UILU-ENG

AAE 76-4
UILU-ENG

AAE 76-5
UILU-ENG

AAE 76-6
UILU-ENG

AAE 77-1
UILU-ENG

AAE 77-2
UTLU-ENG

AAE 77-3
UILU-ENG

AAE 77-4
UILU-ENG

AAE 77-5
UILU-ENG

75 0510

76 0501

76 0502

76 0503

76 0504

76 0505

76 0506

77 0501

77 0502

77 0503

77 0504

77 0505

Title

Linear Viscoelastic Analysis with Random Material

Propertics

Two Degrec of Freedom Flutter of Linear Visco-
elastic Wings in Two Dimensional Flow

An Error Analysis of Computerized Aircraft
Synthesis

Reactive Two-Phase Flow Medels Applied to the
Preuiction of Detonation Transition in Granu-
lated Propellant

Transient Temperature Response of Charring
Composite Slabs

Nonlinear Response of Laminated Composite
Material Cylindrical Shells

An Investigation of Blast Waves
Generated from Non-Ideal Energy Sources

Nonlinear Dynamic Analysis of Flat Laminated
Plates by the Finite Flement Method

An Investigation of Blast Waves Generated by
Constant Velocity Flames

On the Blast Waves Produced by Constant Velocity

Combustion Waves

Direct Initiation of Detonation by Non-Ideal
Blast Waves

The Rlast Wave Generated by Constant Velocity
Flames

Author

o Hs

Hilton

Hsu

« &

s F;

Kirby

Vail
Hilton

V. V, Voloedin

H. H., Hilton

H. Krier

M. Dimitstein

S. S. Cokhale

J. E. Prussing

H. Krier

A. R. Zak

J. N. Craddock
. A, Adamczyk

A, R. Zak

R, T, Luckritz
R. A. Strehlow
R. D. Luckritz

R. J. Cesarone

S. A, Shimpi

R. A. Strehlow

Journal

Publication

In press AIAA J.

In press

J. of Aircraft
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Technical
Report Number

AAE 77-6
UILU-ENG 77 0506

AAL 77-7
UTLU-ENG 77 0507

AAE 77-8
UILU-ENG 77 (508

AAE 77-9
UILU-ENG 77 0509

.“\.‘\E 7?‘ 10
UILU-ENG 77 0510

AAE 77-11
UILU-ENG 77 0511

AAE 77-12
UILU-ENG 77 0512

AAE 77-13
UILU-ENG 77 0513

AAL 77-14
UILU-ENG 77 0514

AAE 77-15
UILU-ENG 77 0515

Title -

Exploratory Studies of Flame and Explosion Quenching

The Trajectory of a Liquid Droplet Injected Into the
Wake of an Aircraft in Ground Effect

Comparison of Viscoelastic and Structural Damping in
Flutter

The Blast Wave Generated by Constant Velocity Flames

Wind Energy: History, Economics, and the Vertical
Wind Turbine

Final Report: Low Speed Airfoil Study

Final Report: Propeller Study, Part I, Introduction
and Overview

Final Report: Propeller Study, Part II, The Design of
Propellers for Minimum Noise

Final Report: Propeller Study, Part III, Experimental
Determination of Thrust § Torque on the YO0-3A Aircraft

Direct Initiation of Detonation

-3

= =
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>

>xwn

™
¢ B
D.
. Krier

. B,

H.

- R,
i
A.
. Shimpi

R.

A.
« Rs
s Ls

Journal

Author Publication

Strehlow
Sorenson
Savage

Bragg

Hilton

Strehlow
Luckritz
Adamczyk

Richards

. Ormsbee

. Ormsbee

. Woan

Siddiqi
Sivier
Ormsbee

. A, Strehlow
« 0l

Barthel
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