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AERONAUTIC SYMBOLS
1. FUNDAMENTAL AND DERIVED UNITS -

Metric English
Symbol
. Abbrevia- X Abbrevia-
Unit tion Unit tion

Length______ l meter.____ .. ______.__ m foot (or mile) _________ ft (or mi)
Time._______ t second . __ . ___________ 8 second (or hour).______ sec (or hr)
Force..____.. F weight of 1 kilogram_.___ kg weight of 1 pound____._ ib
Power_______ P horsepower (metric) .. __|__________ horsepower._ _________._ hp
Speed v {kilometers per hour______ kph | miles per hour_._____. mph

peed.. - -—--- meters per second. _ _____ , mps feet per second_.__..__ - fps

2. GENERAL SYMBOLS

Weight=mg

 Standard acceleration of gravity=9.80665 m/s? :)

or 32.1740 ft/sec?
Mass=—

Moment of inertia=mk?. (Indicate axis
radius of gyration & by proper subscript.)
Coeflicient of viscosity

Standard

Kinematic viscosity
Density (mass per unit volume)

density of dry air, 0.12497 kg-m™*-s? at 15° C

and 760 mm; or 0.002378 1b-ft~* sec?
. Specific weight of ‘“standard” air, 1.2255 kg/m® or
of 0.07651 Ib/cu ft

3. AERODYNAMIC SYMBOLS

Area

Area of wing
Gap

Span

Chord

: . b?
Aspect ratio, S
True air speed

Dynamic pressure, -;—p &

Lift, absolute coefficient Cng—Ié

Drag, absolute coefficient OD;£“ o
Profile drag, absolute coefficient 055;(‘%5 ,
Induced drag, absolute coefficient CDi-——%
Parasite drag, absolute coeﬁicient_OD,,=§—§,

Cross-wind force, absolute coefficient OcquC;'

T Angle of setting of wings (relative to thrust line)
e Aligle) of stabilizer setting (relative to thrust
ne

Q Resultant moment
Q Resultant angular velocity

R Reynolds number, p% where /is a linear dimen-

sion (e.g., for an airfoil of 1.0 ft chord, 100 mph,
standard pressure at 15° C, the corresponding
Reynolds number is 935,400; or for an airfoil
of 1.0 m chord, 100 mps, the corresponding
Reynolds number is 6,865,000)

« Angle of attack

€ Angle of downwash

o  Angle of attack, infinite aspect ratio

oy Angle of attack, induced

P Angle of attack, absolute (measured from zero-

Lift position) ’v--

v Flight-path angle



REPORT No. 767

THE PROBLEM OF LONGITUDINAL STABILITY
AND CONTROL AT HIGH SPEEDS

By MANLEY J. HOOD and H. JULIAN ALLEN

Ames Aeronautical Laboratory
Moffett Field, Calif.

Accesion For \
NTIS CRA&! XV
DTIC TAE
Unannounced

Justification

Distribution |

Availability Coces

Avail anafor
Dist Special

1A




National AdVisory Committee for Aeronautics

Headquarters, 1500 New Hampshire Avenue NW., Washington 26, D. C.

Created by act of Congress approved March 3, 1915, for the supervision and direction of the scientific study
of the problems of flight (U. S. Code, title 49, sec. 241). Tts membership was increased to 15 by act approved
March 2, 1929. The members are appointed by the President, and serve as such without compensation.

JErROME C. HUNSAKER, Sc. D., Cambridge, Mass., Chairman

Lymax J. Brices, Ph. D., Vice Chuirman, Director, National

Bureau of Standards. :

CHARLES G. ArBor, Sc. D., Vice Chairman, Executive Committee,
Secretary, Smithsonian Institution.

HEXNRY H. ArRNoLD, General, United States Army, Cominanding
General, Army Air Forces, War Department.

WiLLiam A. M. BURDEN, Special Assistant to the Secretary of
Commerce, '

VanNEvAR BUsH, Sc. D., Director, Office of Scientific Research
and Development, Washington, D. C.

WicriaM F. Duranp, Ph. D., Stanford University, California.

Oriver P. EcHoLs, Major .General, United States Army, Chief
of Maintenance, Matériel, and Distribution, Army Air Forces,
War Department.

Joun C. McCain, Rear Admiral, United States Navy, Deputy
Chief of Operations (Air), Navy Department.

GEeorGE J. MEAD, Sc. D., Washington, D. C.

ErneEsT M. PacE, Rear Admiral, United States Navy, Special
Assistant to Chief of Bureau of Aeronautics, Navy Department.

FrancisW. REICHELDERFER, Sc. D., Chief, United States Weather
Bureau.

Epwarp WARNER, Se. D., Civil Aeronautics Board, Washington,
D. C.

OrviLLE WRIGHT, Sc. D., Dayton, Ohio.

TrEODORE P. WRIGHT, Sc. D., Assistant Chief, Aireraft Branch,
War Production Board.

GEorGE W. LEWIS, Sc. D., Director of Aeronautical Research

Joun F. Vicrory, LL.M.,, Secretary

Henry J. E. Rep, Se. D., Engineer-in-Charge, Langley Memorial Aeronautical Laboratory, Langley Field, Va.

SMiTH J. DEFRANCE, B. 8., Engineer-in-Charge, Ames Aeronautical Laboratory, Moffett Field, Calif.

Epwarp R. SHARP, LL.B., Manager, Aircraft Engine Research Laboratory, Cleveland Airport, Cleveland, Ohio

CarLrox KEMPER, B. 8., Executive Engineer, Aireraft Engine Research Laboratory, Cleveland Airport, Cleveland, Ohio

TECHNICAL COMMITTEES

AERODYNAMICS
POWER PLANTS FOR AIRCRAFT
AIRCRAFT MATERIALS

AIRCRAFT STRUCTURES
OPERATING PROBLEMS
JET PROPULSION

Coordination of Research Needs of Military and Civil Aviation

Preparation of Research Programs

Allocation of Problems

Prevention of Duplication

LANGTnY MEMORIAL AERONAUTICAL LABORATORY
Langley Field, Va.

AMES AERONAUTICAL LABORATORY
Moffett I'ield, Calif.

AIRCRAFT ENGINE RESEARCH LaABORATORY, Cleveland Airport, Cleveland, Ohio

Conduct, under unified control, for all agencies, of scientific research on the fundamental problems of flight

OFFICE OF AERONAUTICAL INTELLIGENCE, Washington, D. C.

Oollection, classiflcation, compilation, and dissemination of scientific and technical information on aeronautics

II



REPORT No. 767

THE PROBLEM OF LONGITUDINAL STABILITY AND CONTROL AT HIGH SPEEDS

By Maxtey J. Hoop and H. Junian AvLey

SUMMARY

The difficulty in pulling out of high-speed dives, experi-
enced with some airplanes, is shown to be due, primarily,
to the effect of compressibility on the Bift of the wing.  As
(he Mach number is inereased above the eritical for the wing,
there is, for unswept wings, 1 marked decrease in the lift-
curve slope and in the downwash at the tail plane, and, for
cambered wings, also a shift in the angle of attack for zero
lift. These changes bring about an increase in the static
longitudinal stability and alter the trim.  Frequently the
change in trim is such as to promote a diving tendency
which, because of the increased stability, cannot be over-
come by use of the normal elevator control.

Means indicated for providing sufliciently powerful longi-
tudinal control to overcome the trim and stability changes
include auxiliary flaps and controllable stabilizer. It is also
shown that, at least in some instanees, it is possible to modify
the aerodynamic characteristics of the airplane so  that
recovery from high-speed dives ean be effected with the
normal controls.

INTRODUCTION

In high-speed dives many airplanes exhibited a danger-
ous tendeney to continue diving in spite of the application
of large control forces.  Wind-tunnel tests have confirmed
that these difficulties are not pecutiar to any particular con-
figuration, so that the problem is of interest to all designers
of high-speed airplanes.

The purpose of this report, which was issued in confidential
form in 1943, is to acquaint designers with the cause of the
difficultios and with the means now known for their allevia-
tion.

CAUSES

STABILITY

For an airplane to be statically stable in piteh, it is neces-
sary that the pitching-moment: coeflicient decrease as the
lift. coeflicient inereases.  Negleeting the contribution of the
{ail plane to the total airplane lift, all drag and thrust com-
ponents, and all lift and moment components exeept those
due to the wine and horizontal tail plane. the statie stability
can be expressed in the familiar simplitied forn by

dc,,

LY e

(V=)

e,
dCy,

T40735—47

where the variables are

., airplane  pitching-moment
conter of gravity

o, airplane lift coefficient

cocflicient  about  the

(.,  wing pitching-moment coeflicient about the quarter-
chord point of its mean acrodynamie chord

Ch, {ail-plane  pitching-moment  coeffieient about the
uarter-chord point of its mean acrodynamie chord

", lift-curve slope of the tail plane '

7 lift-curve slope of the wing

€ downwash angle at the tail plane

a airplane angle of attack

and the constants ave

S, liorizontal tail-plane area

Sy wing area

e horizontal tail-plane mean chord

Cow wing mean chord

l, distance from the center of gravity to the quarter-

chord point of the horizontal tail plane (con-
sideredd positive when the center of gravity is
forward of the tail quarter-chord point)

L distanee from the ecenter of gravity to the wing
quarter-chord point (considered positive when the
wing quarter-chord point is forward of the center
of gravity)

These constants will usually all be positive.  Henee, 1t
is seen that the first, second, and fourth terms of the equa-
tion represent destabilizing components, while the third
ferm, expressing the contribution of the horizontal tail-
plane 1ift, is the only stabilizing component.

The effeets of compressibility on the values of the right-
hand terms of this equation will be discussed in order.

In references [, 2. and 3, the effeets of compressibility
on the aerodynamic characteristies of a number of airfoils
are given.  From these data, it may be deduced that the
effeet of compressibility on the stability of unswept airfoils
in piteh —Cued ) may e cither to inerease or deerease the
stability as the Mach number is inereased, depending upon
the nirfoil and the lift cocflicient.  Wind-tunnel tests of
the airplane model designated as .\ in the figures (reference
15 with the horizontal tail plane removed showed that the

" stability (expressed by the term —dCupfd(, in accordance

with the simplifving assumptions) does not change appreci-

ably as the Mach number is increased up to the critical of

the wing, and that above the critical the effect of compress-

ihility is destabilizing, but is small relative to the effeet
1
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on the complete airplane.  Tests of a model of the airplane
designated as B in the figures in the Ames 16-foot high-speed
wind tunnel indieated that with the horizontal tail plane |
removed there was even less change than with airplane A, |
When the four engine neeelles were also removed, no appreei-
able variation of the stability with Mach number was found.
Asa third instanee, tests of a model of the airplane designated
as (" in the figures with the tail plane removed showed a
negligible deerease in stability with inereasing Mach num-
ber up to 0.775, the limit of the test.

It would be expected that, as for the wing, the effect of
compressibility on the pitehing-moment characteristies of
the horizontal tail plane 0w, d¢', would be stight. More-

:S, Cr\ . . . .
over{( ¢ K. )isa small number, since the tail arvea is much
w o

less than the wing avea.  In consequence, the variation of

the valie of the second term of the equation with Mach
number is neghgtble.

The predominant effect of compressibility on the static
longitudinal stability is its effect on the stabilizing contribu-
tion of the tail plane, expressed by the third term of the
equation. At speeds below the critical of the wing and tail
plane, the ratio of the lift-curve slope of the tail plane to
that of the wing a,/a, remains nearly constant as the Mach
number is increased.  However, as shown by the approxi-
mate analysis of reference 5, the rate of change of downwash
with respeet to the angle of attack de/da is slightly increased.
T Nevertheless,

th.
low-:eed stability is marginal.

As the Mach number is increased above the eritieal of the
wing, but not above that of the horizontal tail plane, the
value of a, is materially deereased.  This decrease, in addi-
tion to the change in span foad distribution (due to the
relatively lower eritical speed of the midspan sections of the
wing) causes o marked decrease in the value of defde. The
effects of compressibility on «, and de/da combine to produce
a serious inerease in the statie longitudinal stability.

Ficure 1 shows that, for four representative airplanes, the
variations of statie longitudinal stability with Mach number
follow the trends indicated by the analysis of the stabilit+
equation.  The results for airplane A (reference 4), airplane
B, and airplane (' were obtained from model tests in th:
Ames 16-foot high-speed wind tunnel. The curve for air-
plane 1 was obtained from results of flight tests conduetea
at Lorgley Memorial Aeronautical Laboratory (reference 6).
The curves for the lirst three airplanes are based on the
moment-lift charncteristies with fixed elevator.  The curve
for airplane D is based on the varintion of normal aceelera-

sietly comparable
hinge-moment
I'his variation

nerease causes a deerease in stability.
“pet is small and is important only in eases for which the

tion with stick foree and so may not be -
with the other curves, sinee the cles
coeflicient may vary with Mach numb
may explain the apparent deerease i staioity ol this aie-
plane as the Mach number inereased above 0.72.

[t should be noted that the relative stability shown in
figure 1 is dependent upon the value of dC,/dCY, at low Mach
number. which in turn is dependent upon the ecenter-of-
gravity position.  With center-of-gravity positions farther
hack than those used, the low-speed stability would be re-
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Frovre 1. Variation of static longitudinal stability with Mach number for four airplanes at

dCAdC at M

Relative stability = .
dCnid L at low M

zero Jift cocflicient.

duced so that the relative stability at high Mach numbers
would be greater than shown,

When the eritical Mach number of the tail plane is exceeded

sufficiently to materially alter the tail-plane lift-curve slope

ay, n deercase in ostatie longitudinal stability would be

expeeted.,
CONTROLLABILITY

The effect of compressibility on the longitudinal controlla-
hility depends upon (1) its effeet on the ability of the elevators
to change the airplane pitehing moment, and (2) its effect on
the trim and the statie longitudinal stability,

The ability of the elevators to change the airplane pitching
moment has been investigated for airplanes A (reference 7).
B, and (" up to Mach numbers of 0.725, 0.775 and 0.775,
respectivelv.  The results show that up to the maximum
test Much numbers, the pitehing-moment coclicient result-
ing from a given clevator defleetion was essentially constant.
However, in tests of the model of airplane B with an abnor-
mally thick horizontal tail plane, the evitical Mach number
of the tail plane was exceeded to sueh an extent as to reduce
the effeetiveness of the clevators in changing the pitehing

moment,
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The effeet of compressibility on the lift coeflicient for
trim. in addition to its offect on the statie longitudinal
stability, is shown in figure 2 for airplanes A (reference 4),
B, and C. For each model the results shown arve for the
fixedd elevator angle which provides trim for level flight at
340 miles per hour and 30,000 feet altitude (M=0.50).  The
trim lift coeflicients are for the normal wing loadings of 45,
61, and 36 pounds per square foot for airplanes A, B, and €.
respeetively.  Within the range in which the horizontal tail
plane is not stalled, the eurves for other trim conditions can
be closely approximated by translating the seale of pitehing-
moment cocllicients.  For each model. the curves of figure
2 show that, except in the regions where the curves tend to
cross. there is o large ehange in trim as the Mach number is
inereased.  The faet that the curves tend to eross at negative
values of the lift cocflicient, coupled with the inerease of
stability, produces-large changes in trim at the positive lift
cocflicients required for pull-outs from dives.
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Frotre  2.—Variation of pitehing-moment coetlicient with 1ift coetlicient, us a function of
AMach number, for three airplanes.  Elevators set to trim for fevel flight at 340 mph and
$0,000 ft :dtitnde.  (M=0.50).

SUMMARY OF EFFECTS ON STABILITY AND CONTROLLABILITY

The previous discussion has shown that as the Mach
number inereases above the eritical for the wing, a marked
reduction of the lift-curve slope oceurs,  As a result, the
angle of attack required for a given lift coeflicient is increased
and the downwash at the tail is decreased.  These effects
cause a large inerease in statie longitudinal stability and a
decerease in the Lft coeflicient for trim. The combined
effeets can make pull-outs from high-speed dives dangerously
diflicult.

CURES

The means which are known for correeting or alleviating
the dificulties fall into the following five classes:
1. Limitation of diving speed,
2. Elevation of eritieal Mach number,
3. Provision of special control,
)

4. Reduetion of trim change,
4. Reduction of stability change.
These means are considered in order.

LIMITATION OF DIVING SPEED

It would be possible with the use of dive brakes to limit
the diving speed to values below those at which control and
stability difficulties are encountered.  For fighter airplanes
this means is generally not aceeptable since the high-speed
dive may be tactically useful.

ELEVATION OF CRITICAL MACH NUMBER

Obviously the difficulties would be eliminated if, by astute
choice of wing and body contours, the eritical Mach number
were raised above the value attainable in dives. In fact,
for most of the airplanes which have been investigated,
longitudinal control has been adequate for Mach numbers
exceeding the critical by about 0.1.  Avoiding the dive
difliculties by raising the eritieal Mach number is possible
for low-altitude airplanes, especially those with light wing
loadings, because of the relatively lower Mach numbers
attainable in dives with these tvpes of airplane.

Assume, for example, an airplane having o wing loading
of 30 pounds per square foot and a critieal Mach number of
0.70 (corresponding to an NACA 66, 2-215 wing section).
Also, assume that the longitudinal control remains adequate
at Mach numbers up to 0.78 and that the drag coelficient
has & constant value of 0.018 up to 0.70 Mach number and
then inereases linearly to 0.045 at a Mach number of 0.78.
For this airplane the terminal dive Maeh number is less
than 0.78 at altitudes below 8,500 feet, so that the control
diflicultios herein diseussed would not be experienced below
this altitude. As an additional illustration, assume that the
airplane starts a dive vertieally at 400 miles per hour. A
step-by-step integration indicates that in order to exceed
a Mach number of 0.78, the dive (as assumed) must be started
at an altitude greater than 20,000 feet. It is clear that some
additional altitude would be necessary to reach the assumed
starting conditions. '

For high-altitude airplanes, cspeeinlly those with high
wing-loadings, it is probably impracticable to make the
eritical Mach number high enough to avoid stability and
control difficultics by this means alone beeause of the ve-
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quired thinness of the wing seetions, but in any event it is
desirable to raise the eritical speed to the highest practicable
value. There have been several reports of airplanes which
could not be controlled in high-speed dives at high altitude
but beeame controllable as lower altitudes were reached.
As lower altitudes are reached. the Mach number deereases
for two reasons: (1) the dive speed deereases beeause of the
increased drag accompanying the increased air density, and
(2) the speed of sound inereases in accovdance with the in-
creasing air temperature.
PROVISION OF SPECIAL CONTROL

One obvious means for improving the longitudinal control
is the provision of tabs, or other servo or boost deviees, to
enable the pilot to defleet the clevator through a greater
range at high speeds. Wind-tunnel tests have indicated
this expedient to be effective in some eases—-airplane B and
reference 8—but, as previously noted, there are airplanes
which cannot be controlled even by large elevator deflections
heeause of the extreme stability and trim changes involved.

A means for obtaining control when the elevator is inade-
quate, is the controllable stabilizer. In reference 7 it is
shown that, for airplane A, the controllable stabilizer would
provide longitudinal control at Mach numbers up to 0.74,
the limit of the tests. [t is reasonable to expeet that this
control would remain satisfactory for Mach numbers at
least up to the critical Mach number for the tail plane.

Another powerful method for providing additional longi-
tudinal control at Mach numbers above the critical of the
wings is the use of dive-recovery flaps mounted on the under-
surface of the wing. Reference 7 shows the effectiveness of
dive-recovery flaps on o model of airplane A. Results of
other tests indieate that the flaps would be effective also on
airplane B.  The powerful effect of these flaps is illustrated
by an example in reference 7. On airplane A it is shown
that. when deflected 45°, a flap of 9-inch chord (full scale)
located one-third of the wing chord from the leading edge
and extending from the fuselage to the booms, will increase
the lift coeflicient for trim by 0.55 at a Mach number of
0.725.

With any of the means suggested, eqution must be exer-
cised to avoid catastrophically high accelerations i pulling
out from dives. With the setting of the longitudinal con-
trol required for recovery, as the Mach number decreases
during the pull-out, the lift coeflicient at which the airplane
trims increases rapidly as may be seen in figure 2. This
rapid increase in the lift coefficient for trim may cause ex-
cessive aceelerations unless the control is promptly shifted.
In this respect, the dive-recovery flaps (reference 7) have
the advantage that their effectiveness decreases as the Mach
number decreases,  In any event the operation of the con-
trol should he such as {o permit rapid return to the normal
setting. A number of instances have been reported with
different airplanes wherein the pilots have been unable to
effect recovery at high altitudes but, as the Mach number
decreased with decreasing altitude, the ‘airplanes suddenly

recovered with accelerations so extreme as to cause severe
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blacking-out of the pilot and, in some cases, struetural
failure of the airplane.
REDUCTION OF TRIM CHANGE

For most airplanes that have been investigated in the
wind tunnel there is a value of the lift coeflicient for which
there is but a small change in trim with Mach number, up to
the limits of the tests.  In general. this lift coefficient is
negative (fig. 2) so that, for positive lift cocfficients, the
inerease ol stability with Mach number eauses the pitehing-
moment cocflicient  to the Mach number is
inereased, producing a diving tendeney.  If the lift coeflicient
for which the trim change is small were shifted to a suitable

decrease ax

positive value, two advantages would be gained: (1) In
a vertical dive (zero lif), as the Mach number inereases,
the pitehing-moment coeflicient would inerease, so producing
an automatic tendeney to recover from the dive; and (2)
in the range of lift coeflicients required for recovery, there
would be less change in trim with Mach number so that less
powerful control would be necessary to effect recovery.
Means for bringing about this desirable positive shift of
the lift coeflicient at which the trim change with Mach
number is small have been investigated with the model of
airplane . For this particular model the effective means
included a change of contour of the wing center section
(reference 7), and a partial extension of the outboard flaps
coupled with aileron droop (reference 4).  The flap deflection
and aileron droop were effective only in the absence of the
powerful adverse effeet of the standard fuselage on this model
and caused objectionably large drag inereases. A change of
fuselage shape delayed the divergenee to higher Mach
numbers (reference 4).  Apparvently the benefits resulting
from the fuselage and wing-contour change are due to the
deereased effeets of compressibility on the lift of the wing
center section,  On the other hand. the benefit derived from
the use of the outhoard flaps and the wmileron droop appears
to be due to the inereased lift that they provide.  Present
knowledge is insuflicient for promulgation of general design
recommendations for making the small frim change oceur at
positive values of the lift coeflicient. .\ better understanding
of this problem is dependent on inereased knowledge of the
effects of compressibility on the acrodynamie characteristics

REDUCTION OF STABILITY CHANGE

Inasmuch as the change of longitudinal trim and stability
is due to changes of the angle of attack of the tail plane
with Mach number, it has been suggested that the ehanges
could be climinated by the use of a floating horizontal tail
plane.  In this ease, longitudinal stability could be provided
hy spring-loading the tail plane, together with a proper choice
of the pivot location.  With this arrangement, the stability
and trim would be independent of the downwash angle at
the tail plane.  This deviee has not vet been thoroughly
investigated. It may involve diflicult structural and flutter
problems as well as longitudinal instability owing to the
inerease with Mach number of the instability of the wings.
A tail plane having a larger-than-usual ratio of elevator
chord to stabilizer chord might provide a desirable compro-
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mise. With this arrangement, a spring or other special
deviee would be neeessary to provide stability at low speeds.

As may be seen from the stability equation previously dis-
cussed, a reduction of the lift-curve slope of the tail plane
would tend to deercase the stability. If the tail-plane lift-
curve slope decreased with Mach number in the proper rela-
tion with the wing lift-curve slope, the variation of longitu-
dinal stability with Mach number would be reduced or clim-
inated. This method of improving the diving characteristies
was attempted in the case of the model of airplane B by
increasing the thickness of the tail plane so that its critical
Mach number corresponded approximately to that of the
wing. The results showed that the moditication did deerease
the change of stability with Mach number. Unfortunately,
the elevator effectiveness was simultancously diminished so
that no over-all improvement in controllability was realized.

CONCLUDING REMARKS

It has been shown that the difficulty of pulling out of
high-speed dives, experienced with some airplanes, is due to
large changes of static longitudinal stability and trim which
result chiefly from the decrease of wing lift-curve slope, and
downwash at the tail plane, as the Mach number increases
above the critical for the wing.

Wind-tunnel tests have indicated that adequate control
in high-speed dives can be provided by controllable stabilizers

or by dive-recovery flaps. The upper limit of the Mach
number range in which these deviees are clfeetive is not
known.

AMES AERONAUTICAL LiAnORATORY,
NarioNAL ADvisory COMMITTEE FOR AERONAUTICS,
Morrerr Fieup, CaLir,
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Z
Positive directions of axes and angles (forces and moments) are shown by arrows
Axis Moment about axis Angle Velocities
Foree
%para!l(»):l Linear
0 axis e . : _ ;
Designation Sggll- symbol | Designation Sggl" ldPig‘(SBg;;li‘(’) 9;1 D%Sii)gx?a" Sggll hé%%mall)gng Angular
axis)
Longitudinal.._____ X X | Rolling..___.. L Y7 @ u P
Lateral ______________ Y Y Pitching...... M Z——X 0 v q
Normal............| Z Z Yawing __.___ N X—Y ¥ w r

Absolute coefficients of moment Angle of set of control surface (relative to neutral
i " N position), 8. (Indicate surface by proper subscript.)
Oz——--— 0m='—— 0,,:—
absS " qeS gbS ‘
(rolling) (pitching) (yawing) -

4. PROPELLER SYMBOLS

5 gﬁiﬁi pitch v P Power, absolute coefficient 0p=;;b—3%—5
p/D  Pitch ratio P v
) 744 Inflow velocity ; Speed-power coefficient = P

V, Shipstream velocity

. ” Efficiency
T  Thrust, absolute coefficient Op—-

Revolutions per second, rps

e . Effectivo helix angl as
o . ective helix angle=tan~ ( )
Q Torque, absolute coefficient OQ=—?——5 ® ; . 27rn
pn?l)
5. NUMERICAL RELATIONS
1 hp=76.04 kg-m/s=>550 ft-lb/sec 11b=0.4536 kg
1 metric horsepower=0.9863 hp © 1 kg=2.2046 1b
1 mph=0.4470 mps 1 mi=1,609.35 m=>5,280 ft

1 mps=2.2369 mph 1 m=3.2808 {t



