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SUMMARY

This thesis 1s a revision and extension of a
previouvs work on longitudinal dynamic stability(l).
In the present work, an attempt is made to simplify
the classical stability theory which is far too
complicated and cumbersome to be of practical use in
designe

By employing a non-dimensional set of units, aa d
by making use of a graphical method, the range of dyn-
amic stability for different values of fundamental
parameters is defined graphically by means of diagrams,
the coordinates of which are conveniently chosen as the
position of the center of gravity and the size of the
tall of the ai rplane. The coordinates, combined with
two characteristic parameters, completely define the
reginns of dynamic longitudinal stability; while the
diagrams themselves determine the period and the damping
factor of the longitudinal oscillation, thus bringing the
complicated theory into the range of applicability to

design.
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INTRODUCTION

Because of the inherent complexity of the classical
stability theory, th e airplane designer has not found it
practical to apply the theory to actual design. Instead,
he vrovides for a small amount of static stability, de=-
pendirg on the precedence of previous satisfactory designs
from which certain empirical rules have been developed, for
satisfactory dynamic characteristics. Such procedure,
however, does not guarantee proper dynamic gtability; in
fact, undesirable properties in dynamic stability may
develop in a plane which has the proper static stability.
Thus, we gee that in the process of a new design, it is
desirable to know the dynamic longitudinal stability char-
acteristics of an 4 rplane in order to foresee and to avoid
vrossible undesirable propertieg. Before this can be done,
however, it is necessary to reduce asg much as possible the
complexity of the theory to the extent thd it can be used
practically.

In this paper, following an idea presented by lr. S.B.
Gates (1), an attempt is made to simplify the theory by
reducing the number of variables thd appear, and by applying
a graphical method of representation of the stability char-
acterigticg. By reference to the crarts that have been de-
veloped, it is possible to determine lmmediately the dynamlc
stability characteristics of an 4drplane, knowing its funda-
mental varamecters. It ié hocved that the developmentof these
charts will contribute to design proceduvre by determining

the longitudinal dynamic stability of an dirplane.
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THEORETICAL ANAIYSIS

(2)

Fronm classical aerodynamicg’ ; we know that in the
most general case, the longitudinal stability of an air-

plane is determined by the roots of the quartic,

A-X, X  geesqXAwAY
(1.0) === | —Z, A=, jst@—%/\ *cg/l - &
N s ,42——/L§%/{

74

where:
X, ¥, Z are the components of the resultant
aerodynemic foreces along the axes +
the mass of the 4 rplene
L,M,N are the moments of the external forcesg
' about the axes + the corresvonding
moments of inertia, 4,35,C,
Uy, Vo, Wo are the components of the resultant
velocity in the undisturbed motion.
(vo = 0)

©y = _the upward inclination of the
longltudinel axis to the horizontal.

For simplicity, wind axes are used in which the stebility
derivatives Xq and Zq =0, and vy = U, wy = 0. 65 becomes
the angle of c¢limb in the undisturbed motion.

Since it is very desirable from o analyﬁic gtandpoint
to have the stability criterie for ax airplane expressed
in non-dimensional form, the dimensionless system devised
by Mr. Glauert(B) is introduced. This system ig based on

the fact that an aerodynamic force can be exXxpressed 1n the

—2
form X = “‘CZﬁg-fS‘/ s from which the force
derivative is of the form, .

& _ madX - -_-CT‘KDESA/
. = O
Xer gy

or m)z,= ——_xag%z_//_=—~%)x¢,.
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Thus, in the new notatlion, the »revious classical

derivatives X,,Xq, M, M are renlaced by the

|
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-
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dimensionless derivatives, s Xgs M, Mg, etc., defined
by the equations,

Xu_ = = .i\;X-u 3
Xy = - qu ;

=

qu = - A}'Tl

aq » —
M, = —="mu, where A = w7

By substituting these non-dimensional derivatives
into the classical stability equation, 1t 1is found that
21l the varameters which occur are dimensionless. Apart
from the derivatives themselves, the only parameter which

affects the stability of the plane is
w

= . o 2 = 13,08 —- {( Foriceﬂ level)
_/é/ /A = ‘06/ L)e / peRejal Vo e

x " ‘ . . 4
In the dimensionless: gvatem, the unit of time is 7= F53§;7

and the unit of length isz/f taken as the distarnce from the

-

center of gravity of the plane to the ta

quantity & may be called the " relative density" of ths

11 post. From
s Where the

this, the unit of velocity becomesap

alrplane gince it is proportional to the mess & d inversely
provortional to the cube of the linear dimensiong and the
density. The quamtity "g/", excevting the derivative
coefficients, is *ne only varmmeter which effects the
stability ; and:groves very useful in concisely summarizing
several impoftant parameters which occur in the theory. It

the only duantity in the dimensionless system in which

e
o

the linear secals, the wing loading, and the density enter

directly. Any variation in any one of these quantities

kY

is included in the one wvariable s A o



(4)

In terms of the non-dimensional system, neglecting
the derivatives Zq and Xy 2and using wind aXes, the stabil-
ity equation (1) can be exnressed in the following manner:

By makin g use of the equilibrium condition,

il
/[ = Wecos &, ==2%(962’ 5,

from which ——— =
g5 = (7.__5:, %6/)35//V§o (-),77

’77
we heve
J ,*Zz/ x’w /M%
Z A?Z ’/V'QJRM9—%)
(2.0) v v T ET = o.
Py, 7 J +/737/J

Fquation (2.0) can be reduced to the form, (3.0), i.e.,

4 i#F ' 2 4
/{ "L&/i +C;/J +D//, +£/-=0, wnere the

(3.0)

coefficients Bl’cl’Dl’ and Eq are functions of the stability
derivatives; namely,
= = + $77,;
By w z Xs
Cq ¥ MZ(Z'W’*Xu)*/é/mW X2, " XnwZ,
— Yy
Dy = /%%wfﬁgifw/")gyéiz)7517772,(32;'%%77WVE?),A”V?Z(E§'**Q@)
- & -

5= Zcmn, (B X TNE) T ety (B X TME)

It is noted that below the stalling speed of the d rplane,

211 the non-dimensional derivatives except my, m , and X

1 w

are nogitive. Iongitudinal stabillity can thus be described
completely in terms of these derivatives and 24", which is
always associated with either My O Mye

Because the absolute values of two roots are large in

comparison to the values of the other two, we use Bairstow's

aprroximate method sn d exvress (3.0) in the form of a bi-



guadratic,

(4")["{*5/}*6_‘/0 [D 55)/,+C/ o

The first cuadratic represents the sgo-called " short
oscillatior" which has negligible influence on long-
itudinal stability below the stall since it is heavily
damped and invariebly stable. The second quadratic,
however, represents the " Phugoid " motion, or a slightly
damped periodic mode which directly determines the

dynamic stahility of an airplane.
GRAPHICAL REPRESENTATION OF STABILITY

From the classical theory, it is known that a
system represented by
NP BAT+ AT+ A+ 5, =0
is stable if the following conditim s are satisfied:
1. The coefficients B3, Cq, Dy, & Eq must be positive;
2. Routh's discriminant, Pj = BcH-0>FE>,,

It Bl,C or Dy goes through zsro, then the discriminant, Rj,

19
reaches zero first. However, if Ey goes through zero, Ry
increases. Hence, for stability, we must consilder espécially
Rl and Bq. If Rl = 0, the condition of stablility changes
from a damped oscillation to a divergent one. If E; = O,

a subgldence changes into a divergence. " Hence we see that
the regions of stabllity a 4 instability can be separated
from one another by working with the equations, Eq = Ry = O.
For a graphlcal representation, it is possible, by using the
two equations E; = O, Rj = O, to establish boundarles for the
regions of stability.

2 DR, i ST TION VT TR TIVES  Of NTOTION, SEE =)

fGE /3.
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If the variasbles "X" and "Y" are chosen as the coordinates,

where "X" involves the C.G. vostion and "Y" involves the

'Y

size of the tail of the airplane, it is possible to
egtablish on the "XY" plane boundaries separating the
regions of instability from those of stability. Two fund-
amental parameters are varied, the other parameters re—-
maining constant, thus giving a family of boundarieg for
stability.,

It has been found convenient to také 28 the variableg

"x" and "Y', the following:

e
X:-%—z

8 yz
z/‘/ﬁrz%d/“t
/655 ddé

where:

= length from the C.G. to the tal 1 vost

> = area of horizontal tail surfaces

AQB:: radiusg of gyration about the Y axis
S
S = area of wing

L.

“C, = slove of 1ift curve of tail surface(horiz.)
A,
Z; C.G. from the aerodynamic center

of
o) Y\g section, exsressesr »s & FesCTION OF P

The "XY" plane is filled with two families of curves;inamely,

P, é3£?
1. K= F

/ /

20 27 E - '—'/ 15 z
| £ G2
which define the values of the roots of the quadratic,
< &= C

/('WW P in the non-dimenslonal system may be con-

verted into the damping factor and the period, pFovrd

ft.~sec. system, by use of the appropriate factors:
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Plasones) = 70 ; DA = 2/"—7/,—

Since W= F_?TZSC,_ from which &7 = ?7(3 J
Ay A ;/
7= - %’%—7 = 97//975:“ = o)
=(2»4sqy
ARArE:
0.3 0.247 - 2.023
0.5 0.319 1.568
1.0 0.451 1.108
1.2 0.494 1,012

To get the damping factor and the period, we note

the following relations:

2 /"//27’//]7/—
e (VENE 7

To get the time to damp to one-half amplitude, we

have the relation:
0693
74 = St iy
2 L5

The family of period curves in the form,

Z://__z___/_ _,04_5,5)2
~ c, A G (e

are Qery difficult to use for plotting. It has been

found sufficlenty accurate, ercept when E, becomes very
small, to neglect the term J%&b - éZé%)z in comp-

2 = r 4G, C,‘ =
arison with the term g_'_ : Thus, the

/
reriod curves are réduced to the simpler form,

27 - /&
=3 C

/
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Of the damping curves, A = O ,is approxinately
the boundary defining the transition of the phugoid

into an increasing oscillation. We note that

R, = A5G4 8% 55 =2,

/

z
D, 1s usually small in comparison to the other terns,

hence we have as an approximation to R,= 0, the two

curves, B = O, and (-84 = 0, which is identically.
T O —& 5,

E: 0, since K = = .
’ ’

As the above approximation breaks down only where B,

and C, are smll, K = O is a very good approximation to
the ‘R, = 0 boundary curve for all practical pvrpdses

since B, is large for any actual case.
DISCUSSION OF PARAVETERS

In kesping with the purpose of this work, it
wag found necessary to include two sets of parameters;
those which corresvond to the more modern type of dir-
plane, and those which refer to the older type still
being built. Thus, two groups of curves have been vlotted;
one group( Case I) using %/%:45&316_ CLP = O.08 ,
the o~thi3‘r group ( Case II) wusing %/%540 and CDP: acas,
In order to represent conveniently the two families
of curves, veriod and damping f‘aétor, it is necegssary to
1imit the number of variables occuming, and to give constant
values to those parameters which do not vary greatly or

are not of great importance in stability. In order to
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arrive at satisfactory average parameters, it was necessary

to collect flight test data, calculate the various para-

neters, e avergge those which seemed to lend themselves

to such treatment. As a result, wvarious simplifications

were made as follows:

1.

N

3

Lift
Case I Cagse II

ZQ = 4,8 {/_(_‘& = 4.0

L oL

{ These values are assumed to hold up to CL = 1l.2)
Drag
As is customary, the totd drag,is assumed to be
of the form, C, ==4f€4‘igéi—— . The values for
Y I R il ‘ |

Cp are:

Case L Case II

2

Op = 0.02 + 0.065 C7° Op = 0.06 + 0,065 Cr,

Pitching lMoment
Due to wings:

The pitd: ing moment abart the C.G. 1s glven as;
C.;W: CMC, +/§—60)Q, '
vhere hg is the aerodynamic center.( 0,225 hy,=0.25),
IHORY BOIN TFP L J
and " a" ig the,distance from the leading edg e of
the wing to ths C.G.
Due to tail:

Phe pitching moment due to the teil is assumed

to be, ~ _ _ L S
- G F 5y

Due to fuselage:

If there are wind tunnel tests on the plane,
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then the effects of the fuselage can be accounted for.
If tests are not gvailable, then the following corrections
may be anplied to account for the fuselags effect on the

S,
W

moment curve:

Type Change in GCone
Small, low-wing monoplanes

(eVorthroo ¥FT-1) + 0025
Large, low=-wing monoplanes - O.035

(e#Douglas DC-1)
The above correction can he absorbed by using an
" effective" a/t in the sxpression for the pitching moment

for the wing alone. In the same manner, the vertical

displacement of the C.G. must be corrected for; i.e.,

a4 Z“" "‘/é ?_,vmcre bt ig the vertical distance from the C.G.
to the chord line. Thus, the final'effective a/t" will
3

pe (%), = (% 2] * (A 0},__#54__ / /0 z‘)

and B will equal /_?_ _ A] _ IC, .
: EFF (=4 Q/C
L

A good average for.4f22, or the ratio of the length
from the C.G. to the tail post to the chord of the wing,
i

was found to be 3,00.

Rotary Derivative

1

As in Gates' work, m, for the total plane was taken

q

as 5/4 of that due to the tail.

* Resultsg, from :Pegssarch, C.I.T. wind tunnel tests,
by au thor.
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Tail Efficiency

(a

surfaces when attached to the dirplane to the force

on the surfaces 7

2

the ratio of the force on the horizontd

hen at the gsame effective angle of
attack in the free alr stream was found to be

0.72 ( Average value.)

ILONGITUDINAL DYNAMIC STARBRILITY OF GLIDING

FLIGHT

The dimend onless derivatives in the case of gliding
flight become:

X = -4 /~_?§%e,ﬂ CZC: f—C?
b SR (
;77% 7‘/(5 f;@/ﬁ:‘&‘;ﬂ’ Vg Zf'ée
_ / / z{_ k V767, 0/74}/5/3
o = = Z = T/ yy
£ [H - é?; £
(R 7z ¢ Dy
2 ik /T
T e T
> £ /e
= ____,._/_. k @— 2 ) ], = o .
77" 2R . S .

Substituting in X and ¥, we have for the tw case

Case I Case II
Xy = ooz +.065C, Xy = czcm;”f-cﬁé£562jt
z, = =% Z, = 2.0
77, = —o8X +o.536Y 73, = —oee7X *O327Y
/775 = 5/ Y

“ i
The coefficients for the stability Quartic become:
Cruse L

&3, = ”%*Zw”')( =—-—)/ +CO5C" +z22

( SN ZNLEN T a‘-——/c/)
(& ’”77/2 +Xq)/o/m *XZ X 2, —(302y+06’/26 VA 536/04/ cgerX

#O. 5296 - O. CAE
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D) =177 (o = X B) £ir#70p (3, + S ) =
7(0.06 + 066/ % +Q052 e/ 5 o a/éa)—)?'/aazgo/mo@gj

E = _ e, % (5, *X, CQ_;D) -—-/o/(az@)—/_—a.4)’9/qz+(aaz+0.065ij ,

Case II

B - 27V rooesQt+ras |

C', = (256 f.&g/Zqu. 3ZM7~'56Z¢/)?‘+-5575C"’7‘ e i
£ (03w - 0'667)?)[QZ+(0.05 > a.@escf):‘/

The family of non-dimensional damping curves can be

written as A= L — 8L oe /?-C,'2= CLoO -85 .
C,

=2
G
4
Letting B =a¥Y+ b
¢, =c¥+da& + e
D, = £f¥ + gX

Then:
/?_(CZFZ+JZX_L+ZCJ~)7—+ZC<97+Zde)?*ezj
= ( e¢f -ah) Y—z + dgi"a+ ( cg +df-a}) XY +(ef- bh)Y
+ (eg - jB)X,
or, ‘@ -
/Ay # 55X -/-CXY-/—OY-*EX*F)__
£( + BX "+ b’>?7+¢y+65<—)
where:
A=co L = (QZfi—cZéQ
B= " e = g7
¢ = 2cd Y - (g~
D = 2ce Y = (57/_ b//)
E= 2d€ o = @fq-‘-/é)
£
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The family of period curves becone: -
~ C; A~
Z
tet 277 = 4 and substitute for E and C:
/OZ, J / /

Then %_CJJV +//'—67/J))—(‘ ~de =&

5 —_ o~ | X * de .
" =y 4-cd

It is now possible to represent these two families

of curves on the " XY " plane by assigning various values
to the parametersbﬂg/ and Cz_, at the same time varying
the constant values assigned to X and p. This has been
done for the two groups of curves; l.e., for Cases I & II.
There are sixteen curves for each case, conBisting of

four grouvs, each group for a constant value of "M,

The § = 0 md K = O curves on each diagram represent the
boundaries sevarating the stable from the unstable regionse.
Each diagram is covered with a series of curves of constant

reriod end of constant damping factor. ( D and_E)
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DYNAMIC STABILITY DIAGRAMS

CASE I
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DYNAMIC STABILITY DIAGRAMS

CASE II
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CONCLUSIONS FROM STUDY OF DIAGRAMS

From study of the dynamic stability diagrams, the
foldoring conclusions have been derived:
(1)  The danping factor and the veriod, K 2nd p, should
be a2s largs as possible in order to avoid the region of
increasing oscillation.
(2) The damping factor decreases and the neriod increasses
with an increase in altitude anrd wing loading, other quantities
remaining constant.
(3) The period ig increased by a backward movement of
the center of gravity of the airplane and by an increase
in the horizontal tail surface area, if the C.G. is
behind the aerodynamic center.
(4) Instability may arise through an increasirg oscill-
ation or a divergence. As the speed 1is decreased, l.e.,
Ci, increassed, the denger of instability due *to increasing
oscillation increases.
(5) A large moment of inertia about the lateral axis of
the dirvlane increases the danger of instability; hence the
distribution of the weight along the longitudinal exis should
be as compact as pogsible,
(6) When CL is small, the damping is roughly independent |
of the coordinates, i.e., the C.G. position and the tall area.
As er increases, the devendence of z\on X and Y increases.
(7) ) The diagrams show that it 1s desirable to arrive at
static stability by means of a fairly large horizontal tail
surface rather fhan by having the C.&. far forward and using

a smeller tall surface,
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(8) Reasonable static stability with a relatively
large horizontal tail surface ingures dvnamic gliding

stability. . Large static stablility, however, wmakes the

()

veriod short and the damping factor small. ( X large
negatively and ¥ small.)
(9) An increase in the slope of the 1lift curve increases

the rezion of dynamic stability. ( Compare Cases I & II.)

Conclusions Important for Degign

(1) The plane should have a slight static stability ob-
tained with a relatively large horizontal tail surface,
C.G. to the rear.

(2) The moment of inertia about the lateral axis should
be a8 gmall as pogsible.

(3) For assurance that the plane will be stable with
nower-on, the boundaries of gliding stability should not

be avovroached too clogely.
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PROCEDURE FOR USE OF CHR TS IN DESIGN
For practleal use of the stablility diagrams, the

following properties of the airplane must be known:

W = weight of plane

S = wing area ( From this and the span, find AR)

St = area of horizontal tail a1 rface

a = distance,horizontally, from C.G. to leading edge
of wing. |

b = wertical distance of C.G. from chord line

t = mean aerodynamic chord

hy = aerodynamic center of wing

(a/t)ore, ://—?_) * A Zg:/:uss —tfé— zéj/

1 = length from the C.G. to the ta2il post.

=1
i

kg = radius of gyration about the lateral axis.

AR,= aspect ratio of horizontal talil surfaces.

. dG,_ K . o= s
From this 75?;— /+/€/f/79\9t (/é s5),

Qutline of Procedure
(1) Determine which set of curves to use by referring
to wind tunnel test or by calculating Zg%eumi C%b.
If gg;-t = 4.8 and Cp,, = 0.02 , use Case I.
If Z%%- = 4,0 amd CDp = 0,05 , use Case TII.
(2) From the given properties of the»plane,.calculate
"Z" and "Y', where

x = 4/ Lo L.

’ T T2
272 G I 'é/”-’A:Q_

(3) Determine "¢"s the ! relative density"of the Dplane,
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& = 725%%;2’ = 13.08 :;gé ( For sea level)

where<4§ = W/S = wing loading.
(4) Find X ard p { non-dimensl onal units) for the
geries of 1lift coefficients, 0.3,0.5,1.0,1.2, using the
factor,;;/ ”calculated in step (3). Interrolate for
the proper_ ¢ if necesgsary.
(5) By the use of the factors appearing on each diagram,
calculate the Damping Factor and the Period in the proper
unitge. The time to damp to half amplitude is given by

the formula,
77 = 0.693 seconds.
< O.F

The ghaded lines on each curve sheet revresent
the beundaries of dynamic longitudinal stability in
gliding flight. The vlare is dynamically etable if the
voint (X,V¥) falls within the boundaries for all the
1ift coefficients. Any inherent ingtability should
appear immediately by reference to the diagramse.

POSSIBLE RANGE OF PARAMETER VALUES

Quantity Range
7
£ 5 e e 5 - 25
YA - 0.10 - 0,20
Po T e - 0,20 - 0,25
b uuuuuuuuu S .‘OOOS it Oy 20
a¢, R 2,00 = 4,00
FA¢
X = e ~1,00 = 4,00
) 0.50 - 8,00

/a —————————— 5¢O o ?an
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ACCURACY OF DIAGRAMS

It has been found that the theoretical and measured
longitudinal stability characteristics for gliding flight
agree reasonably well if meutral stability is not approach-
ed too closely. A reasonably stable plane in gliding
flight wilij;;AZZable with powef on; but if gliding flight

characteristics approach the boundaries of instability
too closely, then dynamic stability with power=-on is not
agsured. As far as the accuracy of the charts, themselves

are concerned, two practical examples of their use will

gserve to illustrate.

EXAMPLES OF THE USE OF THE DIAGRAMS

(1) For the first exampnle illugtrast ing the use of the
& arts, consider the Doyle 0-2 biplane. Its properties
are as follows: (4)

1315 #

159.5 s8q. ft.

b = 30.0 ft.

il

W

S

= 18.7 s8g. Tf.

a/t = .34

b/t = -.36

hy, = .25 ( Estimeted)

h = (.34 - .036) - ( .25) = 0.054 ( =mffect of
fuselaze neglecte

1 = 118"

x, = /16.4

ARy = 4.33 3 AR, = 5.65

P7 AL i S
By T 393
I T R,
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Procedure:

1, o _ £ _ e o=
£ T e Vi al ==
A 77 s 77=es
Cp.. = 0L —= ,05 ( Estimeted)
p .
~Use Charte for Case II.
2. - 5 | _ L =W s K=
1= 55 7 557 5= &.
77 77 = /6.4
G = L (&) B7 (393)= /9
& = '/),€ﬁ7é? /)
=
Je

1208 13/5 — s

- o
_/% — 13:08 /"V?V' //5 /5-9'5

4, It will be sufficlently accurate to use the charts

for £/ = 10.00. Referring to the charts, we have:

Cy, ¥ je
0.3 0.04% | 32,3
Sy = -

J Lz =f8.28 =2.88 |0.5 | 0.036 | 25.6
P = 0,34 1.0 0.03 18.7
///‘; = 04347 5
(7 =1) 1.2 0.039 1649

vhere X and » are in English unitse

Discussion

The above values for ¥ and p are plotted in Fig. 1.
)
The agreement with experimental data on the Doyle 0-2 1is
very good for the damping factors. For the nerilod,

the agreement 1is good for high speed, i.e., low Cp 's; but

gives 2 high value at the higher 1lift coefficients. In

the respect that the designer is interested fundamentally
IN THE FERIOL BN
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damping factor in the range of high speed, the chavts
give good results for this particular case.

(2)
As a second problem for illustration, consider
the new Douglas Transport, the properties for which
are the following:

W = 17,500 #
s = 939 sag. ft.
Sy = 145.6 sa/ ft.
a/t = 85
b/t = + 13
hy, = .23

]
n
(O}
+
L]
O
=
Ol
s
@
N
18]
~—r
]
®
no
W
!
O
(@]
Ul
(e¢]

A = 4.75
e -
4.7 ( From wind tunnel test)
T
Procedurs:

e _
1s 7& = 4'70

CDp = 0,02
Use charts for Case I.
Da |
v = f = os8(5e. ez) _ )72 i L =Ly = 298
7 A5 1 %o
Y = 4L S A, | RIS S5 Zre - g50
Z 75 o Z /S5 F3F0 7
3, . TFF 7S
_er = 13,08 e = (FB05635) | sos
e J6.6=2
&y

Referring to the charts for Case I, ueging the
coordinates X and ¥ from (2), we ses that the plene
is well within the stable range. This 1s due to
the fact that ¥ 1is very large, i.e., the tail area

is large. The values for K and T are :
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</ =5 —</ = 10 —<f = 6.65
CL K D K p K P
0.3 034 47.0 | .0335 =2 O3 445
0.5 « O 250 | oz7 24.0 .O50 Z6.7
1.0 | 720 | a3 | uzo /2.0 N 35
1.2 % /2.0 SEO /0.0 ST3 TE
Final Values

,CL K P

0.5 or8 37.3

1.0 .O323 z26.3

l.2 . OFO 24.0
5 Discussion: The above values of X ard p are plotted

in Figure 2. From actual flight tests, the Douglas Transport
proved to be dynamically stable. "The . data ' from the Charts
indicate a similar resuvlt. From an observation at high
speed, gliding flight, the period of the vhugoid was found
to be about fifty(50) seconds. For 3 CL = 0.3, corresponding
to the high speed range, the value for the period is LS5O <<

which agrees very well with the observed value.
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SUGGESTIONS FOR FUTURE RESEARCH

The same type of analysis as that appearing in

this thesig should be attempted for power-on flight, thus
completely covering the range which should be investigated
for stability characteristics. Before any degree of success
in this further apolication can be attainad, however, there
must be more research done on the subject of the effect of
the propeller slipstream. An analysis for power-on flight
has been made by Gates(l, but for the same reason that the
present work was done on gliding flight , that of making
avallable modern data, his analysis is a little obsolete

for use in modern design.
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