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NOTATION

Aspect ratio of the wing

Power-on averaging factor

Slope of the 1ift curve for complete airplane
Ideal slope of the tail 1lift curve

Power-on dovnwgsh factor

Wing chord behind center line of propeller
4/2s , 1ift coefficient

L 4 s o drag coefficient

/%5 , pitching moment coefficient

Wing m.a.Ce.

Propeller diameter

Height of slipstream above the thrust axils
Height of tail above the‘thrust axis

Wing incidence

Stabilizer setting

Normal force function

Distance from propeller disk to wing c.p.
Distance from wing c.p. to elevator hinge line
Power-off downwash factor

Percentage of the horizontal tail covered Dy
slipstream



|

é? vz , dynamic pressure, free stream
4 = . .
= ¥ dynamic pressure over the tail
s x 7

77

Distance from plane of symmetry to thrust line
Wing area

Tail area
T e )/—Zd 2

7”/5
Distance from propeller disk to wing c.p.

Number of propellers operating

Angle of
Angle of

Velocity

Distance

attack of
attack of
of flight

from C.G.

the airplane

the thrust axis

to propeller disk

Distance from C.G. to thrust axis

Empirical constant between I amd 2, depending upon
aspect ratio of wing portions covered by the slip-
stream

Power-on total downwash at the tail

Inclination of slipstream downsitream from
propeller disk

Inclination of wing downwash downstream from
Wing C.De
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TABLE 1T

SR o AN

CEOMETRY CF TiE MCDELS TESTED

Alrplane To.

1 2 3

Item
Taper Ratio 2. 08 2.5 2.4
2/ e 2.60 2,96 2.89
2,/ 1.905 .812 . 882
Lof e 3.975 2.98 2.91
S/ 0.191 .217 . 283
by /b 0.374 .316 . 288
i/o 1.576 1.390 1.385
hy/c 0.211 .224 486
e,/ 1.305 1.110 1.095
x/c 1,334 . 809 .892
X /o 1.532 77 .884
2/ 0.125 «0.109 -. 041
e 0 . 981 1.10
Z 1 2 2
Be.75R 38° 23° 29.59
Dihedrel (wing) 5 5 4,5

degrees
Dihedral (tail) 0 0 12

degrees
i 1° 3° 30
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Some Aspects of the Effects
of Propeller Operation on the Static

Longitudinal Stability of an  Airplane

I, Introduction

This thesis is to be considered a continuation
of the material presented in the paper by Dr, C. B, Mill-
ikan, "The Influence of Running Propellers on Airplane
Characteristics",l and of the work done in the thesis2
by Mr. S. E. Belsley on the same subject, In reference 1
Dr., Millikan has derived expressions for the prediction
of the power-on effects, dependent upon empirical ex-
pressions for the power-on downwash at the tail, and the
tail efficiency in the slipstream, In reference 2 Mr.
Belsley has put these same expressions in forms which
permit experimental determination of the two empirical
factors dealing with downwash and tail efficiency power-
on, It is in part the purpose of this thesis to present
numerical results for these factors, determined empiri-
cally from tests run at the Galcit* 10' wind tunnal on

five different airplanes. 1In addition there is presented

*Guggenheim Aeronautics Laboratory, California Institute
of Technology.
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a discussion of the effects on pitching moment of
various rotational configurations for twin-engine mono-
planes including the effects on the tail removed config-
uration. There has appeared in power model testing of
multi-engined airplanes the existence of favorable rota-
tional configurations giving better power-on stability
than the other possible rotations. As a consequence

two of the five airplanes were tested for three different
rotational configurations. The experimental data have
been reduced in a manner that demonstrates clearly the
effect of rotation alone on pitching moment. Unfortunate-
ly, similar date could not be obtained on the other air-
planes, due to the limited time available for research

at the Galcit tunnel.
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I, Description of the Tests

Tests were conducted on the five airplane
models which are described in the following general
manner:

1. Single-engined low-wing monoplane.

2. Twin-engined mid-wing monoplane,

3. Twin-engined high-wing monoplane with

very high tail.
4, Twin-engined mid-wing monoplane with
high tail.

5. Four-engined high-wing monoplane.
These tests were made in the Galecit 10' wind tunnel (Fig. 1),
and were carried out in the normal manner of procedure at
the Galeit. Lift, drag and pitching moment measurements
were taken as functions of the uncorrected angle of attack
with respect to the direction of flow in the tunnel, These
quantities were then reduced to the dimensionless coeffic-
ients C , Cg, and C,, and were corrected for wind tunnel
wall interference to the corresponding free stream values.
Tests were made power-off and power-on for the complete
model minus the tail, and for the complete model includ-
ing the tail for various stabilizer settings. The differ-

ence between the drag readings power-off and power-on

-19-



was taken as a measure of the thrust
7= 06)- &

from which the thrust coefficient 7¢ is given by

the equation

= = 77
L EL?

All power-on tests were run at as nearly constant 7c 2u oL

as possible, since the methods of references 1 and 2

depend upon constant thrust polars,

The procedure for operating at constant 7
consisted of maintaining constant electrical power input
to the model electric motors. The resulting thrust ob-
tained was constant over the required range of angle of
attack within engineering accuracy. The tests run at
zero thrust, (7¢c-o0), were made by matching the power-off
drag pélar, C, wo ¢ . The windmilling polars were

taken with no power input to the motor.

There resulted, then, for each complete test
a family ( with 7 as parameter ) of 1lift vs. & curves,
and a family of pitching moment vs. 1ift curves for the
two configurations:
(1) The tail-off configuration.
(2) The tail-on configuration for each stabilizer.

setting.

-]l 3=



The difference between (2) and (1) above, taken at
constant angle of attack, is the increment in pitching
moment due to the tail., The families of tail pitching
moment curves so obtained are plotted on Figs, 4 - 10,
where 5252;4 and <5;‘C}4 are plotted against the 1lift
coefficient for the complete airplane with thrust and
stabilizer setting as the parameters. From Figs. 4 - 10
can be derived the empirical guantities necessary for
the determination of the downwash and tail efficiency

factors, (cf. Section IV A )

In the case of the single engined airplane
tested the direction of propeller rotation was right-
handed, or clockwise looking forward. In the case of the
four-engined airplane, the direction of rotation of each
of the four propellers was also right-handed. However,
in the case of the twin-engined airplanes, several diff-
erent rotational configurations were used. On airplanes
Nos. 2 and 4, three rotations were tested. The procedure
in taking data was the same as described above in the

case of each rotation,

The notation used to describe these rotational

configurations is the normal notation used at the Galcit.
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The letter P denotes propeller in operation, the sub-
gseript 1 or 2 denotes the left or right hand propeller
respectively, and the subscript R or I. denotes right or
left-handed rotation respectively in the same sense as
described above, Then the configurations tested were as
follows:
.l‘ P,R e N Y

2. E. P GRS, ( "up in the middle" )

3s BeRe (¥ ¢ ( "down in the middle" )
On airplane no, 3 only the configuration R, Ee was

tested,



TIT. Preliminary Discussion of

Power-on nffects,.

The complex effects which running propellers

have upon longitudinal stability may be listed under three

headings in the following manner:

A,

Ce

Tffects on the tail:

1. The increase in tail efficiency due to slip-
stream velocity and interference,

2., The effect upon downwash over the tail due
to the presencé of the slipstream,

Effects upon wing-fuselage combination:

1. Moments produced by the direct propeller
forces and moments,

2, Moments produced by increments of wing
1ift and moment due to the slipstream.

Destabilizing effect due to rotational com-

ponents in the slipstream,

1. Zffect, both on the tail and on the wing-fuse-
lage combination, of unfavorable rotational
configurations for multi-engined airplanes.

o, Effect on the tail-off configuration

with propellers running at zero thrust.

Those effects listed under A and B have been

treated analytically. The rotation effects listed under C



could as well be listed in A znd B, but since they can-
not at the present time be set up analytically, they are
best considered separately. All three effects will be

considered in detail in Section IV of the thesis.

Dr, Millikan, in reference 1, has suggested
a procedue for setting up the static longitudinal stability
power-on, The fundamental steps involved are outlined
in the following discussion, Adopting the same notation
as that used in reference 1, the 1ift and moment power=-

on will be given by

s ol
Cl=,, Sl ﬁé T (1)
L S &L
QP‘=CMM*JPC¢W“% 44 £
| (2)

where &,, , and Ckk,are the 1ift and moment power-off,
tail-off and ci: ey, and  d. &, ,are the increments
due to power, tail-off, The remaining terms give the 1lift

and moment contributed by the tail, power-omn,

The contribution to lift, dJ, &, can be con-
sidered as the combination of two terms:

(1) the component of thrust acting in the 1ift direction

£

2Zd?
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and 2) the 1lift due to interaction of slipstream and wing

$C=2F" @ S [1r% (f0,-ha,) @

The contribution 5;»C%w represents the effects

under heading B at the beginning of the section. The
moments due to direct Na

propeller forces, thrust

and normal force can be 2
Oc
written as follows: l
C. = zzx
/J- M“’)pﬁ,op TO//Z Zr 7c + /‘\/O(a.] (8)

where the function

A= Ses Ly C;lé

is Glauerts expression for the normal propeller force.

( cf, Fig, 31 ) The moment Mg is negligible. The
moment produced by wing 1ift and moment increments can
only be very roughly approximated analytically. As sugg-~
ested by Dr. Millikan, an indication of what might be ex-
pected is given by the expression

(55 Ca, ) =Sa[& S, n7

INTER FERENCE ‘w ¢ (&)

where C;w anvo &, are teken power-off, tail-off,

~-18-



(s = average wing chord in slipstream
4 = distance of aerodynamic center of s

ahead of C. &

As shown in Figs. 28 - 30, the interference

effects are noteworthy.

The moment contributed by the tail, power-omn,
is chiefly influenced by the tail efficiency and the down-
wash at the tail, These are given in Dr. Millikan's
paper as functions of the empirical monstants Ar and
ZS; . The relation of these constants to the efficiency

and downwash can be derived as follows:

1) The tail 1ift coefficient power-on is
defined as
P . .
Lo = Jo e (dp= & + 4 = &)

F . . . .
where J: is an interference or averaging factor. Ref-
erence 1 assumes that the ratio of the average dynamic
pressure over the tail, power-on, to the free stream dy-

namic pressure is given by
&7,

2%%;1 = e =

where épz'fraction of tail in slipstream.



Then the tail efficiency, power-on, will be defined by
P P ar
?f = :): Z’ = T&F(/‘f 8797_72)

Since the efficiency power-off is defined in a similar

manner

b, = =2

we find the ratio of the two efficiencies to be

7 Ap (1 + BPT:
2. - \‘77‘?—) (7)

P
where ,4,,: 13?_/}‘ , can be regarded as an empirical
. J<
7

"pnower-on averaging factor" to be evaluated. (cf. Section IV)

2) The downwash increment due to power has
been defined thus: the total downwash power-on is the
sum of the power-off downwash plus the increment due

to power:

& = M, L+ 2,

where nmy7 = power-off downwash factor = Z and fg ’ ng
are functions of 7¢ and an empirical constant, &s, which
give the downwash increment as a function of the power-on

1lift coefficienty since

Lp = Xl Gp) + @ &7

-90=



It has been assumed that

jp = /\D[(.u/—(‘p)

and that 7@9 will be given according to the expression

A = Bp & R(R~1)
o (8)
/g (R=)
where 4?'3 fraction of tail in slipstream
— /- B
R = =2:

£p empirical constant to be evaluated

( ef, Section IV A )

This completely defines the downwagh and tail
efficiency power=on since Ap and Bp are free to ab-
sorb deviations from the theory. If A4p and Eeo are
known, the tail pitching moment can be computed by the
method of reference 1. The propeller forces are presuma-
bly known and hence their effect is readily computed by
equation (5), There remain only the interference effects
due to slipstream velocity and rotation. The relative
order of magnitude of these effects can be determined for
the five airplanes tested from Figs. 28 - 30 and Figs., 4 -~ 10.
The effects are quite large in some cases. The authors
have attempted to isolate as many of the effects as

possible, with the view of obtaining some consistent

-21-



explanation of the effects, However, the number of
tests obtained was not sufficient to give anything but
the types of interference to be found, which are in
some cases quite unexpected, The following section

deals with the results of the experiments in detail.

-



IV. Empirical Results Relating to

the Five Models Tested

Tall Tfficiency and Downwash, Power-oni the

Determination of Ap and Beo

In the previous section was shown the relation
of the empirical constants A and Lo to the tail eff-
iciency, 4, , anc the downwash factor £ . As
mentioned in the test procedure the tests on all five
models were carried out specifically to enable the eval-
uation of those experimental quantities necessary for
computation of Ao and S . The method used to reduce
the data so obtained is that derived in reference 2., The
fundamental gquantities required were the slope of the
1ift curve power-on and pwwer-off, tail pitching moment
slopes and stabilizer effectiveness, and the change in
zero 1ift intercept with stabilizer angle., These are
compared for the five airplanes in Figs. 11-14. The
tail pitching moment curves of the five airplanes are

plotted in Figs. 4 - 10,
The relationshpis necessary for the computation

of Ar and B, are listed below in the notation of

Reference 2, (c¢f, Table TI)

~03-



From reference 2

Power-off
7= Al A Z] (9)
/] _ S y o
7" = %z - M)/ (10)
% >
Power-on
L= 2 [1— L (=)~ Gl 1A T
g =y 2 (11)
7
/
s = = 1 _ L L), 3
7 FTQ‘//'Z X057 %)] 4
¥y t s

where

Ap and Bp are given in terms of these quantities

by
P
AP - E_t' | + 8&7c
2 77 (13)

o 75/@ (14)
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where / = G /)
/ + &Plr-1)

(cf, Fig. 34)

Fundamental to the determination of Ap and
ézj is the adoption of gome logical definition of the
percentage of the taill covered by the slipstream. We
shall refer to this percentage as 47 « In reference 1
4;3 was defined as that portion of the tail falling be-
tween two concentric cylinders passing downstream from the
propeller, of radii equal to 20% and 80% of the propeller
radius. Preliminary investigations showed, however, that
é? computed on this basis for airplanes Nos. 3 and 4 is
very nearly zero, Moreover, it appeared from wake surveys
made at the Galcit 10' wind tunnel that 4;’ baséd upon
full propeller diameter would more accurately represent con-
ditions at the tail, Were the actual position of the slip-
stream at the tail known for a given angle of attack and
thrust, this definition would give a satisfactory value
of (;7 . Therefore, the authors made calculations for
the theoretical position of the slipstream center line

at the tail,

In reference 3 Glauert gives a theoretical
expression for the inclination of the slipstream behind an

inclined propeller, Denoting the slipstream inclination by € ,and



the inclination of the propeller by o4 , then Glauert's

expression ds

A
s . zalirallsr F)

—t. =

X (/+ ,24)[/,:. Q(/v‘-%é—y (15)

where = 72/ 4

Fig. 3&
Fig. 21

On Fig. 32, %%QT is plotted as a function of 7 for
various values of 4 , The inclination of the wing
downwash is given in T. R. 648 for various values of aspect
ratio and taper ratio. Derived from the empirical data
given there, the function }; has been plotted in Fig. 33,
where ) 1is such that the inclination of the wing down-

wash power-on or power-off is given by

e, = ¥a
» P 5
. &= K% (16)
T [ o
where (;/ = [4 _ %—CL/T

We denote the distance from the plane of the
propeller to the center of pressure of the wing as «(f ,
and the distance from the center of pressure of the wing

to the hinge line of the elevator as ,(2 . We further

PG —-



assume that wing downwash and propeller downwash at the

tail are additive, Then the slipstream inclination down-
stream from the propeller disk will be given by < , between
disk and wing < 2 , and by & + €, between the wing €.~
and the elevator hinge line. (cf., Fig. 3) Therefore, the
expression giving the height of the slipstream center line
above the thrust axis at the elevator hinge line may be

written

or for small angles this becomes, from equations (15) and (18)

4 = (4 + &) (xy— &) - 4 &S

b= (L) lm 2) g o,

Using the experimental valués of C:f,obtained in
the test, this function was computed for each of the five
airplanes. The results are plotted on Figs, 15 - 19,
showing A& at the elevator hinge line plotted against
angle of attack for various values of 7¢ .(solid lines).
The horizontal dashed line in the figures represents A@. y
the vertical location of the elevator hinge line with respect
to the extended thrust axis. The dashed circles in the fig-
ures represent the propeller disk, centered at Ay. on the
vertical axis. A point on the solid curves gives é} for
a given & and 7; . The distance between the dash-

ed circle and the {g axis, taken at the same value of



gives the value of the half-chord of the slipstream cy~
linder which intersects the plane of the tail at the given
A and T¢ o+ Therefore, the span of the tail immersed
in the slipstream is at once apparent and values of é?
can be computed for each angle of attack. In Figs, 20-24
are plotted the values of & calculated in this manner

for the modéls tested,

It would appear that the above method is only a
rough approximation since interference effects have been
neglected. In the case of single-engine airplanes there
is large interference between slipstream and fuselage.

In the case of multi-engine airplanes there is interference
with the wing-nacelle combination, and a tendency for the
slipstream to swing to one side or the other of the thrust
axis depending upon the rotation used, and upon the geo-
metry of the wing-nacelle combination. The results obtained,
however, based on this é? y give gratifying Jjustification
of the method used, Furthermore the results for ﬁg check
fairly closely with wake tests made at the Galcit on air-

plane No, 3.

NS v
On Fig. 25 are plotted the tests results for 54%t e
for all five airplanes., Referring to equation (13), p. 24,

we see that empirical values of Ap will be given by

P8 -



P
_ &
S /’L““%?-m
a (For the meaning of Ap

refer to Section III)

where 67 is determined from Figs. 20-24, (having been
computed according to the method outlined above), The values
of Ap computed by this relationship are plotted on the
same figure. (Fig. 25) We see that, with one exception,
equation (13) gives nearly constant values of /1P over the
range of 7,% considered, The variation of 5@%& as a
function of 7¢ for all five airplanes is matched so well
by the loading

R 4 TEZE
that the quotient, Ap y, 1s constant within 5% deviation
from the mean value 1.0, In other words, the power-on tail
efficiency may be computed within 5% error for most cases
by the expression

Z;r' Ap ( 7+ 8;9_72) 7

where Ap=y

As might be expected from the preceding discuss-
ion, the actual percentage of the tail covered by the slip-
stream may differ for different rotational configurations.,
Since the 47 that we compute does not take these rotation-
al effects into account, we may expect differences between

the rotations in the values of /bo based on this 4? .



Reference to Fig. 25 shows that such differences do occur.
For airplane No. 2 the differences between rotations is

not very large. Hence 4? must not change much with ro-
tation for this airplane, as is verified later by the re-
sults for the downwash at the tail, However, for airplane
No. 4, there is a large difference in Ap between "down in
the middle" and "up in the middle" rotations. Since all
three rotations for this airplane give values of /@a that
are too high, there must be some general interference effect
that renders the 47 calculation slightly in error., How=-
ever, only "down in the middle" rotation is beyond limits

of error, indicating that this rotational configuration
covers more of the tail than was predicted, i.e., converges
toward the fuselage. This agrees with the observed tendencies
for this rotation with large underslung nacelles, In the
same way we note that for airplane No. 3, tested only for "Up
in the middle" rotation, the values of ,4,, are low, although
within limits of error, This indicates divergence of the
slipstreams away from the fuselage, as has been observed for

large underslung nacelles,

We may conclude that for most cases, single-
engine, or multi-engine with favorable rotation, /4P may
be taken as constant and equal to 1.0

It is of some interest to consider the slipstream

=20



positions plotted in Figs. 15-19, For airplanes Nos., 1,

2 end & the tail is in the slipstream by almost the same
amount for all values of 7¢ and angle of attack, For
airplsnes Nos. 2 and 4 the tai&l, due to its height, is
Just entering the slipstream at negative angles of attack,
and the amount of the tail in the slipstream is approx-
imately some linear function of 7¢ and o . This is

of interest in the discussion that follows.,

On Fig. 26 ig plotted the variation of the down-
wash factor, ;Q , as a function of 7z for the various
airplanes tested, The factor, 4 , gives the downwash
increment due to power according to the equations on pp. 20-21,
Section III., The values on Fig, 26 were obbained from em-
pirical data using the method of reference 2 (equations,p.24).

The results again show highly interesting rotational effects.

By equation (17) the inclination of the slip-
stream center line must always be dowvnward., Yet, in Fig.20
there sppears negative downwash increment due to power. The
curves of all three rotations for airplane No., 2 have neg-
ative intercepts., This can, perhaps, be laid to experi-
mental ervor. The other effects of rotation on the slope
and values of f» vs. 7¢ cannot, however, be ignored.
These effects can be interpreted in the following manner.

Tt has been shown by wake tests that the rotational com-
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ponents in the slipstream give a tremendous variation in
the downwasgh angle over the span of the tail, (of the order
of 6°to 10). This variation, however, must be a function
of the position of the slipstream with respect to the tail.
It must also be a function of the rotational configuration.
Then, if the center of the slipstream lies on the tail for
all values of 7. and angles of attack, as is the case for
airplanes 1, 2, and 5, we would expect variation in down-
wash increment due to power, depending upon the rotational
configuration, as follows: (assuming the tail extends out-
board of the nacelles)

1). "Up in the middle'" rotation moves the slip-

streams outboard on the tail, resulting in less

average downwash than if the slipstream went
straight back.

2). "Down in the middle'" rotation moves the slip-
stream inboard, resulting in more average down-

wash than for a straight slipstream.

Now suppose that the slipstream falls well below
the tail and that the tail span lies between the thrust axés.
Then the tail area covered by the slipstream, as in airplanes
2 and 4, is no longer constant, For "up in the middle" ro-
tation we might well expect an upwash increment due to the

upward component of the inboard half of the glipstream.

-3



This upwash will increase with /< , due to increasing
rotational speed, provided that the slipstream does not
fall off the tail with increasing 7 . For '"down in
the middle" rotation we would expect less upwash increment
than if the slipstream went straight back, due to the

divergence of the slipstreams,

Considering Fig, 26 again, we see that this
reasoning is consistently born out. For airplane No. 2 67
is practically constant (¢f. Fig. 21). The span of the
twin tail used in the tests extended beyond the thrust
axis. From Fig. 26 we see that there is g variation in the

a7

slope, 2 the slope and the downwash being greatest
for "down in the middle" rotation. The difference in down-
wash between rotations is not as great, however, as that
for airplane No. 4. Here a high single tail empennage was
tested, the span pf the horizontal tall extending only

as far zs the thrust axis. DNote that the difference in
downwash between convergent and divergent rotations is

very large, again consistent with the interpretation. Air-
plane No, 3 was unfortunately tested only with the con-
figuration "up in the middle"., This is the most interes-
ting result, however, since the increment is entirely up-
wash, ﬁ; increasing negatively as 7c¢ increases. The
empennage tested with this airplane was set high above the
thrust axis, (cf., Fig. 22), and its span extended outboard

only as far as the thrust line., A large propeller diameter



was used, resulting in larger QQ than for the airplane

No. 4., Therefore, for the divergent rotation tested, the

increment due to the propeller was upwash, increasing with
7¢ . This checks with the preceding interpretation for

high tail position.

It is suggested that further checks on the effects
of propeller operation might be made by varying < at

constant values of “Z¢

On Fig. 27 are plotted the values of BSp ,
computed according to eguation (14). It was the purpose
of this part of the investigation to determine whether

the function

7§ = £ B (cf. Ref, 1)

5,
~ = constant

grir-r)

! Fple-7)
was a satisfactory expression for the downwash increment

(cf. Fig. 34)

due to power, i.e, to determine whether
B, = Sy
( /% and ¢ from experimental data)
is a constant for all airplanes. The results on Fig. 27
show that for airplanes 2 and 5, and for "up in the middle"
rotation of airplane No. 4, a good average value for TS

is 0,20 or 0,30, This is in the neighborhood of wvalues



suggested in references 1 and 2., For the rest of the
airplanes and rotations, however, there is considerable
deviation in values of &Bp . Therefore it appears that
the above expression for &Bp is not complete. It may
hold for certain cases or configurations, but not for all,
The preceding discussion has shown that #> is a function
not only of /., and & , but also of the rotational
configuration and the location of the tail with respect to
the thrust axis. A satisfactory function for f; in terms
of these parameters has not yet been derived, It is hoped
that future tests in combination with the results pre-
sented here will lead to such an expression, either

empirical or analytical,



B. Tgil-off Pitching Moments., Power-on,

The pitching moment increments due to power,
with the tail removed, are plotted in Figs. 28-30 for
the five airplanes, The broken lines are the calculated
values for the increents in moment due to the thrust and
the normal force on the propeller, The calculations are

based on the equation

(8 - zszclz[— Zry + Kok |
it Fropeller ~S T (18)

where the function K , Glauert's normal force function,
has been plotted in Fig. 31. The solid lines on the figures
28=-30 are the experimental values of the pitching moment
increments. According to equation (18), 7. will introduce
a constant moment increment for curves of é;czwtaken at
constant 7e¢ , and the slope of the curve is a function
only of the normal force on the propeller, and is always
positive, In Figs. 292 - 30 these increments were taken

at constant angle of attack of the model in the tunnel.

In Fig. 28 both experimental and empirical data were taken
at constant &, , since for zero thrust the 1lift, prop-
eiler running, is approximately the same as the 1ift, power-

off,

The data presented in Fig. 28 represents To a close



approximation the effect on pitching moment due to prop-
eller rotation alonej i.e, for zéro thrust. The tech-
nigque fbr running zero thrust polars is given in Section IT.
For airplanes 2 and 3 the curves are for zero thrust.

For airplanes 4 and 5 the curves are for wind-milling
propellers, since the difference between windmilling and
zero thrust polars was found to be negligible, The dashed
curves for these cases were computed using the propeller
drag increment as negative 7Z¢ . For airplane 1 no

zero thrust or windmilling data was taken on the tail-

off configuration. The curve presented is at very low
thrust, however, For all the airplanes the destabilizing
effect due to rotation ranged from 2% to 3% C.G. shift,
based on tail-off &€ . The effect was largest on air-

plane No. 1 because of the large value of Xy .,

For airplane 1 the agreement between calculated
and experimental values of the above effect is excellent.
Here the instability is due entirely to the normal force
on the propeller, The destabilizing effect on the complete
airplane is approximately 0.04 for low powers., Cne-third
of this effect is due to interference on the tail, as shown
in Fig. 4. The rest of the effect is the normal force on

the propeller., For the higher powers the normal force



function does not give the complete effect, predicting
higher destabilizing effects than were actually obtained
( cf, Fig. 22 ). Interference effects account for the

discrepancy,

For the multi-engined airplanes the propeller
force accounts roughly for about half of the destabilizing
effect at zero thrust. Presumably the rest is due to
rotation interference with the nacelle-wing combination.
Referring to Fig. 28, for airplane No. 4, the "rotation
up in the middle" has the least interference effect by
50%, and agrees fairly closely with the normal propeller
force. However, for airplane No.2 the rotation effects

were all practically the same,

The increments in tail pitching moment at high
powers for the multi-engined airplanes show various
amounts of interferance. For airplane No.5 the thrust
line lay only 1,9" above the center of gravity. Hence
the calculated values for various 7Zes lie very close to-
gether, increasing negatively with 7¢ . This same var-
iation with 7c¢ occurs on the experimental curves but

the spread, due to interference, is much greater.,

For airplane No., 4 the experimental results

are roughly the same for every rotational configuration,



The distance from thrust line to C.G. was quite large in
this case, hence the moment incrément due to thrust is
quite large. The calculated values account for approxi-
mately 78% of this thrust increment, and for nearyy all
of the pitching moment slope, Hence, in this case, also,
the destabilizing effect is camsed entirely by the normal

force on the propeller,

Airplane No. 2 has most peculiar experimental
results., The effects for the rotation "up in the middle"
are matched very satisfactorly by the calculated values.
For all three rotations the destabilizing effect is due
to the normal force on the propeller, The increment due
to thrust, however, which matches so well for P, B,
decreases steadily as we pass to the rotation P Re
and to P B . This indicates that there exists an inter-
ference effect of a nature similar to the effect of ro-
tational configuration upon the flow over the tail.

Since this effect is not substantiated by the tests on
airplane No, 4, it is difficult to draw definite conclu-

sions from the airplane,

Comparison of the geometrical aspects of the

two airplanes reveals no pertinent difference, except in

~130.



the size of the airplanes, that might explain the app-~
earance of the effect., No. 4 has 3 thrust line incidence
with reppect to the wing, and has shorter, fatter nacelles
than those of No. 2. Both alrplanes are mid-wing, having
the same airfoil section, with large under-slung nacelles.,
The propeller diameters and the distance of the thrust
axes from the plane of symmetry are proportional for both
airplanes, The size and general dimensions of the fuse-

lages are proportional,

However, the effect joins with the other ro-
tational results too well to be disregarded, having once
appeared, Further tests, with extensions in the isola-
tion of effects, such as polars at various values of J
for constant 7 , may help to determine when and why
such an effect occurs., It is suggested that if possible,
tests be made on a very simple wing-nacelle combination,
in an attempt to determine not only rotational effects,
but also the effect of the veftical position of the thrust
axis on wing-nacelle interference and the downwash behind

the wing.

wAOm



V. Concluding Remarks

The following conclusions may be drawn from
these investigations:

1). The "power-on averaging factor", Ap ,
has an average value of unity. The power-
on tail efficiency is therefore satisfac-
torily expressed as a function of the disk
loading, é?z;é} , and the percentage of the
tall in the slipstream, &’

b = 0+ SP%

2). The path of the slipstream can be approx-
imated by the sum of propeller downwash and
wing downwash, permitting a consistent eval-
uation of 67 .

3). The average downwash at the tail is not
only a function of 7 and & , but also
is directly and largely effected by prop-
eller rotation and the airplane geometry.
The results show that the downwash cannot
be approximated by a constant value of 5.
For normal tail positions and rotations, B,

has the value 0.30 as suggested in Reference 1.

—41...



4) .

However, for unfavorable rotations and

high tail positions, values of e diverge

greatly from this value (cf, Fig. 27 ).
This indicates that the analysis needs
further reduction or division to take
into account this rotational and geomet-

rical effect.

Interference effects on the wing-fuselage
or wing nacelle combinations are large.
The relative magnitude of these effects
may possibly depend upon the rotational
configuration used, In some caseg the
effect of this interference in stability
is negligible, the normal propeller force
giving the total destabilizing effect due
to power on the tail-off configuration,
The inconsistency of these effects

warrants further investigation,

] Do
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