-

N 62 65400

B B Hen Bow ARR March 1943

s ——

NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

WARTIME REPORT

ORIGINALLY ISSUED
March 1943 as

Advance Restricted Report
TESTS OF A DYNAMIC MODEL IN NACA TANK NO. 1 TO DETERMINE
THE EFFECT OF LENGTH OF AFTERBODY, ANGLE OF
AFTERBODY KEEL, GROSS LOAD, AND A POINTED
STEP ON LANDING AND PLANING STABILITY
By Norman S. Land and Lindsay J. Lina

Langley Memorial Aeronautical Laboratory
Langley Field, Va. pall |

NACA

WASHINGTON

NACA WARTIME REPORTS are reprints of papers originally issued to provide rapid distribution of
advance research results to an authorized group requiring them for the war effort. They were pre-
viously held under a security status but are now unclassified. Some of these reports were not tech-
nically edited. All have been reproduced without change in order to expedite general distribution.

L - 400







L-400

NATIONAL ADVISORY COMMITTEE FQR AERONAUTICS

ADVANCE RESTRICTED REPORT

e s s st s g s et

TESTS OF A DYNAMIC MODEL IN NACA TANK NO. 1 TO
DETERMINE THE EFFECT OF LENGTH OF AFTERBODY,
ANGLE OF AFTERBODY KEEL, GROSS LOAD, AND
A POINTED STﬁP ON LANDING AND
PLANING STABILITY

By Norman §. Land and Lindsay J., Lina
SUMMARY

Tests were made in the NACA tank no. 1 to determine
the effect of length of afterbody, angle of afterbody keel,
and gross load on the limits of stable trimg and on the
landing characterisgtics of & model of a flying boat with
conventional steps. The studies were made with four lengths

of afterbody, four angles of afterbody keel, and five gross

loads. In addition, tests were made of a pointed~gtep
model. The model represented a hypothetical flying boat
with a design gross load of 160,000 pounds and a wing gpan
of 200 feet,

The tests showed that, between gross loads of 140,000
and 200,000 pounds, the stability at landing remained un-
changed. Increasing gross loads raised the gtable-trim
range to higher trims and kept the stable range consgtant.

The tegts also showed that there is an optimum angle
of afterbody keel which resvlts in the greatest range of
stable triwg but not necessarily the best landing stability.
The model with the highest angle of afterbody keel tested
showed the best landing gtability at low landing trims;
whereasg the model with the lowest angle was the mogt stable
at high landing trims.

With a constant angle of afterbody keel; the shortest
afterbody tested exhibited the greatest stability at land-
ing and the widest range of stable trims.

The one ‘form of pointed step investigated gshowed a
very narrow range of stable trims but had no tendency to
skip on landing at any landing trim.




INTRODUCTION

Most of the tests of dynamic models at the NACA tanks
have necessarily been of a specific nature - that is, tests
of modelg of existing full-scale design. These tests are
made to @etermine the characteristics of a design and, if
possible, to improve it. The location, depth, or form of
the step, length of afterbody, and angle of afterbody keel
have been changed during the course of such tests and their
effects on the dynamic characteristics determined. Because
of the purpose of the investigations, few systematic stiddies
of the effects of such changes are undertaken.

The effects of a series of changes of depth of step
and load coefficients on the range of stable trims have
been investigated (reference e As a continuation of the
study of the effects of fundamental variables on hydro-
dynamic instability, NACA model 134 was tested with four
angles of afterbody keel, four lengths of afterbody, and
with a pointed step. In addition, inasmuch as the testing
technigue had been improved since the reference tests, a
series of five gross loads on the basic configuration was
investigated. The effect of thege variables on landing
ingtability - that is, skippiag - and on trim limits was
studied.

The NACA model 134 used for the present tests is a
later design based on the same lines as NACA model 291 ,
which was used in the reference tests.

APPARATUS AND PROCEDURE

The NACA tank no. 1, the towing apparatus, and the
method of determining trim limits are essentially unchanged
from the descriptions of reference 1.

landing instability, or skipoing, was studied by actual
take-offs and landings made with the model. The carriage
was accelerated until the model took off at approximately
the degsired landing trim. After take-off, the model was
free to rise approximately 6 inches, further motion being
restricted by a stop. The trim was then adjusted as closely
as possible to the desired landing trim by means of the
elevators. The carriage was decelerated at a fixed rate
until the model had landed and had reached a2 definitely
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stable condition. The actual trim at contact and the
speed of the carriage at contact were noted, and a motion-
picture camera recorded the behavior of the modsl.

The afore-mentioned fixed rate of deceleration was
not necessarily the scale value but was the only rate that
could be repeated with reasonable accuracy with the exist-
ing techaigque of carriage operation. At this rate, gpesd
was reduced from the contact speed (40 to B0 fps) to hump
speed in about 10 secondg.

DESCRIPTION OF MODEL

The model ig a 1/12-size raprosentation of a hypo-
thetical flying boat with a design gross load of 160,000
pounds and a span of 200 feet. A profile of the model,
with the basic step amd afterbedy, is ghown in figure 1.
Profile and bottom plan views of the afterbodies tested
are shown in figures 2 to 4, and figure 5 shows photographs
of the complete model, '

A full-size flying boat comparable to the model tested
would be generally similar t$o¢ the Martin XPB2M-1 Mars. The
wing and tail surfaces are similar to those of the Mars in
size and in location with respect to the step.

The hull lines are based on the lines of model 101.
The bow was raised and shortened from the original form to
provide a more practical, seaworthy forebody. The deck
line was raised in order completely to submerge the wing
root for aerodynamic cleanness and the tail extension was
widened sufficiently to accommodate a turret.

The "bagic" model with a depth of step 5.5 percent of
the beam, angle of afterbody keel 5.5° from the base line,
and a length of afterbody equal to 87.15 inches, represents
conventional present-day design. The length-of-afterbody
series included the basic afterbody, one longer afterbody
(basic length increased by 1/2 beam), s2nd two shorter after-
bodies (1/2 beam and 1 beam shorter than the basic length),
all with an angle of afterbody keel of 5.5°. The angle-of-
afterbody-keel series included the basic afterbody 5.5°,
one lower angle 4.0°, and two higher angles 7.0° and 8.5°,
all with the bagic length of afterbody of 37.15 inches.

The pointed step was 1laid out to give the same stern-
post clearance as the basic hull, that ig, the same angle
between main-step stern-post line and base line.
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It was anticipated that the depth of the main step,
5.5 percent of the beam, probably would not be great
enough to eliminate skipping completely on the basic model.
fais condition was desirable in order to study the effect
of variations in the afterbody on an already unstable model
Tests with a deeper step are contemplated.

The construction of the model followed the weuel prac-
tice. The light plywood frames were notched to receive
balsa stringers, mahogany keel, and chine gtrins, and the
whole was planked with balsa. Exterior finish consisted
of tissue laid in dope as a seal for fine cracks and pin
holes and of several coats of pigmented varnish. The lower
portion of the hull was constructed with two removable sec-
tions, a step section and an afterbody section.

Iuportant dimensions of the model are as follows:

Full-gize 1/12-size model

Dimensions of hull

Beam, maximum 14.24 f¢ 14.24 in.
Beam, at step 15.86 £¢% 18,86 din.
Length of forebody (bow to step) 51.70 f¢% &, 20 LH:
(Length-beam ratio = 4.70)
Length of tail extension G2 IBELEL S92« 95 1n,
(Length-beam ratio = 2.81)
Length, over-all 124.05 f¢% 124.086 18.
(Length-beam ratio = 8.70)
Depth of step, at keel 0.78 ft 0.78 in.
Angle of dead rise at step:
Excluding chine flare 20° 20°
Angle of forebody keel Tets 5 g
Angles of afterbody keel:
liodel 1344 (Basic) Byl Beb
Model 134B L R«
Model 134C g R
Model 134D 8.5° 8.5°
Models 144E, 134F, 134G ke Dbl
Model 134H 2.0° S
Lengths of afterbody:
Models 134A, 134B, 134C, 144D G AL N i, 15 n.
(Length-beam ratio = 2.61) '
Model 1v4E 44§ D8 ST 44,27 in.
(Length-beam ratio = 3.11) _
Model 134F SO0 BT 30505
(Length-beam ratio = 2.11)
Model 134Gf 22190 Fet 2209 in.

(Length-beam ratio Toss 5k )

Model 144H Y2 e A2 a2 dn.
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Angles between keel lines at

step?

Model 134A

liodel 1343

Model 144C

Model 134D

Models 1384E, 134F, 134G
Model 134H

Dimengions of wing

Area

Span

Root chord
Tip ehegpd: |
Angle of incidence

Ialer athzqoeb, ftaftent HePRl
Length, M.A.C.

L.B. M.A.C., aft of F.P,
L.E. M.A.C., forward of step
Angle of incidence of M.A.C.

Dimensgions of horizontal tail

surface

Type

Area

Span

Incidence (normal)
Dihedral

L.B. af root. chord of wing. to

L« Bse 0f Tro0t choxd of tail
Root chord (sec. NACA 0015)
Tip chord (sec. NACA 0015)

(sec. NACA 23020)
{bec. NACA 230182)

Loading conditioné
Gross.loads:
liodel 1ldé4A

(design)

Models 13843, 134C, 134D, 134%

1447, 134G, 134H

Ceags foxwand of

(40 percent M.

c.gs forward of

(20 peércent M.

c.g. above step
Pitching moment
about c.g.

step
B 05 )
step
Vel oy

of inertia

FTull-size

1/12-size model

65892
Bud ¥
Bud?
ol B
Bs89°
3,30

3688 sq-

200 £t
28 €%
9.33
5,5°
38.01
830465
40,70
11.00
BaBH

TwingV

505 sq

41.38
60
149

127,800
140,000
160,000
180,000
200,000
150,000

356

5,99

12.23
l.366 X

ity

£t

bl
ft
ft
ft

ft
ft

ft
ft
ft

1b

1b
b
o
1b

e,
ft

ft

ft

10° glug~ft°

62812
B89
8.3%
982
680
3.809

25.58 sq f¢t
200 in;
2erin,
9483 dn.
55 5°
28501 T an.
PO R o o i
40.70 dn.
1100, 1n.
5.5°

3.51 gq ft
del 58,

14°

68m i An's
14.848 in.

T8
80.
905
103.
114.

i
1)
1b
1lb
1lb

o O+

9148 1h
6. B6 I

0.9 1nan

e ey
69 slug—ft8
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RESULTS AND DISCUSSION

The ¢rim limits of stability are plotted against speed
for model 154A for various gross loads in figures 6 to 10.°
The angle of afterbody keel was varied and the resulting
curve is given for model 134B in figure 11, for 134C in
figure 12, and for 134D in figure 1l3. The effect of
changes in the length of afterbody on these limits of sta-
bility is giyen in figure 14 for model 134E, figure 15
for 134F, and figure 16 for 134G. TFigure 17 is the curve
of trim limits of stability against speed for the model
with the pointed step, 1l34H.

The effect on the limits of stability of gross load
ig shown in figure 18, of angle of afterbody keel in fig-
vre 19, and of length of afterbody in figure 20. The
critical trims from figures 6 to 10 have been cross-plotted
against gross load in figure 21, 2against angle of afterbody
keel in figure 22, and sgainst length of afterbody in fig-
ure 23, In figures 21 to 235 speed is the parameter.

Trim Limits of Stability

Effect of load.- The effect of load on the trim limits
of stability is best shown in figures 18 and 21. The gen~
eral effect ig to raise the complete set of limits to
higher trims as the gross load is increased. Some incon-
gistent crossing of the faired limit curves may be observed
in figure 18. Thig inconsistency is undoudtedly due in part
to differences in the personal interpretations of the point
at which instability began by three observers, ‘each of whom
ran a part of the tests. The critical trims (trim at upper
and lower limits) from the faired curves of figures 6 to 10
have been cross-plotted against load in figure 21 at several
speeds. This figure shows that the curves of critical trim
agginst load are approximately linear. It should be suffi-
cient, then, when a specific model igs tested, to investigate
only the extreme values of gross loads.

BEffect of anzle of afterbody keel.- Figures 19 and 22
gunmarize the results of the tests with various angles of
afterbody keel. No marked changes in the position of the
lower 1limit resulted from changes in this angle. Thisg
fact verifies the general observatioan that the afterbody
has no effect on low-angle planing stability.




The upper limits were raised to higher trims as the
angle of afterbody keel was increased. The change was not
linear, as figure 22 shows. Increasing the angle from
4.0° to 5.5° raised both upper limits; a further change to
7.0° raised the upper limits a greater amount. The change
foon7:0% £es8.5% produced little increase in the stable-
trim range and entirely changed the character of the motion
during high-angle porpoising. With an angle of afterbody
keel of 8.5°, high-angle oorpoising appeared to consist
mainly in violent vertical motion and very little change
in trim occurred. Lower angles of afterbody keel nroduced
the usual high-angle porpoising of coupled trim and rise
motions, the angular motion being centered at some point
near the stepn post.

Considerable loss in range of stable trimg will result,
then, if the angle of afterbody keel is far from the optimum.
Not only may too great an sngle show no increase in stability
but it may even decrease the stable range or lead to 2 more
violent type of porpoising.

BEffect of length of afterbody.- Figures 20 and 23 sum-—
marize the effect of length of afterbody oa the trim limits.
In figure 20 some crossing of the lower limits may be noticed.
A slight, almost negligible trend to raise the lower limit
as the length of afterbody is increased may be seen on the
cross plots of figure 23; the change is so slight as to be
uncertain and of no practical significance.

The upper limits are raised to higher trimg as the
afterbody 'is shortened. This effect is egpecially pro-
nounced for the change from the 30.0%-inch length to the
22.91-inch length. an afterbody shorter than is conventional
at the present time may therefore e expected to increase the
stable-trim range of a flying boat.

It must be remembered that in the length-of-afterbody
series a constant angle of afterbody keel was maintained,
which results in more stern-post clearance as the afterbody
is shortened.

Effect of a pointed step.- Figure 17 shows a comparison
of the trim limits determined for the pointed-step model 134H
and the basic model 134A. The pointed-step arrangement was
tested, because it was believed to offer a naturally well-
ventilated step which should have a desirable effect on land-
ing and vporpoising stability. It is evident from the curves
that the pointed-step model has a much smaller ranges,of gta-
ble trims than the conventional model. The lower limit.
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except at the hump speed, is considerably higher than for
the conventional model, probably because of the high beam
loading on the step at intermediate planing speeds.and
trimg.

~ The upper limits with the pointed~step hull are lower
than for the convemtional hull. The regsulting range of
stable trimsg ig very narrow, adbout 2.59, -at speeds between
32 and 38 feet per second. :

Landing Stability
Effect of load.- An analysis of the motion pictures

made of landings of model 134A at different attitudes with
several gross loadg gave the following results:

~Full size 160,000 180,000 200,000
140,000 . '
Model e, . :
landing (deg) 80,4 1.9, 1080 o D4, B
Num- {Land |Num- |Land- |Num- ‘Land--Numf Land-
ber: }-ing |ber ing |ber ing |ber ing
of speéd |of gpeed| of | speed| of speed

skips |(fps) |skips|(£fps) |skips}|(fps) |{skips|(fps)

1 3 49.2| 1 46,4 |mrmmm fmrmm e e
2 1 50.0f 2 47.2 ===~ Rl EEEE PP
3 R CEEEEE EETEEE b ces-f 1. 148.8 | 6 49.2
4 6 41.6| 4 44.0| 1. |47.0 4 48.8
6 5 40.8|. 4 . | 42.4| ' 5  |46.0 Bl b 425
8 5 38.8) 4 | 40,1} 4. }45.% 5 4t

10 5, | 4.6 ® 42.6| 4 |44.2 5 46.0

12 9 4G.2| 5 41.6( .4 ‘&5 | 456

R 2 B e e

The number of skips given for each”landing is the num-
ber of times the.keel at the main step came clear of the
water after the initlal contact. his number gives no indil-
cation of the violence or magnitude of the jump but may be
used as a rough comparisoun of relative instability for dif-
ferent conditions, ' ' - ' '

An inspection of the foregoing results shows no definite
trend of the number of skips as the gross load is changed
within the test limits; conseguently investigations of landing
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ingtability with a given hull form, made at the degign gross

load, may be expected to represent behavior at lighter loads.
Tentative conclusions reached from observations made from '
tests of other models verify thisg assumption.

Effect of angle of afterbody keel.- The following
table gives the results of the landings made with the dif-

ferent angles of afterbody keel (models 134A, 134B, 1340,
end 134D):

\\\\\Z;%IQ of

afterbody .

N, e preT. 5.5 7.0 8.5

landin\\\\@ffi
(deg)

. y - |

Num- |{(Land- {Nuwm~ |[Land~- [{Nuwm- [Land- |Num—~ [Land-
ber ing |ber ing |Dber ing |ber ing
of speed|of speed |[of speed {of speed

skips{(fps) |skips|(fps) |skins|{fps) |skips|(fps)

2 4 46,4 2 47.2 i 47.2 0 50,2
4 4 44.0 4 44.0 G 44.2 i 46.2
6 3 42.8 = 42,4 ik 44.0 1 45.6
8 ) 45.6 4 40.1 S 44,6 6 46.8
10 ik 42.2 o 42.6 9 45,4 8 44.8
12 5 43.0 5 4361 Lid 40.8 4 43.06

It is evidernt that no angle of afterbody keel tested
was optimum at all landing attitudes. The two highest
angles of afterbody keel tested, 7.0° and 8,5°, showed the
least skipping tendencies at landing trims below 8°. At
higher landing trims, however, these angles were more un-
stable than the lowest angle, 4.0°. Inasmuch as most land-
ings in full-gize operation are probably made at the higher
trims, a low angle of afterbody keel would be the design
choice to minimize skipping.

If the test results shown in the preceding table are
analyzed on the basis of trim of afterbody keel, the same
conclusgsions are reached. Each of these four afterbodies
gshowed the least tendency to skip when landing at negative
afterbody trims. At positive afterbody trims, the lowest
angle of afterbody keel of the series has the least tend-
ency to gkip.
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Effect of length of afterbody.- The results of the

landings made with different lengths of afterbody (models
134A, 134E, 134F, and 134G) are shown in the following

table:
T T
Length of
afterbody
P at(in.,modeL 22.91 30.03 37.16 44.27
. b £8,full
BB IIE \\\\\siz@
(deg)
Num- |Lané- [{Num- | Land- |Num- |[Land~ |Num- |Land- .
ber ing |ber ing |ber ing |ber ing
of spsed |of speed |of speed | of speed
skips|(fps) |skipe| (fps) |skips| (fps) |skips|(fps)
al 1 0 48.0 0 46,0 1 46,4 0 525 8
2 | © 50. 86 1 4,0 2 47 .2 0 52200
s S 4440 il 42.8 - 44,0 0 49.6
6 3 2.6 7 44.0| 4 4.4 TE” | aw
8 1 42.0 5, 42.0 % A QRN 5 44 .8
8 5 45.2 6 41,2 [S) 42.6| 10 44,0
12 2 428 6 40, 6 B 41.6l 5 42 .4

These data indicate that the shortest afterbody tested
wag definitely the most stable at any landing trim higher
than 69. At lower landing trims, the shortest afterbody was
not more stable than the others but appeared to be just as
stable. A short afterbody with the same angle of afterbody
keel ag a longer afterbody mey be expected, therefore, to be
the more stable at landing.

Effect of a pointed step.- The pointed-step hull
(model 134H, fig. 4) exhibited no tendency to skip at any
landing attitude tested. At high landing trims, the model
trimmed down sharply after contact. This action, which was
very sudden, may be as undesirabdble as light skipving.
Further tests to explore the characteristics of this type of
step would be of considerable interest.

CONCLUSIONS

1. Increasing the gross load of a flying boat raises
the trim limits to higher trims. ©No marked change in the
range of stable trim attitudes occurs with load change.
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The shift in the ftrim limits to bhigher trimg is spproxis
mately linear with the increase in load. No appreciable
change in the landing instability (skioping) avppears as
the load is changed. Testing at only the extremes of
gross-weight conditiong shonld therefore be sufficient in
investigations of %rim limits and landing stability.

2. There is no obviogus optimum angle of afterbody
keel for the best over-all characteristics of the model
tested. A relatively high angls of afterbody keel showed
the greatest range of stable trims but was more unstable
on landing except at low landing trims., The choice of an
angle of afterbody keel for a given design should be made
only after tests, at least until further research data
are available.

4. With a fixed eangle of aftervdody keel, a short
afterbody may be expected to be more desirabls than a
longer one for the ourpose of securing greater range of
stable trims and better stability at landing.

4. Tests of one pointed step indicated it to be con-
siderably more stable at landing than a conveational step.
The pointed step, however, had a narrower range of stable
trims available than the conventional stevn.

5. Wide variations in angle of afterbody keel or
length of afterbody had relatively small effects on the
skipping characteristics of a model already unsgtable at
landing. A change in plan form, however, that produced
better natural ventilation of tke step completely elim-
inated sgkipping.

Langley Memorial Aeronautical Laboratory,
National Advisory Committee for Aeronautics,
Langley Field, Va.
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NACA . Figs. 6,7

NACA TANK
National Advisory

12 — Date of test, June 3 to 19, 1942_____________Committee for Aeronautics
Neutral st.ablllty (a - c.g. at 28 o/o0 M.A.C. ~

(- c.g. at 4O o/o M.A.C. L

Min _mum tgim—o 3

10 (Stable £ L

| Upper limit

increasing trim__

“\’ O£

8 - -
[
%0 o
L
el \K
€ 6 ™
- ~—Upper limit
& Y \ decreasing trim
u

Lower limit —

==

(1 block = 10 divisions on 1/40 Engr.

0 5 10 15 20 5 30 55 4o us 50
Speed, fps

Fig.6 . NACA Model 134-A (1/12-size dynamic model similar to XPB2M-1 airplane).
Limits of stability. A% 127,300 1b, full-size; 73. 07 1b, model. Angle
. of afterbody keél = 5.5°. Length of afterbody B7 58T

National Advisory
12 Date of test, June 3 to 19, 1942 Committee for Aeronautics
Neutra} stablhty (o - c.g. at 28 o/o M.A. c.
| || (6 - c.g. at 40 o/o M.A.C,

Minimum trim—o
10 (Stable) =Upper limit
increasing trim
o ,— k%&
g 3 o I\ s
5 \ &
) Upper limit
g 6 \‘ ‘i g gecreasing trim
£ N ¢
3
= Lower limit —
2
0 - = L
0 5 10 115 2 2 o) 25 u0 u5 50
Speed, fps
Fig. 7 . NACA Model 134-A (1/12—size ic model gimilar to XPBM-1 au?lan
40,000 1b, full-size;&0.4 1lb, mod Angle

Limits of stability. 8

of afterbody keel = 5.50, Length of 4fterbody = 37.15",
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Fig. 9.
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Figs. 8,9

NACA TANK

i il National Advisory| .
Date of test, June 3 to 19, 1942 ommittee for Aeronautics
Neutral stability (s - c.g. at 28 o/o M.A.C
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(Stable) —Upper 1imit
- increasing trim
VAN
.—Upper limit
\_\ %\\{/,/ egreasing
rim,
"N i
wer limit—/
\\A
=< 0
i\k
6° ' 5 10 15 ' @D D P H' Ho H5NeEe

Speed. fps

NACA Model 134-A (1/12-size dynamic model similar to XPB2M-1 airplane).
Limits of stability. AB = 160,000 1b, full-size; 91.9 1b, model. Angle
of afterbody keel = 5.,5°. Length of éft,erbody g1 Gy

NACA TANK
National Advisory
(1 block = 10/40") Committee for Aeronautics
Date of test, June 3 to 19, 142 | l |
| __Neutral stability (2 - c.g. at 28 o/o M.A.C. |
(&£ - c.g. at 4O ofo M‘tkC.A i per limit
ncreasing
Minjmum trim—o e / trim
(Stable) A
\ Lk
"\\ 4
N | —Upper 1limit
v /] decreasing
trim
NEEE
Lower limit ~/ \\
P\
“‘1h\\~

0 5 10 15 2 5 b Y 5 uo H5 50
Speed, fpe

Fig. 9 . NACA Model 134-A (1/12-size dyneamic model similar to XPB2{.l airplane).

Limite of stability. 4, = 180,000 lb, full-size; 1o§.u lb, el. Angle
of afterbody keel = 5.59. Length of Afterbody=37.15".







Figs. 10,11

NACA
NACA TANK
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Fig. /O . NACA Model 134-A (1/12-size ic model similar to XPBM-1 airplane).

Limits of stability. A, = 000 1b, full-size; 114.9 1b, model.
Angle of afterbody keel = 5,50', Lenét,h of afterbody = 37.15%,
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Fig.// . NACA Model 134-B (1/12-size dynamic model similar to XPB2M-1 airplane).
Limits of stability. 4o = 160,000 1b5 full-gize; 91.9 1b, model.
Angle of afterbody keel=u.0°. Length’of afterbody = 37-15"»
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Fig./Z . NACA Model 134-C (1/12-gize dynamic model similar to XPB24-1 airplane).
Limits of stability. 33 = 160,000 1b, full-size; 91,9 1b, model. Angle
of afterbody keel = 7.0°, Length of afterbody = 37.15%,

(1 block = 10/40%)
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Fig./3  NACA Model 13+-D (1/12-size dynamic model similar to XPBAM-1 airplane).
Limits of stability. gg = 160,000 1b, full-size; 91.9 1b, model. Angle
of afterbody keel = 8.59. Length of dfterbody = 37.15".
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Fig.14. NACA Model 1Z4-E (1/12-size dynamic model similar to XPBaM-1 airplane).
Limits of stability. Ag = 160,000 1b, full-size; 91.9 1b, model. Angle
of afterhody keel = 5.5°. Length of ‘afterbody = ul.27".
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Fig.15 . NACA Iﬁgdel 134-F (1/12-gize dynamic model similar to XPB2M-1 airplane).
Limits of stgbility. A8 = 160,000 1b, full-size ; 9l. 9 1b el. Angle
of afterbody keel = 5.5 Length of aft.erbody 30.03".
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Fig.16 . NACA Model 13-G (1/12-size namic model similar to XPBM-1 airplane.
Limits of stabilit 60,000 1b, full-size: 91,9 1lb, model. Angle

of afterbody keel- g5° Length of af%erbody 22 91 .
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Fig.17 . NACA Model 1%4-H (1/12-size dynamic model similar to XPB2M-1 airplane).
Limits of stability. 4o = 160,000 1o, full-size; 91.9 1b. model. Point-

ed step.
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Fig. 18. NACA Model 134-A (1/12-size dynamic model similar to XPB2M-1
airplane). Effect of various loads on stable limits. Afterbody
length = 37.15". Angle of afterbody keel = 5,59,
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Figure 21.- Model 134. Effects of various loads on stability limite. Afterbody length = 37,15".
Angle of afterbody keel = 5.5°,
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Figure 23.- Model 134. Effect of angle of afterbody keel on stability limits. 4o = 160,000 1b,
full-size; 91.9 1b, model. Afterbody length = 37.15".
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Figure 33.- Model 134. Effect of afterbody length on stability limits. & = 160,000 1b, full-
size; 91.9 1lb, model. Keel angle = 5.5°.




