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EFFECT OF LENGTH-BEAM RATIO ON RESISTAYNCZE AND

SPRAY OF THREZ hLODELS OF FLYING-BOAT HULLS

By Jooc W. Bell, Charlie C. Garrison, and Howard Zecck
SULIMARY

bn investigation of the effect of changes in tho
length-beam ratio of flying-boat hulls on resistance and
spray was conducted in NACA tatlk mno, ds & Damily of
three models of hulls of different length—beam ratios was
used and, in order to maintain comparable hull sizes, the
plan-form areas of the hulls were made approximately equal
by keeping equal products of length and beamn.

The tests were made by the general msthod for the
fixed—trim condition as well as by the specific method
for the free—to—trim condition. Photographs of the spray
were taken during the free—to—trim tests. Resistance and
trimming—monent data obtained from the tests were com—
pared over a wide range of loads at hest—trim and free—tc—
trim conditions. Further comparisons were made by means
of talke—off calculations for hypothetical flying boats
that incorporated the lines of the models.

The spray photographs indicated that at very low
speeds the height of the bow spray was reduced by increas—
ing the length-beam ratio, but at high speeds the height
of the spray was increased slightly by increasing the
length—bean ratio, It was concluded from the results of
the tests that by increasing the length—beam ratio the
load coefficient may be increased and that, within the
range of the tests, high length-beam ratios will give
lower hump resistance and better take—off performance
than low length-beam ratios.

I¥TRODUCTION

The trend in the design of nmodern flying boats to
decrease the frontal area by decreasing the beam increases
the beam loading and roguires an increase in length-bean
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ratio I/b to maintain suitable hydrodynamic characteris
ticse The available information on the effect of changes
in the length-beam ratio is contained in references 1, 2,
and 3, The analysis of thig information is mainly con—
cerned with incrsase in length for a given beam, which
causes the effect of incrcasc in size of the hull to
obscurc the effect of length—beam ratio.

The present investigation was undertaken to deterimine
the effect of changing the lcocngth—beam ratio and of keep—
ing the sigze of the hull constaat at the same time — that
1S, thn effect of changing the provortions of the hull

for a given flying boat without changing the volume. The
proportions for such a series could not be determined
oxactly without detail designs for cach hull but have been
approximated by maintaining a constant value of the Drod—
uct of lenth and becam for the models with different longth-—
beam ratios,

Three models of flying—boat hulls with a variation
agth-becanm ratio of 50 poerceat were uscd in the inves—
The range of length—-beam ratios tested covered
uged on modern flying boats, The models were
tested over a wide ranga of loadings in order to include
the effeoct of changes in load coocfficiecnt.

DESCRIPTION OF NLODELS

Photographs of the three models tested are shown in
£)

figurcs 1 and 2. Those models are designated NACA models
144, 1485, and 146. Typical sections arec shown in figure
3, and ths offsets used in thoe construction of the models
are given in tables I, II, and III,

The »narent form of the scries, WACA model 144, was
identical with NACA nodcl 84—-AF (referencc 4) cxcept for
an incrcaso in the dopth of step. After the models had
boen constructed, this depth was increasegirom 0,4 inch
to 1.0 ineh for all the models, or from 2,5 percent *Ho
6.28 percent of the becam of the parent form. This in-—
creasc in the dnpth of step wirs made because tests of dy—
namic models of flying boats have indicated that skipping
and high—aagle porpoising might result from the use of the
original depth of step.

When the forms of NACA models 145 anéd 146 were de—
rived, the product of length and bezn of each model was




made equal to that of modcl 144, and the corresponding
transversc scetions of the bottom surfaces were madc geo—
metrically similar., Other valucs made the same for the
threc modcls were: angle of dead risc, angle of forebody
keel, angle of afterbody keel, height of hull, and depth

of step.

The following eguations give the relationship of the
dimensions of the derived models to those of the parent
moaed:

N& g Zp

i 3

Lig = MK L,

LT g e

by "= 0

. i . 3 <

Lg = =— h, (except for corrections applied
JE to maintain equal aangles of

keel, equal depth of step, and
equal over—all height)

where
any longitudinal diumension of derived model

longitudinal dimension of parent model corresponding
to Ld
bg any transverse diuension of derived model

bp transverse dimension of parent model correspoading

o bd
hd any vertical dimension of derived model
h, wvertical dimension of parent model corresponding to h
X constant (1.25 for model 145 and 1.50 for model 1465)

In order to maintain the sams angles of the keel, a
correcticn was applied that corresponded to the vertical
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change resulting from moving the section longitudinally
parallel to the straight portion of the keel. In order
to make the depth of step equal to that of the parent
model, the entire afterbody was moved vertically by a
constant amount. The bow of the derived model was brought
to the same height as the bow of the parcnt model by
arbitrarily raising the sections forward of station 2.
The dock was located at the saume height as the deck of
the parent model., The curved portions of the deck line
at the bow and the stern were made identical with the
curved portions of the deck line of the narent model, and
the length of the straight portion was extendaod by the
full amount of the increase in length of the model.

The following table summarizes the principal dimen—
sions of the models:

WA CA NACA WA CA
model model model
144 145 146
Ovar—ell length, inches ., , . . . 114.85 128.41 140.67
Leangth to stern post, inches, , , 82.33 93,17 102,06
Length of forebody, inches, , . . 5010 56,02 6L.36
Length of aftorbody, inches , , . 53,238 G lib 40,70
Maximum beeam, inches. . + o o » » 19.92 14,24 13.00
Length—~beam ratio . + « « o« o« o« o 52 6.54 7 .84
Length-beam product, square inches 1327 82 1327
Angle of dead rise, degrees , , , 20 20 20
Angle of afterbody keel, degrees, 48 5%.5 B b
Angle of forebody keel, degrees , 1% 3 JETE as e
Dapth offeten Hinches S 150 150 10
Depth of step, percent beam , , , 6.28 7,02 k]
Center of gravity, forward of
Sibie mPMEi e hieis BN S e o o 7.2 7.2
Center of gravity, height above
keel line at step, inches, , , . 17.94 17.94 17,94

The models were constructed of laminated mahogany and
were built in two sections that joined at the step. They
were finished with pigmented varnish,

APPARATUS AND HMETHODS

The models were tested in NACA tank no, 1 by the use
of the standard equipment and methods described in refer-
encec B, The water in the tank was at the l2-foot level
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during the tests. Both the specific free~to-trim mecthogd
and the general fixed—trim method were used. The assunsd
center of gravity, located 7.20 inches forward cf the
step and 17.94 inches above the keel, was taken as the
pivot for the freec—to—trim tests and as the center of

tr imwing moments for tho general testis,

In the free—to—trim tests, the hydrofoil 1ift
devico was used to simulate the 1ift of a hypothetical
wings The 1ift was appliocd at the center of gravity, and
the same wing was assumad for cach of the models, The
load schadule for the gﬁnorﬂl tests was chosen to include
all loads and g§Beeas of inteorest for prcliminary design,
and a sufficicnt aumboer trimg werc ussd to deteraine

3
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the data at best trim and at zoro trimming moment. Threo
typical loads in thz range of the genoral schedule were
assuingd for the freo—to—trim taosts.,

Mo

The usual tares, as describved in reference 5, were
applied to the data collected from the testss The cor—
rected data were plotted in cdimensional fora because the
beams of the models were not equal, This nethod of plot—
ting permits a more direct comparison of the characteris—
ticse A fow of the plots were madc, however, using non—

o
dimensional coefficients in order to compare the modols on
a

the basis of equal beam., The coefficients uscd arc dofinecd

an follows?

e
Cp load coefficiecnt | ——w

CAo initial load coefficiens

Cy sDeed coefficient { v :
NOAREID

where

A load on water, pounds

A, initial load on water, pounds
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scific weight of water, pounds per cubic foot
(03 5 1b/cw £t for NACA tank no. 1)
ko beam of hull, feet

& scceleration of gravity, feet per second per sccond
(uﬁ.z ft/sec?)

v snheed, foet poar segend
o data obtained 4m ths general toests are presented

as curves of rcsistance and tr.mmlng moment plotted
against speod at various triws and loads in figuros 4 to
9 for model 144, in figures 10 to 15 for modasl 145, and
in figures 17 to 23 for modal 146,

letormination of the bast . trim and the rosist—
) rim, the data from the original resistan
curves were cross—alotted against trim, From these plots,
best trim, resistance 2t best trim, and trimning moment at
best trim wero dotermined, and each was plotted against
spced in figurcs 34 to Bu.

Por the frco—to-~trim tests, resistance and trim were
plotted atainst speed in figures 27 to 29, From the
curves of resistance and load on tho water, the values of
load-resistance ratio &4/R werc obteined and plotted on

the same shects. Get-away speed ¥V, was coaputed for
cach initial load Pigurec 30 shows the :load curves for

.
tho snocific tosts at various initisl locds for all the
models in torme of load cozfficiecnt and speced .cocfficient,

DISCUSS I0W

Resistance.~ Comparison of the roesistance curves fronm
the fixcd—trim tests of the thros models (figs. 4 to 23)
shows that incroasing the longth-beam ratio resulted in a
decreasc in the resistance at hump speceds and at low
spcods and an incrcase in the spoed at which the hump oc—
currcdi These trends nclé trum ior all trims that were
investigated,

.

A comparison of the effect of diffcrent length-beam
ratios ¢n resistance at best tria for the threo models is
given in figure 31. In gono ul, the same conclusions

drawn from comparisons of resistance at equal trims held

i
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for wesistance Bt best ‘trim. At lowspoedes, an incrisede
in the value of length—-beam ratio reduced the resistance
at best trim. The hump occurred at successively higher
speeds, going from low values to high values of length—
beam ratio. The maximum resistance at the hunp was re-—
duced about 7 percent by chaanging the length-beam ratio
from 5,23 to 6.54, but was not changed appreciably when
the length-beam ratio was increased from €.54 to 7.84.

At high speeds and intermediate loads (speeds above 30
fps and loads of 40 to 80 1b, model size), the resistance
was reduced as the length—beam ratio was increased. At
high speeds and light loads, no significant effect result-—
ed from changing the length-beam ratio.

Curves of trim and resistance at zerc trimming mo—
ment for each of the models at an initial load of 100
pounds are combined for ccmparison in figure 32. The
effects in the free—to—trim condition were substantially
the same as those found at equal fixed trims and at best
trim, Increasing the length-beam ratio caused a reduc—
tion in resisftfance at low speeds and at the hump and
caused the hump to occur at a higher specd.

Curves of the variation of load-resistance ratio

A/R with load for models 144, 145, and 146 are shown in
figure 3%(a). The data in these curves were taken directly
from the curves of resistance (best trim and free %o trim)
of the models., Conmparison of these curves shows the

ffects of changing length-beam ratio without causing a
significant change in the volume of the hull or the arca

of the plan form. These curves show that in both the
best—trim and the free—to—trim conditions A/R was made
larger by increasing the length-Dbcam ratio from 5.23 to
6.54 but was not changed appreciably by a further increase
to & length-beam ratio of 7.84. The curves of A/R at
best trim show that, at & speed of 40 feet per second,
increasing the length-beam ratio inereasedé A/R at the
heavicr loads but had no significant effect at loads be-
low 25 pounds.

The curves in figure 33(b) were derived by convert—

ing the data from models 144 and 146 to values for two |
hypothetical models having the lings of models 144 azand

146 and lengths equal to the length of model 145, Compar-—
ison of these curves shows that, within the range included !
in the tests, increasing the beam without changing the
length would increcase A/R at the hump. This effoct is
prescnt in both the frec—to—trim and the best—trim condi-~ 1




tions and at all leads included in the investigation.
Comparigon of the curves reprcescnting a speed of 40 feot
per sccond shows that in the high-speed condition A/R
would be decrcascd by increasing the boan.

Curves of variatioa of load—resistance ratio A/R
with load coefficient OCp arc shown in figure 34. In-
asmuch as thoe coefficients uscd incorporate the beanm as
the characteristic dimension, comparisons made in terums
of theso coefficicents show the sane relative values as
would be shown in comparisons of data for models of equal
becam and diffcorent lengths., In general, this comparison
indicates that, within the range of length-beam ratios
investigated, increasing the length of a hull would im—
prove é/R at the hump but would cause lower values of
A/R  at speeds necar gas-away. At Dest trim, the data
indicate that incrcasing the length-beoam ratio from £.23

$0 6,54 {by lengthening the hull) would causc a relatively
large incrcase in A/R &t the hump and that a further in-
erease to a value of 7.84 would increasc A/ﬁ by a lesser
amount. In the free-~to-trim condition, an increase from
a length-beam ratio of 5.23 to 6.54 would increase A/R
at the hump, but a further incrcase to a value of 7.84
would make no significant change in A/R  at the hunmp,
It is believed that these trends would hold true for hulls
operating at the conditions of the test but, because of
the dovendence upon the location of tho center of gravity,
the treands indicated by the free-to-trim data might not
apply in other casecs.

A comparison of the curves of figure 34(a) shows %that
increasing the leagth of a hull similar to model 144 (with-
out changing the beam) would result in a reduction of A/R
at specds noar got-away. This trond appecars to remain
constant throughout the rangc of length-—beam ratio from
5.23 to 7.84 and, inasmuch as increasing the length of the
forebody cannot be expeccted to change the wetted area when
the hull is planing at high speed, the incrcase in resist-—
ance may be attributed to the increased length of the
afterbody.

The effects of chonging length and beam on resistance
may be sumnmarigzed as follows: I101 agsing beam alone or
length alone increases A/R at the hump speed and de—
creas¢cs A/R at h“gh planing speecds; increasing length-
beanm ratio without changing the plan-—

form area increases
A4/R  at the hump and causes little change in /R at high

planing speeds.
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formations of the
These photo—

Photographs of the spray
are shown in figures 35 and 36,
taken during the specific tests in the free—
to—trim condition. The models were ccmpared at equal
initial loads and equal spceds; however, the load coeffi-—
cients for the models differed by as much as 85 percent.
At low speeds, the shert models (with small length-bean

Soray.—
three models
graphs were

ratios) produced higher bow spray than the long models;
near the humnp speeds and planing speeds, the spray was. a

little higher for the models with narrow beams. (See

fioe, 25 and 36%)

When the length snd the bean were the only wariables
in hull dimen31anb, as in figures 35 and SE there ap—

an indication that the spray
planing surfaces t
reason, the load coefficient

peared to be
ent upon the az

£
vas more depend—
r ha
beam itself, F

n upon the
should

ea of the

not be taken as criterion for the loading of a
hull unless the aiz ratio also is considered,
ko—off performarnce.— In order to compare the over-
all resistance of thc Log dels, take—off calculations were
nade for a series of load cocefficients., Hypothetical fly—
ing boats were assuned, with models 144, 145, and 146 used
ags the hulls. The hulls of these flying boats were as-—
sumed, to bes 10.5, 11, and 12 times the size of the model
hulls, The characteristics, which are the sameg for all
the flying boats, arc as follows:
Gelasions boesd - DOUBRES 3 ¢ 'n s s e 4 el e s e 4 s LHORE0.0
Wime Grea,, souare feet ¢« o+ -« v 5 Rl e e e 3,500
TotQL Worscpower at take—off (four engines). « « & 9,200
Engine speed, revolutions per minute « « s « o & s 2

(e 3o))
e O
N O

Ciaem SR e e e R R T R L B
Propeller:

b

Efahpitler . Fe Gl e 4 & « s 8- 4 % e Gl e el e 1943

R Rl BISdas . v s e i s 5 e el e ow 3
Flaps:

EROEE o . e s s o e e e e ColEer SRR Split

Span, percent win; 2% s SR Sl A S e T, L T £0.,0

Gonidi i pericent wing ‘chior'd ;| T PO RN T SRRl L 20,0
e i R O SRR ST T LN ) S 10
Effective aspect ratio, including ground effect. . 20
Parasite—drag coefficicnt (excluding hull) . . . . 0502
Wing lo-a¢ng, pounds per squzare oot A% Ly & s & s 40
Fo0yer Yonding, pournds per horgepowe®™ L, Yy "y LV by, 152
Sta’ling Speety T eEtner Seeontl e v el s e e e 182

et<away spesd, fect per Seconmd: & +« o & ‘s %% "5 2 ' 145
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The 1ift and drag curves of the wing, which were cor—
rected for ground afifecect for use in the calculations,
were taken from reference 6. The deflection of the flaps
was taken as 300,

In order to make several take—off plots, a series of
threc load coefficients was used for each nodel for a
civen gross weight. (Sec figs. 37 %o 39.) The load coef-
ficionts used covered the entire range of the tests, Lhe
froo—to—trim conditicn was used up to and slightly Dbeyond
the hump tc 45 percent of get—away spced. Above this
specd, precision trim (trim for minimum total resistance)
was used. The method used for the calculations of take—
of f time and distance is descrited in refercencec E.

The trend of tho curvee of total resistance (resist-—
ance plus drag, R + D) followod the trend of the resist—
ance curves fron the fixedi—trim tests. At high planing
spceds, the spray on the aftervodics caused the resist—
ance toc increase with longer afterbodies. The effect of
the length-bean ratio on resistance was notier i bdica l o
the specds near gect-oway.

irn every case the larger lengt am ratio gave bet—
ter take—off performance Tre long ean :ntio that
would give the shorvest aze—of £ tirs nd distance was
e scupe of the

lp-;ub—benﬁ ratios
length—bean ratio o
g

e tosts. The limit of the

T

not deterained hecauss it was heyond th
i he
lying bont, however, nay not be

deternined by resi ico alorne but by such other factors
ag acrcdynanic and hyérg
e

ydynanic avab Ll by, structural
le space inside the hull.

congidcrations, and us

CONCLUSIONS

As & rTesult of this investigation, it 1le concluded

that incrensing the length-beanm ratio within the range
of 5.23 to 7.84 without changing the length—~bean product
causes the following changes in the characteristics of

a flying--boat hull:
1. Higher hunp specd and lower hump res istance
2, Lower bow spray at low speeds ard slightly higher _

[ C
. /&
spray at high spceds (When the iongtn and bean are the
only variables, spray characteristics are norce dependent
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upon the length-bean product than upon the bean alone,)

B3¢ Better take—off performance
4, Higher pernissidble load coefficients

Langley Menorial Aeronautical Laboratory,
National Advisory Committee for Aeronautics,

langley Field, Va,
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TABLE I. - OFFSETS OF MODEL 144, INCHES
Station| Distance
from D R a b c d e i g r
F.P.

Al 0.60 l.24 | 1,33 | 0.88 0.97]0.99|0.,92| 0,73
2 2.85 3.04 | .25 |835 k4 2 06| 2ed S22 61N 8
) Q10 4,16 | 4.45 | 2.92 3230 S0F8 08|F2da
4 9.60 5.67 | 6.04 | 3.98 4.38[4.54|4.18|3.32
5) 14.10 6.63 | 7.07 | 4.65 51315 . 501", 90 e 88
6 18.60 722N N7 oGRS O 509115 . TBI5 ¢ 54 /4 s 22;
7 23 .10 7.61 || 8510 | 5.53 5.89|6.09|5.62|4.45
8 27360 w818 32N aSI4T 6085 6.2515 7714 e
9 35210 7.93 | 8.47 | 5.56 6.14/6.34|5.86|4.64
10 36.60 7.96 | 8.58 | 5.66 6.25|6,37|5.97|4.66
2t 41,10 0.02 ]7.94 | 8.68 | 5.76 6.35 ool L

e 45.60 09| 17.87 | 8.78 | 5.89 6.45 (550 &y

13F 50.10 .21 |7.75 | 8.88 | 6.04 655 6.2

13A - 7.88 | 5.04 5695 | Be07] S «87

14 54.60 .98 |7.58 |7.45| 4.69/0.19(7.52|5.20(6.14(4.92 |
15 59.10 1.19 | 7.37 | 7.02 | 4.40| .29]7.14|4.91(5.76(4.63

16 63.60 1.45 | 7.11 | 6.58 | 4.19| .42|6.53|4.70|/5.15|4.42

1y 68.10 1.76 | 6.80 | 6.15 | 4.08| .58|5.65[4.59(4.27(4.31

18 72260 2.11 | 6.45 | 5.72 | 4.08| .75|4.49|4.59|3.11|4.31 ]
19 787/ 0] 2.51 | 6.05|5.28 | 4.20( .92|2.96/4.71{1.58|4.43

20 81.60 2.95| 5.61 | 4.85 | 4.48]1.42|1.02|4.85 1.87 4

& 83 .68 3.13 | 5.43 | 4.68 | 4.68|1.88 4,68|4.66

22 86.10 3edd 512

23 90.60 3.97 | 4.59

24 95.10 4.55 1 4,01

25 99.60 ST 83559

26 104.10 DD E20TS

2. 108.60 65.090 | 2,05

2 112.80 24 .25

29 114.00 7 .47 el

S0 114.60 7958 Sl

AR . 1514 ¢ 85 7.64
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TABLE II. - OFFSETS OF MODEL 145, INCHES
Sta4 Dist+
tionn ance| Dy Do R a b o d e T g r
from
F.P.

F.PJ 0.25]0.94 ~0.96 F0.96 -0.96 L0.96

1 0.67| .25(1.18(1.11 .85 .39 .49 (0.89 .45/0.65
2 2,19 .24(1.46(2.72 |2.68 | 1.68 1.892.17 |1.80/1.59
3 5.70] .23/1.65|3.72 | 3.76 | 2.38 2.66 (2,98 | 2.5212.18
4 110,751 .21/11.,84}5.07 | 5.21 | 3.35 3:71]4.06 | 3.53}2.97
5 | 15.77| .18/1.89/5.93 | 6.14 | 3.98 4.41 (4.74 | 4.20(3.47
G0 280" .1611.8916.50 | 6,75 | 4.37 4.84(5.17 | 4.62]|3.77
s Es | J1511.8916.81 | 7.11 | 4.63 5.13(5.45 | 4.89]|3.98
8 | 30.86 .11/1.85]6.99 {7.33 | 4.78 5.29(5.59 | 5.04{4.09
9 | 35.89| .09(1.80(7.09 | 7.49 | 4.88 5.40(5.67 | 5.15/4.15
9A | 36.60 ¥.8017.10 |

501 40,921 .07]1.78]7.12 | 7.60 | 4.99 5,52 [6.70"'] 5.27]4.17
B as 951 .06]1.80(7.10 | 7.72]1.5.11 5.63 5.38( T
12 | 50.99| .11]1.86]7.04 | 7.83 | 5.24 5.74 5.49

13F| 56.02| .22]1.9716.93 | 7.94 | 5.40 5.86 5.61

13A 6.94 | 4.49 4,86(5,70 | 4.61

14 | 61.05(1.04|2.72|6w.78 | 6.46 | 3.99(0.13|6.73 | 4.45[5.49 | 4.30

15 | 66.08[1.32]|2.91/6.59 | 5.98 | 3.64| .22|6.39| 4.09(5.15 | 3.84

16 | 71.11/1.65|3.14|6.36 | 5.49 | 3.35| .34|5.84| 3.81[4.61 | 3.55

17 | 76.142.0213.4216.,08 | 5.01 | 3.16] .48|5.05| 3.62|3.82 | 3.37

18 | B81.1712.435]3.7315.77 | 4.53 | 3.06]| .6314.03| 3.52(2.78 | 3.27

19 | 86.21(2.89(4.09|5.41 | 4.04 | 3.07| .76|2.65| 3.53|1.42 | 3.28| |
20 | 91.24|3.38|4.48|5.02 | 3.55| 3.22|1.23]| .91 | 3.55 3.301 4217
EL 85 17 (8.58[4.64|4.86 | 3.37 | 3.37]1.64 (-l 3.37

22 | 96.27(3.92(4.92(4.58 rad

0 01.30[4.49]5.39]4.11

24 [(106.33|5.10/5.9113.59

25 |111.36|5.75|6.47|3.03

26 [116.39|6.44|7.06|2.44

27 |121.43|7.18|7.68]1.82

RIA 1 122.16]7.29]7.7811.72

28 |126.12{7.99(8.31]1.10

29 |127.46|8.29(8.52| .78

30 |128.13|8.48|8.62| .46

A.P[128.41|8.58|8.58
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TABLE TII. - OFFSETS OF MODEL 146, INCHES
Sta4 Distd
tiong ance | Dy Do R a b c d e if? g r
from
F.P.

F.P, 0.47(1.63 -1.63|-1.63 -1.83 «1.83

1 0,78 1" .46 j2.02H.0p| .24] -.15 -.07|0.81| -.10|0.60
2 3.49 | .44|2.58|2.48 | 2.21| 1.31 1.49(1.98| 1.40|1.45
3 6.25| .42 2.86|3.40 | 3.22| 1.97 2.22|2.72| 2.10/1.99
4 {11.76 ) .38|3.1814.87 | 4.56] 2.91 3.20|3.71]| 3.04{2.71
5 |'17.27| .33|3.32|5.42 | 5.44| 3.48 3.85(4.33] 3.67|3.17
6. .|22.,78 | .29183.34]5.90']| 5.99| 3.85 4.27|4.72| 4.07|3.45
1 es.29 ] .2515.2816.21 | 6.36} 4.10 4.56|4.97| 4.34|3.63
B 1383.801 .21]3.22l6.38 | 6.58] 4.25 4.73(5.10| 4.50|3.73
8A | 36.60 3.18 {6.43

9 139.32| .16{3.17]6.47 | 6.75{ 4.38 4.85|5.18| 4.62(3.79
10 | 44.83 ] .12(3.12]6.50 | 6.88| 4.50 4.98|5,20| 4.75|3,80
L 50,34 | .1013.1316.48 { 7.01] 4.62 5.10 4.87| T
12 | 85.851 .11]3.19]6.43 | 7.13| a.71 5.23 5.00

15P | 61.36.| .26|3.2916.33 | 7.25| 4.93 5.35 5.12

13A . 6.25| 3.94 4.35|5720] 4.12

14 | 66.87 1.09|4.02]6.19 | 5.72| 3.47]|0.08 |6.14| 3.89]|5.01| =.66

15 | 72.39 1.43(4.19|6.02 | 5.20| 3.03| .17|5.83| 3.48|4.70| 3.25

16 | 77.90 1.82(4.40|5.81 | 4.66| 2.71| .27(5.33| 3.13|4.20| 2.90

17 | 83.41 R.26(4.65(5.57 | 4.13| 2.44| .40|4.61]| 2.86|3.49| 2.63

18 | 88.92 2.71(4.94|5.27 | 3.61]| 2.28| .54|3.67| 2.69|2.54| 2.47

19 | 94.43 |3.22(5.28(4.94 | 3.07( 2.21| .66({2.42( 2.60(1.36| 2.38 £

20 | 99.94 [3,74|5.63|4.58 | 2.54| 2.24/1.09 2.54 2,31] 3.80

21 1102.06 [3.97|5.79]4.43 | 2.33| 2.33|1.47 { g 2.33

22 [105.46 (4.33]6.03]4.18 e

23 [10.97 [4.93|6.48|3.74

24 1116.48 |5.58|6.,94/3.28

25 21,99 |6.22|7.4312.77

26 [127.50 [6.92]7.98]2.23

27 [133.01 |7.72|8.58]1.64

27A [134.42 [7.98]|8.72(1.48

28 [138.16 [8.57(9.13|1.00

29 [139.63 [8.87(9.30| .71

30 [140.36 [9.10]|9.35]| .42

A.PJ140.67 |9.27]9.27
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Figure 1.- Profile views of NACA models 144, 145, and 146.
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Model 145; L/b = 6.54; trim = 6°,
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