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NATIONAL ADVISORY COMHITTEE FOR AERONAUTICS

ADVAYCE RESTEICTED REPORT

EFFECT OF LENGTH-BEAH RATIO CN RESISTANCE AND

.

SPREAY OF THREE hWODELS OF FLYING-BOAT HULLS

By Joo W. Bell, Charlie C. Garrison, and Howard Zeck

SULIKARY

An invostigation of the effoct of changes in tho
length—beam ratlo of flylng-boat hulls on resistance and
epray was conducted in PBACA tanlt no, 1. A famlly of
three models of hulls of dlfferent length—-beam ratios was
usesd and, in order to maintain comparable hull sizes, the
plan—~form areas of the hulls were made approxiuaately esqual
by keeping equal products of length and beam.

Ti:o tests were mnde by the gensral method for the
fixed—trim condition us well os by the svpeclific method
for the free—to—trim condition. Thotographs of the spray
were taken during the free—to-trim tests. Reslstance and
trimnlag—monent data obtained from the teste were com-—
rared over a wlde range of locads at hest—trlim and free-tc-—
trim conditions. Further couparisons were mede by means
of talle—off calculations for hypothetical flyling boats
that incorporated the lines of the models,

The spray photographs indicated that at very low
epeeds the helght of the bow spray was reduced by lncreas—
ing the length—beam ratio, but at high speeds the height
of the spray was 1lncreased slightly by increasing the
length—bean ratio. It was concluded from the results of
the tests that by increasinzg the length—beam ratio the
load coefficient may be increased and that, within the
rango of the tests, high length—~beam ratlios will give
lower hump resistance and better take—off performance
than low length—beam ratios.

I¥TRODUCTION

The trend in the design of modern flying boats to
decroase the frontal area by decreasing the beam incrsases
the. beam loading and roguires an increase in length-beanm




ratio L/b to maintain suitable hydrodynamle characteris-—
tics. The available iaformation on tho effect of changes
in tho length—-bean ratio is contained 1in roferences 1, 2,
and 3. The analysils of this information 1s mainly con-
cerrnod with incroease in length for a given beam, which
ceuses tho affect of lncreasce in slze of the hull to
obscuro the offect of longth-beanm ratio.

Tho present invostigation was undartaksan to deteruine
the offuct of changing the longth-~beaw ratio and of keop—
ing the sizgn of *he hull constaat at the same tlumo -~ that
ig, thoe effoct of chaanglng the provortiona of tho Lull
for a gilven flying bout without chenglag the volume., The
proportions for such a soriloce could not be dctermined
oxactly without dotall designg for cach hull but have bhosn
apprositatod by melntaining a constant value of the prod-—
uct of leonth and beam for tho modols with differont loangth—
bram ratlios,

Tihroc wodels of flylag-beat hulls with a variation
in leagth—-dran ratio of B9 porcaat wore usud in the invos—
tigation., The range of longth-boam ratios tostnd covored
tho range uesed on modarn flying boats. Thoe mcdels weoro
testod ovor a wildo range of loadings in order to include
the offoct of changes In load confficiong.

DZSCRIPTION CF iI0DALS

Photographs of tar threo modols testod aro shown in
figur:e 1 and 2. Thnso moduis are designatod NACEL modols
144, 145, and 146. Typical soctlions are shown in figure
3, and tho offsots us~2d 1n tho covnstruction of the modols
are gZivon in tobles I, II, and III,

The »arent form of tha scries, NACA modol 144, was
idoantical -rith NACA nocol 84—AF (referonco 4) ezcopt for
an incroaso in thoe donth of etop. after the modols hnd
boon constructed, this dnopth was increasogfrom 0.4 inch
to 1.0 inch for cll tlio moéels, or froz 2.5 perccnt %o
6.28 pcrcont of “hoe bcam of tho pareat form. This 1an-—
creasa in tle d~pth of stop wos nada bocauso tecte of dy—
namic modols of flying boats have indiocatad that skivnping
and hlgh—-aagls porpoiring might result from the use of tho
origiaal copth of ston.

When tho forms of HACA models 145 and 146 were do-—
rivod, the product of length and bexn of aach model was



mado equal to that of modol 144, and thoe corresponding
traasverse soctlons of tho bottom surfaces ware mndo goo—
metrically eimilar. Othor valuo® BAdd ‘tho same for the
throo modcls wore: anglo of doad risc, angle of forebody
keel, angle of afterbody keel, height of hull, and depth
of gtep.

The followinz equations give the relatlonehip of the
dimensions of the derived modsls to those of the parent
model:

Ly _ L
d D
ra = VX I

1
vE
hg = 2 h. (except for corrections anplied
VA to maintalin eqgual angles of
koul, equal depth of step, ang
egurl over—all height)
where

Ly a3y longitudin:l diagension of derived model

L, longitu%inal dirension of parent mofel corresponding
I to
v d

by any transverse diuension of derived zodel

bP transverse dinension of perent molel corresponding
to D
d

hd any vortlical dimension of fderived model
hp vertical dimension of parent :nodel corresponding to hg
X constant (1.25 for model 145 and 1.50 for model 143)

In order to maintain the sn~mn angles of the keel, a
correction was applind thet correaponded to the vertiecal



chenge resulting from moving the sectlon longitudinally
parallel to the straight portion of the keel. In order
to meke the dopth of step equal to that of the parent
model, tho entire aftorbody was moved vertlcally bdy a
constant amount. The bow of the derived model was brought
to the samec helght as the bow of tho paront model by
arbltrarily raising the sections forward of station 2.
Tho dock was located at the sawe h2ight as the deck of
tho parcnt model. The curved vortions 2f tho deck lino
at the bow and the stern wora made ldentical with the
curved portions of the deck line of the narent modol, and
the length of the stralight portion was oxtendod by the
full aaount of the incroease in length of the modal.

The following tablo sumanriges the principal dinmen-—
sions of thoe models:

HACA NACA NACA

model model rnodel
144 145 i4e6

Ovar—all length, inzhes . . . . » 114,85 128.4) 140.67
Loagth %o storn post, lnchos, , , 83.33 93.17 102,06
Length of fornbody, inches, , , . HU.10 55.02 61,35
Lenzth of aftartody, 1nches , , , 33.23 37.15 40,70
Haxirua boam, inches, . . , . . . 215.92 14,24 13.00
Length-beem ratio . , , . » « . . 5,23 6.54 7.84
Length-beenm product, square inches 1327 1327 13527
Angle of dead rise, degross , , , 20 20 20
Angle of afterbody korel, degrens, 5.5 5.5 5.5
Angle of forebody %eel, degroes , 1.3 1.3 1.3
Deplh of step, inches ., , , . . . 1.0 1.0 1,0
Deptk of ctep, percent beaw , , , f.28 7.C2 7.70
Coenter of gravity, forward of

stap, inches , , , . « « v . . . 7.2 7.2 7.2
Centar of gravity, lLeight above

keol line at stepr, inches, , ., . 17.64 17,04 17.94

The models wero constructed of laminated mahogany and
were built in two soctione that Jcined at the step. They
vero finished with plgmented wvarnish.

APPoRATUS AND !NETHODS

The wecdels wore tested 1n FACA tank no. 1 by the usa
of the stendard equipment and moethods described in rofer—
enco 5+ The water in the tank was at tha 1l2-foot level



during the tests. Both the specific free-to—trim mothod
and tho genoral fixsd=trim method-wore-used, Tho assumed
canter of gravity, loceted 7.20 inches forward of tho
stap and 17.94 lnchos abovae the kool, was takoen as the
pivot for tho freo—to—trim tests and as the center of
trimaing momonts for ths gomeral tosts, -

In tho freo—to—~trim tests, tho hydrofoll 1ift
devico was uveed to simulato tho 1ift of a hypothctical
wing. Tho 1lift wes anpliod at the conter of gravity, and
tho sano wing wae asaumod for oach of the modols, The
load schoadule for tko genorel tosts was chosen to imncludo
all loade and spc2ds of invorost for prcollialinary design,
and a sgufficlont numbor of trins woerov usad to deter:alno
tho dote at boest trim end at zoro trimuing momont. Thrco
typical loads In tha range of the goncral scheduale wore
assusnod for thn fres—to—triu tosts,.

RISULTS

Tre usnual tarce, as descrihed 1n roferaence 5, wore
applied to the data ccllacteid from the tests, The cor—
rected data were plotied 1lr ¢irenrional forxz bocause tho
beaics of thp modole were 20t equci., Thle wethod of plot-—
ting wermnlte a more direct comparison of the ciarectaris-—
tlecs. AL fow of the 1lots were =mad:r, however, ueing non—
dimennioanl coaefficients in order to coaporc tho modecls on
the basis of equal beam. The coeffilcients wvacd arc dnfinnd
as rollows!

0 loed oefficlisns / & >
&o. C08 (o] S « -
4 \¥%3>
0 izitlal load fficlens A°\
Ag n a oad coefflclent —
. b /
YN
o /

Oy Boeed coefficlent (
N

vhore
A load oa wator, pounds

&y 1nitial lo:zd on wator, pounds



v gpecific welght of water, pounds per cubdic fooi
(43.5 1b/cu £t for NACGA tank no. 1)

b beam of hull, fost

.4 acceleration of gravity, fecot per second per socond
(z2.2 ft/secag

v siend, fret POr second

The data obvtained itn the general tosts are »rosented
ag curvos of rosistance and trimming moment plotied
azalnet spezd at various trims and loads in figuros 4 to
9 for uaodel 144, in figures 10 to 16 for modnl 145, and
in figuros 17 to 33 for nmodsl 146.

For the dotormination of tiho best trim and the rosist-—
ancc at best triam, the data frcom tho original resistancs
curvos wcra cross—mlottcd againet trim, From thoeso plots,
best trim, reasistnnce ot best trim, and trimuing momont at
best trim woro dotormined, mnd oach was plotted arainst
spcod in fisurcs 34 to 26,

For tho fron—to—~trim tests, rosistance and trim wero
plotted ateainst specd in figures 27 to 23, From tha
curvos ef rosistance and load on tho water, the values of
load—~rssistance rotio &46/R  werc obtainnd and plostcd on
the samy sho-ts, OGot—zway snend ¥ wiis co.anuted for
cach 1nitiasl loxnd., Figurec 30 shows thn loed curvos for
tho s»9vciflec tosts at verioue 1Initicl lords ror all the
models in toarae of load couafficioat and spead confficiont.

DiISCUSSIor

Bogigtance,—~ Couparison of tko rosistanco curvee fionm
tho fixod—trim toste of t4o thras modols (figs. 4 to 23)
shows tihat incroasing the langth—beoam ratio resulted in a
decroces iIn the resistance ot huamp svooés and A&t low
spcods and an incroaso in the speecd at which the hump oe—
currodi Thesc trende neld true for all triug that wore
investigated.
" A conparison of the offect 9f difr:ront length-beam
ratios on rosistance at bes!t tria for the threo models is
given 1in figure 31, Ia gcanaral, the saune conclusions
drawn from comparisons of recistance at equal trims hold

- - ~ -



for resistanco at best trim., At low spoods, an lncroeaso
In the vdalue of ‘length—-beam ratio reduced the resistance
at best trim. The hump ocourred at successively higher
speeds, going from low values to high values of length—
beam ratlo. The maximum resistance at the hump was re—
duced about 7 percent by changing 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 sizeg. the resistance
was reduced as the length~beam ratio was increased. A%t
high speeds and light loads, no significant effect result—
od from changing the length—beam ratio.

Curves of trim and resistance at zero trimming mo—
ment for each of the models at an initial load of 100
pounds are combined for comparison in figure 32. The
effects in the free—to—trim condition were substantially
the same as those found at equal fixed trime and at best
trim, Increasing the length-beam ratio causocd a reduc—
tion 1n reslstance at low speeds and at the hump and
caused the hump to ococur at a higher speod.

Curves of tho wariation of load-rosistance ratio
A/R  with load for models 144, 145, and 146 arc shown in
figuro 33(a). The datn in these curves wore taken diractly
from the curves of resistnnco (best trim and free to trim)
of thoe models, OConmparison of theso curves shows the
effoets of changlng longth—boam ratlo without causing a
significant chango in tho volume of the hull or the aroa
of the plan form. Thoso curves sphow that in both the
bost—trim and tho free—to—trim conditions A/R was made
largor by increasing the length—boam ratio from 5.23 %o
6.564 but was not changed appreciadly by a further increasec
to & length-beam ratio of 7.84. Tho curves of A/R at
best trim show that, at & speod of 40 feet por seocond,
increasing the length-beam ratio increased A/R at the
heavior loads but had no significant effect at loads Dde-—
low 25 pounds.

The curvoes in figure 33(b) were derived by convert-—
ing the data from models 144 and 146 to values for two
hypothetlcal models having tho linos of models 144 and
146 and lengths equal %0 tho length of model 145. Compar-
ison of these curvos shows that, within the rango included
in the tosts, lncreasing tho boam without changling the
length would incronse A/R at tho hump. This offcct is
present 1n both the freo-to-trim and the best—-trim condl-



tione and at all losds includod 1uz the investigation.
Oomparison of the ourves reprceonting a speed of 40 foeot
per esocond shows that in ths high-speod condition A/R
would bo docrcasod by ilncreasing the boan,

Curvee of variation of load-resistance ratio A/R
with load coofflciont Op aro shown in figure 34, In-
agmuch as tho coefficients uscd lncorporate tho boan as
tho charactoristic dimension, comparisons mado in terus
of theso coefficlonts slhow the sane relative valuos as
would be showrn in comparigons of Jdata for modols of equel
boar and difforent lengihms., In goeneral, thls comparigon
indicatos thant, within the rarge of length-boam ratios
invostigated, increasing tho length of o hull would im—
prove A/R at the Lump but would ceuso lowoer valuos of
A/R  at spoods nnar got—away. At best trim, the data
indicate that incroaesing tho longth-boanm ratio from §5.23
to €.54 (by longthoning the hull) would causc a reclatively
large incroaso in A/B ot the hump and that a further in~
croaso 50 o valuo of 7.84 would increoasa A/R by a lossor
nmount, In the froe—to—trim conditlon, an lnerease fron
a length-benm ratio of 5.23 to0 6.54 woulé incroase A/R
at the nhump, but a further 1neranco to a voluo of 7.84
would mmrke no significant change in A/R at tho hump.

It 18 Dnliovoda that thaoase trends would kold true for hulls
operating at tho cordltione of tha tost but, beeause of
tho doncendonce upon the location of tho center of zravity,
tho troads indicated by the free-to-trim data mlight not
apply 1n other cascs.

A comparison of tho curves of fizure 34(n) shows %that
increasing the loagth of a aull similar to modol 144 (with-—
out changing the beam) would rosult in a reduction of A/R
uat spoeods noar got-—-away. This trond eappecars to remala
constant throughout the rango of length-—beaa ratio from
5.23 to 7.84 and, inasmuch As increasing the longth of the
forebody cannot bo cxpoeted to change tho wotted area whon
the hull is planing at-high speed, tho incroase in resist-—
anco ary be attrlibuted to tho increased longth of the
afterbody.

The offects of chonging longth and benm on resistance
moy bo summarigzed as follows: Increasicg beam alone or
length alone incroases A/R at tho hump speed and de~
croasgus A/R at high planing specds; increasing length-
boan ratlo without changing the plan-form area lacreases
A/R at the hump and causes little change in #n/R at high
planing spocds.
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Sproy.— Photographs of the spray formatlons of the
three models are shown in"figures 35 and 36.  Theso photo—
graphs were taken during the specific teets in the Ifree-—
to—trim condition. The models were compared at equal
initial loade and equal speceds; howover, the load coeffi-
clents for the models differod by as much as 85 percent.
At low speeds, the short models (with small length—beam
ratios) producod higher bow spray than tho long models;
near the humnp speedes and planling spoeds, the spray was.a
little highor for the modols with narrow beams. (Seea
figs. 25 and 36.)

¥hen the length r.nd tho bern were thn only wariables
in hull dinensiosns, 2s in figuruvs 35 and 36, thore ap—
pearsd to be an 1lndicction that the spray was nore dopend-—
ent upon the aroa of trLe plaring surfr.cos than upon tho
bcan itselr. Yor thls reason, the lond coofficient should
not bo taker as a definite critorion for tho londing of a
hull unless the length-bcoair ratlo also is consldered.

Trko—off porfornarco.— In order to compere the osvor-—
all rosiatarce of tao modals, talio—off calculations wore
nade for a8 sericee of lord confflciente., Hypcthaticel fly-—
ing boats were aseprmnd, with modols 144, 145, and 146 used
as the hulls. The h1¢1u 4% theso flylnog bonte wore as—
suned tc bo 10.3, 11, cnd 12 tince tho slze of the modol
hulls, Tho characteristics, which areo the samg for all
the flying toats, ara &8 follcws:

Grogs load, PCUBAB « o o o+ « » 2 o« o o « s o o o« o« 140,000
Wing aroa, 80uATE FoO0t & o o « o o« o ©+ o« o s o & & 3,500
Total hersapcwer at take—off (four engines). . . . 9,200
Zngino speoed, rovolutions por minute « . « . . . & 3,600
Goar reductlion ¢« « o ¢ ¢ ¢ 4 ¢ 4 2 e 0 s e s s s 16:5
Propaliaer:

Dianater. fﬁot- ® 8 ® e ®w s 8 8 ® ® ® ® e ® e * a 19.5

Numbor of blades . .« o « ¢ ¢ o o o s s o o s o & 3
Flaps:

TYDPOe o 2 2 o a o o a « s o » a o s o &« o« o « o = Split

Span, percent wing 8pan . . ¢« + ¢ ¢ s s e ¢ 5 o £0.,0

Chord, percent wirg chord « « o« v o 2 = o s o o & 20.0
Aspect ratio . . . . e+ e s = s s e o s s a2 = @ 10
Bffectivo asvpect ratio, includliang ground effoct. . 20
Parasito—drag coefficiont (excluding hull) . . . . 0.02
Wing loading, pounds per square f02b o« ¢ ¢ o o « & 40
Power losding, pounds per hOorscPOWeT « o« + o o o o 16.2
Staillng spoed, feet per second.e + « « o o o o & 132
Get—away speed, feot pPor Becond. « « o o o « o« o o 145
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Tho 1ift end drag curves of the wing, whlch were cor—
roctod for ground effoct for use in the celeculations,
wvors takan frow referoncs 6. The leflsction of the flape
was taken as 300,

In order to make sevoral take—off plnts, a serios of
threo load coefficlents wae used £o72r each ncdol for a
glven gross welght. (Soo figs. 37 tc 39.) Tho load coef-—
ficlorta usod coverod tho entire range of tho tests. Tho
fron—-to-trin condition was used up to and glightly Dbeyond
tho huap tc¢ 45 percent of get—away speed., Above thic
speod, procision trio (trim for wininum total rosiatence)
was used. The nothod uwacd for the calculations of talke—
off tiro and distanco 1s doscrited in roforcnco 5.

%ho trend of tha eurvee of total rosistance (rosist—
anco plus dreag, R + D) followod tho troand of tho resiest—
anco curvos fraia the flixed—trinm tosts. At high planling
sprede, tho sprey oa the afterbodlias ceususd the roeist—
anca to iacreasge with loager nfterbodles. Tho effoct of
the leungth-benu ratlo on resisinnce was aot criticnl at
the speeds near gct-nway,

ir avory cuse the loarsger lengsth-bean 1ratio gave bet—
ter tnke—o21f porforntnnnce. 1o lonpgtr~teanm »atio that
wceuld gilve the shertacrt ta.ce-s5f7 tioo end Silstonce was
not datseralned mMoewaso it wee Morond the sacpoe of the
longtii—tean rntios wuouéd ia the tistz. The limit of tho
longti—boaa ratio of o fl,-icpe bont, howovor, nay not bo
doter_.inod ty resigtance nlurae But by such nther factors
ag acrcdyzniic axd hydrodynariic stability, structurnl
congidurations, »rd ussrbleo sraco insldo the hull,

COXCLTSIOAS

As & rTousult of tats lavostigation, 1t 1s concluded
that lncronsing tlhoe length~boan ratic withtn the ranges
of 5,23 to 7.84 witkhout chornglag tho length-~tenr product
causas thoa folloring ciangas in the chnractzristics of
a flying—boet hull:

l. Eighor hunp spend and lowor huzp resistaaceo
2. Lewer bow epray at low snheeds ard slighitly higher .

spray ot high spoede {(Whon the longth and beaxn are tho
oply vorlables, spray characteristice are nore dopondont
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" upon the length—bean product than upon the beanm alone.)

3., Bettor take—off perfornance

4, Higher pernissiblo loaed coefflgclonts

Langley Meonorial Aeronautical Ladoratory,

4.

6.

Natlional Advigory Coamitteo for Aeronautics,
langley Tiald, Va,.
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NACA 12
TABLE I. - OFFSETS OF MODEL 144, INCHES
Station} Distance
from D R a b c d e f g r
F.P.

1l 0.60 l1.24 [ 1.353 ]| 0.88 0.97(0.99{0.92|0.73
2 2.85 3.04 | 3.25 | 3.14 2.3612.43|2.26]11.78
3 5.10 4,16 | 4,45 | 2.92 3.2313.3313.08[2.44
4 9.60 5.67 | 6.04 | 3.98 4.,3814.54(4.18]3.32
) 14.10 6.63 | 7.07 | 4.65 5.1315.,3014,.,90|3.88
6 18.60 7.22 | 7.70 1 5,07 5.59|5.78|5.3414.22
7 23.10 7.61 { 8.10 | 5.33 5.89({6.09|5.62]{4.45
8 27 .60 7.81 | 8.32 | 5.47 6.05(6.25|5.7714.57
9 32.10 7.93 { 8.47 | 5.56 6.14|16.34|5.86)4.64
10 36,60 7.96 ) 8.58 | 5.66 6.25)6,37}5.97]4.66
11 41.10 0.02 {7.94 | 8.68 | 5.76 6.35 6.07| T
12 45.60 09 | 7.87 | 8.78 1} 5.89 6.45 6.17

13F 50.10 .21 | 7.75 | 8.88 | 6.04 6.55 6.27

13A 7.88 | 5.04 5.55|6.37|5.87

14 54.60 .98 | 7.58 | 7.45 | 4.69(0.19(7.52|5.20|6.1414.92

15 59.10 1,19 | 7.37 | 7.02 | 4.40] .29(7.1414.91]5.76]4.63

16 63.60 1,45 7.11 | 6.58 | 4.19| .42|6.53|4.7015.15|4.42

17 68.10 1.76 | 6.80| 6.151{4.08] .5815.65|4.59(4.27|4.31

18 72.60 2.11 | 6.45 | 5.72 | 4.08 .75(4.4914.5913.11{4.31

19 77.10 2.51 | 6.05(5.28 | 4.20| .92|2.96{4.71|1.58(4.43

20 81.60 2.9515.61{4.85 | 4.48]1.4211.0214.85 4.57 i

2 83,33 3.13 |1 5.43 | 4.68 1 4.68(1.88 4,6814.66

22 86.10 3.44 | 5.12

23 90.60 3.97 | 4.59

24 95.10 4,55 | 4,01

25 99.60 5.17 | 3.39

26 104.10 5.83 | 2,73

27 108.60 |6.,53 | 2,03

28 112.80 7.24 |1 1.23

29 114.00 747 .87

30 114.60 7.58 .01

A.P. 114.85 7 .64




13 NACA
TABLE II. - OFFSETS OF MODEL 145, INCHES
Sta4 Dist+
tiorf &nce| Dy | Dy R a b c d e f g r
from
F.P.

F.PJ 0.2510.94 0.96 F0.96 -0.96 -0.96

1 0.67| .25{1.18{1.11 .85 .39 .49 [0.89 .45/0.65
2 .19 .24(1.46]2.72 [2.68 | 1.68 1.89[2.17 {1.80]1.59
3 5.701 .23]1.65|3.72 | 3.76 | 2.38 2.66(2,98 | 2.52[2.18
4 | 10.73| .21{1.84|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 4.4114.74 | 4.20(3.47
6 | 20.80| .16({1.89|6.50 | 6.73 | 4.37 4.84 [5.17 | 4.62|3.77
7 | 25.83| .1311.89(6.81 | 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 5.4015.67 | 5.15]4.15
9A | 36.60 1.80(7.10

10 | 40.92| .07{1.78(7.12 |7.60}| 4.99 5.52 5,70 | 5.27|4.17
11 | 45.95| .06(1.80{7.10 | 7.72 | 5.11 5.63 5.38 T
12 | 50.99| .11|1.861{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

134 6.94 | 4.49 4.8615.,70 | 4.61

14 | 61,05(1.04|2.72|6.78 | 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 | 76.14{2.02(3.42|6.,08 | 5.01 | 3.16| .48{5.05| 3.62|3.82 | 3.37

18 | 81.1712.43|3.73(5.77 | 4.53 | 3.06] .63|4.02| 3.52|2.78 | 3.27

19 | 86.212.894.09/5.41 | 4.04 | 3.07| .76/2.65 5.53(1.42 | 3.28| |
20 | 91.24(3.38(4.48(5.02 | 3.55| 3.22(1.23] . é 3.55 3.30{4.17
21 | 93.17/3.58(4.64(4.86 | 3.37 | 3.37|1.64 {-l 3.37

22 | 96.27{3.92/4.92(4.58 rad

23 1101.30{4.49{5.39(4.11

24 [106.33|5.,10(5.91{3.59

25 [111.36|5.75/6.473.03

26 1116.39|6.44(7.06]|2.44

27 |121.43|7.18|7.68]1.82

27A]122.16|7.29|7.78(1.72

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




NACA 4
TABLE III. - OFFSETS OF MODEL 146, INCHES
Sta- DistJ
tioq ance| Dy Do R a b c d e f g r
from
F 'P -

F.P, p.47 1.63 -1.63-1.63 -1.63 «1.63
1 0.73] .462.02§1.01 | .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 2.2212.721 2.10]/1.99
4 {11,768 .38l3.18{4.67 | 4.56| 2,91 3.20|3.71| 3.04{2.71
5 |-17.27] .333.32(5.42 | 5.44| 3.48 3.854.33] 3.67|3.17
6 |22.78| .29(3.34|5.90 | 5.99| 3.85 4.27|a.72| 4.07|3.45
7 | 28.20| .25]3.2846.21 | 6.36] 4.10 4.,5614.97| 4.34|3.63
8 | 23.80| .21{z.226.38 | 6.58| 4.25 4.,73{5.10] 4.50)3.73
ga | 36.60 3.18 16.43
9 |39.32} .16|3.1716.47 | 6.75| 4.38 4.85|5.18{ 4.62|3.79
10 |-44.83 1 .12{2.12)6.50 | 6.88] 4.50 4.98{5.20| 4.75{3,80|
11 | 50.34 | .10|3.13}|6.48 | 7.01| 2.62 5.10 4.87

12 | 55.85) .11|3.19(6.43 | 7.13| 4.71 5.23 5.00

13F | 61.36 | .26 |3.29]6.33 | 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]6.29 | 5.72| 3.47}0.08]6.14| 3.89|5.01} 3.66

15 | 72.39 .43 4.19|6.02 | 5.20! 3.03| .17|5.83| 3.48[4.70| 3.25

16 |77.90 h.e2{4.40|5.81 | 4.66] 2.71| .27 |5.33] 3.13l4.20| 2.90

17 | 83.41 .26 la.655.57 | 4.13| 2.44( .40]4.61] 2.86|3.49| 2.63

18 | 88.92 [2.7114.94|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 \L

20 | 99.94 3.74(5.63(4.58 | 2.54| 2.24|1.09 2.54 2.31] 3780

21 [102.06 |3.97(5.79]4.43 | 2.33] 2.33]1.47 { g : 2,33

g2 05.46 [4.33]6.03)4.18 ra

23 [10.97 |a.93]6.48|3.74

24 116.48 |5.58(6.94{3.28

25 [121.99 l6.22|7.4312.77

26 [27.50 [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 19.10(9.35| .42

A.PJ140.67 [9.27]9.27
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Figure 1l.- Profile views of NACA models 144, 145, and 146.

YOvH

-3td

T




Model 146

Figure 2.- Plan-form views of NACA models 144, 145, and 146.
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Figure 4. - Resistance and trimming moment. Model 144; L/b = 5.23; trim= 2
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Figure 11. — Resistance and trimming moment. Model 145; L/b = 6.45; trim = 2°
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NACA (1 block = 10/40") Fig. 13

Trimming moment, 1b-ft
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