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TECHVICAL MEMORANDUM FO. 918

IHE BYLARGED N.A.C.A. TAWK, AND SOME OF ITS WORK*

B Stiarrt Dragscotit
EARLY TOWJING BASINS

dheasworki onvthelopiginal vl avCads tank.was begua’in
yvthere were few precedents that eoculd be used In its
fie sevamn »  Thie " conistzuetiitony ‘eonipnent , and nethods of test-=
ing of most of the towing basins in cxistence had been'de-
veloped to suit the study of models of hulls of displace-
ment eraft. The resistance of such a nodel was determined
Wi th the expectation that it would be divided into MWfric-
in "residuary,!" re-~
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tional" resistance and "wave-mk 5

silsbianecevaeccording to the Froud ethod and that the re-
sisbance of the full-size craft would be estimated by com-
putiang the frictional resistance independently and adding
the wave-naking resistance obtained by stepping up that of

thesnodel vaccording to Froude'ls law.
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Phewprineipal interest was dn resistance at uaiforn
speed, corresponding to the interest of the ship operator
in fthevability of a ship to naintain a certain operating
speednindefinitely with a nininun of powers What would
happen at extremely high speceds was of little interest pro-
vided that the resistance at the designed speed was lowe.

he towing carriages of most of the model basins were

f structural-steel sections and plate riveted togeth-

and usually had four wheels with hardened and ground

S« The wheels ran on steel rails that resembled
ils and that were machined to provide a straight,

SHE0GH and level course for the wheels,
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1 of most of the carriages was less
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THE ORIGINAL N¥.A.C.A. TAXNK

With such precedents, we began the design of a towing
basin intended to test models of seaplane floats and hulls,

*¥UDer vergrﬁsscrte RACA—Schleppkanal und einiges Uber seine
Arbecitsweise. Jahrbuch 1938 der deutschen Luftfahrtforschung
(supplcmentary volune), pp. 374-95.
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These models were of craft that were not true water craft

at all but used the water only as a means of temporary sup-
port when at rest, when landing, or when taking off into
their proper element - the air. When the craft was in mo-
tion, the load on the water varied; in a take-off it changed
continvally from a maximum to zero as the machine passed
from one element to the other. The water resistance varied
from zero to a maximum and back to zero as the speed in-
creased, and could not be divided into frictional resistance
and wave-making resistance in any simple manner because the
wetted surface varied continually through the take-off run.
Fortunately, the full-size aircraft were not very large -
compared with ships - and models of moderate size would rep-
resent them to relatively large scale, and thus would tend
to reduce any difficulties from scale effects,

It was clear that the new tank must have a towing car-
riage capable of high speed and that, in consequence, the
tank must be much longer than the usual ship tank and much
greater power must be provided to propel the carriage at
the greater speed. More powerful devices for stopping the
carriage at the end of the run must be installed and in or-
der to avoid sliding wheels and demage to tires and rails,
additional length must be provided for starting and stopping.

The most influential factor of all, however, was the
requirement that the cost must be rigidly restricted because
the funds available were very limited. This ‘restrictiion
meant that attention - and money - must be concentrated on
the absolutely essential features of basin and carriage and
that everything else must be reduced to the barest minimum.

A workable solution of the problem Jjust outlined was
obtained by devising methods of construction, types of
equipment, and means of operation that had never before been
used in towing basins. Among the novel features of the orig-
dned, Nedsbelartanie, whiteh, s described quite fulily fnlncter=
ence 1, were:

1. A basin 1980 feet long, intended to give the towing
carriage a sufficient length of run to take usable
readings at its maximum speed.

2. Running rails made of structural H beams which, although
not machined, nevertheless gave a sufficiently smooth
surface for the tires of the towing carriage.

3. A towing carriage that had a maximum speed of 60 miles
per hour (88 ft. per sec.) and hence could tow large
models of seaplane floats at speeds corresponding to
high get-away speeds.
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4, Pneumatic rubber,tires on the running wheels of the
towing carriage, upon which the carriage ran
smoothly in spite of the slight roughness of the
surface of the rails and which gave grcater adhesion
than steel tires, thus making it possible to accel-
erate aand deceleratc at very high rates.

In gencral, each of the novel features incorporated in-
¢ original design has worked well and, to compensate
dvuntﬂ'c have appeared that were
not foresecn when the original ideas were proposed. The use
of :the H beam rails and the rubber tires was proposed by the
writer as a method of making a considerable saving in the
eeost of the tank. It was not until the detail design was
begun that the potential effect on the starting and stopping
of the czrrlub sy because of the greater coefficient of fric-—
tion on the rails, was perccived and advantage taken of it.
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The high mazimum speed of the towing carriage in combi-
nation with the rubber tires provided the anticipated abili-
ty to attain speed quickly and thus to use the length of the
Gtank to the full in normal running. The length of the tank
was found to be sufficient for a test run of about 10 seconds
at 60 miles per hour but, a2t speeds under 30 miles per hour,

.from 2 to 8 test points could be obtained during a single

run of the length of the tank, the larger number naturally
corrcesponding to the lowest specds used. This method of op-
eration considerably increased the amount of work that could
be done in a given time.

Good os were the results obtained with the original
WS ot . t“lk, the rapid development of scaplanes and the
inereasing work required of the tank soon made it plain

that even better performance would be required, and in 1936
serious consideration was given to proposals to enlarge it.

-\ "Fhe primary reasons for enlarging the tank were to in-
crease the amount of work that couWQ be done in a given
timc and to bc able to towlarger models at higher speceds.
As has been stated, the length of the tank was found to be
sufficient to provide @ run of about 10 seconds at 88 fecet
per second. It .,was also fouzd, howecvor, that generally only
ong point could be gotten in a run if the speecd exceeded 40
feet per second. - Inasmuch as a good many tests .with large
modcls required ‘test runs at speeds up to 50 feet per second
and, occasionally, to 60 feect per second, many of the runs
gave but one point. It was clear that, if the tank were 500
feet longer, at least one additional point per run could be
obtained at the higher speeds, and more at the lower ones
and the time lost in accelerating and braking would become
a smaller part of the total time of the run.
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ore, the development of even larger and faster
being discussed as a serious matterj and,
of such. craft would regquire

of the towing carriage, the proportion of
runs would be increased, with a consequent
the anount of work accompiished. These facts
t an increase in the length of the basin and
the speced and the power of the towing carri-
desirable,.

A survey of the available spice showed
nun nnouht by which the length of the basin
creascd was 900 feet and the exvension of ¢t
anount was authorized. The enlarged tank w
work in October 1937 The relative lengths
nal and the enlargcu tank can be seen in fi
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The nmost conspicuous of
HeA.Coho tank are derived dir
nal tank and owe their presen
sons for their first use but
ained with then. 4s in the

1. A basin of great length (new 2,880
2. Rails made of structural H beans, w

2, A towing carriagec of very high spee
e EgiE)) o

4, Rubber tires on all the whcelg, pane
running wheels aand solid o 1

These featurcs

will now be discussed in nore detail, in or
ffects on the methods of testing nodels an
of imegionding ¢ ay be more clearly sccn,
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Basin. 1The ‘reinforcec concrete o
M.AeColde tank has. the following dimensions

, bogether with some rel:
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ithout machining,
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Feet
Hornal depth of waoater 1.2

sngth of 12-foot depth 2,880

In the old part of the tank the side walls are coved

i feibovic bhe waterwin order to bring the rails cloger to=
gether and also to hclp reduce the waves. In the exten-
sion the side walls cxtend vertically above the water
ifcoelly Flor 115 iaches '‘and thoen nmeéd the horigontal lower
surfaece of the overhang hat corrcspond to the original
govess. Tac his change in section: is to make

Itposisible
the wave su
‘bO dls-:li)ﬁu

z S
purpose wf «t
or waves to
£ e

)

they will begin

extension when
ennoved, altho +

1
i 2
run freely in t
T u
o

The two sections are conparcd in figure 2.

n is prachicelly the.sane

canopy of the exteansi
as that of the original tank.

e
in st ructure and arrangenent

The rails upon which the towing carriage runs are
structural web vertienly as in. the
origsinglat 1l on chairs of the sane
type as in

towing carriage of the
itted with a large

Towinz earriasge.- The o
N.Az:Calts tank had four wheel
pReunabic. tire of the typs
tires wecre not a staarderd-t
node with snooth . treads. Th

e but vere spccially
i C Wa S
5,000 pounds and the wheels and ti

about

s adifficult - and tabori-
that operation would be

orld be used and the load
ese objectives werec accom-

aging wheels and tires wa
it was concluded

lard=sige tir

re be.therecby recduced. The

P gdeb:r’ doubl iz

gigento suit artirve that isvregularly-nadec with a snooth

treads °Doubling thé number of wlheels .made it possible to

[

4

doublc the number of propelliag motors and thus to increase
the acceleration and the maxinun specd of the towing carri-

age.
The towing carriage used on the brlargbh NeAosColo

Blncy as shown in the diagrem (fige 3), was nade by remov~

ing from the four corners of the o0ld carriage the structure

rike the coves in the old secetions

£

’

ed on high-specd buscs. These
c T

Wes
and hecavy.

g the aunber of whecels and reducing their
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that supported the wheels, the motors, and the gears, and
replacing it by a new structure, within which are support-
ed the truecks carryinzg the new whecls, the ncw motors, and
the new gears The new structure was made of steel tubing
of the sane type and sizes used in the old structure; it

was welded in itself and to the o0ld carrisze strueturecs
rucks.~- The towing carriage now operates on eight
wheels arranced in four groups of two. Each wheel is driv-
en by o 75-horsepower clectric motor through a worn and
zear and is not nechanically connccted to any other whecl,
Each pair of wheels supports a truck that carrics the two
notors and supports the carriage through a pivot pine »Ihe
truck can rock freely on ball bearings on the pin and any
glight irregularitics in .the track cause less vertical no-~
tion of the tcarziagse itself than they did 'wivih sthiel foyars
wheel arrangencant. Automotive practice has beoen followed

it
throughout and wheels now can be renoved - for grinding tires,

or repairs - about as easily as from the axles of an auto-
nohile.

This is believed to be the first usec of cqualized
wheels arrangced in trucks on carriages for towing basins,
although it is realized that 1t refleects prinarily the
very spccial nature of the construction, equipnent, and
nethods of work in use in the N,A.C.A. tank.

es are sutonotive and can slsc be
operated by hand or by standard automotive air-brake cquip-

The service brak
1 t

nent controlled by a pedal. In order to save weight, the
[}

4

a fixed compressor and reservoirs Mashore! and not by a
conpressor on the carriag '

Electrical braking - regenerative and dynanic. = is
provided as it was on the old carriage; a track switch is
provided so that when the carriage passcs a certain point
the dynanic braking is outomatically applieds. If ¥he car-

riage passes another poin er on, a second track
switch operates and the air brake is applied full streangth
S
i

o]

e

as in an cnergency. The last resort in braking renains the
grab brakes that were fitted on the original carriage.

The possibility that a tire nay fail has becn provid-
ed for by fitting under each truckz, dut attached to the
nain structure, a steel roller to receive the weight of

it e

1

5

thie laRriagetand! vell enstholrails ar necd sink only
hWal¥® an Smchitos brihs the xollexriintorplays

e
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The structure of the carriazc proper is the same as

gn bhe oricinals Two cross girders arc Jjoincd by two
gutisider cirders and a central girder, ard all are mmﬂe of
gteel tubing welded together. The deep ceatral rider car-
ries thec dynaononeter and towing gear and a cab at he for-
ward enc carries the notorman who controls the speed aand
brelEiune of the carriagcs

Thevecontrol of the specd of the earriasge is by the
ard Lechard system. " Direct current is supplied to the

i1ls of all the notors at,.the constart voltaze of

0
ts and the speed is controlled by varying the volt~
the ecurrent applied to the motor arnaturss

operated bywa notor that ig
controls. theoeeexcita-=

z the arpature eutrtent and
c d to the notoel arna-
peed of, the ecarriaze in either dircetions

A poteantionete
gontrollied from the
t1on of the gencrat

hys controls botl
tures and 8

e}

fhe regenerative electrical Erlking of the carriacge
is controlled by the rnotornan Dynaniec braking is also
b f
on

.
applicd when the pedal c ;trolling the 2ir brakes is de-
prcsscie

Phe carriage draws its supply of power and its control
gfsgpesd and braking from four pairs of trolley wires that
extand: the full lecagth of the tonk and are supported by
catenary systens One pair of trolley wires suppliecs in-
dependent power to the carriage for lights, driving snall

Botors,, and the

4+ second pair supplics the field current for the pro-
pellding motors, a third pair.supplies the armature currecat
fortdhe propelling sotors, ‘and Lhﬁ fourbth palr provides one

& specd and' regenerative
eslain o and another for centrolling dynanie braking.

egeatrol eirecult for oo;trollln:

A snall :oto*—hc:erator sct supplies 240~-volt direct
guprent for exciting the large gencrator, for the f£ield
eurrent of t“o provblling notors, and for independent power

on the carrla:c. A Yars totor-fenora or set, consisting
of va'l;250=hcrsepower s notor and an 850 kw d.c.
genecrator Upwblb of saypxyln; up to 850 volts, suppiiocs
egurrent at variable voltage for $the armature eircuits of
the propelling notors.

Pievelectrical eguipment diffezs considerably fron that
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in use @n . nos it Buropean teakss: particularly dntithati no
batteries are nsed.and in thats the uniformity ofispeed BEF
the: towing carriage is dependent entirely on the uniforms
i1 e Mol the voltage output of the motor generator seis

In connecection with the extension of the tank, a two—
story office bpuilding was added at tae south end" of’ th
tanls ani the north end of the shop was cextended 100 feet.

Operation of tank.+ ™he data that are obtained. onltdhe
towing Garriazefof the T Anlde tank during the bGestsleESa

models axren

Lifv devcloped by the hydrefoil device

Droaft (or risec of center of gravity)

The cquinnent for obtaining these quantities (the
towing gear) consists of the dynemoncter, the towing girde
and thepbalance Llinkage and is arranged as shown on figurc

pe the distance trawveled
in a definite . obtained frem the dis=
tancec tapes @ steel tape 1 ineh wide that extendsesfmon. . onc
ond of the bank 0 the others It is scecured at the south
end ofedie baginfand rests on supporting brackets Thattex=
tend belew the i botton chords! of thi oof . trussesy [AUTGLS
north.end of the basin it passes o
under tension' by & weighte Holgcs

in the tape every 5 fcet throughout

heavie and s held

ot + <
e " )
(ST
e &
5]
OUJ

ite lengths

Pwonsheayess . @arrded abowe the top of the maigwgirdor
ofl thergarridge, Lift thowtape offtthelbrackets ondsguide
1% through a horizeantal slot in one side of & #mall boxs

i v

On: onolsiderod heaslet ds suseontcoeol 14 zht andtonSilse

other 5 photooledbrdc tubes "The Iight Doon nerdally dsolne

tercepted by the tape but falls on the tube each tine a
hole passes through the slot and the energy generated in
the tubelcausesiaysmall solenoild to biltra tinypunifror and
deflect a beam of light.

h in diameser ocCcur
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Phe!time is obtained from a eloek that closes a cire-
cuitifor a snnll fraction: of & second at interwals of onge=
helt second and each time sends a small curreab to $ild a
second mirror and deflect a second beam of light.

Bobthtof the mirrers Just deseribed are Tocabted near
the top of the dynamometer and the aofloctions of their
beams of light are recorded on photostat paper in the
canera on the top of thes tube.

from the deflection of a stiff
plate spring nmounted at the bottom of the large tube. The
pull of the model is applied to the bottom of the spring
and causcs a small deflection. This deflection is multi-
plied by a lever extending upward within the tube. A
stylus at tHo upper ead of the lever bears against o fla
platesbhat hangs vertically from an axis and is koept in
contacti with the stylus by a hair spriange A small hori-
zontal nmirror rests on the axis and moves with ths verti-

cal plate

Rosistance is measured

A bean of light from a2 source at the upper end of the
tube.falls on the mirror and is reflected to the upper-eand
of the tube and through a aarrow slit in the bottom of the
canera, where it falls on thc same shecet of photostat paper
a8 the beans from the distance and tinec nirrorse 4 rTeecord
is obtained by moving the photostat paper across the slit
at a predetermincd speed and thus recording the movenents

ofNall threc mirrors.as lines that appsar when the paper
is devecloped.

stance nirror is followed by an

TRe .<Ot-1-0-1 oI tLlO I 1
vilC ’].J.LL onever ion wno

e
observer - usually calicd
s
Q

watches the notion of a spot o” light eon a serden at the
side of the tube. This spot of light comes from a second
gsource situnatad at one side of the recordiang one and, after
recflection by the resistance nirror, falls on a long hori-
zontal nirror from which it is reflectod to the sereen.

The novemcants of.a hean from the tine nirrdr also can be
seen on the screea, .and a failure of the lanps or of the
tine-indicating cduipment can be instantly detected.

This device has been used practicelly as described
since the H.A.C.,A. tork began operation aad, after various
"tecthing troubles!" werec over, Lhas given very good rosults,
Tho principal trouble with it today is that the lanps al-
ways seleect the nost critical test point or .run on which
to burn out or to become tenperamnecntal.




10 WL @A doehniecal Mehoroandun:Nos»818

igea frane of welded steel: tubing
nds by stainless-steel tapes that

es to.the end ' of the piston wed Thet

nJllnder and supports the counter-

-

100

i:

>ight on the water, or load, of the model
!

o

spended
over th
cs from

u
u

o
-

1

ight pane. - The
Cetormined
nodel is attached t
the bettom.

O

HeE H Koo
e
(6]

I
w
-
2
b

wveight on the counterweight pan. The
the gipder: by dhe piwvot fithingkad

2]

The forward cnd of the girder is extended and holds a
roller that has a V-shaped groowve in its Lacc andl oiins o
the forward edge of the vertical bar of the balance Llinks
agest The werhigalibar has.a 7 scevion and tJQ outstanding

i
leg s findshed as ong kaife edge to f£it the grigowehin
|

i

1L
the rollerul The length of the bar 8 such that the girder
nay be set for a nodel of almost any depth and nay rise and
fall with 1%t to any rcasonable extent without runaing off
thetibans In extrene cases the bor can be raised or lowered

s
by roising or lowocring the whole dynanonecter on serews,
but the novement is i ly accessary.

idl ~be seenl  the wertical bariis!connectedkto the

lower ends of two bell cranks by inelinced extensions

These cxtensions are V-shaped in plan and the VOrulCul legs
o the belll eranks are double Thiglepnstruction givesathe
wertical ber andothe'bellk crnnk stability agoinst lateral

neottonglofstiiescirders 'Thelforwvazd exten

bell eranks larer}

are Jeoingd by a

1

2ding legs of both
their forward ends

Fron the lower end of a -central third arm of the lower
bell crank o liankjextends: forward te the cye of the dynanons=
cter Sprinks . Thelcoastruction’of the!linkaze thon dsdEleh
that thec pull cxerted agoinst the eye of the dynanoneier
spring dspoalways ocqual t0 the resistazee,of the nodelghng
natter what the point-on the verticael bar at which thespull
of the resistance is applicd,

Vertieal staffs on. caech bell eDn:
balaace wqi*hts that con betso:adjugbe 1 t
will balzaece almést exactly the lnemtia of tho girder oand
the mocel; and, in this manner, the deflection of the dyno=
noneternspiing, causcdrby nceeleorpting fhercarsiages disap-
pearss caditlc, tinecsreguired Po reaghia steadysroadinghiig

considcecrabdly rcducei.

Thewdrianenetervepring that dis noestoregulaplyased
gives o npvenent of.the resigtance (Line on tﬂb recerds of
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8~1/2 inches for 18 pounds of recsistance. ,When it is nce-
Gislsarny (o neasure a higher wvalue, the auxiliary linkagec
with the upper weight pan is used to °1oprc% he mero of
the dyncmometer. A 10-pound weight ia the upper pan de-

2

flects the dynomometer spring forward aand 46 reguires a
10~-pound pull on the voertical bar to bring the spring back
tio zZero.

he dyneomemebter is calibrated by placiag v01bhtu in
ey pan, on the forwerd link, wherc they produce dofils
Gionshof the dynanencter spring cxoactly as do pulls on the

If the zero recadiag aistanxce bean when viewed
nethel tolltale screea ig bhe zorlo Linc. it leamn be
gdansted by a slight ch he tension of thac adjustb=
ing spring that is locate upper c¢ad of the forward

The entire linkage is constructed of steel tubing and
plate wel d d together and all the Jjoiants are fitted with
ball bearings specially selected for conceaitricity and ra-
dial clearance. The visitor may think the bell crans and

links rather crude.in appearance but the workmanship used
in locating the centers and izsuring that the leangths of
il the parts are corrget is of the wvery hosts

The knife edge on thesvertiecal 'bar i is the onlysenein
the systcm. The usc of ball bearings in this serviece has
bieen vory successful but the sceret of the sucecess is the
fact that no matter how smoothly the carriage runs therc
is ' 2lways o vibration of small amplitude. but fairly high
frequency. When vibrating in this manncr, ball bearings
bave practically no friction and are as effoective as kanife
edges - and much simpler to usc in coastruction.

The maximum movements of the linkages are oxtremely
smoll - 2 100-pound pull (rorcly encountered) would cnuse
the dynemometer spring to deflect about 0,05 inch at the
lLower cyces The actual measuring deflection, howsver, al-
ways corr*suouds to the range between zero and 18 pounds
because the weight in the upper pan counterbalances all dutb
the last 18 pounds. Although the device does not give a
measurenent ot zero position it is near enough for practi-
cal purposes. i

b dienen ithie

Wiktth models: of normal size,ti7? to, 9 fee
aontities are mocas-

usual accurscy with' which the warious qu
ured is belicved to be as follows:
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Speed, ft. per scc. 0,1
Resistance, 1be. x£,1
Prim, degrees ==
Trimming moment, 1. ft. *1,0

H
aV]

Lioad, 1551
ra R G =

asos, these values v be bettered to suit

(¢} Ay
vnd, on the other hand, th
i

re 1o conditions of the
te nay make it impossible to Plo eiliiiien b iy enile

The methods of measurin the trim and the tirinning, Eo=
ment arc illustratcd in cd deteil at the side of fig-

t
&0
ure 4. TFor a free-to-trim test the cctual center of gravity
of the nodel is mado to fall ot : T
the cecnter of gravity of the full size - the Diviot peLnbE
by balanceweils izont~1l and vertical. The horizontal
wsuallr inside the nodel, the vertical oncs are
e sce:

staff scen in the figure. Any motion of the
nodel about the axis (center of r“v1tv) is indicated by a
pointer thot swings with the model and indicates on a scalc
on the top of tho girder. This scale is read by the observe
er scated alongside the modcl.

In freo-to-trin toests the wiag lift is simulated by
thie pulisfiren o hydrofoil that runs subnerged at the nmight
iage {i hvydrofoil is nounted on the lower
e er ead of which is carried on
iz crtical bar that operates be-
R 1le between blade and bar, and
ee 0of the hydrofoil, is controlled
by adjus tl & screws. The angle of attack of the hydrofoil
docs not vary automatically with the trim £ the nodel.

The downward pull of the hydrofoil is transnitted
through the vertieal bar lluO the wire rope by which it 1is
suspended and thus to the ¢ at the center of gravity of
the nodcle.

The llft conerated by the hycro ofoil is mcasured by a
ring dynenomcter in the line botween hydrofoil aand nodel,
the bxurugion of which is indicated by a dial gage that
rocads to 1/10000 .inch: A simple calibration enables the

il Y s

1ift to be obta
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B os tieistise oifys hie nodiedy arer tol bernndeaccording
genercl methody first suggested by Seowald (refer-
3

‘.-c ;
ence 2) and cdeveloped by Schrddcr (rcferenco 3), thc hydro=
Boslleeary 15, il teds up tout ofs theuwatier) and disconnectod
andsbhe, dewiece is arrangsed to measure. the trinming nonents,
as shown in the lower rigit—hand dimeran. of flguxo 4. The

Lloads@i tho nodel is waried by changing the welght: on the
ghite pan.s v The. trdin, dg figedy. aadsony atbenpd oif
the “odol to change trin will: be  resdsted by the trinming-—
fonenty springs The deflection-of: this spriag, which ls a
sligastire of the dtrizaning nomentse Con bef read dn thousanddhs
gfWan inch on a dial gage that measures the notion of the
cndrof thie pointecrs The doflcetion of the sprinzg is so
snall (0.1° for moxinun noment) that neither trinm nor re-
sietance is ehanged enocugh to affeoet the neasurencnise.

Boe. risemwhen firce to trimy . orithes drafts ats fized
Fadmg 0 s dndieascd by the notien of tﬁc pointer on the ond
of the staff thot riscs above the niddle of the girder,
a8 1t noves up and down over o scalo. usually thes geale
is sect to recod. zero when the keel of the nodel at the step
touches the watcr.

Two elcetric tachoneters arec operated from the shaft
gione of the propelling notorse. 0One 'is placed at the
notornants position anl is used to indicate the speed o
wivseh' the carriasge runs; the other is nounted under the
chErlase o the left of the model and abowe ite This ta=
chorcter is mounted in a frame upon which are sep figures
represonulng the run number, the date, and the model num-
ber. The run numdber, the date, and the model number ap-
pear on both back and front, the speed only on thc froant.
Photographs may be talken *vor 8 numbor of positions for-
ward and aft of the model and provide a very good guali-
Tative record of the performance of the models

The eanlarged tank and the altered car
crated practically as expectcds The antici
the number of poiants read per run has been ab ained without
difficultys The maximum number of points rccorded in onec
run before the cnlargemcent was 12 althoush the usual maxi-
mum was 8es It i1s now casily possible to reccord regularly
14 or 15 points at the slower spceds.
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THE METHEOD OF TAXING AJD RECORDING DATA

In the ecarlier work of the N.A.C.A. tank the tests
wero all of -the specific type and the data were expressed
guantitatively in fect per sccond, pounds, and pound-feet.
After the introduction of the goneral mothod of testing
it became apparont that a better method of exprossiag the
data woas nccessary and, with few exceptions, the data from
the general type of test are now cxpresscd in the form of
the well-known nondimensional coefficients.

A

Load ecoefficient C =

A .3

wD

R

Resistance cocfiicient CR = "

wb

M

Monent! e oeffidcicnt CN = -
0 b wb?
o . v
Specd cocfficient Cap = w—=
v eb

('1

Draft coe fficient Co = o

in which, in the H.A.C.A. tank,
A is weight 0a weittiern Or load & libs
¥V, spced, feet per socond.
R, recsistance, 1lb.
M, trimming monent, lbe.-fte.
d, ldraft, £t.
w, speecifie weight of water, 1lb. per cue. fit.

by e an e ft Hnd s

pexr scc .?.

&

gy laceecleration of gravity, 32«2 Eis

To those cocfficients should be added the ratio A/R. It
should be remembered that in Anerica this ratio is used as
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gencrally as. €, the paning number, is used abroad and
blst AR = 1f%.

Ite i rollathvwely casy e lobtaln muech of the data di=
reebly din cocfficieont forme. The maxinmun load of the nodel
is nade to ecorrespond to a round value of Cp, ond the
load is varicd by anounts that correspond to definite wval-
ues of OCp, wusually 0.10, 0.05, and 0.025. The weights
fo® prioviding these amnounts are covered metal boxes and
the corroct weight of each is obtained by fitting shect
illeadrond fine shot into pockets ingide the box.

he method of taking and recording data can best be
od by following the operation in detail for a part
t of ¥,A.C.A. nodel 74-A, made acecording to the
nethode.

cforc the test begins, it is decided at cxactly what

B
speeds, loads, and trims tho data will be taken. The
ranges Tor the various quantities are usually dcecided from
exporience and iaformation concerning the type or the pur-
pesel off the forn that is to be testeds

" Speeds are not prescribed by cocfficient because they
cannot be set with sufficicant accuracy. Instead, the
speeds are prescribed in steps of 1 or 1.5 fecet per second
imidthe region of the hunp and below, 2 or 3 feet per second
Just after the hunp, aand usually 5 feet per second at high
specdse

Loads are prescribed by cocfficient, usually beginning
with CA = 0.025 or 0,050, then Cp = O.lO and contiauing
to inC“c vse by values of Cp = 0.10 to the moxinun to be
investigated

(.f.

5

Tring can be prescribed to degrees or half degrees,
Wstal Iy the trim is waried by 29 increments over a range
that will include the zeroc monent and the lowest resistance.

It should be enphasized, however, that no program is
iehidie If anything develops during a test that indicate
a need. for a change or an extension, the program is altered
to suit the need. Each set of data is plotted inmediately
after it is obtained and, the program may be nodified con-
tinually as reguired,

The erew requirecd for naking a test according to the
general method consists of the following:
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(3).

(5)

(6)

1
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oned: at the dorward end: of
ler, He contiroils tho iBpeee
ltirceted and cndeavors to
igely what was ecallesd for but obs=
5 11 rccords the speed in-

lvnnmon—
the dyna-
o

o

3

A Warnanoncter manM is stoationed a
Ho obscrves on th e
the*notiba of
ne

Q ct
e
Q

!

[®]
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o
(e}
(e
B

"t that
s position
he switch
e Be-
e

© W H
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Q
Bk o)
(@) I |
ct O
3
00 DR ®

a
A
b

¢
£
~
S

ct e H e
(o]
o}
e
«©
Q
©
Q
N
A

aiJLQtnytts of the
putting weight N

ot O

& erew chisf, 45 s
sirdere : He s
S 0

eside the towilng
e ) o h
to be tiowed ‘and read

ich the nodel
he draftand the dial
i e it is being
csts he reads the
s e tof| the centor of zrawidty, oaad
he dial kot Indicates the Lifbtingiforcelio=
lop y 2 thydrofeils He also acts a@s a
_ ¢ erew, rocords ond plots the
izth, run by run;: and direets chongesi dniEload

In the abscnece of the projeet nman he is in charge
of tho. testse.,

A M"yeight man" is stationed Jjust behind the large
danping cylinder and the counterwelght pane

'o changes tac weilghts on the pan, w% n and as
irechteds: in'iorder do produce’ defimite Llowds
on the water,

The "project man® has no fixed station., He is in
charge of the test and obscrves and records
the behawiornof ither model as it ilsiirie latied {0
any wi the wariabless. He may change. ithes prios=
gran as he dosircs. :

The nan at the control desk kecps the voltage of
the field current constant, notes the meximum
arnature current indicated, and notes the speed
indicated by a voltmeter in the armsture cir-
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eudb that
Oa  signal
notion of

calibrated in feet per seccond.
om the CdLerge, he reverses the
carriage He can stop the car-

ct Fh e
u M B om
o

ringepat anystine andy if desired, could con-
trol its speed.

The nmodel to be tested is sccured to the towing girder
yntliof fitting that is svsp01"bﬂ on the pivot. The loca~
Sion wE the pivot is nade to coincide as nearly:as Reasible
with the posiftion of the ccnter of gravity of the full-size
geaplane and the model is ballasted to dDring the horizontal
position of the actual center of gravity vertically under
that position. If the model docs not represent an actual
N D¢ the pivot is locoted somewhere near what would be

aLrgasonable position for the center of gravity if the hull
were part of a complete machinc.

The model is set to the trinm to be investigated .and
Fhosndraft gage 1ls set to read zewo with the koel at the
main step Jjust touching the water.

The upper part of o fixed-trim data sheet as it is
preparcd by the crow chioef vit“ the test data filled in

is s%own in figure bs DMoast of the itens irn tho.heading
are self-cxplanatory, but J.0,. givos tne ¥job ordex! or

accou;tlnb nunber to which th osts of the test are to

Be eharged and C.M. the pos 'olo of the ceonter of monents,
PL.8sDe:shows that for a change in resistance (CR) of

e lithe deflection of the light spot on the screen is

6.94 inchese The notation "windage compensated" indicatcs
that in this particular test the windage of thec exposed
parts of the towing gear was balanced by that of a disk
nounted on an extension of the upper inertia dalance staff,

C}

The, tine of beginning the run is entered on the sheet
and the run aunber is placed adjoining. Several points
nay ve obtained on the run aad the first point is given
letter aj; the others follow in sequeonce. The predeter-
Eneds load for the first point is indicated as a coeffi-~

cient (in this casec 0.3) and the load for .each successive
peEatyidisiginilarliy iadieanted.
naana is told that the speced will be 25 feet

<
.

The notor:
and that there will bo & pointss The weight
11

per second
pamid st ibodld i bhat, thefirst load will de’ atcoeffiedent of
Ok 3 @ndrthats theieoefficients w1ll ificrbasalbor 0374 by dn-
crenents of O.l. The dynanomoeter man roports that the
zerio corrcection is zero, that 1s, that there is no weight
in the zero correcting pans

-

“.’Ju
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The carriage is started and the motorman endeavors
#oe bpdngethe carriagetto czaetdy 25ifeetliper sccond as
guickly as hc¢ can. He overshoots slightly and finds the
tachoncter reads 25.% when the speed becones constants.
When the carriage is at coanstant speed, he signals and a
set of readings is taken.

The crew .chief finds that the dial on the trimming=
menent spring indicates a deflection of 2/10000 inch and
the! draft of the lmodel  dsnlsd dnchess The dymamometbte®
men finds. that the doflection of the light spot indieats
ing resigtance is 3.8 inches.

The dynanmnoneter man takes whatever time he dooms
necessary to get a good record of resistancc, usually not
less than 5 scconds, then signals the crew chief. If %he
latter has his own readings to his satisfaction, he sig-
nals the weight man who renoves a Cp = 0.1 weight fron

the counterweight pan, thus raising the load to €6, = 0Os4s
& I D A

.

The crew chief signals for a ncw reading and the
process is repecated., The repetition continues until the
end of the tank is reoched - in this casc without a change
in speed.

At the cnd of the run the notorman reports the read-
ing of the tachometer to the erow chief who cnters it un~
der "V Rdge" The dynamoneter nan reports his successive
rcadings as iaches of deflection and they are entered under
"R Rdg." He also rcports that for the last point he Sup=
pressed the zero by O = 0.05 and the eorrections 1B BR-=
tered under “zero corr." A gzero correction of 0.05 corre-
sponds to a doflection of the light spot of 1/2 of 6.94
inches or 3.47 inches. This corrcction is called 3.5
inches rand added Ho-the §.6 giving "R net" of 9,05 It
will be noted that the correcction is added fron then until
run 37f, where an ‘R vrcading of-0.4 was obscrved.

The data hoeving been noted, the nodel is lifted fron
the water and the carriage is returned to the south end of
the tonke While cen route the data as to resistance and
nonent are plotted and inspected to see how the curves ap~
pear.

As soon as the waves have quicted (usually by the i
tine thelneturn, &s complotod) another run is begun at 30
feot por sccond-aand with an initial load cof ©Cx = 0.7 )
This time the load is reduced by stages until, at the low=
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est load of Cp = 0.2, the moment spring does not indicate
and the. draft appears to be zero. The last point of this
run is repeated as the first of the next but, as the record
shows, the motorman misses the spced and rcads 28.5 feet
per sccond instead of 30. The point at Cp = 0.2 is fol-
lowed by one at CA = 0.1  and then the specd is changed
from nominal- 30 to nominal 35 fect per second, (in reality
83.0) and the load is rcduced to 6p = 0.05,

The other notes on this sheeot are self-explanatory
except that the "38c¢c" in the column headed "Photo!" indi-
cates that photographs of the spray werc taken as part of
the record of that point.

The data sheets go to the computers together with the
developed records from the camera, and a sccond sheet is
preparcd - the "Summary Sheect" shown as figure 6.

Most of the hoadings of this sheet also are self=-
explanatory, but "Dyn. Cal «01443" indicates that, on
the record of resistance, the mecasurcd distance of the
mean resistance linc from the zero line in inches is to - be
nultiplied by €.01443 to reduce it to terms of Cg. "Mo-
ment Calibration Y-3" indicates the particular calibration
to be uscd for the reading of the moment spring dial in

n

order to reduce it to terms of Cyo
e

ct e

*

The truec specd for cach point is determined from the

record by counting the record of the nunber of feet in a
given nunber of seconds, is reduced to CV’ and entered
under "Speced Coef.!

The distance of the mearn resistance line fronm the zZero
line is nmeasured in inches, converted to CR’ and entcred
ags "@Gross R Coef." The gzero correction is taken from fig-
ure 6 and ontered as "Zero Coef." In this case, there is
no. correction for windage of dynamometcr Struciture ;0 f
there were, it would be entered in coefficicnt form under
iiWdnd. Goef! PFinally u der "R Coef. . the algebraic isun
of the "Gross R. Coef.," %"Zero Coef.," and "Wind. Coef."
is entercd as the final value of Cg for that pointe The
other conversions arc obvious.

The records of the points shown on figures 5 and 6
were not suitable for reproduction.
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The data from the sunmary sheet. ( figs 6) are plot-
ted on & seporabde shect.forr each valwe of T with Of
e abeelssa, « Cxfvand €y - as ordinates, and ~Op: wb pag
rancter, giving the well-known families of curves as in
figures 7 (a) and 7(b).

In order to obtain a wview of- the manner in which sthe
values of Cp and CM vary with trin, the eurves are res=
plotted as cross curves at seclected values of Oy with
Ty o8, mbsedsisian CA as paraneter, and Cp. and Oy as
ordinates. The eross curves derived from the sunnary
sheet of figure 6 will be found on the right-hand side of
figure 8 for Oy = 4.5.

This deseription has ineluded only a pert of Wwhe data
from the tests of this model but enough to illustrate the
nethod. The conplete data for N.A.CiAo model 74-A will be

found in rcference 4.

THE DATA

—
4
wn
== 18
©
25|

As a result of our studies of nethods for using data
fron tank tests of models of hulls of scaplanes, we have
cone te the conelusion thalt the relatiwe merit, with, recard X
to resistance of forms for hulls can be deternined only by
considering each forn as part of a specific conplete sea-
plane and noking take~off conputations for each, Each
take~off computation will give quantitative results that
can be conpared with sinilar results from the otherses In
addition, there nust be a qualitative comparison to deter-
nine the relative nerits as to spray and, cventually, as
to porpoising and ‘behavior in a seaway.

.The methods of plotting and presenting the results of
tests that have Just becn described are well adapted for
this work. An exanple, in which the data that have just
becn presented will be used, will be the best demonstra-
tione. .The conputation is for gea level and no wind.

Let it be assuned that it is proposed to use a hull
having the form of N.A.C.A. nodel 74-A, as shown in figure
9, for o very large flying boat such as has been suggested
by the United States Maritinme Comnmission for possible fu-
ture trans-Atlantic usc. Accepting the assunptions nade
in that report, wec have: ;
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LS

Genes wobahl . ou i det s 8805000 Lby

Wing loading ; b s de des il 45 1lh./sqe fte

Baodne powers monipmals o 7.l s 12,000.behaps . for
toke—-off | 155000

The nunber of cengines and the details of the propellersare
as yet unknown but, from previous computations and experi=-
there is a thrust curve for a. seaplane having a

The wings are assuned to hove split flaps of 20 per-
cent cheord width over 60 percent of the span and, in
starting, the flaps are set 300 down. Fron a wind-tunnel
test of a model having a somewhat similar arrangenent of
wing and hull, there are obtained the 1ift and the drag
curves of the completc craft and the lifts and the drags

of the various componcants. The curves of hull and parasite

drags are corrccted to suit the differcance in wing loading
and the drag of the hull is deducted. The naxinunm 1lift is
corrected for scale, and the 1ift and the drag curves are
correccted for ground cffect. There follows:

Wing area « s« o o o SRSl Tl SRR Y, Qs o Ebe
Geonetric aspect ratio (assuned). « 10

Bl s W A el T A N e e 256 £,
Meon choPfdes s wr o e o o 6 @ % 5 & & e 2556 Thie
Height of wing above water (assumed). 20 £

Baicht of thrust 1ine above center
£ aranity {assuted) ‘e & e o el 8 i

The angle of wing setting relative to the il -will
have a considerable influence on the performance. If it
is nade %too low, the hull will trin too high during the
high—-specd part of the run; if it is nade too high,. the
hull will be down by -the bow in flight, 4 conpromise 1is
neccssary, but it can be nadc intelligently by assuning
several angles and naking prelininary conputations for
cach according to the following method. It is not neces-
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sary to nake .the complectoe calculation but only the part
that covers the high—-speed rTanges In this particular
problen the angles of wing setbting considered were 59,
70, and 90, Inspection of a sketch showed that 9°© would
be sure to .cause -the hull to-be too much down hy the bow
while cruising and this angle was not conputed. The
curves »f high~speed reosistance for wing settings of g°
and 7° (figz. 10) show that 7° gives a lower high-speed

resistaace than 59, and consequently:
Ansilei of twidiney Seibting B L & LETLT 70

The ‘éurves of lift and drag coefficients of the asro-
dynanic structure, assuncd to be generally similar: to that
of the carlier nodel, are now replotted against trin of
hull for an i angle of wing' setting:of: 709, “instead of agains?
the angle of attaek of the wing giving figure 1l. This new
plot:is net essential but it reduces the probability of
ErETOTSs : ' - -

The best size of the hull ecannot be predicted from the
datea fron the testiof the niodels . : It may be:found -tie be

-anything between that corresponding to a load coefficient

at rest, CAR =0, 3bhe 2andl thesic orkes pond Ing 56 CAR =} sl 0

or nore, according to the leagth-bean 'ratio and the other
conditions of "the problen. In the case of the foro of
nodel 74-=A, the lincs were drawn and the water line at rest

‘was assuned at 'CAR*='OJ6O.' In'othcr words, the form was

inagined as starting at that value of GAR ~mnd the. £lew

an(. spray were inggined t9 suit, as nmust be the practice of
every designer of hulls.
In this particular case, an estinate of get-away was
nade. for three valucs of CAq S ORb0: b5 an@d 1021605 L
o
was found that Cp, = 0.55 gave the best result and the

work only for that walue will.be described in nore details

Fron. the assunptions that
N o, =
UAR = 0-53
.*Ag = 250,000 1b.

and

w = 64 1lb, per cu, ft. (for seca water)
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bean, b =iy e P B
.\/ 64 X Oa55
and consequently that:
A A
g = ST (1)
64 ¥ (o3 455000
i R
Gy = = = (2)
64 x (19.21) 455000
| M M .
| Oy = 7 = | (3)
f B4 % £184817 8750000
E v
v
| CV = = e o (4—)
Wen.n x 38,01 W

Phe 1ift and the dr
are conputed as follows:

o 1)8 % 0,002878 X
D =1/2 x 0,002378 x
gnddasit approxin

o be 115 percent
ed dis obtained fr

A
suned
ing sD

w0

o =k

250,000 =

H

and Vs

I

ag of the aerodynamic structure

5560 Cp V° = 6460 Cp V° (5)

5560 Cp V2 = 6.60 Cp V- (6)

the get-away speed is as-
The stall-

ation,
of the stalling spced.
on

128 £t per scow-
deilis e 12

ka7 £t ped isecks
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#hen the resistance curves sinilar to figure 72 &a) efor
this model are exanined they show that - as might have
been expected because of the low step and low angle of
afterbody keel - there nre large increases in resistance
(obvicusly caused by wetting of the afterbody) for a
range of speeds that includes the V, -just assumed and
for trins of 6° and above. The curvés for 3°, 40, and 5°
show no such increases. The trin at take-off, thereforey
nmust not excced 5° and, if take-off occurs at 59,

/ 250000
V = /
& W .60 x 1.74

14756V Ete s DEL "ECC,

i

In this casc the differcnce is insignificant and
gither valuc of ¥V, e¢an be used in the computationsy Had
the differcnce been great, a study would have been made of
the liniting conditions indicated by the results of the
tests and the approxinate value would have been selected
Ho suite

The resistance at a few points over the hunp and a
few nore at the 5° trin just preceding the get-away, when
conputed by the present nethod and compared with the
thrust at those spceds, show that in both ranges the thrust
available for acceleration is very nearly the sane. This
condition is considered a desirable one and the complete
conputation 1is undertakene

Hy

If the excess thrusts differed greatly, the size
would bHe altered - incrcased to deccrease hunp resistance
and increase high speed resistance, or decrcased to in-
crease Hunp resistance and decrease high speed resistance =~
until the desired condition was obtained.

a

The curve of the expected thrust in pounds is drawn
against specd in feet per second as abscissa (fig. 18) @rnd
preparations are made to derive the curve of resistance
frce—~to-trin - taking into account the trinmming nonent
produced by the thrust. The curve will be derived to ex-
tend beyond the point where running at best trim under
the control of the pilet is possibles

A computation sheet is preparcd, consisting of verti-
£ g ’ (=)

cal colunns and horizontal lines. The colunns arce headed
in order with the walues of CV used in preparing the
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cross curves of Op and 0Oy of the model. For each of

the wvalues of CV, the procedure is the sane,

In table I three colunns taken from a full sheet are
reproduced for tho purpose of illustrating the nethodes In
addition to the synbols at the left, for the successive
itens in each colunn, there are given at the right the def-
#nitdon of eaeh "itieny therdnit ¥n which 1t . is expreogsiecdy
andPits derivabion.

Phe dorivalieon of iten 8.~ T, #rin (first.appPoxi~

nation), in more detail, is as follows: Eanter the nmomeant

curves of figure 8 at the value of Cy equal, and oppo-
gite in sign, to the value of Oype Follow horizontally
to 2 point corresponding to the load parameter of Cp .

anpp

It "will® be necessary to use care in interpolation.. The
value of the abscissa of the point is the approxinate
¢ Vel T o

Yhen iten 19 = Cp "= load efficient = 1svfound, it

should be compared witih the v;lub of iton 7 = CA - and,
app

if the agrcenent is not reasonable, the value of item 12
should be used as a second m»yrox1mut on.ant ditemns 8 to 12
should be conputed a second tine.

Pho-value of iten 14 ~ Cp, resistance coefficient -
ig obtained by entering the cross curves of figure 8 and
godwe vertically up t8He walue of T  to find the wvalune of

Upl ieorresponding. to the value of 7T and O

The values of R + D, obtained on the conputation
sheet plotted against speed on figure 12, give the curve
of resistance free-to-trin.

It is assumed, however, that the craft is permitted
to travel free—to-trin only to a speed of 65 percent of
the gct-away speced and that from then on the pilot will
egentroel the trin to give mininum resistance

It then becomes necessary to deternine at what trin
the nachine shall be held at high speed in order to od-
tain nininun total resistance. The sinplest way is to
determnine the curves of total resistance at a nunber: of
trins and then to prescribe the trins corresponding to the
lower envelope of the curves. This operation is somewhat
sinpler than the previous onc because the fixing of the
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tein T Sfilxeg. the ovaligestof CL and CD for the whole

rnnbe of values of Cy from shortly after thc hump to
ell beyond the assuned value of V,

(=}

The operation 1s as follows:

Addune the wvalues!ofs T Wfler which the curves arerfo
be deriwveld. I Nornallyy the walues range. fron 28 $ac8Ying
19 intervals but in this case we know that T cannot ex-
ceed 5° without excessive resistance, so we assume 3°, 40,
and 5°, and obtain the values of C; and Cp for each
from figuret Plg

Bor eaeh wvalue of T assuned, a conputation sheet is
prepared - generally sinilar to the previous one - and the
proccdurc is nuch the same. The colunns are headed, in
order,swith, the walues of CV covering the range of speeds
to be-dnvestigoted as found in the eross curves of O sand
Cy of the nodel, and for each of the values of Gy the
procedure is the son
fromuapEudl sheeis

vasion offiben 6= C
as for iten 14 of tabd

5 Table II shows three columnns taken

th notatdons as in table I. The deri-
, rcsistance coefficient - is the same
e I.

}—",:'1 l—"(')

Fromn the walues of R + D for each value of T, "a
series of curves can be plotted showing the resistance of :
the conplete craft ot the various fixed trims from near the
hunp to where tJe craft is air-borne. It will be found
that the curves interlace, now one and now another being
the ninimun. If the trim of the nachine can be controlled
to keep on the mininunm, the take-off will occur in the
nininun time and distances

In figure 12 the passage from free-to-trim to fixed
trin is indicated by thec arrow head. It will be observed
that, although 4% gives the minimum resistance almost to
get-away, & pull up to 5° just at the end reduces the re-
sistance quite sharply and leads to the get-away. '

In figure 12 the points indicated by triangles cor-
respond to the tabulation at CV = 2.6 frece—-to-trims those
indicated by circles correspond to the tabulation at Oy =
495 gt fixed t¥im of 4°. ‘The same symbols apply dm Dignre
11, where the lift and drag are derived, and in figure &,
where the approximate trim and resistance free-to-trim and
the resistance at fixzxed trim are obtaincd from the cross
CUTVES. - ;
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Figure 12 shows only one combination, as worked out
for CAR =SB B Similar curves for other values of CAR

can be obtained and a complete survey can be made of the
effect on the resistance of the various values.

The simplest and most roapid method of estimating the
time and distance to get-away that we have been able to fiand
is given in reference 5 and it is applied in figure 12,
Starting ot zero speed and resistance, a line is drawn as
indicated with a slope of: W on g where W is the gross
weight of the machine and g 1is the specd reached in 1
sicecond wunder the accnlerution of eravitZas W. i3 plabtted
at the scale of - R and thrust and g at the scale of
speed. When this line intercepts the curve of the thrust,
~it_is turned back at the same.angle with the vertical, but
on the other 31de, and the zig- za.g is continued until the
get-away is reached, The time in seconds to get-away is
the number of times the line is reversed, or intercepts
the two curves. The distance to get-away is the sum of
the respective abscissas to the points where the line re-
verses, rcading them. as distances instead of speeds. In
this case the time to get-away is 83 scconds and the dis-
tance run is 7,770 fcet, o '

This method of obtaining time and distance to get-
away 1is especially helpful where alternative curves of re=
sistance or thrust are encountered because it is simple to
apply and yet it brings out very clearly the effect of any
changes in the forms of the curves.

Comparisons to detecrmine the rclative merits as to
spray, porpoising, and behavior in a seaway have not becn
mads at the H.A.C.A., tank, but it is hoped that some day
they can be made. For the present we present this brief
survey of the novel features of our tank, the methods of
testing models, and the methods of using the data in the
hope that they will assist those who used the reports of
work in the H.A.C.A. tank to understand how and why cer=
tain features are as they arc and thus to use the reports
with grcatcr case.




9)]

H.AleCeAs Technical Memorancdun No. 918

REFEREICES

. Ppusicobty, otase The N.d&.C.A, Tank - A High-~Speed
mOVlﬂU B:sin for Testing Models of Seaplane Floatse.
7.R. ¥o. 470, N.A.C,As, 1933, (Reprinted in Air-
craft Engincering, vol. VI, no., 61, March 1934,

PP 67~ 74.) ‘

Sccwail, Friedrichs On Floats and Ploat Testss Tele
E.'TOQ ,9, .LI..A-.C..A.., 1951.
pchrdder, Pat ing Te of ‘Models as an"Aid in " ¥vhe

sts
&GN, o'y, 6876, NelsCisleds L9808

C) (61¢]
0

Towi
Design of Seaplarx

Tru

f’JUI

cott, Starr, Parkineon, J. Bsy Ebert, John Wa, Jra, |
wnd Valentine, EBE. Floyd: . Hydrodynanic and Aerody~-

namic Tests of Models of Flying-Boat Hulls Designed
for Low Acrodynanic Drag. N.A.C.A. Models 74, 74-A,
awd 75 e "Now “B68 NiAdOshSy 19384

1]
o

Herrmann , H.: ap“:rxp
Ko 426, NiA.CL L

lo ko

Toats and "Hulle. Pt. &3 MeMe
27




TABLE I

tiodel 74-A Ar = 250,000 1b. - CAR = 0.55
Free-to-trim, including effect of tarust acting 8 feet above center of gravity. Flaps down 30°.
" Itenm no:TE;&boli Cy = 2.4 ; = 2.6 i = 2.8 i Jefinition : Unit . Jerivation
i | i | { speed coefficient : ' assumed
——eee = W ! :__ Sk B
1 | V. | 696 | 64.6 | 6v.6 |Speed ! f.p.s. | Zquation 4
8 | v 3,660 | 4,180 | 4,850 | Speed squared | .
3 | T | 5220 51,700 ! 51,000 | Thrust | 1b. | Figure 12
4 | mp | -418,000 |-413,600 |-408,000 | Moment tarust | 1b.-ft. | T X 8
5 ? Catp : -.048 g -.047 ; -.047 | Tarust wmoment coefficient g Equation 3
A ; P | .836 | . 808 % .777 | Proportion of load ! 1- (V/Vg)2
(o R +4R0 | . 444 % .427% Approx. load coefficient PX CAR
& 7 { 7.4 g 8.3 | 7.5 f Trim (lst approx.) degrees | Figure 8
Y ol 1.99 | 2.05 | 1.995 | Lift coefficient | Figure 11
10 | L | 48,800! 56,500 ! 63,900 | Lift 1b. | Equation 5
il A i 201,200 ! 193,500 ! 186,100 | Load b | 250,000 - L
12 Ca 443 | 426 | 4l | Cp v Equation 1
13 T i 7.4 ; =9 i 7.3 Trim (24 approx.) degrees | Figure 8
14 Cr .085 | .087 i .079 | Resistance coefficient Figure 8
15 R 38,600 | 39,500 | 35,900 | Resistance 1b. Equation 2
14 Cp X768 ; + 187 | .174 | Drag coefficient Figure 11
17 D 4,100 | 5,200 5,600 | Drag 1b. Equation 6
18 R+ D 42,700 | 44,700 41,500 | Total resistance b, R+ D
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Model 74-A

Fixed trim, « = 4°

Item no.

D e -

~1

0

i
i
|

i

R S

i

i

Symbol ECV = 4.0

Q> <4

a

(@]
= 9]

+ o

98,5
9, 900
107,000
143,000
L

.058

26,400
i 200

34,300

TABLE II
AR = 250,000 1b. Cap = 0.55
Op, = 1.84 Cp = 0.12
e e e e D TR
g =4.5 | =50 | Definition ' Unit | Derivation
i : | speecd coefficient | i assumed
! I S | = ‘ =

i111.8 |124.2 | Speed ' f.p.s. | Equation 4
| 12,500 . 15,400 | Speed squared | Eopen )™ | T
{135,200 166,700 | Lift | b, Equation 5
1114,800 | 83,300 | Load | 1b. 250,000 - L
; .263 | .183 | Load coefficient ! Equation 1
| .03 047 | op | Figure 8
| 24,000 | 21,400 | Resistance |- e Equation 2
i 9,900 12,200 5 Drag f 1. Equation 6
| 33,900 | 33,500 ' Total resistance 1b.

'R+ D

"
2L
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Figure 1.- The relative dimensions of the
original and the enlarged N.A.C.A.
tank,

A. Towing gear assembly

Original

= Angle of attack adjustment 13 = Light source @ A
= Hydrojfoil 14 = Mirror
= Dasphot 15 = Stylus
= Towing girder 16 = Syriny ) ZU:
= Lift ring 17 = Counterweiyhts
= Dial indicator 18 = Indicator arm
= Drajt scale 19 = Trim
= Inertia counterweight 20 = Water surface
= Calibrating pan 21 = Trimming-moment spring
= Upper pan 22 = Trim adjusting Screws
= Zero adjusting spring 23 = Center of moments @ @] 10—
= Camera 24 = Pivot (center of gravity of
airplane)
B. Freeto-trim set up
C. Fized trim set up 3 7
DR

Figure 4.~ Arrangement of the p——

towing gear of the details, 8 &L

enlarged N.A.C.A. tank.

Linkage

Resistance
dynamomefter

ST oo o e D o'

A
>

Extension

Figure 2.~ Cross sections of the original
and the enlarged N.A.C.A., tank.
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N 1

Hydrofoil

Angle of attack adjustment
Running rail

Guide wheels

Trolley wire

Distance tape
Photo-electric cell
Damping cylinder

Towing gate

Trim & moment indicators
Draft scale

Inertia counterweights
Water surface

Resistance dynamometer

15
16
17
18

20
21

22

24
25
26
27

(1

Spring

Mirror

Light Source

Camera

Braking rail

Emergency brake

Emergency roller

Calibrating & tare weight pans
Bottom chord of roof truss
Weights to counterbalance model
Pivot & center of moments
Frame with adjustable height
Center line of motor

Figure 3.~ The general arrangement of
the towing carriage of the

enlarged N.A.C.A.

tank,
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N.A.C.A. Technical Memorandum No. 918. Figs.5,6
J.0.568/-8 NACA TANK SHEET__ 7

FIXED TRIM DATA SHEET

MODEL NO._Z%-A NaME_Strecamlined Hull vest oateOct 20 1937

DESCRIPTION. sDfepn” mrodified . u Z20° Mm 2.56 above J‘.af:z,
(<

F.8.0._./ Cq OR Ems, €94 N, TRIMs_# ° OBSERVERS AWC-ORW-LHH

% EJZ-JWE

Windage com,bensa.fecl

TIME | RUN vaﬂpm Lon{ v v | R [zero| R REMARKS
NO. . SET. | RDG.| RDG. [CORR.| NET
L58 | 36a| 2| tuy 23| 95 337 o
bl 24 17 e/ o4
c| 63|20 5 D9
o rad| 25 A zZz | o
el /98| 3o -Z S5 |05 ja
20¢ |5 s03| 2./ 7|90 |297| 495 £ 45 |oliht Lbtinal 4y Lty
bl _Go| 19 A 295 Z.3.5]
el 23| 26 5 24 6./
q 2| /3 ol A 5/
@ /| /0 .3 .65 15
Ll — | — A< -4 los |3/
gt | Idal— k| . 7 2| 0 |22s5|30 | o
5 e . 7 20| |
el- 2| -1 c | .a5| 35 |339| 475| O M«fﬂ/

Figure 5.- Sheet for recording data from general test.

J.0.:564/-C_ NACA TANK SHEET_Z
SUMMARY SHEET FOR COMPLETE TEST

MODEL NO. 7%/-d NAME ~Stream/rned +/u// SGALE DR, NOS. - T

DESCRIPTION _S/er rmr0dli Fied

TEST DATE_/0/27/37 DYN. CAL._-O7443  MOM. CAL Y=42
WINDAGE  CURVE cnsa T=yy COMP. _ALD __ cHKD. OMG
o R D P ks o SOt e 05 ok LA oo Pearas
_’ﬁ_gﬁe Z 82| 3.7 o o544 .3 2|.oa3| 13 | ./15-
bl 3871477 0688 0688| | 2+|.953| 2./ |./3
clssz P AR DA logwbl 5| 63|.150| 24| .45
o 286 | 735|006/ © 1061| & | 2| 30| 2.9 .48
|| e |35/ 5500794 .05 1294 7| 19| 487| 344|145 .
374 |4+ 7 4?&47144 s210| 7| s03|.250| 2.5 |.155 Am
b L7 34/ | os5 21054 4| Golr#3| 2.3 | /45
C | H45012571037/] v/4 B 23.95/| 2.0 |. /.25
d|Lspl| 758 la22g 0728 -+ 2l.goa| 27 |.705
€\ Y8 65| 0094 054 .3 .o0z| 7.4 09
L\ 38 [-.35Tovs | .05 outsgl 2| — | — |— | —
34, 4371|303l0437 0 oA -2 |—rhbasg| 11| .07
b |44.3/12-0010259 l 0289 ! |- /8 r025| | .05
C |4 IAVb7 to2sd 0 -ozsf| 85| - 9 rorg| -5 |.03 ,u«;qé

Figure 6.- Sheet for summarizing data from general
test for plotting.
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Figure 7e.-~ Variation of CR with Cy at
T=4°, CA parameter.
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Figure 8.~ Variation of Cr and Cy with
T at Cy=2.6 and 4.5.

CA parameter.
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Figure 7b.- Variation of Cy with Cy at

T=4°, CA parameter.
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Figure 12.- Variation of thrust and resistance

with speed.

Construction for ob-

taining time and distance to getaway.
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Figure 9.~ N.A.C.A. model No. 74-A.

Fig.9
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Figure 10.~ High-speed resistances for angles of wing
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Figure 11.-~

Resistance, 10,000 1b.
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of aerodynamic struc-




