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THE EFFECTS OF VARIOUS PARAMETERS ON THE
LOAD AT WHICH SFRAY ENTERS THEE
PRCPELIERS OF A FLYING BCAT

By John R. Dawson and Robert C. Walter

SUMMARY

The results of experiments made with a technique for
investigating the spray characteristics of flying-~boat
models are presented. In the method of testing used, the
minimum load at which spray strikes vpowersd propellers
was determined for a range of speeds and trims. These
measured loads were vplotted against speed with trim as a
parameter, and the resulting curves were found to have
minimum points that determined the greatest lcad that
could be carried without sprsay striking the propellers.

The forebody of a pointed-step flying-boat hull was
used for the tests, and the effects of varying trim, pro-
reller poslition, end amount of power (exnressed in terms
of disk loading) were investigated. o

Either of the two types of spray that emanate from a
forebody (pressure or velocity spray) may limit the gross
load of a flving boat, denending on the configuration.
Increasing the power reduced the load at which spray
entered the propellers. Increasing the trim increased
the minimum load at which pressure spray struck the pro-
pellers but the corresponding load for velocity spray
varied erratically with trim. The normal, lateral, and
longitudinal positions of the nropellers tended to be near
the positions that would give the smallest value of the
minimum load at which svray struck the propellers. For
pressure spray this minimum load Increased approximately
lineerly with upward movement of the propeller position.



2 NACA TN No. 1056

INTRODUCTION

The necessity for keeping the propellers relatively
clear of spray lwmposes & great handlcap in reducing the
alr drag of flying boats, As a result of this require-
ment, hulls are built larger than other considerations
demand ~ except 1n the case of large cargo-carrying sir-
nlanes in which the volume required for cargn sapace 1s
greater than the volume needed for a configuratlon that
would provide adsgquate propeller clearance. Methods for
reducing thls handlcap have been sought for several years
and all tan!'r tests have included some observatlions on
spray condltions. Pew systematic spray investigations,
however, have bsan conducted in which guantitutive data
ware obtained. Tn references 1 and 2 data on the vari-
ation of soray envelopes were obtained, but the use of
these data in design 1s limited by & lack of quantitative
Information on the distortion of the spray envelopes
by propellers.

Preliminary experiments indlcated that 1t 1s possible
to determine falrly accurately the minimum load at which
an appreclable amount of s»ray strikes the propsllers of
a nowered model running at a given trim and spaed. This
vossibiilty suggested that using this load as the dependsnt
variable in spray investigations might be feasible; conse-
quently, the vrocedure was tried in Langley tank no. 2
iIn tests made with & forebody having a pointed stern. The
effects of varying trim, emount of power (expressed in
terms of disk loading), and propeller position wsre deter-
mined and the results of these tests are presented herein.
The method of testing that is8 developszd can be reedily
extended to include study of the effects of these
parameters on a more conventlonal forebody then that of
the present investigation. The method can be apvnlied
also in determining the effects of varying other deslgn
narameters.

Although the method of testing is applicable to a
complete model configuration (forebody in combination
with afterbody), the inclusion of the aftarbody would
restrict - the annlication of the rasulits. An a«ftarbody
can affect the amount of soray in the pronsllers in normal
nosltions oxly by its influence on trim and on tho per
centage of the total lcad carried by the forebody. Tho
effect on trim must be studied in sny case, and tihe
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percentage of the load carried by the forsbody must be
determined separately if results of forebody-spreay investi-
gations are to have the most general aepplication.

Two convenient terms have been adopted to designete
the two distinct types of spray that.emanate from the side
of a planing surface, such as the forebody of a flying- '
bo&at hull. One type comes directly from the pressures
generated on the bottom of the planing surface and appears
chiefly &s a curved sheet of water, glassy in appearance.
This sheet of water 1s frequently celled the forebody
blister. The water thaet forms this blister and the loose
narticles associated with it will be referred to as
pressure spreay."” The second type of spray appears in
the region where the »nlaning surface enters the water at
the forward edge of the wetbted area. This spray, which
is in the form of an irregular Jjet of broken-up water
narticles, is sometimes called a whisker and will be
referred to as "velocity spray."

COEFFICIENTS AND SYMBOLS

Cy load coefficient (A/wb3)
Cy speed coefficient (V/{gB)
C critical load coefficient for pressure spray
Ap
Ca lower critical load coefficient for velocity snféy
L
Ca upper critical leoead coefficient fdr'veloci%y §§£é§
U
w specific weight of water, pounds Der cubic foot
(6%.% for these tests)
b maximum beam of hull, feet
g acceleration of gravity, feet per second per - =
second
v speed, feet per second )

A load on water, pounds
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k nondimensional spray coefficient (spray criterlon
of reference 3)

r radius of propeller
h height of hull
bd longitudinal distance from step to plane of pro-

pellers, beams

v lateral distance from center line of model to
center line of propeller shaft, beams '

z vertical distance from ksel to bottom of propellsr
¢ircle, beams

T trim of model
MODEL

The model used in the tests was the forebody of
NACA model 35-A. Model 35-A 1s one of a series of
pointed-step hulls, tests of which are reported in refer-
ence 4. This forebody has a constant angle of dead rise
of 20~ for a distance of 1.7 beams forward of the step,
a length-beam ratio of li, and no chine flare.

The gsneral arrangement of the model, complete with
simulated wing and powered propellers, is shown in fig-
ure 1., A sheet of plywood was used as a wing because the
added complication of a normal wing section did not seem
justifiled; furthermore, keeping the 1lift of the wing at
a minimum was desired because & tare correction was to be
made by deducting the 1ift from the observed loads.,

Two 0.9-horsepower direct-current motors were mounted
on the wing. Bach of these motors drove a three-blade
18-inch-diameter propeller through a gear box. The piltch
of the propellers was such that they absorbed the full
motor power at approximately 2700 rpm. The propellers
both rotated in the same direction.

The model and fittings were so arranged that the
position of the wing could be changed elther vertically
or longitudinally, and several wings were provided so
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that the propellers could be placed at a number of pre-
selected lateral positions. : : o

APP ARATUS

A schematic drawlng of ths test setup 1s shown as
flgure 2. The model was attached to & rigid staff that
could move only vertically in a roller cage fastened to
the towing carriage. A fitting on the end of the staflf
permitted the trim of-the model to be fixed at any desired
value. A cable attached to the end of the model staflf
passed -over &a sheave and carried a weight pan.  Welghts
could be placed on this pan to counterweigh any desired
part of the weight of the model and thus to change the
load on the model. " '

TEST PROCEDURE

All the tests were made at constant sreeds and fixed
trims. At the start of each run a very light load was
placed on the model. When the towing carriage had reached
the desired constant spesd, power was apnlied to the pro-
pellers. The load on the model was then lncreased until
spray reached one of the propellers, and the value of the
load at this polint was recorded. Under conditions in
which the spray to strike the propellers first was veloclty
spray, the load was further increased untll the load at
which velocity spray cleared the propellers was deter- o
mined. Under these condltions, the lightest load at which
pressure spray struck the propellers was determined by .
further lncreasing the load. The critical load for
pressure spray was thus obtalined at all test conditions;
the upper and lower loads for wveloclty spray were also
obtalned whenever they were less than the critical load
for pressure spray. Typlcal photographs showing the spray
conditions at which the loads were measured are given
as figures 3 to 5.

The critical load for pressure spray was found to
check within sbout *5 percent; the critical loads for
veloclty snray could not always be determined quite so
accurately because of the broken-up character of the
spray. In 2ll cases the loads weré determined by the
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propeller that was moving down a3 it passed the hull. A
slightly greater load was required to csuse pressure spray
to strike the other propeller, but the effect of the
direction of rotaticn of the propellers on the loads of
veloclty spray appeared to be within the accuracy of the
measurerentys.

Some 1litrt was obtalned from the simplified wing used.
This 1lift was determined for s8ll test conditions and
deducted as &a tare from the measured loads to give the
net loads on the water. (Tare medefs were fastad witl, powered propeliers)

When the measured loads were ploited against speed,
the curves that were obtained had a minimum point - at a
trim of 0° this minimum was not well defined, but this
trim is of little practical significance. The tests
were made over a sufficient range of speed *to determine
the minlmum pnints of these curves.

At very low speeds the model could be loaded until
the water washed over the bow without any appreciable
spray entering the proneller disks. The highest speed_
at which tihis condition could be found was designated
the bow-wash limit.

Trims of 09, 22, 69, 99, and, for some configu=-
rations, 12° were tested. This range of trim covers
the range found for conventional hulls at speeds in which
spray is critical. Trim was measured wlth respect to the
gtralght part of the keel forward of the step.

The effect on pressure spray of varying power was
determined by making tests with no power, one-half power,
and full power applied to tuie propellers. One-halfl
power was obtained by reducing ti:e current input to the
motors until the product of current and voltage was one-
half that at full power. In the tests with no power the
load that caused the blister to touch a propeller blade
In its lowest position wss measured.

In order to express the effect of power in terms of
the more general psrameter disk loading, the static
thrust at one-hsalf and full power was messured with a
dead-weight dynamometer. These values of thrust were
divided by the proneller-disk area to give disk loadings
in terms of pounds of static thrust per square foot—ef
disk area, The static thrust was used because the offect
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of speed on thrust would be small in the speed range —_

caovered iIn these tests.

The vpropeller speed used in the tests would oprdili-
narily be used for & very large scale model; however,
a checik test wss made with a propeller of the same
diameter but of suchk pltch as to arsordb the full nower
o” ths motor at 3500 rpm instead of at 2700 rpm. The
check test showed thet this variation in prooeller speed
id not affect the results if power and propeller diameter
were held constant. -

The followiny table glves the proleller positions
tested. (See s&lso fig. 1.) Dimensions are ziven 1n
mitinles of the meaximum beam b of ths model.

Longitudinal dis- Latersl distance Verticael distance
tance fror step from center line fram keel to
to planse of of model to center bottom of pro-
nrolellers, x line of. ﬁropeller nellsr circle, z
(beams) shaft, y (be&ms)
(beaﬂs)
1.66 1.50 0.50
1.66 1.50 .75
1.66 1.50 1.00
2,12 1.50C (5 -
1.20 1.50 75 o
1.65 1.2 .75 ”
1.66 2.00 .75
1.66 2.00 .50 -

RESULTS AND DISCUSSION

The data from the tests were all reduced to the usual .
coefficlents based on Froudes'!s law. The -load coefficient
8t which pressure spray struck the nropellers is desig-
nated CAP' (critical load coefficient for »ressure spray).

The lowest load coefficient at which veloclty soray struck
the nropellers at a given speed is desigriated CAL (lower

critical load coefficient for velocity spray), and the .
highest load ccefficient at which ve70citv spray struck the
HPO“ellePS at the same speed 1s designated CAU (upper

critical load coefficient for velocity spray).

il
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Figure 6 1s an 1llustrative figure that presents
typical curves of CAP’ CAU’ and GAL nlotted

against Cy. The minimum values for CAP and CAL

given by these curves are designhated CAP and CAI& .
min nln

All results of the tests are glven in figures 7
to 1 in which ¢, , Cx, , end C are plotted against
AP AL AU
speed coeffilclent Cy with trim es a parsameter. In fig-
ure 8, the propeller-disk loading (ratio of statlc thrust
to propeller-dislkt area) ls slso included as a vparsmeter.

All the curves for pressure spray CAP with the

exception of those at a trim of 0° have a pronounced
minimum value that-occurs between speed coefficients of 1.5
end 2.5: In general, the miniwmum value for velocity
spray Cp is shown by these figures to be less than
nin
the minimum value for pressure snray CAP s ; exceptlons
min _
occur at low trims for all rositlions of the provnellers
and at &ll trims for the highest positlion of the pro-
pellers. The curves show that for a glven speed there
1s a definite range of load coefficilent in which veloclty
spray strikes the propellers; elther above or below thils
range the veloclty s»ray will clear the propellers. As
load on the model was increased, the velocity spray
approached the propeller from behind untll the spray
ertered the propellsr disk on the inboard side. A further
increase in load was possible up to a value at which the
water line was so far forward that the veloclty spray
would again clear the propellers by passing them on the
outboard side. The amount of spray vassing through the
vropeller dlsks variled throughout this load range; that
is, the spray was light at both the lower and upper load
limits and reached a maximum at some load between these
limits., The svray in the propellers at sither the lower
or upper critical load coefficlent for velocilty spray cA
) L

or CAU was less severe tiian at the critical load coeffi-

cient for pressure spray CAP.



NACA TN No. 1056 9

The curves show that a substantial gain in load

capacity can be obtained if chine flare is effective In
raising the minirmmum valuve of lIocad in which velocity svray
might be troublesorme to & value above that for C&P .

min :
The data glven In reference 5 indicate that chine flare e a—
can usually contrel velocity spray; therefore, CAP
min
becomes the critical value thet usually detsrwines the laoad
capaclty of the null. TUnder such & condition, CA

Prmin
represents the grestest load that cen be carried without
spray striking the provellsrs, . I —

Effect of Varylng Power

The effect of varying power aon .CAP is shown 1iIn

figure 8 in which power is expressed in terms of disk
loading - also in figure 15 in which CAP © is plotted
min '
against propeller-disk loading. For =a typical trim of 6O ——
figure 15 shows that appllication of full power reduces :
Ca eapproximately 22 percent. About. two-thirds of
Pmin _ . .
this reductlion was obtained with one-half power. These.
results agrse with the observations of reference 6. The
percent reductlon of Cp caused by power tended to
min
increase with increasing trim. _ . . . —

Altrough the effect on CAL and CAU of varying

power was not measured, observatlon showed the effect to
be generally similer to that on CA

Bffect of Varying Trim

The effect of verying trim can be seen in figures 15
to 18. These figures show that CA increases with
Pmin ]
increasing trim but at a decreas;ng rate of change. | o
Increasing the trlim from 6° to 9° gave an aversage Iincrease
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in CAP of about 0.05 or spproximately 3 percent per
min _
degree increagse in trim. The speecd coeificient at which
Cp occurred tended to decrease with lincreasing trilm.
P

min
(See figs. 7 to 1.)

The effect of trim on velocity spray was less con-
sistent than the effect of trim on pressure spray. In
general, however, the highest values for G, were

in

obtained at a trim of ©°, and lower values were obtained
at both higher and lower trims. (See figs. 16 to 18.)
The speed coefficients at which . CAL 1 " occurred s&lac

'min
tendsd to decrease witir increasing trim. These results
indicate that 1f velocity spray ig8 adequately controlled
by chine flare an increase in the limit 1mposed by spray
on tne gross load mignt be obtsained by increasing the trim
oi" & flying~-boat hull in the speed range below hump speed.
On thls basis, a slight reduction in the size of a flying-
boat hull might be obtained by increasing the trim at
low sveeds, but only about 1 percent decresse in plan-~
form dimensions could be cbtalned for each degree of
incresase in trim. Thils decrease however Js too small
to warrant much consideretion 1n design.

Effect of vVarying Position of Propellers

affect of longltudlnal position.~ The effect of
varying the longitudinal positlon of the propellers is
shown in figure 16 in which G, and Cp are
' P Tim
min in

plotted against the distance x, in beams, of the propellars
forward of the step. Of the three posltions tested
(1.20b, 1.66b,and 2.12b), the lowestvalue of C(,

Pmin
for all trims was obtained with the propeller at 1.66b
forward of the step. The indicatlions are that as trim is
increased the longltudinal position of the propellers
for the minimum value of cAP moves aft slightly.

min
At a trim of 6°, moving the propellers forward 1/2 beam
from .tlie most adverse positinn for pressure spray would
allow an increase In (Cp of about 15 percent.
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At trims of 6° and 9°, ¢, increased at en

Lmin -
increasing rate as the propellers were moved forward. At

a trim of 3°, ¢, varied in ‘sbout the same manner
in o -
8s Gy and the difference 1n magnitude between the
Pmin -

two was very small.

Normal operating trims In the speed range under
considerstion are above 3C, At tluese trims, tlhie indil-
catlons are that the most forward position at which the
propellers can be placed wonld result 1n the least 4iffi-
culty with both »ressure snd velocity spray. The possi-
bllities of the advantage of this trend, Lowever, are
limited by balance considerations for the airplane.

Bffect of lateral.position.- The effect of changing
the lateral position ol the propellers is shown in fig-
ure 17 1n which C, and Cp are plotted against

Pnin min
tine distance ¥y, 1in beams, from the center line of the = ..
model to the center line of the pyropeller shaft. The ’ e
curves of Cp tend to have a minimum polnt and the
min :
lateral position of the propellers et which thls minimum
occurs tends to move outboard with increasing trim. At
a trim of 6°, CAP i1s increased about 15 percent as : -
min e

the propellers are moved 1/2 beam outboard from the posi-
tion of minimum load. '

The way 1n which GALm varles with lateral position
in s
of the propellers is affected greatly by trim. At a trim
of 39, the curve for Ca has a minimum point whereas

Lmin S
the curves at trims of 6° and 9° have a maximum point.

At a normal trim of 6°, chine flare apvears to be
important in order to control velocity spray if the pro-
pellers are placed either close inboard or far outboard. _
If, however, veloclity soray 1s controlled by chine flare, o
the least difficulty wlth spray will be obtained by -
placing the propsllers as far outboard as possible. e
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Effect of vertical vositlon.~ The effect of varying
the vertical poslitlian of the propellers 1s shown in fig-
ure 18 in which C,_ and C, are plotted against

Pmin Imin
the distance 2z, 1in beams, between the keel and the
btottom of the propellsr circle. The varlation of GAP L
min

with 2z 1is nearly linear end the slope of the curve
inéreases with incregsing trim.

The value of GALm increeses with increasing
n

values of 2z (increasing propeller clearance); but with
a distance 2z of more than about 0.%0Db, CALm is
in

greater than CAP in end is, therefore, of no signifi-
min

cance. The indicetlons are that with large propeller
clsarances chline flare 18 not needéd to control veloclty
spray. :

The curves of figure 18 can te used to show the offect
of the vertilcal distance z on the size of forebody )
required to carry a given l1oad if the spray coefficient k
of reference 3 is assumed to give a valld relation botween
forebeody lengtli and beam Tor given spray characteristics.

For purposes of illustration, a forebody (simllar to
the one tested) 1s assumed to carry a load of 36,500 pounds
and the trim in the critical spray region is assumed to
be 6°, From figure 18, a value of Cp = 0.57 1is obtained
for a vertical distance z3 of 1.00bj. The beam b3

required for this load 1s 10 feet and the radius of the
propellers r 1s 0.69b; or 6.9 feet, If the hull is
falred in such & way that its top 1s at the level of the
propeller shafts, the height of the hull hj will be

hy = 27 + r
= 10.0 + 6.9
= 16.9 feet
Therefore
bihy = 169 square fest
and

by + hy = 26.9 feet
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If the vertical distance were decreased to
zp = 0.90b; and the propeller radlus were to remain

6.9 feet, the height would become
hs = 9.0 + 6.9

= 15.9 feet

and the load coefficlent would be reduced to a value
Cp = 0.527 (fig. 18). 1If no changes in forebody plan-

form dimensions were made, the load would then nhave to
be reduced to 33,700 pounds. If, inatead of reducing
the load, the load were held constant at 36,500 pounds
by increasing the beam - the forebody length L, to

remaln constant -. the value to which the beam must be
increased can be obtailned from equation (2) of refer-
ence 3

k = & 5
which may be written

A _ 2

5 kwLe

For a given position of the propellers and for given
spray characteristics, k will remain constant. Since
in the present case it is also desired to hold w R
and Ly constant, all the values on the right hand side

of this equation are constant, end for zp = 9.0

A
kWLf-z = 222000
by

2% 700 S -
= o

= 3570

The given spray conditions can be malntained by keeping
the ratio of the load to the beam equal to 3370 as long
as n> other changes in the configuration are made. These
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spray conditions will elso be the same as those obtalned
with a lcad of 36,500 pounds when b = 10 and 2z3 = 10.0.

In order Lo keev these séame spray conditlons with a value
of 25 = 9.0 but for- & load of 26,500 pounds

Az6,500 _ 3370

b2
or

bz = églggg

3370
= 10.83 feet
Therofcre
bh, = 172 square feet

and

bs + hs = 26.73 feet
2 2

Similar . calculatlions were niade for othsr values of
vertical distance by use of the curves of figure 18 at
a trim of 6° for both pressure and veloclty spray. The
same calculations were also made for a gross load of
29,400 pounds. Thse results of thess calculations are
plotted in figure 19 1in nondimensional form where

1
end (b + h)<§> /3 are plotted against

1 )
(h - r)(%) /5. The product bh 1s proportional to the

frontal area of the hull, and the sum b + h 4is pro-
portional to the perlphery or, for a hull of constant
length, 1s proportional to the skin area.
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Tigure 19 shows tlist if the propellers are placsd
low, botn the neriphery and frontal area must be very
ieroe if veloclty s»ray 1s not controllied. Thne curves
for wressure supray show that the frontal area of the hull o
tends Lo decrease as the »nropellers are moved up, but T
:wovling the nropellers vertically has less &ffect on the -
neriphery of the hull than on frontal area. The periphery -

o~ L/ 5
tends to be & minimuws at sore value of (h - r)(%)
N

that apparently varies with the gross load. Since the
affect on frontal arsa is so much grsater than on perliphery,
the indications are trat less air drag will be obtained :
by placing tiie propellers high and using a relsatively

narrow hull than by pleacing the progellers low and using

a wide hull. If the prcpellers are niaced sufficiently
high, veloclty spray will not immose a limitation on load
annd 1t should be possible to omit chine flare and thereby

tc obtain a further reduction ia air drag.

Svray Linltations 1n Service

In service, a certain amount of s»ray can be toler- -
ated by the nromellers of a flying boat during take-ofl.
Tr.e amount that can be tolerated is affected by types and
mmaterials of pronellers, cost and time for replacing them,— - —
roughness of water, tactical and operational requirements,
and other similar factors. GHven the rsatio of thrust te
water rﬁsistance hes an anpreciavle affect because or “the
way the ratioc aflfects the time required to accelersie
narouzh the range of saeed in which »ad spray conditions
occur. Although increasing the thrust *ends to -decrsase e
the minimum load at which svray strikes tlhie ﬁPOdnlle“s,
ci'e resultant incresase in accelerauion nay be sufrl cient
te nermit an actual increase ir the load permissible. for
take-off. The.effect of factors such as these on__ -
acceptable gross loads cen bs determined from overatln"_
axnerience. These effscts can be evaluated 1n the form
of increments of load to be added to or deducted from
tioe minimum lcad at which -snray strikes the prcpellers,
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CONCLUS IONS

An investigation to determine the effects of varilcus
parsaimeters on the load at which spray enters the pro-
pellers of a flying boat resulted in the followlng con-
clusionss

l. The lightest load at which spray strlkes the
provellers of a powersd model when under way can be
determined withh gufficlent accurecy to permlt the use
of this load as a dependent varisble in spray investi-
gations of flying boats.

2. Either of the two types cof spray that emanate
from a forebody (pressure or velocity spray) may limit
the gross load of a flying boat, denending on the confi-
guration, At high trims and high propeller positions
pressure spray will be the limlting factor even if no
chine flare l1s used to control velocity spray.

3. Increasing power reduced the load at which spray
entered the pronellers of a flying boat although the
resultant increase in acceleration might be sufficilent
to permit take-offs at greater gross loads without spray
difficulties., :

L. Increasing trim increased the minimum load at
which pressure spray struck tiie propellers. The minimum
load at which velocity spray struck the propellers variled
erratically with trim but tended to be greatest near a
trim of 6°,

5. (The minimum load at which spray struck the »pro-
nellers could be varled by changing either the lateral
or longitudinsal pegitien of the propellersy Because of
other considerations the normal positions of the pro-
pellers tended to be near the positions that would glve
the smallest value of this minimum load.

6. The minimum load coefficient at which pressure
spray struck the propellers increased avproximately
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linearly with upward movement of the propeller position;
the rate of increase bescame larger with incressing trim.

Langley llemorial Aeronautical ILaboratory
Natlonal Advisory Committee for Aeronautics
Langley Fleld, Va., February 20, 1946
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Figure 3.- Spray photographs of model at critical load for pressure spray with
full power anhd at the same load with no power.

T’Boo

{a) Full power.

{b) No power.

CA = 00484;

Cv = 2.05;
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T = 60

(a) One-half power.

{b) No power,

Figure 4.- Spray photographs of model at critical load for pressure spray with
half power and at the same load with no power.

CV = 2.03;

*ON NI VOVN

9GDT

‘314

q‘e¥y




{b) Upper critical load.

Figure 5.~ Spray photographs of model at lower and upper critical loads for
velocity spray with full power.
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