Chm-rrvtvan B

Orasstncnamsrnd b

PRI Y

L TS

TR e e D it b, A

NATIONAL ADVISORY COMMITTEE

FOR AERONAUTICS 7T

TECHNICAL NOTE

No. 1001

AN ANALYSIS OF THE MAIN SPRAY CHARACTERISTICS
OF SOME FULL-SIZE MULTIENGINE FLYING BOATS

By ¥F. W. S. Locke, Jr.
Buresun of Aeronautics, Navy Depa.rtmgnt

FOR REFERENCE =~ = o——=°

NOT TO BE TAKEN FROM THIS ROCR

Washington | -
July 16k6

NACALIBRARY - 13

LANGLEY MEMORIAL AERCKAUTICAL =~

T T "7"\_‘-"_"_‘ - .

©  _LABORATORY | -
Tmcurjuw SRLL VS,


http://www.abbottaerospace.com/technical-library

o

NATIONAL ADVISORY COMMITTIEE FOR AERONAUTICS
TECHNICAL NOTE NO. 1091

AN ANATYSIS OF THE MAIN SPRAY CHARACTERISTICS
OF SOME FULI-SIZE MULTIENGINE FLYING BOATS

By F. W. S, Locke, Jr.
SUMMARY

An enalysis 1s made of availeble full-scale and model data on the
height of the main spray at the propeller plans of multiengine flying
boats. It is found that, with fixed Cp, and Ig/b, increasing the

beam will increase the spray height at a slightly greater rate than
would be expected by Froude's Lew.

By adjusting the data to a common beam, a good correlation of spray
helght and forebody length/'bea.m retio 1s obtained. This correlation in-
dicates a very appreciable reduction in spray height can be obtained by
increasing Lg/b.

Appropriate combination of the correlations provides a design chart
which will enable determination of the necessary hull height to keep the
Propellers clear of the mein spray. This chart is specifically for mul-
btlengine flying boats of generally conventional design,

INTRODUCTION

The increasing size and welght of modern flying boats has empha-
sized the absolute necessity of obtaining good water performance in new
designs., In the past, a great deal of trouble has been caused by spray.
Propellers, flaps, and tall surfaces have been seriously damaged by
impact with spray in relatively smooth water, and vision through the
windshield has been badly obscured by spray thrown up the bow 1n rough
water. It would be very desirable to have mcans for predicting the height
of the spray as affected by the load and dimensions of proposed designs.

It is pointed out in reference 1 that sprey has two principal
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origins: (1) The "main spray," which exists in smooth and rough water,
originates from the rear 80 percent or so of the forebody; and (2) the
"bow spray," which normally can be avoided except in rough water, orig-
inates from the forward sections of the foredody.

Parkinson (reference 2) correlated some full-scals experience on
maln spray in terms of the forebody length/beam retio and a spray "inten-
sity" constant. Howsver, since his correletion does not include spray
height, it would be possible to design a hull having a low value of the
spray-intensity constant and unknowingly locate the propellers so that
they were opereting in the spray. In other words, the actual combination
of hull and airplane must be considered as a unity. 3Because of the im-
portance of spray height, it is the purpose of the work considered in
this report to attempt to determine a correlation for the main spray
helght in relatively smooth water. The correlation is based on quanti-
tative full-scale data on the sprey height at the propellers of
multiengine flying boats, No quantitative full-scale daiz are avallable
at other locations, which, fortunately, are of somewhat less lmportance.

By using the correlation it should be possible to predict a hull
height which will ensure propeller clearance. Hence, the spray inten-
8ity will be of less importance, provided, of course, the hull size ls
not decreased ad sbsurdum.

DATA

On full-size multiengine flying boats, the height of the main
spray in relatively smooth water is difficult to estimete, anywhere but
at the propeller plane. The location of the propeller disk is known,
g0 that the height of the spray at this point may be estimated with
reasonable accuracy. Under practically all conditions & very light mist
of spray will be drawn up by the propellers, but when the heavy green
water strikes the propeller, it can be felt as well as seen. It 1is the
heevy main spray entering the propeller in smooth water, and not a light
mist, with which this report ils concerned.

Most of the data were taken from flight test reports. The data are
teken from experience in relatively smooth water and with the aircraft
headed directly into the wind. All longltudinel accelerations were very
low. The spray was observed by eye with reference to the propeller disk
and hence, while subJject to a fairly large degree of error, may be con-
sidered quantitative. In addition, various people who either had flown
the airplanes or been concerned wilth their operation were consulted.
Reasonably good agreement of opinions was obtained.

The data, together with pertinent particulars of the various flying
boats, are tabulated in teble I.
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NOTATION

Throughout this report the following notation and nondimensional
ccefficients are used:

Initial lcad coefficient Cag = Dofwd®
Speed coefficient Oy =V/J&b
Weber number y/ob¥2 or 7/wb®
Longitudinel spray coefficilent Cx = X/b
Vertical spray coefficlent Cg = Z/b
Spray height coefficient cz/cAo
Forebody length coefficient Le/b

vhere

&,  initial load on the water, pounds

W specific weight of water, pounds per cubic foot (64.0 for see water)

b beam at main step, feet

v speed, feet per second

g accelesration of gravity, 32.2 feet per second per second

4 surface tension coefficient of water, pounds per foot

p mass density of water, pounds second® per foot*

X longitudinal position of main sprey peak, mpasured fore
(positive) or aft (negative) of the main step, feet

Z vertical position of main spray peek measured from the tangent to
the forebody keel at the main step, feet

Lp forebody length, measured from the interssction of chine and keel
to the step centroid along a line parallel to the tengent to the
keel at the step, fest
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Figure 1 defines the principal dimensions used. For the full size
date considered herein, X 1s the dlstance of the bottom of the propsl-
ler arc ahead of the main step, and Z 1is the maxirmum height of the
heavy spray at that polnt above the tangent to the forebody keel.

ANATYSIS

None of the flight test reports consulted gave a definlite speed at
which the spray through the propellers was at its worst, though they all
stated that 1t was a falrly low speed - around 15 to 20 knots. Exemina-
tion of model data indicates that the worst spray in the propellers
should occur between about Cy = 1.5 and 2.0. Since this speed is so
low, no very eppreciable error ls introduced by assuming that the load
on the water is equal to the gross weight, for worst spray at the propel-
ler plane,

In reference 3, it is shown that when Cx/CAl/ ® 1g fixed, the
spray height coefficient Cz,/CA will alsc be constent for most models.
It wlll be noted from table I that, while the variations of CA, on a
given flying boat are not large, OZ./CAO eppears to be practically
constant for any particuler full-size hull., Thus, despite the incon-
sistency of the relation CZ/CAO, wvhich is discussed in reference 3,
it appeared to be quite suiteble for handling full scale data.

For all the flying boats considered cx/caol/ 3 at the propeller

plane is reasonably close to 1.5, and the variations of gross load in
practice on any of the given airplanes do not alter its value appreci-

ably.

A plot (fig. 2) of cz/c:AO against ILy/v for Cx/cA°1/3 = 1,5
was prepared from the data for the series of models derived systemati-
cally from the XPB2M-1, and given in reference 4. On this same figure
is plotted the avallable full-scale deate from teble I. In every case,
the model value is lower than full scale, contrary to expectations by
Froude's Law. However, in only one case, the XPB2M-1R, was there
reagonably close simllerity in hull form between the family of models
and full scale. (The XFB2M-1R has somewhat more forebody chine Fflare
than the XPB2M-1 and less afterbody chine flare.) The chart, figure 3,
shows the difference betwsen the full scale and model values of CZ/CAO

plotted agalnst the full-size bean.

With the aid of figure 3 all the values of CZ/CAO, both model and

full size, were adjusted to & beam of 10 feet, and plotted against the
forebody length/beam ratio on figure 4. This chart indicates a fairly

L
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good correlation of the spray height coefficlent, against Ir/b; so0 a

final design chart was prepared. The design chart (fig. 5), shows con-
tours of CZ/CAO against I.f/b with full-size beam as the parameter.

It was derived by combining figures 3 and L.
DISCUSSION

The wey in which the line was drawn through the data on figure 3
requires explanation. The three black pointe are for "dirty" boats.
The original S-43 was cleaned up appreciably by the addition of powerful
sprey strips on the forebody. The JUF-2 has no chine flare, but only a
small spray strip, and is very "dlrty." The RCAF is understood to have
installed spray suppressors on this eircraft but their data on the re-
sult are not avallable. BSince the Saro 37 also falls e long way above
the curve on figure 3, it is presumed that it should also be classed
as a "dirty" hull, .

Figure 3 indicates that the dlfferences in the model and full-size
spray height, though numericelly emall, are sufficiently large to be of
practical importance. [The exact cause of the difference is not at all
clear) (It should be noted that the models (from reference U4) were
tested without motor-driven propellers, and hence their results do nob
include any effect of slipstream. Thus the difference may be due to the
slipstream, However, Qt 1s Just as reasonable to assume that the differ-
ences in model and full-scale spray height ere due only to differences in
the surface tension number (Weber number).)) The fact that 1t 1s possible
to plot the correction ageinst the beam would eppear to support this
idea. In reference 6 some experience is recorded which indicates that
heel angle may be the source of much of the difference. When the model
was heeled, the spray was appreciably higher reletive to the model. Ac-
tually the difference between model and full scale probably is due to a
combination of all of these effects., Sottorf's data (reference 5), also
obtained from models without running propellers, indicate a far more
rapid increase of spray height with increesing size than is shown here.
Because a survey (reference 6) of change of spreay height with size indl-
cated that no pronounced difference need be expected, and this l1s sup-
ported by the present investigation, Sottorf's results have been
neglected,

Within the limits of sbout 15° to 25° (reference 6) dead rise does
not have much effect on the spray at the propeller plane, but increasing
the dead rise does produce a beneficial reduction of spray at the flap
locgtion. In using model data to determine spray height, despite the
uncertainties involved in this correlation, the use of the addition
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given by figure 3 at longitudinal locations other than Cx/CAol/ 2 = 1.5

probably is Justified, at least until better information becomes avail-
abls.

The amount of chine flare on the forsbody will influence the spray
height in smooth water according to both model and flight tests. How-
ever, both model and full-scale flight tests also indicate that in rough
water pronounced chine flare has very llttle effect, and in fact some-
times may be even harmful. EHence, a designer can count on some reduc-
tion of spray in smooth water over that shown by figure 5 by using pro-
nounced chins flare, but should not expect a proportionel reduction in
rough water.

The BV222 is a good example of what might happen by using
Parkinson's criterion (reference 2) alone: 65,000 pounds is spproxi-
mately the limiting weight which can be carried without excessive spray
through the propellers, yet Parkinson's Xo, CAO/{Lf/b)z, is equal to

the very low value of 0.04llk, At the design weight of 99,000 pounds the
aircraft is reported to be very dirty. A later design, the BV238, has

elmost the same hull proportions except that the propellers are located
a good deal farther above the keel. This is mentionsd to emphasize the
necessity of fitting alrcraft and hull together so that the comblnation
will glve satisfactory performancs, and the fact that having a lightly

loaded hull is not sufficient to vnsure desirable spray characteristics.

The design chart (fig. 5) should be very useful in preliminary ds-
sign, provided the forshody form at least resembles those on which the
chart is based. The chart does not necesserily represent optimums ob-
talnable with conventional forebodies, because both afterbody angle and
afterbody length are known to have fairly large effects on the spray
characteristics threngh thelr influsnce on the forebody trim. However,
by ueing the design chart, the designer can determine hull heights, for
a given propeller clearance, with various forsbody dimensions. He can
then determine the influence of the forebody on the performance of the
airplane he 1s dsslgning, with specified spray clearance to take-off.
With the aid of informetion obtalned from figure 5 a good framework can
be obtained in which to make a design study for a proposed airplane.

The date in this report were obteined from multiengine flying boats.
Because the reason for the difference between model and full-size spray
height is not clear, the design chart produced from the data is strictly
applicable only to multiengine flying boats of generelly conventional
configurations.

It will be noted thet the design chart (fig. 5) will leed to much
lower load coefficients than have generally been used in past practice,
regardless of the forebody length/beam ratio. This will result in con-
gexrvative deslgns. However, it is very desireble that further work be

6
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done to correlate accurately model and full-scale spray in order to put
the process of prediction on & firmer foundation. This will teke & good
deal of time. In the interim, the data in this report should prove usew..
ful.

CONCLUSIONS

Analysis of available model and full scale data on the height of
the main sprey at the propeller plans, in relatively smooth water, indi-
cates:

1. Cz/C,_r_\o is a constant for a given hull,

2. With a fixed Lg/b, CZ/CAO increases slowly with increasing
‘ beamn.

3. With a fixed bean, CZ/CAO decreases rapidly with increasing
Porebody length.

Bureaun of Aeronsutics, Navy Department,
Washington, D. C., October 1945,
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TABIE .- MATN SPRAY CHARACTERISTICS

Xo, Fors. Full scals Equiv- .
Mot e, | of | Dol boty | 2y | Oy [1gf o | | oo, ) — o
glnen (£t)] (rt) | (1) or | x| Ta cAo-l/i Ca/Ca_ data
BARO 37 | h.23[ 155 | 5,700)1.28s]3.75[1.06] 1.37] 0. 1.26 | 0,525 | 70,305 |Propellsrs just touching heavy myray |MAKE
6,950\ 1.1 1,18 B4 1,00 16 in, of propsllers in heavy spray
ampn (a2 | 2| k25| 13.0 | 5,200) .86 [3.06] 83| 1.68 .965| 175 .72 | .2h5 |k tn, of propellers in heavy spray [A1E test
GHIRMMAN | JBP-5 2| 5.00( 14.65 9,250[1.19 |2.93(1.05(1.66 .88 1.56] .B0 085 |10 in. of propollers damged in rremw
water AIR test
sIEuRSXY 8-k3 (a)| 2| 7.50| 21.25| 19,000| .70 |2.84| .85 ] 1.k2{21.20 .87 .34 |Hax. lomd for hnll with no spray
. : strips FORMER PAA
813 ()| 2 1,000| .78 b5 Lhejree | 15| BT .22 |Max. load with spray strips for enployss
i ¢lsan propellers
MARTIN | PEM-1 2§ Bs52] 1.5 | ¥,000(1,2) [3.70] .89 (2.58] .73 | 1.88| .53 .20 |Propsllera just touch heevy oprey MARTIN testa
SHORY |SUMDER- | k| 9,10| 31.6 | 56,000|1.16 |3.47| .93 80 STy .20 |Iargest load which will not damage
TAND . propellers HAER
CORSOLT-| XPkY-1. 21 9.a7| 21.0 | 37,50| .76 [2.9%] .82 |1.38|2.07 | 1.3 | .T95 .25 |Fropallers just clsar heery spray CVAC temta
DATED _
MARSTN | PEM-5 2 {10.00] 32.8 | 50,000 ' Good claarance MAHTIN and
%5,000( .86 [3.28) .15 (1.47] 87 [ 1,55 | .63 2% |Propellors’ Just olear heavy spray U.B,
60,000 Propallers in heary spray flight teats
BLOHAM Beavy spray wots about 6 in. of U.5. Nary
and V095 290 6 [10.11| b9.b | 68,000(1.03 (k.88 .79 |1.19| .76 | L.T7 | b3 .32 | propellexe tonta
CONS0LI-| PBY-5 2 |10.17| 2%.8 | 30,000 ig 24| .75 |1.52]1.67 | 1.98 1.55 .25 |Bpray about same hoight ms propel- |U,5. Navy
DATED ' r - lora and
35,000(1. .90 1.13 | 1.5 Sprey 1-1/2 £t sbove bottom of AP
. propollers
BOEING | XPEB-1 2 |10.h2| 35.% |.65,000 jonly fine sprey in propallers U.3. Ravy
' 70,000| o7 [3.40( .79 [1.51) B2 | 1.53 .595 225 |Bprey about smms hoight as propsllers| flight
5,000 . . Propellsrs in heavy spray tenta
comsorx-| xeser-h | & [10,50| 20.9 | 66,000] .89 |2.85[1.02 |1.642as |12 | .86 28 2.8 £t of propolisr arc in heary
DATED . spray CYAC
T0,000| .94 1,05 112 | 1.67 3.1 £t of propellsr exo in hsary terta
ERTey
MARTIN (YPBM-I8| A [13.50 | L4.B [1h8,500 .91[ 3.32( .B% |1.%% .895 1,62 615 .29  |About 1 £t clearance at yropsllsrs |NATS
155,000| .99 .90 S | x5 I;‘:into propellers wouid just toush
AYY SpTay
MARYTN |JRM-1 k 113,50 | 48,1 110,000 .70 |3.5T| .635|1.63| 90 | 1.83 | .55y .35 |3-1/2 It clearance at propellasrs HABTIN and
: : - FAVY

T80T "OR R1 YOoyN
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