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- most favorable f
seaplane floats,
~worthiness.

Jrl. TESTS OF MODELS Or PLANIW@ AND ?LYING BOATS

AND THEIR ANALYSIS

. Fleguré 1. shows typical Water r851stance curves for a"
planlng boat and a. flying Boat. ' , ~
The planing boat has '*'esistance aurve which
cause of the. constant welght of the boeat, shows ac
ally increasing resistance with 1ncreasing spead
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‘Three classes of models may be used in this work:

1)  Massive'wood or paraffin models, 'These usually
are three to five times as heavy as the welght correspond-
ing to their scale. The excess walght“mushjbe,balanced
by a weight suspended over a sheave R (Fig. 2.) The
mass forces from osczllat1ons in the dlrectlon of motion,
which affect the r331stance ‘meadurements, are therefore
three to five times those of a model having true mass sim-
ilarity. Those from vertical oscillations are.five. to
nine bimes ag greab, - Consequently, to obtain tnaffected
measurements,

2) Welght similar models are generally used._ Theif
weight inclusive of the Dﬂlance weight is’ G/?\.3 s

3) Dynamically similar models are used, especially
for tests in waves, in order to give a true reproduction
of the motion of the full size in pitching. .Their model

weight is € /° and théir mass moment ¢f inertis T/HE 3
where G = Welght and T = mags moment of inertia of the
full scale, and A = modeI'scale.

Figure 2 shows the test arrangement A, The weight-
similar model 1s balanced about the c.g, of the‘whole,air~
craft and suspended at the c.g. by means of a fork, The
wing 1ift is produced by a weight suspended over sheave
R, Tﬂe model i's towed in the. ptropeller thrust line by a
wire bridle, which leads forward to the r631stance dynas,
mometer and aft to a' small tens1on welgat : Two gu1desj'
forvard and aft of the model hold 1it. in the directlon of
motion.’ Tne resistance is measured by means of a sprlng,
while the rise and the trim angle are read on correspond-
ing scales., :

The fundamental tests are runs made according to
Froude's Taw, 'Wlth the model free to trlm, at varlous COTi
stant snceds over the speed range up to take- off, The wing
Tifh s supplie& by the balance’ Weigbts and isg corrected
durlng the rTuns accordln@ to the angle of attack of tne
Wlngs as determined from the trim angle.“

: 1) The‘testlng of a float in’ acceleration corresoond—
ing to the true starfing regime (taxze-o0ff)y® This would be
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.. Very desirable in .order to study its motions, since from
fexperlence,'almOSt every float beyond the nump,Ai.e.; at
~ the start of- planing, has a tendency :to piteh. . Too much
importance 1s given to this pitching in tests made at con-
stant speed,. since then it paturally persists throughout
the run and gives poor readings. In fact, when taking off
the aircraft guickly passes through: the- cr1tical range and
shortly.thereafter begins:to plane,; which results 1n smmooth
running. ' . .

An additional advantage of this method of testing
would be that the whoele of the resistance curve referred
to above, together with: the acceleratlng forces, would  be
obtained in one run. : 5 S

2) -.The testing of a float in a sSeaway, bothvat con-
stant speed and while being accelerated.u This *preseénts
_the same requ1rements.~ S Lo

The first problem can be studzed in. the circular’ tank
of the Junkers Company. The model is towed in a circular
channel, suspended and guided by a hinged arm whose verti-
cal.axis lies at the centeér:of sthe ickiannel. 'If the sus-
pension point on the axis. lies above thé attachment point
on the model, then the vertical: component of the ‘centrip-
etal force, which increases as the square of the r.p.m.,
is applied to the model. : By changing the height of the
swspension point on the axis any wing -1ift can be obtained.

. The apparatus of the H.S.V.A., for towing. dynamiCally
similar models in a 'straight towing tank consists of a
combination of the resistance body developed at the tank
for use on trial trips with the float test apparatus. -
Since the resistance body has a water resistance increas-

. ing exactly as -the square of the speed, it 'is only neces-
sary to connect the pull of the resistance body to the
suspension wire of the float by a suitable linkage, arrange-
ment B, Figure 3. A lever and quadrant are interposed and
make it possible to vary the point of attachment of the
pull- from the resistance body.  The 1ift correspondlng to
.getw~away speed can be obtained by suitably 1ocatlag the
point where -the pull is applied to.the lever. The resist-
ance body is a rather light cone, and the force regquired
to accelerate it ik so small in comparison to the total
force that it' can' be neglected, so that at’ each moment of
the run the correct wing 1ift is applied.
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A further developmﬁnt of the gear is pr0posed in which
the slider to which the pulling wire -of ‘the resistance body
is attached will be moved: by amotor controlled by the mod-

el itself in stuch & manner &% 10 produce the Lift corre-
'snondlng to the eXact angle of attack of the wingSa :

A The resmstance bOdJ properly should 116 off to one
side of the model so that any influence on the model may
be av01ded

Amerlcan tests for tne ‘same. purpose in Whlcn a hydro—
foil was-arrsnged in the water under the model. to give- the
corresponding 1lift led, among other things, to ‘errors die
to 1nterference with the model.

; Full 1nformat10n on the: model is glven only by tests
at different constant ftrim angles, since the resistance
is dependent on the trim angle and a further important re-
‘sistance effect appears which is dependent on the trim an-
gle and is produced by the water: flow1ng un der the step R
and Wettlng the afterbody.. : e

By mov1ng a- sllding weight (flg. 2) the necessary o+
ment-is.applied . to.$he model. durlng the run’ to malntalnv“'
the, d931red angle of- trlm. : e

25£t~1s,the'task of bhe alrplane designer to construct
tihe float or boat so that as far as posgsidble it will give
the most favorable angle of attack for the wings of the
airptane and so- that the control surfaces:can apply the
proper moments, in order that the gét-away may take place
at the most  -favorable. angle of attack for the Dartlcular
speed range.

The economy of the flying boat is increaseﬂ by lower-—
ing the maximum resistance. This gives an increase in the
ngeful-1oad; which means an increase in fuel capacity or -
an increase in range,  Tith it is also obtained a shorter
time of take-off, much desired on account of the heavy ..
structural loads while taking off in a seaway. By making.
changes in' the: planing bottom; changes in the position-and
height-of- the steps, changes in the afterbody with regard
to the. spray, or by the-construction of a new-boat with
dszerent ‘principal’ dimen519ns, stces it is possible by
simple comparison to- determine the relatively most favor-"
‘able model,
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Figure 4 shows the comparison of systematlc tests of
a-flflng boat:with five differént.bottoms. There are im-
.portant: differences in.the resistances of the individual
designs, Bottom form No, %, for instancé, has two condi=x
tions pf maximum resistance; traveling in sinooth water the
water does not break away from the step with the result

.tha% the resistance steadily "rises.,’ Unsticking can be
agcomplished by. jarring the model. ' The model ‘then rises
on the step and the resistance falls %o 'the lower branch
.of ‘the curve, In practice this boat would be able to get
off only in rough water,

This method of developing a type is still followed
generally. ~-Ths téests nevertheless remain- unsatlsfactory
because they are derived from a form which, lacking previ-
ous fundamental knowledge, has been developed by the de-
signer principally by feeling or instinct, and a variation
of all the.design elements which have a bearing on the prob-
-lem must be neglected, primarily because of the great
length of time required- for the tests and the correspond.-
ingly high costss Consequently the information which is
obtained regarding the effects of changes 1s often decep~
tive; e.8., a change in the bottom form of the forebody
might be favorable of itself but because the afterbody is
‘not suitable . for uwse with it an apnarent failure night
be obtalned oecause of the ef¢ecté of the spray.‘

A recognltlon of this fact led the firm:of Rohrbach -
to conduct at the Hamburg tank the first systematic tests
with different.bottom-forms'of~forebodytalone. The ‘after-—
body was separated by a verticdl cut at the step, while -~
the load remained equal to the total load. . In these tests
the great increase in resistance due to.the wake running
back along the afterbody appeared plainly., ¥or instance,
the combination of one of the completely. inveStigated fore-
bodies with a certain afterbody gave 'a 30 per cent increase
in resistance because the afterbody, although of itself
out of the water, was wetted for its entire length by a
stream of water coming out from under the step., A suita-
ble deflecting device reduced the res1stance to almost
that of the forebody alone, - :

Models of similar type but with dlfferent 1oadings
and get-away speeds are compared according to Figure 5.
In this the ordinates are the planing numbers ¢ = W/A
where W 1is the resistance, A the dynamic 1ift, and the
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| B

abscissas are zf = speed ratio = 0088rvel sbeed of model

Ty ‘take-off speed of model
By making numerous tests w1th seaplane models of similar
loading and the same scale, it is ‘probably p0331ble to de~
tormine empirically an envelope for the numerous cnrves
which: Would represent the curve for ‘the best model.

However, the questlon of how near we. are to the theo—
retlcally best model is. still umsolved, The test results
from work done for different private. ccncerns ‘must be
treated ‘as confidential, consequen tly material for compar—
ison is restricted.

1;'SYSTEMATIG,TESTS,WITE'PLANINé.sﬁBFACEs'

As early as 1924 tests with box~sqaped bodles were
undertaken at the Hamburg tank by Dipl. Eng. M. Popp as a
basis for planing boat construction, in order to determine
the planing number for flat and V-bottom forms and for
different trim angles and loads., [These experlments could
not be carried out to tne pronosad extent because of lacL
of funds, .

Avout a year and a, half 280 the test program which is
described in more detail later .on was set up because of the
pressing necessity for a basis for analyzing flying boats. .
The first reqults of this program are presented here.

The folloW1n considerations lead immediately to the
_choice of a plane rectangulsr plate for the fundamental
1nvest1gatlons; ds belng the planlng surface with presum—
aaly tqe best planlng number. :

Tangentlal and normal forces act on the under side of
a plate which is moving through a flumid at rest while the
upper side remains under. consbant atmospheric pressure,.
It is assumed that the water flows .away freely from the
bounding edges of the bot»om surface.

In the case of a frictlonless fluld the tangential or
friction forces equal zero, ZFrom Figure 6a it is seen
that the resultant of ‘the normal force N for trim angle
o1 glves W‘“ A tan a as 8 minimum re51stance.'_'

Prom Flgure 8D . it 13 Seen taat assumlng ths additlon
of the friction force T, the resxstance becomes i



P Q;/ .

'~'hence ‘N o= A, Tith i ~

‘comvoneut N, ‘both incfease, \ ‘
face, 11 tae constant lifd ‘A' 19 mw1nbalaed .as .8 result
o; whica the total resistance of the Vwbot,om, and also
of ‘the curved bottom, etceeds that of! the flat plate.

The Test Progran

o The: systematlc study of the pla*es was conducted as
folloWs'f"

1) For = glven plate, tae influence of trlm angle
on planing nnmber €<—"W/A was determined by towing at =
constant speed and’ 1oad but Wlth each test run at a d1f~ o
ferent trlmmxng mcment : ' : =

2) The effect cf 1ncreas1ng 1oad was detarmlae& b
repeating the first tests at higher loadings.

3) Thne offect of increasiing specd was found by ro-
peating the first group of tests at higher speeds., It
was assumed that the 111t 1ncreased as the square cf th
speed,, = % ;

the relations for one plate were‘xnown,
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various scales carried ot ‘at the T.S.V. ﬁ. dPigy, 7o) Ale
though up to the maximum resistance the. hy&ro~ and  aero-
dynamnic lifts are small, and consequently there is no dif-
ference bvetween a flying boat, a planing boat, and a dis-
placenent Doat, thereafter, WLth 1ncreased nydrodynamlc
1ift, the planing condition is . rcached and it is necessa—
ry to obtain a conversion fo"mula of the Iorm W=uwA -
f (A)., The first term eoxpresses the convérsion-of the to-
tal r031st<nce measured as form resistance, according to
Froudo's law, while the second exprcsses tho difforence

in friction, aucordlng to Reynolds law, as a corroction

for "Scale Effect. By testing plates .of difforent widths,
as outllnod above under (4),_the law of convérsion for the
planing condition can be found, Tne scales ‘6f thé models

are derived from the relations of the nlate Wldths to each
other,  QOn the basis of Froudels law tho tosts were con-
ducted a%t corresponding speeds and loads and the results
used to determine the second term of the conversion for-
mula,.

This method has the advantage over tests with actual
hull models in that the effects of spray which woeuld cause
the. results to lose their general,validiﬁy, are avoided.

8) In the same way the influence of different bot--
tom forms, deadrise, curvature, etc., are to be deter-
mined by comvarative tests, in which, in place of flat.
plates test floats are used with the same over-all dimen-
sions but Wlth dl“ferent bottom ;orms.:-l'

Apparatus

Preliminary tests were run with a flat glass plate to

determine the forms of the wetted surfaces. In the appa-

ratus described hereafter, the angle of attack and the
length below the still water level were determined by
reading the change of draft {(fore and aft) from the zero
reading (plete level on the wabter surface). "Thoe impact
pressure of the water on the plate incroases the true wet-
ted surface. By looking through the glass plate “the wet-
ted length is easily determined by reading the impact wa-
ter line on a scale on the .plate, For a vlate having a
width of 0.3 meter the dynamlc water line is a flat arc
of about 10 mn midordinate for all speeds,-angles, and
loadsg, Accordingly,'lt was perm1s31ble in the succeeding
gxperiments to use an alumlnum nlaﬁe ~about 6 mm thick,
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which a glass 3 late 50 mnm wide nzd been fitted at the n
guarter point, A mean value of the*wette& 1en_,h was r ,
through this small glass plate. ‘ “

The plate was pln—gointed to two vertic%l rods, h
of wkich was guided at both top and bottom of its guide |
frame by three ball-bearing rollers., (Fig. 8.) The guide
frames Were supported at their c.z. axis on knife-edges.
Their weight was supported from the carriage while the
rods formed a part of the load on the plate. At the level
of the axis of each guide frame a steel wire was securcd
to a short cross member on the guide rod. The counter~
weights were attachod to these wircs and suspended over
shcaves R, and R,. Tho loading weights were placed on
scalepans on the guide rods, By changing the loading
weights or counterweights any desired loading of the plate
could be obtained, while by shifting the loading weights
or counterweights from onc rod to the other any moment
could be obtained. Risc and trim angle werce determined by
graphical rccord of thc change of rise of cach guide rod
on a drum,.

The resistance dynamometer consists of an equal armed
lever supported freely on two knife-edges. A coarse bal-
ance weight and the tension of a spring, which is varied
by ar 2lectric motor controlled by two contacts, hold the
resistance in balance. The extension of the spring regis-
ters on a drum so thalt an accurate mean resistance 1s ob-
tained. The time and travel of the carriage are registered
at the seme time to determine its speed, By this arrange-
ment the weighing lever, and hence the forward guide rod
are maintained in the vertical position., The slight angu-
larity of the after guide rod at large angles of %rim is
talen care of by a correction.

The Test Procedure

Vaen the carriage ig not in motien ring stops on the
gulde *ods holé tﬂe nlate‘so tbau the leading edge is above
ter. : LG ~ ‘run the ﬁlate gradually
corresvord‘ng to tJe ﬁ;edu"
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Length | Moment| Moment |
Angle Wetted below |Resist-| M in coef- | 1lp
Run of length the _ance | mkg ficient fT ‘
Wo. attgck 1! water by ~ about| ‘ ‘
od in om surface in‘g trail- M Pic. 34
(figel4)} 1 in mm ing A D Cp (Fle.14)
(fig.14) edge
Speed v = 4 m/s, Loading case II; A = 8 kg
deg.min,
10 2 b7 765 695 1070 34,821 | 14,60 0,637
11 3 1 748 ' 675 - 1140 3.835 14,70 0.635
12 4 13 545 472 11056 3.112 11,90 04708
13 5 25 395 : 330 1100 2423 9,28 Ce741
14 6 34 278 216 1130 1.714 5586 O.761
15 7 31 2156 155 1180 1.387 5,31 0.798
16 7 58 195 140 1220 1,244 4,76 0,788
17 9 3 170 110 1360 1.076 4,12 0,717
18 11 18 140 84 1600 0,847 3.24 | 0,730
‘Speed v = 4 m/s, Loading case.III;| A = 12 kg
19 4 3 855 750 1630 6,212 10,55 0,601
20 5 1 705 210 1645 5.b512 Q.36 046456
21 5 7 5856 491 1710 4,328 8,20 0,682
22 7 8 495 406 1805 4,159 7.08 0456938 ’
23 8 b 395 305 1980 34460 5,88 0729
24 9 22 320 234 2150 2.832 4,82 0.726
25 10 54 255 171 23560 2.578 4,39 0,740
Speed. v = 4 m/s, Loading case IV; A = 16 kg
26 B 6 | 910 792 2260 | 8,640 8.25 0.587
27 5 7 785 662 2420 7.971 7+.81 04627
28 7 49 815 499 2625 | 6,609 6431 0,662
29 g . 31 475 359 2920 | b.249 5,02 0.679
30 10 54 385 270 3240 | 4,315 4,12 0,688
Speed v = 6 m/s, Loading case I; 4 = 9 kg
s1l o2 28| o 655 1710 | 4.863 | 32.90 | 0,754
32 3 1 490 433 1410 3.406 23.l0‘ 0.709
33 4 g8 1 240 188 1105 1964 13,90 0,788
34 4 37 220 174 1050 | 1,458 9490 0.805
35 4 45 177 130 1020 1.245 8445 0,787
#e L B 10| a8p | 104 1100 | 1.036 7.02 | 0,788
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|Angle | Wetted | | £-
Bun| of ' |length | the | ance
No. |attack ! water 7 ,
i in mm | surface | in kg X
: (fig.14)| 1 in mm | b G
(fig.14) -
L . . e aenl s i
Speed v = 6 m/s, Loading case I; A= 9 kg |
. tdeg.min. ; ‘ ‘ .
37 5 49 108 66 1125 | 0,840 5,70 0.858
38 6 . 57 95 58 1210 04733 4,97 0848
39 7 4% .82 44 1300 04+603° 4,09 0,883
40 8 &5 62 30 1380 04562 3.81 0.245
41 9 53 56 28 © 1575 0,497 3437 0973
Speed v = 6 m/s, Loading case II; A = 18 kg
42 2 38 1400 1325 3320 14,30 | 24,40 04833
43 3 47 915 838 2880 11.587 { 19,70 0,697
44 4 10 810 739 2820 10,866 | 18,45 0.704
45 4 15 780 705 2770 9,930 1 156,90 0729
46 5 8 580 507 2595 5,329 | 10.78 04748
47 5 31 515 448 2630 7.063 1 12,00 04752
48 5 40 490 420 2830 6581 | 11,17 0750
49 6 B3 318 250 2710 4,518 7467 Qe 787
50 7 54 235 168 2870 3,080 5,23 04785
51 8 58 182 117 3050 2.431 | 4,13 04740
52 9 34 163 101 3170 2,181 3.2 0733
ading case III; A = 27 kg
53 4700 | 26.370| 19,95 0,570
54 4320 22.609 | 17.07 04832
b5 4130 20,080 15 3%
58 4120
b7 4140
58 ‘ 4230
| 4280
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Length ‘Moment | Moment
Angle Wetted below |Resist-{ i in coef- 1.
Run of length the ance mkg ficient «?
¥o.| attack 11 water i about : l.
a® in mm surface | in kg | trail- | __U ;
(fig.14)! 1 in mm ing |X o Og (fig.14)
(fig.14) edge
Speed v = 6 m/s, Loading case IV; A = 36 kg
deg,min.

64 3 B2 15565 . 1435 5870 33380 |114.18 0.581
65 4 19 1385 1255 5790 30,750 113,08 0,612
86 5 5 1200 1075 5690 28,350 | 12,00 0,650
67 5 &5 1120 993 58670 26,510 |11,25 04850
58 6 186 985 860 5720 | 24,680 |10,50 0.588
69 5. 43 943 820 5960 22,710 9,63 0,674
70 5 b7 923 800 6010 22.724 9,63 0874
71 743 745 624 5250 19,521 8426 0,681
72 8 11 690 564 3300 18,020 7.63 0.5678
73 8 46 523 498 5490 16.052 5,81 0,704
74 g 30 509 386 56780 13,358 5.67 0,712
75 10 8 453 343 7010 11,883 5,05 0,702

Speed v = 8 m/s, Loading case I; A = 16 kg
76. 2 32 810 i 750 3130 10.187 | 38,90 0,779
Va4 2 42 620 5656 2900 8,011 | 30.60 0.801
78 3 24 401 340 2260 5,093 |19.45 0,810
79 3 43 275 217 2060 3.5638 {13.90 0,821
80 4 35 178 118 | 1820 2,200 8.42 0,781
81 5 0 143 88 1750 1.848 7.06 0,802
82 5 13 145 94 1860 1.859 7.10 0.796
83 5 Bl 1256 . 78 1930 1.534 5,08 0,827
84 6 b7 88 43 2180 1,217 4,66 0,837
85 7 57 65 4 20 2470 1.076 4,11 0,830
86 9 12 2 38 2690 1.019 3.89 0.870

Speed v = 8 m/s, Loading case II; A = 32 kg
87 4 .21 792 709 5150 19.092 | 18.25 D746
88 5 3 640 560 4870 15.508°114.83 0.760
89 5 31 507 425 4780 | 12,639 | 12,08 0,774
90 6. 19 350 276 47860 8,348 7498 0,796
91 5 b7 308 236 4760 7294 6497 0,764
92 720 2568 1856 4910 64302 5,02 .1 0,752
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- et ¥ 5
Length Moment | Homent
JAngle Wetted ‘below Resist-| M in coef- lp
Run of length the ance mkg ficient oh
Yo.|attack | 1! water w about
a® in nm surface in kg | trail-~ M (fig.14)
(fig.14)| 1 in mm ing A v oCp it
(fig.14) edge
Speed v = 8 m/s, Loading case II; A = 32 kg
deg.nnine.
93 7 20 248 179 4950 6,307 6,02 0.760
94 739 238 1568 4980 BeB36 6,02 0,750
95 7 b% 202 130 5070 5,370 5,04 0.751
96 8 26 190 120 5230 4,623 4,42 Ce748
97 9 40 150 82 5580 5,676} 3.51 0.753
! {
Speed v = 8 m/s, Loading case III; A = 48 kg
; I
98 6 38 738 632 ve8e 26,017 | 11,05 0,726
99 6 59 . 825 521 7980 22.479 9.55 0,741
100 7 10 827 523 7920 22.483] 2.55 0,73¢
101 8 11 458 365 8220 16.810} 7.20 0,738
102 8 25 430 329 8370 14,008 5.94 0,737
:
Speed v = 9,5 m/s, Loading case I; A = 22.6 kg
103 | 8 50 | 680 610 4160 |12.167 | 32,90 | 0,790
104 3 10 422 357 3530 8,135 | 22,00 0,820
105 3 B2 296 233 2790 5.199 14,086 0,802
105 4 45 199 134 2600 3,801 10,30 0,813
107 5 13 170 110 2660 3,104 8,39 0,801
108 8 20 110 54 2910 2,039 5,562 0,813
109 7 24 80 ] 28 3120 1,263 3441 0,693
Speed v = 9,5 m/s, Loading case I1I1; A = 45,2 kg
110 4 29 820 735 ,6980 28,0151 18.98 0,749
111 5 7 528 545 6730 22,3191 15,11 0,765
112 5 50O 490 407 6680 | 16,5501 11,22 | 0,763
112 6 42 315 232 6800 | 10.884| 7,36 0,754
114 7. 44 242 168 7070 8,146 5452 0,736




N.A.G. 4. Technical Hemorandum o, 661 15

In Figure 9 are entered:

ls The measured r931stmnces 1ess tne air drag &eter~
mined by towing the horizontal plate Just above ths Water.‘

2. The curves of form resistance WF =_A tan Q.

«f5.> The cufveS'of frictional r931stance WR; com;'
puted according to Prandtlls friction formula for a turou—
lent boundary layer with laminar approach.

- P
WR=§VI&2 P ocy

in which P = dehsity"g‘
: #m-= mean v01001ty of the Water relatlve to
o the Dlate:
F o= measured.wetted surface = 1V b
1! = wetted 1ength
e = 0,073 (LY 7 . 1800
r= \R, - - ®_
- vl
R = Reynolds Fumber = T -

4, The curves (Wy + Wg)

5., The mean reduction in speed of the water rela-
tive to the plate vy = v = vy in per cent of the towing
speed v, as determined by pressure measurements.

A complete agreement of the measured values with the
curves (Wp + Wg) appears at lower loads, while with in-
creasing loads at small angles of attack-an increasing
difference appears. This difference is explained in part
by the gradual appearance at ‘small angles of attack of
spllling over the edge, and in par® by the increasing ef-
fect of the edges on the establishing of the boumdary lav-
er and consequeéntly on the coefficient of friction cr
with 1ncreasing ratio of .1'/b.f5- L

Figure 10 presents the curves of planing numoer g -
 iW/A agalnst angle o; attack m.v Both upper parts of 1

ae
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diagram show the ¢hange of planiﬁg number with increasmng
speed at constant load coefficient for loadings I and 11,
A notables varistion is apparent only for v = 4 m.p.s. at
o small angles, where a condition of 1aminar ooundary layer~
predominates. : el 2 et L -

The lower part of the diagram gives the planing num-
bers determined for the ‘higher velocities for the four
_cases of loading I to IV. At large angles of attack with
decreasing frietion R the curve of resistance W ap-
proaches the curve of fTorm resistance Wy = A ftan o asymp-

totically, from winlich the planing number, tan a, is de~
rived as the asympiote., The minimum planing number lies -
between 49 and 6°, Toward smaller angles the planing num-
ber increases with the rapidly increasing wetted surface.
Tovard larger angles the planing number increases rapidly
with the form resistance as a funetion of tan a. The
lovest value is 0,114, the resistance is therefore about
1/9 the 1ift. Further tests with lower loads are proposed
for the determination of the curve of optimum planing num-
beors. : ' :

The results indicate that with increasing load, as a
result of the greater wetted length in ‘relation to the
breadtnn, the planing number becomes Worse.

The Pressure and Velocity Distpibution.on the Plate

For the study of the pressure distribution the plates
were fitted with 85 holes of 2 mm diameter, These were
fitted on one side only, at the ceanter lime, at the guar-
ter beam, and at 4 mm from the edge, as well as at a num-
ber of intermediate points. From gach hole a connecting
tube led to a glass manometer ‘tube secured on & panel at
right angles to the plate,. The tubes Were connected to-
gether at the uppor ends by a cross tube, by which the wa-
toer in the connocting tubes could. he sucked up simultanc~ -
ously and colored For cach tost tho olato was Sucured
to the two guide rods in the propor position to give the
desired lO“d and angle of attack. Then cons tant speed -
was reached, air was allowe& to enter the cross tube, so
that the water in each tube stood at the height corre-

. sponding to the Dressure, and could be nhoto”rapned or.
‘}marked o . .

nres°ure distribution was infié?é\t“ig‘ateﬁ for v =6



“Thls Jet is tne pr:nolpal cause. of the greqt increase of
resistance in flying boats. wnen tﬂe Water touches a Qoor~
1y formed afterbody. _

i

“+y From the pressure distribution it is deduced that,
for instance, at 4°, the mean prossure, with respecct to
tho whole wetted surfacc, is smaller than with a wider
plate with tho same Ioad vhere the a¢ter Dart of the nres-

sure range is missing. But if the ‘wider nlate has the
greater mean pressure the wetted surface, and conseguent-
ly the friction and total resistance, is smaller, Tests
with plates of various widths shouwld clear up this gues~
tion experimentally.

Bernoulli's equation makes 1t posszble to determine
the velocity distribution on the plate from .the pressurc
dlstrioatlon, as shown in Pigure 1ll, The mean velocity
along the platc longth is also plotted against tho blate
width, from which as the mcan of the vologity cross. sec—
tion, the spced Yo is obtaﬂned as an average spced over

tho cntire plate, For tho computation of tho frlctionaT
rosistanco WR, tha mean reduction in speed Yy 2V = ¥n
o, nt of tho towing spoced v, 1is shown in Figuro
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Suff101ent exactness, we bbtain’ Ww aftar determ1n i}f'
Ti. o

Accordlng to the law of momenf '
momentum por second or the momentum O Pl
the 1ift A, 1In this P = ?/g densmty,, 't 8
section of the mass affectoa v ig tho horizontal speed
of the plate, and w ig tho ﬂcwnward veloelty ‘of the mass
considered, For 31mplicity let a rcctanaular section Pt
bo assumcd over the width b of tho p"ate, which because
of the rolatively small rcduction of pressurc toward tho -
side appears. porm1381blo.“ Turther, let there DO 1ntroduccd
for the detormination of the doanard velocltv ‘the ayv-—
erage veloecity v, ovor the entire plato, thon- ‘Wm.— Vi
sin a., If one calls the mean helgnt of tne affected mass
hyn then we have

P hm b v wm = A ffli"?i » L (1)

The kinetic energy created per second is equal to the
wor; of the 1nduced resistance; that is, :

- :
P hy b v E%w =Wy v

from which i . .
Wy = : (2)

According to equation (1) hpy and W3 Vafé‘deﬁérﬁigéi
for the three cases‘investigated, as ‘ ‘

a° 8% g0
By | 0.288m | 0,162 m | 0,126 m
Wi 0.817 kg ‘ 0.906 kg 1.16 kg

tne conSuituent n‘ ts of the separate
‘ 31stance formxapproawn




plotted against o. The nonc

ndgc of tho plato, Withflncreasl
for a single loading condition app ]
which corresponds approximately. to tae cur?ew“
n/s. At large angles the curves anproach a common,
tote.  The introduction of the wetted length 1' iasteasd

of OCp &lves a group of curves of the same character.

The separation of the curves is thereofore determined by
the changing of the pressures with a powor not ecqual to 2,
and yot groatcer than 2 at low spoodsg, which falls to 2 at
the boundary curve. For this roason the prodetormincd
1ift, which varics as the square, is roachod at z shorter
wetted longth at the lower spceds., Further ftests arc
planncd for the confirmation of these first results.

In Figurc 14 the ovosition of tho center of pressurec
is plotted as 1p/l' in which 1y, is tho distanco of the

center of pressure from the after edge and 1! is the wetl-
ted length, All the points of the same loading case fall
on the same slightly curved line, that is the ratio of
lp/l' is approximately constant. With increasing load

the value of 1p/l' decreases.

On the basis of results so far, since the intensity
of loading corresponds approximately bto that of the fly-
ing boat, Figure 4, a minimum line can De drawn in that
figure wnich shows that with the best desizgns, where more
value is attached to low resistance than to the best sea~
going qualities, the minimum rosistance of the flat plate
is still exceeded by 20 to 40 por‘cent.

. 6ét i*‘0rtant result of these tests to date may
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souaRy |

After an. 1ntr"“uc' n .
ovaluation of tosts of flying boe Sy
‘tests with flat planing surfaces are desc ibed W ox
the basis for further systematic tests to be made witn
flat plates and vec~bottom forms,

Translation by e
The Staff, H A, C.A, Tank
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o v = Speed of mad.ly .
g;g v Getaway speed of model
Ll
& Single float I
5 1 Y3 ; // “g 1 II
§ Bl P A E R TR ,§ ok : /g&win float.
(610 r y : . i % -‘-’;l—-..fh L
g o g
M4k ord 5
= ] 1 ] L
2 B0 12 w4 w6 .8 L0
L L i ) L ] '] ] | O
0 123456,789 Planing number e = Li
Speed of model in n/s G~ T
; oy s W = Resistance
Fig. 1 Resisthnce curve of a planing iy . :
boat with a displacement of g ¥ ge;%h;‘, of ;%?ci'ai‘t
58 kg (below) and of a flying boat = L11T drom Wings
with a displacement of 18 kg (above). Fig. 5 Comparison of 3 seaplane
floats.
Bottom I B 2 Conditions
it II ik . :
&l W IIT \ Al
» / 1
- 5- ; k
£
ot
.
o
?
g 3F
o
o
o 2r
o
)
i
coerd
u

Speed of model in m/s.

Flg. 4 Reslstance$ of flying boat with five different

forms o: bottom. Dlaplaccnent

18 kg.
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Fig,7 Resistances of similar floats tested at scales

c,Load casc IV;cp=l x 0.218

)

Ty

(IO L (R ]

1

Resistance

50 -

1 i i

5 10
Speed in m/s

0

of 101, 1:2,

1:4,,and 1:8, converted to the resistance of a float having
a digplacement of one ton.
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\5 5v~m/s moan d over
the wholé surface.

Mean speed
along the
plate.

V- Yy

T
.\ ‘\
aE h\\ b »
5 ,‘/C.
|

b,Center line
c,1/4 beam
Speed distribution| d,Side

| 1 11=245

T Ty = mm

e A | 1 =175 nm
T s e e

et
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Pressure distribution for 8° trim
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- Pressure in mm of water
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i

_.--Total resistance as measured,

L )
3 = =7

A /
o] A
e ] o
3 g+ W) = Wy
=
o]
+
-1 T
s A A TN

./”,—7 Wi“lwﬁ \\

Wp = Atana -7~

0 2 4 6 8 10
Trim angle, o

Fig. 12 Division of the resistance for
v =6m/s and A = 18 kg.

A

' >

L Point about which moments
are taken,

A 0 ing casg I
0.8 T
- 0,
3 0 Z ins case 11 -
’ , " III
O'§ : il
2 4 8 s 10

Trim angle, o

Fig. 14 Postition of the center of pressure.
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