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DETERMINATION OF RESISTANCE AND TRIMMING MOMENT
OF PLANING WATER CRAFT*
By P. Schroder

N

I, Theory

Notation
W = resistance
e S . of water craft at : y
M = ¢trimming moment
: ' planing speed v.

A = 1lift S ' » '

¢ = % = lift-drag ratio.

Mo = % = trimming_moment‘With respect to 1lift,

. In conformity with previous reports*, ¢ = constant and

“o = constant when K = %? = constant,

Thus it becomes p0351b1e to 1nterpret the res1stance and’
the’ trimmlng moment for any loading of a planlng aircraft wnen
these values are giveh for one load. This application of the
new theory forms the basis of the present paper,

*"Uber die Bestlmmung von Wlderstand und . Trlmmoment bei gleiten-
den Wasserfahrzeugen," Zeitschrift fur Flugtechnik und Motorluft-
sch1ffahrt Vol. 21, No. 22, Hovember 28, 1930,

*%P, Schroder,~"Take—0ff of Seaplanes Based on "a Wew Theory of
Reduction in Hydrodynamics," Zeitschrift fir Flugtechnik und Mo-
torluftschiffanrt, January 14, 1931 (to be issued as-NiA.C.A.
Technical Memorandum ¥o. 621). '

P. Scnroder, "A:Reduction Theory for Planing Water Aircraft and
Its Experimental Verification," Bericht der. 1ambur~1schen SChlff—
bauversucnsanstalt July 14, 1930. - .
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Derivation..of Various Conversion. Formulas

"Case 1 #:far different loads of hydrovanes --
Given: W, and '¥;  for a load . A;-= constant;

constant.

it

Find: W2 and My for a lpad. A,

The equation defining the correspondLL cspeecds now becomes:

VR IvL2
—io = -2 (1)
A, A,
or _ SRR
A
v, = Vv, Kf (2)
‘ By virtue of W.= ¢ A and: M = Hé A, fhese‘speéds are o
Wy o Vo e i‘”M M: f':H£‘ »
—_— = == e d —1 = 22 =

and W, and M, are now expressed: as

oW, = W, — C 3
and A
A .
M = M, =20 i i o (4)
2 1 A’l

These three equations (2), (3), and (4), now assume a general
significance, 1nasmuch as they retain their valldlty even when
A, and Agv‘are arbltrury speed functlons. ' ; -

Case 2 - Conver51on of r331stance
and i',rlmmlnfr moment curves of. a hydrovene,l
for . appl1cac¢on a8 seaplwne Iloat

Given:.vﬁ1~vand ‘M1  for a-load ' Al =:qonstanﬁ;:"
,,Eind:vv«W2~_dnd Mg for a load Ae ='E (ﬁ)
‘Thig case of A Dbeéing a prescrlbed function of . tne speed is
“always applicable.- When the pertinent vane is to be used as Sea-

plane float, If A, is the gross weight of the alrcraft the -
load formula by fixed trim is:
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(1-22)
be = 4 (1 - 2%5) ()
where vy = getaway speed, Now we write the quotient‘ Ay/A, in
(2), resolve it according to v,, and obtain the relation for
computing the corresponding speeds

vy, = A : (6)

v1\?
/ 1+ (3%)

Then We insert the quotient A, /A,. of (5) in (3) and (4), and
use (6) for eliminating v, which yield the formulas for W,
and M; as

T :
1+ (=)
vg/
: M
My =~ -—~:-;\—t-—§§‘ (8)
L (=L
L \vg/
C ase 3 -

Given: W, and H; for a load 4A; = A; (v),
Finds W, and i, for a load 4, = A, (v).

This case has practical significance when resistance and .
moment of a seaplane flotation gear have been measured for a '
certain wing and it is subsequently desired to apply these val-
wes to some other gross weight and other wing., In additiomn, it
contains the possibility of embodying the effect of the wind in
take—~off investigations of seaplanes, '

Q) © Conversion of the take-off resistance curves and trim-
ming moment curves of a seaplanc flotation gear to different
wings and gross weights:

We assume W, and M; measured for
. v 2 .
A, = 6, (1 - Ya2) : (9)

where G, = gross-weight of aircraft upoh which the measurement
was based, and Ve, = relevant getaway speed., The new gross
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weight is to be G, and the .getaway speed with the new wing is
to be vg,. Then the loading

A = G {1 - =< is requested - (10)
\ Vse/

A calculation analogical to the preceding case yields with abbre-

viation ’
G, . /v 2
SRR R CORNC R
the fglloﬁiﬁg'feéﬁitéz o
v O NE (12)
Wo - W, NT? (13)
Mz = -2

.M, XN (14)
B) ZEffect of wind in‘fa?e—off studies of seaplanes:

Assume as measured W, and M; for take-off with zero wind
by lift 8 S

2
o= e (1) o as)

where G = éfoSs-%ei gnt and 'vs —'getaﬁay;s?eed.in zero wind,
Ve and Mz are to be computed for w- m/s head wind.,. Because of
the greater unloadlng by tJe_wings the . 1oad1ng of. the flotatlon

gear remeins as o : . : . S S
tde o= 6 [ = '(‘Vav;—‘ﬂ L ey
The calculatidq,of _y;l_reveals. o _ f S o :
o v. \2 Lol o Y. S \ - ‘
1 o
- (21X + - (= - (21
(#) v v / 1 ( ( ] oan

and the elimination of vy, sets forth the quotlent Ag/Al as:

LY _ v,2 we BVL.W M//‘ /W) ff
LYt RET o E /T et “CS/ o sy
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which substltuted in (3) and (4), suppli'es the desired values
for Wé and dg. ' '

Graphic Method

The preceding analytical problems can equally be solved by
graphical means. Given curve Wy or M; under the secondary
assumption that A; = A, (v), find W, or Ma,  respectively,
for the assumption Ay = A; (v). ZEquations (2), (3), and (4)
may be written as

ool Moo Az _ w2 »

on which the foliowing method can be based:

Plot A, and Az, - as well as. Wy and My over . v®, For the
arbitrarily chosen speed v, on the W,, ¥;, and A, curves,
we have point P,, which we connect with the origin of the co-
ordinates 0, The connecting line intersects the prescribed
1ift A, in point P,. The ratio of the distances OF to 0P,
is the same. in. all three diagrams, namely, W/v®, ¥/v®, and A/v2
thus revealing P, as the point of the desired resistance and
moment curve, This representation yields W, and M, in simple
fashion for any stage of the prescribed 1lift,

11, 'Examples of‘Application

_ The examples have been selected: so.as to allow the compari-
son of the mathematical figures with the test'data, This applises
‘to all but the last.’ eAample where the lack of suitable data makes
.this impossible, S ' e

The solutions are given in graphical form., The points de-
fined by calcuiation and graphic codeuruction;‘respectivély, are
indicated by small circles in the fiwrst four examples. The per-
tinent curve in question was included for ccmparison in- conformlty
with measurements made prlor to the development of the conver-
sion method,

l. Example - Conversion of the resistance of a hydrovane;

Given resistance curve W, (Fig, 1) of a1 : 8 scale
model of a flat-bottom hydrovane (designed by Engineer
Ellinghausen, Dnemen), pertaining to loading
A, = 6,5 tons;
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Find the resistance curve W, for loading Ay = 5,5
‘tons, The lines emanating from origin O define the.
corresponding speeds. Each intersection point P,
of such a line with curve Wi has a relevant point
P, on curve W,, -so that

OR: : OB_ = 5.5 : 6, 5 = 0. 847.

This deflnes We;~ The portlon of the Wa curve from 2 5 to 4,5
m/s was measured direct.(Test No, 2681 of . t:e Hamburg seaplane
_channel labdoratory, January, -1928). : , ‘

2. Example - Compute the res1stance curve of twin floats:

Given resistance curve W, (ng. 5)"of al : 6 scale
model of twin floats for a seaplane Wlth constant
loading A.'=72920 kg;

Flnd the r951stance curve for 1oad1nb o

2\
2/

. -

ﬂfAzfléi Al;(l _‘_v
w1th 100 km/h aetaway speed bonﬂkhe;ﬁodellwefobtain:

3

by = ‘2930}$ 6% = 13,52 kg

,ll

100

v s = e e e e e e

3.6 X6

11.84-m/s

Figure 2 exhibits the construction of the . lift ratio Az/Al.

The formula - ‘0Pp 't ‘OPy = Az : Ay reveals a.point P .of the de-~
sired~resistanoe~ourve on-each line emanating from- O, -The .
plotted curve .Wy -was measured direct. (Report Jf 39/2 of the.
D,Vv.L, (Deutscne Versuchsanstalt fur Luftfanrt), January 21, 1929,

page 39),

= 3 Example f Cqmpute the trlmmlng moments of tw1n floats
leen trlmmlng moment curve : Ml (rlg. 5) of a l {'5, .
scale model of .the twin floats for a seaplane ‘with .. -
constant loadlng A, = 2400 kb, , S

-Find the moment curve for thegsamegtrim for loading ' Ap
of the floats- '

L A . CoyRN
o a =oa -4.———\
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for a seaplane with 84'km/h‘getaway speed, We find:

A, = 2400 : 6 = 11,12 kg,
Ve = :—-:--8-:]:-)—; = 9,53 m/s
e o
Figure 4 represents the 1lift ratio a/Al. The points Py,

wnich in the moment .diagram: (rlg. ‘5) reveal the desired moment-
Mz, are def1ned by . A

0Pz ¢ 0P, = Az o Ay

:,Z@hef}ﬁ;'¥curve was measured dlrect. (Report Jf 63/1 of the D.V.L.,
; qunellgl 1929, pages 38 and 39 for 5° trim run).

4, Example - Conversion of resistance curve of an alrcraft
to a different gross welvht

Given resistance curve W, of a 1-: 6 scale model of
twin floats for a prescrlbed loadlng Y

= ¢ (1 A
A ! Vsz/ .
. The gross weight is G,'!' = 2400 ké and the getaway

speed is 84 km/h, so that, as in the preceding exam-
ple, G, = 11,12 kg, and vg = 9,53 m/s,

Find the resistance curve for the same twin floats with
a smaller wing and a lower gross weight, that is,

Gz! = 0,75 G,' = 1800 kg
by identical wing loading.

The latter implies that vy does not change, The new 1lift
is X . .
a2 = o (15 ]
3
where Gz = 1800 : 6 = 8,34 kg, as illustrated in Figure 6 for
Az/Al. The small circles on curve W of FPigure 7 again con-
form to the condition

OP; : OR = Ax : A,

The part curves shown are from direct measurements (Report Jf
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63/1 of the D.V.L., June 12, 1929, page 36, and Report Jf 63/1
of the D.V.L., June 14, 1929, page 30, 5 trim run),

5. Example - Including the effect of the wind in take—off
studies of secaplanes:

Given resistance curve Wi (Fig. 9) of twin floats for:
talte—~off with no wind; : oo : '

Find therefrom the resistahce cufve for take-off at
we = 5 m/s, and wy = 10 m/s head wind,

1 .
and the construction of the 1lift ratios AQ/A cand A3/A1; Fig-
., 1re 9 reveals the desired resistance W, and Wz, The twin floats

selected produced unfavorable resistances at high speeds, and the

lowered resistance, owing to the wind, is particularly notice-
able, S ‘ ' :

Figure 8 containg the ﬁfescribed loading A7 for w, = 0

Transliation by J, Vanier,
National Advisory Committec
for Aeronautics, '
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