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T TRODUCTION
The guestion of "porpoising" of flying-boats has been the
subject of iavestigation both abroad and in the United States., In

Germany and Ingland recourse has been had to the use of dynamically

similar modsls, duplieating in the model as closely as vossible all
She featurss of the full scals flying-boat. Ian the towing tanks

i

of the United States, usually a bare hull is tested, where measure-

ments are made of resistance, load, trimming moment, and trim angle

% varilous spesds, The results ars usually furanished i the form

of curves of trimming moment and draft against spesd ab various

& s - ki Lo JSm e U 3 =3 H s
loadings and trim anglss., Conclusions regarding “porpolsing” of the
311 scale flying=boet cannot be drawn from the behaviour of the

null alone, but it is considered possibls to evaluate cerbtain hydiro-
wevion with asrodynamic
may be used in the

r of the flyinge-boat in

In the Tollowing discussion the aerodmanmic and hydro-

dynanic derivatives are deduced. The aerodynamis derivatives are

similar to Thoss normally used for airplanes, bub they are evaluated

\J

in terms of beam, trim angle, and other nydrodymamic terms; then the

wo
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Y

N

nydrodynamic derivatives are deduced, al

7]

and attitudes, This permits direct addition of the hydrcdynanlic and
aerodmamic derivatives for use in the longitudinal stability

"

equation., The criteria of stability then are applied. In addition,

o in terms of hull dimensions



a factorization of.the stability quartic, formulated by Dr. Millikan,
is applied to determine periods of the oscillations, as well as
demning factors.,

An example following the procedure above outlined and
devised by Dr, ¥illikan is preseated, usiag tenk test data of a

model 38 hull for hydrodynamic guantities., The aerodynamis quantities

are based on an average of meny modern flying-boats., The model 38
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hull is selected as being fairly representativ present day flying

boats,



SINGLE-STEP TLYING BOAT

—~ Mg

Pig., a

Ve make the following asswiptions in deducing the
expressions for the forces and moments:
1 = There i1s no variation in thrust and forward velscity.

2 = Only wo degrees of freedon are considered, vertical
movement and pi |

3 = nly small oscillations are considered.

The following are the two equations for the vertizal and
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where ZZ is the rafe of change of vertical force with change of
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position =

~
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MZ is the rate of change of moment with change of vertical

position = %

(1)



The determinant for the sbability equatim then becomes:
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Instead of usiag take-olf speed to define the dimension-

less derivatives we use hydrodymamic quantibies, mrticularly the
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hull bean b, Replacing Vo (Zlauert) vy ‘\:;5 , similar to the
7oA

A ClA., Wwe define the hydrodymamic derivatives as follows:
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This reduces (divide all terms by am , lest line by Kg ,
b> 3
multiply ton line by v* o botbor line by -\-/—,, and divide second

line by b ) to:



F(A):
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The stabllity equation now is:
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ABRODYNAMIC DERIVATIVES

Obviously

we put Z% 0.
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Z_,=M; =0 =andas in airplane stability,




HYDRODYNAMIC DERIVATIVES

3ingle=-sten hull.
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The geomstric dimensims are shown in ths sketch:
P = gistance of c.2., above keel

S = webted length ol kesl from step forward
T = frim g le

$5 = distance forward of step to ceaber of presswe

>

of the planing surfacs

The expressions deduced by Zlauert are reproduced here.

Then they are compared W th tank test data of YW.A.C.A., T.7. 4584,

3

and modified as necessary to agree with the test results.
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Ve assume that the hydrodynamic force N

of

et Nz At bhs fw_\f where

A is & cooificient
cerrcanondirg to tne 1ift coerficient for szirfceils
M e z: *Afwv bsc‘

T M= Ae VY bst ($s-v) (Glavert)

A comperiscn of Glauvert's exprescsions with tank teshs rosulte
W TN A0S G eada ve - Tant - . -
e Cole TLHL 404 leads us to sdopt the following expressions:
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constants,
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at uuuw.b Trim ancles and
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Then A QC4° 5) = Ca
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Plotting data fron the tank tests in the farm of

CA C
/C/V; V2 d and Cél Vs Ccl s we can determine the
s

conatants A, B and the valucs of S enda T an ee.ch: trim

e

.. N wrrenaa e w2 e . p e .
tests were made, Actually the cwves ploh 2z a

Wt lirss with cansteant sl ore

of C"’/CA e Cd, with a slone fé— =B H \/5 ig constant).

The intercents erc ecunl to 4 5, sud to £ -7, Thus it is
zossitle to deterrirs d and 90 ag fuicticus of ¢, the Srim

snrle.
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Derivation of the nydrodynanic derivetives from ((7)

assumirg © smell |
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In comsidering the effect of d‘; s Tthe nitching

zlects the effects of the rotetlon veloelty
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velocity, Glauert neg
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Achual Case

to an increase of

Glavert's
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e 2isplecenent in {9) is larger than in (L),
¢ B! : L K O PSR e S [ SO .
(v) Ir a vee-bottom hull more of the vottom 1g wetied inm case
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The ¥ derivatives
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DIMETETONLESS DERIVATIVES
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Lerodynernic
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Do
.

Z- 0
Zw—‘-'?c
Zo =T

e wish to

give a defirite equilibriuvm attitude

Using subscripts ¢

Mg O
Mo = h
’Y\\.e: h
M‘%—:J

e
£

irvestigate porpolsing stwmbility as function of

da andl h

<

L et first assume the "best trim' relation bebweon

I assume that the elevator is operated sc as to

& a5 function of ¥V . (e

& ana V).

for "aercdynamic” and "hydrodynemic!

respectively, we have twe egullibriuvr conditims:
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(23)

(&)

(22)

La +Lky= w=mg
MQ+ Mh-‘—o

Let us express Ma  in the Tomnm
b dCH
Ma= V7S¢ icno\“ e Cot Che]
where ho and g¢ correspond to the complete airvlene with
N 2 I
© C
@ =0 and “Me is the moment coefficient corresponding to

glevator dellection., Similarly we write

L, - fv's 48 (o) = Vs < (2-22)

@]
[yl

a= 4

hy

Eed

whero 2; * Trin ancle for La= O , which for accuracy mey hav

-

to bte ftaken asg a function of elevator egngle, i.e., of CH:’

C‘Hg ig a parsmeter vwhich in general will very from one
equilitriv. ¥ o anocther,

Using (/0 ) for the hydrodynemic derivatives we get froam

g = @VLS a(a-ao)JrAFwV»bz (d-§)

_ 2 S (-0 W‘Dz _
-V {%QLMA@;@ . 5)1

- V* ) + bi -
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Write (with Glauert)

(25) v = 4%‘6 = O, (Naca)

Then [{(}-20) + A Cd.-&)k\; = |

winich corresponds with

Glauert's &‘ (19)

From the moment equa®ion:

0o V5t (Gt S8 Qe Cue) + AP, YT (d-§)F = ©

e (L= & (z\’t")
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3 Pw b’

(Zé} where Z: ~ c;cg\, — static stebility
Lo
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[c,,o ~aZ(@-2)+C g, ]g} 2 %AF(C{,’J):O

where f, = /b
“ence the two equilibrium relations are

(27) { £ (2-2.) + A6 (4-8)= &

C/fo & Z@'?O)fcﬂe’ - ;%% F(dr'l)
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These correspond to Glavert Q(/ﬂ and (R0) and for & particuler
seaplane give d. (C\,) and fC\(Cu)for any assuned CHe (Cu,) .
& (Cv)they give c{,((u) andc Cflc QCV) directly

Or essuming

<

witheout scolving simulbenecus equatiocn,

GENEFAL PROCEDURE FCR A DEFINITE SEARPLAVE

1, Assume the basic charascteristics of the seanlane

2) Assume - CCV)

3) calculate d, (Cv) and C"le KCV) from (27)

4) caleulate hydro- and serodymemic derivatives as functions
of Cou from (/8§ ) and (6)

v a8 fucction of CV .
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DT Ty T ST T T
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el
om ohe A I LI . N [ N B 4 4
e con transform I\Z']) into merce useinl forms using

Ca= AC* (d,-4)

(28)  C.- /- f G (22
&

Che - Zal22:)-Cy, - %F(d—{)
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APPENDIX: SUMJARY OF HYDRODYNANIC DERIVATIVES

e stert with the expressions for hydrodynaric derivetives
in the planing region, ir the form found enmpirically from T.¥, 464,

ady gl
CsC,

Z= ~Apv b (§-6)
M= Apw V’LBK‘E‘;'J)Q%%JFG_%)

wnere for a given hull shape /4, /g ere canstents and d/, T

are empirical fumctlons of I .

The references below are te papes £nd equetions

We heve as varlsbles V 6(, & or V,"}b, &
i— = A_,,Q— - Q—— Re(, 8. )

dz I % 94 Cr

Jo . p\ 3 .
o S (=) gy, (o)

d . 4 2y ) Res(Ua) - p1L-)

e s [per Gl ek
RJ(Z()},J
where /:’7 % = & ‘Z’ z,e.ﬁf_—‘ ¢/ (6/4u¢rt) P

" For the dimensional derivatives we have:

/8



d oo~k
Yriticg: F = F(C(.L\)=(é 6 © b}

;_ZZ: —A/ow V’Zé

B - Apu Vo L[4 a7 7]

Mc’: —A(’wv bqéé{}— FXF Qf 8”6 %)“‘%}(f’lg%)’ko\(b((_& %)1

tie get the final dimensicnless derivetives (Zl), o.r4

as indiceted on ».43 .
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Fa)- A N F e X e DATRSO
(o an+b) (N Fads f)

AF})rox. = (XL* 6‘)L}‘l+lg')

Thig leads to the feollowirg expresslion for determiring the
setual roota:

N Bz a+ = 3) D:a/j’+bo<

3) o btfia W) k= bp

ResolT: :-,03 ?i_f{}? + ) 4-—[c 4E - (Bfr%c;%>
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Glauert's Cases (Reference 4, Tables 4 - 27)

Here & << C < 0 << £
B B0 «~ /0

C /500 < /07
D~ /5000 «— /0 g
£E— 500000707

Here we rmow aily that B is very small and E very lLarge,

wnile C end D are intermecdiste., From peage {equaticns t to¥ )
we see that these conditions are satisiied if .5, /5 >> a,x in

varticular if a, =0 () wile 6 /:)7 > o () . The relstive
magnitudes of C and 0  depend then on the sims of 4,X, 6, /5 .

The two equations for determining & and ﬁ are ther £ and ¥ .
This lcads to exectly the same approximate expressions for ,;/61, ‘.
83 we found before in Klemirte cass, 1.,e, the sssumption C >>D

not required for this apnroximeticrn,

we lmow thet instebility occurs through vanishing of

R= BCD-D*- B*EF =0

It cen te shovm that thils corresponds to 2 vanishing of the

[$]

resl part of roots A 3,4 = 'F 3,4 (sey)

"{3,4': (B" B"—"“‘—C-lD"'

Now
-4 f,,= B+ BC-2D
' Vo= v E
4 fofay =4 [5> 8- 4BCD 407
2 T3, T
< L |98k -407 18CD | K

L
4 C - #E T C*AE

21
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COCLUSIN

s not claimed that the melhod cutlined is conclusive.

[=N

It
It is recommerded that further calculations be made to indicate
the effects of variation of trim angles, height cof center of gravity,
fore snd aft position of center of gravity, and changes ir static

A ]

A comparison of flight test resul

(‘l‘

8 with the celceulated

tehavicur should indicste whether the method is relisble, Therc
‘x

shculd be available a complete tank test of the actual hull used,

and the aerodynemic charscteristics and dimensicne should be those

Ca ona Co.

. The bestb trin angles corresponding to these varicus points

(Ref 4
were selseted from Tir, 11%or use in the formumlee. Values of 4§, o,
J" ‘ . . - ,
, ﬁg and & were taken from the curves, Figs. 1 - 4

el herewlth. These curves sre obbtained from the test date, &as

t- e
G
s...x
\lx

indieated on page .

The ssrodynemic quentities are selecited as the average of

seversl present-day boats,

o/

3

The dimensionless hydrodynamic and asro-

Cla

dyriemic derivefives are calculeted end added, The coefficlents of the
stebllity quartic and Routh's digeriminant are calculated. Finally

the factorization, developed by Dr. Milliken, is appiied to the

guations.
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SMA MTQMT -7 T T A
STATISTICAL DATA ON SEVERAL

# _f % 2 # 3 # ¥ #w S &
Y (Ib) 60,560 50,600 | (060,000 | Q/,/00 45 800 25 500
7 4600 4 oo 44 00 /760 2¢ 00 /750
S (ﬁ.‘) /R6T -r:a 2880 /402 /780 /R Z6
Bo (4! /s /10 /&0 /0 # /8" 75
b " /0 7. /6 /3.9 /0.2/ /0.5 777
- 5474 45~ 6§5.7 37-& Y8 &
T - Ho5 /0.3 /725 /3.78 G-/ /%6
Se 2/7-4 /5854 ~ 50 e it 4 267
A€ 3.06 306 3.92 3.7 R4
> -y /G o os o F oo
Che /90 - 07 o7 o/ 03 63
CI"P‘O L A Y
To -4° - 3.5° - 6° ~7° - #° —/0°
T ~7° - 7° -/0°
o G%le.‘ 020 DORS .0/
n . .70 .78 .6 67 . 68~
P (fr) /6.8
r (1) 55
AR /2-39 /186 /- 7-7 7. %3 677
Lo 478 7.8 347 /51 Q576 aa
Car - 948 /.0/ 5K 74 Ny 4
b¢/b /2.5 /. [d-¢8 /0- A& /0-7S8 0.4
b 42
Lo 3° 3° S 6° 3° 7.35°°
lww?| 122 /-30 25 LS5 5 .72
Se/s 20 WA XA /13 /50
Y Y 4 .37 3./4 275 2.82
i 119
@ 5 5.6 S/ 47 485 5/
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STATISTICAL DATA O SEVEPAL FLYING BOATS

Me. % 7 g & /6
W R0,6/3 /0, #60 63 000 F4 eco
[2A /6 50 Joo #5c0 4§80
S \f:*) /296 780 177¢ 2567
bo(fc) gs 73 /s /53
b - 55 G /0.5~ /RS

g - #0.67 46 9 66-25~
£ - X /6 /X /§. 75
S¢ 23% 3233 s/E S

AR 3.56 S 47
2z .09 G
C M o7 /2 -
Chx, 07 .20
b -7 -2.5°
k —/4° —6.0°
e _ol75
R« L 5S
Fif:) /.75
rfo) 7-¢7
R. C-97 75 743 F./6
Lo /5 (¥ 36.5 27-3
Car 57 .76 £ 65
b/, 7T /2.2 /D95 /2. A
/A 5 /6
4, 3°
Lo fs®| .57 66 50 67
S¢/s /5 LT I
Lfe 279 2.9/ 3.54
b /5
a J /6 SR
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ASSUNED NUMERICAL VALUES

From studies of a considerable number of modern planes

we find, as gensrally used average values

R=10 ba»/bz 2z , Ke ooy a- sz (radian”) %:
=.09 (defrecfl)

(4o (raa//iu."} Cp -
= uof. . a. = n .70
ARe= o st i.o7 C.«./e?re’c-l) /e

_ B (o({/QPS:’Q) ] C
K=r25 5 L= L (bupaco) ) C A

/’?nwev—-o// triim @ CL»:

As en essunmpbicn givirg the variatioan of design

paramevers with size we toke CA,,-_ f) 9 L3 = cornst,
w
this guantity veries from stout C.5 on old boats Lo about 1.3

. The cld Eohrback

L,
C.or G L2s

JR= g5 (L) Rpmsb

on the most modern boshg o o Caneoll %1
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itk cur essumed numericel values This gives:

I/ )
L, - lexiox85lw>. g5z W=
749
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This gives the following values

which ere reasomable for modern flying boats,

The above essumptions give for the constant coefficients

in the dimensicnless derivatives (cf. 5%. (Q)(IS)):
G:16 H= .71z A= 0057

f- . 072
J = 0G6¥#

h=o0=.03% L (We. assume 2=°).

h
Q

N

G,

~N

S5~
i
v}

Frow T.¥, €38 study we find A= .3 ﬂ = 33

J and o (/o/ofreC( 'n /7'7'5_ /-2)
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MY © 3y ~ Eai o 4 ~ . -
¢ assure a6 & Tirst case: no flaps @ T = -4
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BEQUILIBRITMN CONDITICNS

From tank test date we have 2"5 best trim angle as

function of CV and Ca = ['h = CA L/.,

/awgéj X
TR AR | Aphiy 40 A G (Ug)
ai

CA = A’Cvz(c’.-g)

N

The 1ift equilibrium equaticn (&7) zives :

{ (2‘—- %o) + AG ("‘4‘5)=C—67,

d-§ = _L.[Ci - U-&)l

AG

Cox ACSHA,-¥)- é[,- £ (2-2) Cv‘}

To debtermine Z\I(Cv) Cd, - 5)

A .
a; Lssume C (Cv) and devermine ( b from tenk data

b) Calculste = é: [ FK&'Z‘B)C‘"%]

A
¢} kepeat usirg the new C until assumed snd caloulated

CA agree .

d) Calculate (4’ 0/) vs. v from

. Ca
d- 4= Ao

¢) Zeving 4 (&) from tenk date this gives 4,( .,,)

Tow determine elevetor moment to trim from:
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C, =al(re) -C, - CA _
fe (e-22) = Ca, WF(J, 5)

or with our nunmerical values

C/,e =09 Z(0-2)°~C, — 272 F(c{,-‘{/

If this Cﬁe is ressorable, calculete derivetives from (& ) and

nts of

(Z/ ) Then caloulate coefficl

B

[¢

(5) pe 3 . Here derivatives are the
terns., Repeat for other velues of C.

fird stebility limit,

J0

stebility cuartic from %
sui of hydro-and asercdynemic

land nlct R vs, Cv
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TABLE IIIX

CONSTANTS OF TEE STABILITY QUARTIC

3 /4G E 73¢ - 39s” io?é”ﬁ" T 9~7£< 
4 /057 635  O075¥ o026 /76

e . g0 .66 o4 S O/ sd S
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FACTORIZATION OF THE QUARTIC
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