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•AflOBAl ADYISOBT OOMMITT» FOB ABBCWATJTICS 

ADTABCX BISTRICTIS EXPORT 

f 
tUt PAFOISIBO CHAÄACTMTST1CS   OF A   PLANING   STO7ACI 

IBPBISBITIBO 1HB  rOBBBOPT   07 A  FLYIB8-B0A1  BULL 

By James   M.   Benson 

8UHMABT 

A V-bottom planing surface representing the forabedy 
of a flying-boat hull wai used In «a Investigation of th* 
low-angle typ* of porpoising.  Controllable tall surfaces 
war* fitted on an outrigger that supported than in a 
position roughly the ease as they would hare been on a 
eoaplete model.  Th* planing surface was considered a* 
though It were part of a complete dynamic modal and for 
•aeh test It was balanced to bring the center of gravity 
of the assembly to the desired position, and the pivot 
about which It was free to turn was located there.  Th* 
•odel was towed in the same manner as a complete dynamic 
modal. 

The porpoising eharaeteristlcs of the.planing aurfaea 
war* observed for different combinations of load, speed, 
moment of Inertia, location of pivot, elevator setting, 
and tall area. Th* modal was found always to be stable 
above and unstable below a rather well-defined critical 
trim and ehowed no tendency to porpoise In the high-angle 
eonditlon that is commonly observed with flying boats. 
Th* critical trim was found to be determined mainly by th* 
speed and load and, to a smaller extent, by the location 
of the pivot and the radius of gyration.  Moving the pivot 
either forward or down or increasing the radius of gyration 
lowered the critical trim.  Whan porpoising did occur It 
was observed that a decrease in the radius of gyration caused 
th* amplitudes of the oscillations In trim to Increase mark» 
edly. An Increase In the mass and moment of Inertia without 
changing the radius of gyration or other variables  resulted 
la an increased amplitude of the oscillations.  Increasing 
the tail area to about twice normal also did not appear to 
affect the critical trim. 

By a comparison of the data from these tests. In which-— 
th* effect of a wing was completely absent, with data from 
a complete modal and from theoretical eoaputatioa*, It was 

•*•• 



**»oi...,"V     Th., „""-»«W», ln   «ana.''   W««9  •»*   "•'»«t.,   ' 

•."ir-r», 

J 



*••• 

\ 

trim that would eause porpoising «a« observed for various 
combinations of speed, load, aoaaat of laartla, location of 
plrot, and aast.  In addition to the experimental Investi- 
gation, th* effect of a wing and of Increased tall araa 
upon low-angle porpoising at a speed above the hump 
«at analytically computed by tha aathod of reference 1. 

FLAHIHQ MODBL 

A akatah of tha aodal and tha arrangaaant for tatting 
la shown In figure 1.  Th« model hat a T-bottoa planing 
surface with an angla of dead rite of 22t° and a beam of 
16 lnehea.  The keel It straight for a distance of 36 lnchti 
forward of the ttern and It faired into a bluff bow harlag 
• developable bottotn.  The model wat fitted with a  "normal" 
tall plane of HACA 001S airfoil tactlon of rectangular plan 
form and with a tpan of 41 Inches.  The chord of the stabi- 
liser was  6^ Inches and that of the elevator was  5j  Inches 
The moment arm of the tall plane varied with the location of 
the pivot, averaging about 4 feet.  Tor tests with Increased 
tall area, a second tall plane having about  It  tines the 
area of the normal tall plane was attached to the model and 
wat located about one chord length above It so as to form 
a biplane tall having S\    tines the normal area. 

Tha moment of Inertia, the load on the water, and tha 
•ass moving vertically could be Independently adjusted. 

MS? PKOCEDUH^ 

The modal was towed at the low watar level In the 
1ACA tank using a procedure similar to that followed la 
rsferencas 2  and 3 for the towing of dynamic models to 
determine trim limits.  Runs were made at conatant spaed 
and with fixed loads on the water while the trim of the 
•odal was adjusted by means of the elevatpr to obtain tha 
critical trim. 

Critical Trim 

For tha purpose of this report "critical trim" may 
be defined at the trim separating tha stable range from 
tha unstable range. At trims above the critical value 
the planing surface ran stably and, If It was momentarily 
disturbed, the resulting oscillations dseaysd to ssro after 
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• f«w cycles. At trla* below the critical value por- 
poising began spontaneously and continued Indefinitely at 
a fairly eonitant amplitude of th» oscillation la trla. 
Thl» concept of a definite critical trla nay not be 
strictly true.  Instead, a narrow range of trla »herein 
the aodel 1» neutrally stable may separate the stable fro» 
the unstable range.  Cooabe* (reference 3) has described 
a range of neutr«! stability for a dynamic aodel of a 
twin-float seaplane. 

In the determination of the critical value of the 
planing surface, the trla of the model was gradually 
lowered froa a stable'attitude until oscillation* began 
spontaneously and continued regularly through an amplitude 
of about 2°.  The trio was then Increased while the 
accompanying decreaee in anplltude was noted. At the 
point where the oscillation seemed to disappear, the trla 
was noted and compared with the corresponding attitude 
at which the aodel began to porpoise durlne the decrease 
of trla.  In general, the two readings did net differ by 
»ore than about i°.     The average of the two readings 
thus obtained was recorded as the critical trig. 

During a constant-speed run of the carriage, the 
critical trla was obtained for several combinations of 
load and mass moving vertically.  In this manner the 
variations of critical trim with load, speed, and mass wer« 
determined.  Changes In moment of Inertia and location of 
pivot ware made and the test* repeated.  For certain loca- 
tion* of the pivot the aerodynamic control was Inadequate 
to balance the hydrodynamic moment at the critical trim and 
a gravity moment was used to obtain the desired trim.  This 
use of a gravity moment caused the model to pivot about a 
point different from the center of mase of the rotating 
system.  Bo allowance was made for the variation In loading 
Introduced by the aerodynamic forces on the tail eurfacea. 

Porpoising Oscillations 

Vor a limited number of tests, observations were made 
of the amplitude of the oscillations In trim that followed 
after the model was trimmed below the critical value.  Teeti 
were aado at constant load, spaed, aase, and moment of 
Inertia; and the amplitudes were obtained for various 
elevator settings.  Tor a particular elevator setting the 
aodel was restrained In pitch by pulling lightly on lines 
attached to the bow and the stern. This damping in pitch 
was barely sufficient 'to prevent porpolslne but still per- 
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•Iftad the model-to assume the attitude required for 
equilibrium of the hydrodynaaic and aerodynamic foreaa. 
The trl» at equilibrium wae observed and the nodel «as 
then relented to permit porpoising.  After a few eyelet 
the oscillations would reach a maximum In amplitude and 
would usually continue indefinitely between the two limit- 
ing values of trim.  The upper and lower Halts of oscil- 
lation were recorded. 

Is the tests to determine the effect of radius of 
gyratlwu »c amplitude i* pürpüläiag the eilt Teal trie •'&* 
determined for a particular configuration of the model> and 
the elevator wae lowered enough to cause the model to trim 
•t about i°    below that value.  The pitching oscillations 
were prevented by damping as previously described.  The 
model was then released and the amplitude of oscillation 
observed.  The radius of gyration was changed during the 
run by varying the mass moving vertically without making 
an/ change in moment of inertia, load, speed, or elevator 
setting.' The amplitude of oscillation was again noted 
after the change in mats.  This method did not completely 
Isolate the effect of the radius of gyration upon the 
amplitude because the changes In the radius of gyration 
were, in general, accompanied by a small ohange in the 
critical trim. 

TIST RESULTS 

Porpoising Characteristics of a Single Planing Surface 

The combination of planing surface with tall plane 
exhibited the presence of one critical trim value and 
had no tendency to porpoise at higher trims.  The por- 
poising that occurred when the trim was less than the 
critical value closely resembled the motions in the 
porpoising of a complete dynamic model when planing on 
the forebody alnne.  Vhen the trim of the model was in- 
creased from the unstable to the stable range, the critical 
trim was found to be practically the same as the value de- 
termined by lowering the triff from the stable to the un- 
stable range.  Recovery from porpoising always followed 
the application of sufficient positive moment to trim the 
model above the critical value.  The absence of the high- 
angle condition of instability with the single planing 
euffaceils In agreement with the commonly accepted concept 
that the high-angle type of porpoising of a flying beat Is 
a phenomenon that always Involves the afterbody. 

I 
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Vhen porpoising of the planing surface did occur, tho 
•otlon was usually constant In amplitude but. In soaa cam, 
tt would wax and wan« la a Banner similar to that resulting 
from tho addition of two olaplo haraonlc »otlon« of slightly 
dlffsrsct periods. 

Critical Trie 

Tho variation of the critical trla with speed of the 
planing eurfaca Is plotted In figure 2, where all variables 
are expressed as followss 

Load coefficient,  C4 = A/wb
3 

Gross load coefficient,  C»  • a0/wb
a 

Speed coefficient ,  Cy • 'A/S*- 

where 

a   load on water, pounds 

to       Initial load on water., gross load, pounds 

b   maximum bean, feet 

w   specific weight of water, pounds per cubic foot 

acceleration of gravity, feet per second per second e 
and 

k 

ti 

radius of gyration, fraction of baas 

location of pivot forward of trailing edge  (T.I.), - 
fraction of bean 

ta  location of pivot above keel, fraction of bean. 

The load on the wnter was selected as the paraaeter 
and each plot represents a p-rtieular combination of location 
of pivot and radius of gyration.  The mass moving vertically 
is given In the same nondlmenslonal units BB the load 
coefficient.  The noir.ent of Inertia Is not listed In each 
case but may be obtained from the values given for the Bess 
and the radius of gyration. 

Effect of tall area.- The variations In critical trla 
with speed for the model having the normal tall and for the 

'* 

!.-•!"«» 



> aodel having tha tall area increased 126 percent ara plotted 
la figure 3.  Increasing tha tail araa to aera than twice 
normal alia appeared la tha present tait« to change tha 
critical trla vary llttla. a. more preelse exploration of 
tha region of neutral stability might reveal a definite 
affaet but It does not appear that any practicable lncraate 
la tha tall area of a flying boat beyond the area that would 
be required for suitable aerodynamic characteristics would 
have any marked effect upon the lower limit. 

Effect of "dins of gyration.- The Tar 1 at Ion of crit- 
ical trln is plotted as a function of the radius of gyration 
In figure 4, which shows the results of tests at two dif- 
ferent loads at a speed coefficient of 6.0 with the pivot 
located 0.38 beam forward of the trailing edge and 1.26 
beams above the keel.  The radius of gyration as here used 

la Jlfy.,   In which the mass  M includes the model, counter- 
weights, and flttlnca.  (See fig. 1.) The curves show that 
increases in the radius of gyration lower the critical trim 
but that the effect is small when compared with tha affect 
of speed and load. 

Effect of location °f Pivot.- Tlgure 5 shows the 
variation of critical trim caused by changes in the location 
of the pivot for two combinations of load and radius of 
gyration. There is a definite tendency for the critical 
trln to be lowered when the pivot is moved either forward 
or down. This effect is also small whan compared with 
the affect of load and speed. 

Amplitude of Porpoising Oscillations 

Effect of elevator setting.- Figure 6 shows how the 
amplitude of the porpoising Is affected by the elevator 
setting.  The axis of ordlnates represents the trim assumed 
by the model for a particular elevator setting when por- 
poising was restrained by the application of external damp- 
ing.  The amplitude of the oscillation that followed the 
removal of the damping Is represented by a horlxontal line 
between the values of the upper and the lower limits of the 
trim occurring In the oscillation. 

Effect of tall area.- The variation of amplitude with 
radius of gyration for the model having a biplane tall with 
125 percent Increased area Is shown In figure 7(c).  A 
comparison of this plot with figure 7(b) shows that the 
larger tail area resulted in somewhat greater amplitudes 
of oscillation. 
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Iff tat it radius tt.stxmtn-- »»>• wi»ti«n in 
amplitude with changes In .the radius of gyration k, whan 
tha elevator tatting was eonatant, S* ahown In figure 7. 
The marked Increase In «aplltuda with a daereaia In radlua 
of gyration nay ba lua In part to tha fact that tha docraaao 
In k eauaes an lncraata In the critical trla.  An Inter- 
pretation of thla figure ahould Include the affect of ala- 
rator setting upas critical trim. 

ice caused by 
re aarked than 
te at eonatant 
1 at about i° 
he resulting 
vertically was 
or the elarator 

that, with either 
of Inertia, the 
below the crlt- 
more likely to 

The difference in handling characterlat 
the changes In the radius of gyration was ao 
might appear from the plots. During tha tea 
spaed, the elevator was ast to trim the «ode 
below the critical trim. The amplitude of t 
oscillation was observed and the mass moving 
changed without changing the speed, the load 
sotting. Throughout the tests It was noted 
an Increase in mass or a decrease In moment - 
porpoising motions of the model when trimmed 
leal values were definitely more violent and 
lead to dangerous amplitudes. 

In figures 7(b) and T(c) are shown the results of two 
tests to determine If, for a particular value of the 
radlua of gyration, the amplitude would be affected by 
tha moment of Inertia and the maas.  In figure 7(b) at 
k • 1.09b, a 50-percent increase In the moment of inertia 
it ahown to have caused a small Increase In the amplitude 
of the motion.  In figure 7(c) at k « 0.76b,  a 100-per- 
cent Increase In the moment of Inertia Is shown to have 
caused a large Increase in the amplitude. 

Comparison of Results with Data for Complete 

Models Having Afterbody and Wing 

Ixserlmental.- In figure 8 Is plotted • curve showing 
the l'&wer ilmlf'öf stability for a particular flying boat, 
which has a dead rite of 22t° measured at the keel.  Tha 
curve is taken from data obtained at the NACA tank during 
teets of a  |-scale model dynamically similar to the full- 
tlse craft, which has B gross load coefficient of  0.82 and 
• get-away speed coefficient of  7,0.  The model was towed 
at constant speeds and the trlrr limits were determined in 
the tame way as the critical trims were determined for the 
planing surface.  The load carried by the model was com- 
puted for different speeds by deducting the aerodynamic 
lift from the gross weight.  The aerodynamic lift wat 
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computed fron data obtained by towing the coaplete aodal 
a abort dlataaea above tha water la tha tank.  The crit- 
ical trla of th« planing surface at speeds and .load» 
corresponding to tha values for tha dynamic aodal la »hovn 
for comparison.  Tha critical trir of tha planing aurfaca 
agrees wall with tha lowar Halt of stability at tha lowar 
apaada. 

Theoretical.- Tha data giver. In referenca 4 war« used 
for ccrpHrj the cffs.it uf a wing, the area of tha tall, 
and tha aoment of Inertia upon the critical trln for a 
Halted number of condition* comparable with some of tha 
conditions included In tha tests of the planing surface. 
Reference 4 describes the method» used In deriving the data 
and In eonputine the values of the stability derivatives 
and the values of the terns In the discriminant equation. 
The data from reference 4 and the computed results are 
given In table I. 

Tha notation given In table I is the same as Is cus 
toaarlly used In porpoising analysis. In which axes are 
assuaed to be fixed relative to the undisturbed water 

A*4 +   B*s +  C> D/\ +  S 

where     \    Is  used  for   the  differential  operator, 
B    le Bouth's  discriminant and  Is  defined by 

•A*. 

BC3 AD" B»K 

The criterion for stability Is that  A, B, C, D, I, and B 
shall all be positive.  These terns have been calculated 
for a speed coefficient of S.65 and a load coefficient of 
0.61 on the water.  (See table I.) 

At a trim of  5°  the airplane Is unstable and an 
Increase of 200 percent In the moment of inertia has not 
raaulted in stability, although the change In the value 
of  R  Indicates that tha aargln of Instability aay have 
been reduced.  At a trim of 7° tha nornal condition la 
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•table but a decrease of 50 percent ia tha moment of 
lnartla results la Instability, ai shown by tha nagst Ira 
ralea of R. 

Tha trend shown by these calculations la In agree- 
•ant »1th the experimental raault obtained with the planing 
aurfaee: that an lncraaee In the radius of gyration can«»; 
a definite but relatively email <!e;rea>s In the critical 
trla. 

The validity of the stability tests on a planing 
surface with tall plane but without wing has been examined 
by calculating the derivatives and the teras of the dis- 
criminant equation, assuming that the aerodynaalc effect 
of the wing Is confined to Z„ and Z$.     Making the 
aerodynamic values of all the  Z  derivatives equal to 
tero and keeping the  M derivatives unchanged caused no 
change in sign of any of the terns at either 5° or 7°. 
A change In the value of  B, however, Indicates that the 
wing may have a slight stabilising effect.  These results 
are in agreement with the comparison made In figure 8 and 
with the results reported In reference 2.  At higher speeds 
the aerodynaalc terns would be larger and nore Important in 
comparison with the hydrodynamlc and 'he effect of the wing 
might become more pronounced. 

The effect of a 100-percent Increase in tail area has 
bean calculated for the airplane with wing by doubling tha 
aerodynamic values of H„,     Nw,  and Kg.  The Increase 
In the value of H indicates that the larger tall area 
ha* resulted In stability at  5° and an increased margin 
of stability at 7°. 

SISCUSSIOH 

Comparison with reference 1.- Iron the terts reported 
In reference 1, Perrlng and dauert reaehed the following 
conclusions regarding the porpoising characteristics of a 
seaplane with only the forebody In contact with the water 
(single-step case): 

A seaplane, traveling on one step, tends to 
porpoise as the speed over the water Is Increased 
and this is generally due to the angle of incidence 
decreasing as the speed increases.  The following 
factors may lead to Instability:- 

tr*''M 
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(a) Center of gravity too far  In front  of 
the stain  atop. 

(b) Canter  of gravity  too  high. 
(e)  excessive aerodynaaic veathercoek 

atablllty. 
(d)  Xonent of Inertia too «mall. 
(a) aerodynaaic nonent forcing the 

noaa down. 

In order to compare the results of the preient teati 
of a planing aurface with the conclusions reached In refer- 
ence 1 fron tests of a seaplane, a differentiation auat 
Be made between the effects that the variables have upon 
the critical trim »** the efftet» that taey have upon the 
tria assumed ty the seaplane at a particular apeed. 

The aerodyaaalc weathercock stability referred to In 
the foregoing and hereinafter Is the weathercock stability 
In pitch. 

The noment of Inertia and the amount of weathercock 
atablllty do not affeet the trio that the seaplane will 
•saunai but variations in these quantities Bay cause 
porpoising by lowering the critical trla.  The results of 
the present tests of a planing surface with a tall plane 
lndioate that a decrease in noment of inertia for a par* 
tlcular value of the maaa tends to decrease the critical 
trla and thereby nay lead to Instability.  The results of 
the teats also Indicate the effect of excessive weather- 
cock stability as can be seen froa a comparison of figures 
?(b) and 7(c).  Vlth the nornal tall the porpoising notions 
ware- not so violent as when the tall area waa Increased 125 
percent.  The tests showed that the critical trim was not 
•aaaurably affected In the one particular case in which the 
tail area was lncrsaaed although the analysis of reference 
1 Indicated that, In general, an inorease in tall area should 
Incraaae the critical trla.  The results of computing the 
affect of tall area as recorded In table I do not agree with 
the conclusion of referenca 1 regarding the effect of weather- 
•eck stability. 

The results of the tests are in agreement with the 
oonclusions that instability might be eaused if the center 
of gravity ware too far In front of the main step or if 
the noae were forced down by an aerodynamic moment because 
either condition would tend to cause the seaplane to trln 
below tha critical value. 

Figure 5 shows that the critical trln Is increased 
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by raiting the eantar of gravity and thii rasult Is la 
agreement with, tha conclusion of reference 1. 

Dynamic Model• Having Sxceaa Maes and Moment of Inertia 

The tests of the planing aurfaee Indicated that an 
Increase In both «MI and aoment of Inertia, without any 
change In the radius of gyration, tends to Inereaae th« 
amplitude of the pitching oscillations during purpoi»!:: -. 
Ihla affect Is of particular interest because testa of 
dynamic model« are occasionally made with tha model having 
excess «eight and aoment of Inertia.  From the analysis 
of porpoising In reference 1. the authors concluded that 
a teat of that type, in which the ratio of mass to moment 
of inertia was correct, would accurately reproduce the 
porpoising characteristics of the full-size craft except 
that the frequency of oscillation would be reduced by tha 
excess mass and moment of inertia«  The lowered frequency 
may account for the Increased amplitudes observed in the 
present tests.  In a porpoising oscillation of a given 
amplitude the amount of energy dissipated by the damping 
forces decreases repldly with decrease in frequency,  »lth 
an oxcaas In mass and moment of Inertia of a dynamic modal, 
It 1* to be expected that the damping would be less effec- 
tive and therefore the amplitudes of the fully developed 
oscillations would be larger than if the frequercies were 
correctly reproduced. 

Iffect of Radius of Gyration 

In th 
porpo 
lnere 
trim 
occur 
value 
tande 
»heth 
value 

The results of 
a radius of gyr 
iaing character 
ases In the rad 
and also reduce 

when the flyl 
The plots of 

ncy i u converge 
er the converge 
beyond the ran 

the tests indicate that variation* 
atlon have a twofold effect upon tha 
lstlcs of a flying boat.  Large 
ius of gyration reduce the critical 
the amplitude of porpoising that 

ng boat is trimmed below the critical 
amplitude in figure 7 show a definite 
as the radius of gyration is Increased, 

nee would continue to zero at some 
ge of the present tests is not known. 

A comparison of the radius of gyration and the beam 
loading for several flying boats and float seaplanes of 
recant design has bean tabulated as follows: 
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'lying boats: 

» (fig. 
C   (fig. 
o (fig. 
t (fig. 
* (fig. 
s 

9) 
9) 
9) 
9) 
9) 

H 

I 
J 
r 
L 

Kadlu«  of 
gyration, k 

tfr*et<"" liinij 

0.86 
1.14 
1.86 
1.83 
1.31 
1.35 
l.SS 

1.68 
1.66 
2.00 
a.oi 
2.04 

Bret« load 
comment,  cA 

0.44 
.67 
.83 

1.01 
1.00 
1.13 
1.20 

1.6? 
1.64 
1.6? 
1.66 
1.69 

The plot In figure 10 of the foregoing values auggeete 
that there aay be a relationship between radius of gyration 
and load coefficient which would be useful In predicting 
porpoising characteristic«.  The dashed line in figure 10 
vaa drawn through arbitrarily selected points corresponding 
to radii of gyration somewhat above the arerage of the 
values in the plot.  Two of the points that lie belnw 
the dashed line are value* for flying boats whioh have 
ahown unusually severe instability on the water.  The equa- 
tion for the straight line is 

i 

k  »   0.9   C» 0.5 

where    k     is  the  radius   of  gyration,   fraction  of  beas. 
The  fact  that  the  float   seaplanes  have  larger  valuea   of 

yratlon   »nil   !«•.«-   •• *- 
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««•et   of location   of ,Uot  u HI rivot 

The- result* indicate that, la lone caiai, a definite 
but relatively snail decrease of the lower Halt of stability 
of a eeaplane «ay tie obtained by moving   the canter of rravlty 
either forward or downward or by issre&iing tue radius of gyration. 

Trend toward Increased Bean loading* 

The continued trend toward increased bean loading* 
of flying boat* Is Illustrated by figure 9, which 1* a 
plot of the loading evrrei for sever.el notable designs 
that hare appeared during the past 10 year*.  Design A 
appeared about 1933, designs C and T  appeared In 1939, 
and the other* appeared during the Interval between 1936 
and 1939,  The values showing load on the wa'ter as a 
function of speed were computed In each case by assuming 
for all speeds a lift coefficient equal to that at the 
Stalling speed.  The speedy of maximum trio (approximately 
the hump speed) eta determined In tank tests of dynamic 
aodels is Indicated by an arrow on each curve except for 
design A for which data were not available.  It Is note- 
worthy that the hump speed does not vary greatly with 
load over the wide raupe of loading*.  In 1935 a gross 
load coefficient of 0.45 was considered sufficient but 
by 1939 a load coefficient of 1.0 was be in? used.  The 
Increase In beam loading Is even store striking at higher 
•peed*.  For example, at  Cv « 4.0  the increase ie from 
about 0.2 to 0.75, or nearly fourfold.  An lncreaee in 
the hazard* resulting from porpoising ha* accompanied the 
large increase in loading at the planing speeds. 

With the conventional form of forebody having a 
288°  T-bottom and transverse step It appears that, In order 
to avoid low-angle porpoising as the gross load is Increased, 
the speed at which the seaplane get* on the step must be 
Increased.  In general, this change would increase the time 
required for the take-off and would probably present addi- 
tional difficulties In the control of spray. 

Recent designs of flying boats have approached rather 
closely the limit of beam loading that la permissible with 
a conventional form of hull.  further increases In beam 
leading appear to require a form of hull that will consider- 
ably reduce the probability of the low-angle porpoising 
Inherent In the form of forebody represented by the planing 
surface used In these test*.  Some Improvement in the form 
of the hull may be obtained by an investigation of the 
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affect ot  dead rise and tha effect et  tha plan for« of tha 
• tap. A better »oJut Ion «ay ba found In aoaa arrangement 
designed to plane efficiently on two itapa at apaada 
considerably beyond tin  buap or In. IOM arrangement of 
hydrofolla that reduces tha lead carried by tha planing bottom. 

COBCLUSIOBS 

1.  For a given set of variables that Include »peed, 
load, moment of inertia, and position of center of gravity, 
there Is a rather sharply defined critical trim below which 
tha system Is unstable and above which It is stable. 

2. The critical trim Is determined sainly by tha 
•paad and the load on the water. 

3. Increasing the radius of gyration decreases tha critical trla. 

4. Muring the center of gravity either forward or 
down decreases the critical trim. 

5. Increasing the amount of aerodynamic damping to 
about twice the amount normally occurring on flying boati 
does not appreciably alter the critical trim. 

6. Decreasing the radius of gyration may have two 
effects.  It may Increase the critical triff and It may 
also cause a marked increase In the amplitude of por- 
poising that follows when the system Is trimmed below 
the critical value. 

7.  An increase In the mass and moment of Inertia, 
without any change In the radius of gyration, tends to 
Increase tha amplitude of porpoising oscillations. 

Langley Memorial Aeronautical Laboratory 
national Advisory Committee for Aer 

Langley Field, 7a. onautlc*, 
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