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AERONAUTIC SYMBOLS 

1. FUNDAMENTAL AND DERIVED UNITS 

Metric English 

Symbol 
Abbrevia- Abbrevia-Unit tion Unit tion 

Length _______ l 
meter __________________ 

ill foot (or mile) __ __ _____ ft. (or mi.) 
Time _____ ____ t second ______ _____ __ ____ s second (or hour) _______ sec. (or hr.) 
Force _________ F weigh t of 1 kilogram _____ kO' weight of 1 pound _____ lb. 0 

-
Power ________ P horsepower (metric) ______ --------- - horsepower ___________ hp. 
Speed __ __ _____ V {kilometers per hOUL ____ _ k.p .h. miles per hOUL _______ m .p.h. 

meters per second _______ m .p .s. fcet per second _______ _ f.p.s. 
I I 

2. GENERAL SYMIlOLS 

Weight=mg 
Standard acceleration of gravity = 9.80665 

m/s2 or 32.1740 ft./sec.2 

W Mass = -
g 

Moment of inertia = mF (Indicate axis of 
radius of gyration Ie by proper subscript.) 

Coefficient of viscosity 

v, Kinematic viscosity 
p, Density (mass per unit volume) 
Standard density of dry air, 0.12497 kg_m-4_s2 at 

15° C . and 760 mm; or 0.002378Ib.-ft.-4 sec.2 

Specific wcight of "standard" air, 1.2255 kg/ms or 
0.07651 Ib ./cu.ft. 

3. AERODYNAMIC SYMBOLS 

Area 
Area of wing 
Gap 
Span 
Chord 

Aspect ratio 

True air speed 

Dynamic pressure - ~p V 2 

Lift, absolute coefficient CL=:S 
Drag, absolute coefficient OD - ~ 

Profile drag, absolute coefficient OD. ~ ~S 

Induced drag, absolute coefficient CD. = DSI • q 

Parasite drag, absolute coefficient CD - DSp • q 

Cross-wind force, absolute coefficient 0 0 = q~ 
Resultant force 

i"" 

Q, 
n, 
Vl 

PP:' 

'Y, 

Angle of setting of wrngs (relative to thrust 
line) 

Angle of stabilizer setting (relative to thrust 
line) 

Resultant moment 
Resultant angular velocity 

Reynolds Number, where l is a linear dimension 
(e.g., for a model airfoil 3 in. chord, 100 
m.p.h. normal pressure at 15° C., the cor
responding number is 234,000; or for a model 
of 10 cm chord, 40 m.p.s. the corresponding 
number is 274,000) 

Center-of-pressure coefficient (ratio of distance 
of c.p. from leading edge to chord length) 

Angle of attack 
Angle of downwash 
Angle of attack, infinite aspect ratio 
Angle of attack, induced 
Angle of attack, absolute (measured from zero

lilt position) 
Flight-path angle 
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TANK TE TS OF N. A. C. A. MODEL 40 SERIES OF HULLS FOR SMALL FLYING 
BOATS AND AMPHIBIANS 

By Jon B. PARKINSON and JOH N R. DAW , ON 

SUMMARY 

The N. A. C. A. model 40 series oj flY1'ng-boat hull 
models consi t · oj 2 jorebodies and 3 a:fte1bodie combined 
to provide eveml jorm suitable jor use in small mCL1'ine 
ai1·cra:ft. One f01'ebody is oj the 11, ual jorm with hollow 
bow ections and the other has a bottom surjace that is 
completely developable jrom bow to step. The ajte1'bodies 
include a h01·t pointed ajterbody with CLn extension jor 
the tail sUljaces, a long ajterbody similar to that of a 
seaplane float but long enough to Cal'1'y the tCLit sUljc;ces, 
and a thi1·d obtained by fitting a second tep in the latter 
ajterbody. 

The various combinations were tested in the N. A. C. A. 
tank by the general method over a uitable range oj load
ings. Fixed-trim tests were made jor all speeds likely 
to be used and free-to-trim tests were made at low speeds 
to lightly beyond the hump speed. The characteristics 
oj the hulls at be t trim angles have been deduced jTom the 
data oj the tests at fixed trim angle and aTe given in the 
jorm oj nondimensional coeffi~cient applicable to any 
size oj hull. 

Comparisons among the jorms are shown by suitable 
cross plots oj the nondimensional data and by photo
graphs oj the spray patterns. The difference between the 
results obtained with the two jorebodies was small ./01' 
the smooth-water conditions imulated in the tank. 
With the same forebody in each case, the resistance oj the 
no- tep afterbody was lea t at the hump speed and that 
oj the pointed ajterbody was lea t at high peeds. 

Take-off exam1Jles oj an B,OOO-pound flying boat or 
amphibian having a power loading oj 13.3 pounds pel' 
h07"sepower and a 2,000-pound flying boat having a 
power loading oj 1B.2 P01J,nd per horsepower are included 
to i llustrate the application oj the data. 

I TRODUCTIO 

A "general" test of a given form of hull a made in 
the . A. C. A. tank provide data for all speeds, 
load, and trim angles for which the form is suitable. 
The e data may be u ed to compare the water char
acteri tics with those of other form and to e tim ate the 

water performance of po sible application of the lines 
over n. con iderable J"n.nge of full-size dimension . 
TIle results 01' ll ch tests on 11 form have been puh
lished to date by the Committee. 

The models te ted have, in general, the form found 
in a limited number of large flyino- boats. A need has 
been expres ed for general test data regarding forms 
similar to tho e u eel on the maller flying boat and 
n.mpbi bians of 2,000 to 10,000 pounds gro weio-ht. 
The hulls of flying bon t in th is cIa s appear to have 
higher length-beam ratios and higher beam loadings 
(Ct:. values) than are usual for the hulls of the larger 
craft thus far inves tigated. The amphibian al 0 

have higher angle of afterbody keel. Because th e 
hulls are rela tively nalTOW, a moderate angle of dead 
rise give satisfactory shoc1;:-ab orbing qualitie and, 
because they are heavily loaded for their ize, some 
means of suppressing pray such as hollow ection or 
spray trips is particularly desirable. 

Simplicity of form seem to be a conspicuous feature 
of the design in this clas. Excessive flaring of the 
forebody sections requiring exten ive forming of the 
plating i avoided; likewise, a simple form of afterbody 
is u ually adopted. Becau e of the low power load
ings generally employed, the compromises m ade among 
water and flight characteristics favor those of flight. 
These malleI' craft are less eaworthy than the large 
flying boats but usually operate in inland waters, 
wbich do not demand the degree o[ eawortbiness 
neces a1'Y in the open sea. 

The N. A. C. A. model 40 serie of Dying-boat hulls 
wa de igned with the foregoing considerations in 
mind . It includes 2 forebodie and 3 afterbodie in 
variou combinations that are of interest to th e design
ers of small marine aircraft. General t e t of 5 of th e 
6 possible combination were made in the N. A. C. A. 
tank during 1934. From the results of the te t , the 
water performance of fu ll-size hulls having theil' lines 
may be e timated and the effect of changes in form 
within the limits covered by the series may be deter
mined. 

1 
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DESCRIPTION OF MODELS 

LINES 

General. - The lines developed for the serie are 
shown in figures 1 and 2. The Iaired on et for the 
models are given in table I to IV. The following 
particulars a.pply to all the varia.tion : 

Forebody len:>:th _ 
Over-all leuc:th__ _ 
Beam over ch ine __________ ___ ._ 
Dealn over spray s. rip ,,-_ JJepLll. _______________ •. ___ _ 
Width of spray strip. _ . 
Width of keel O.e. .. __ .. _ ... _ . 
Depth of s tep _ .. . _ . __ 

An~le of dead rise. s tations ti and tift, 20' . 

I PCI'<.:entag:c 
Inches of maxi· 

11.00 
100.00 
1;1.00 
1:1. 17 
lLOO 

.2.:) 

.:to 

. 50 

mum beam 

311. 80 
712. au 
9Q.51 

100.00 
103.93 

I. r. 
I. 4~ 
3.71 

The V bottom cro s section with the spray trip 
a.dded at the chine was considered to be the most eco
nomical arrangement for thi cla s of hull . In the 
tank, the water breaks cleanly from the edge of the 
strip before the hump speed i reached; ll ence this 
edge, l'tLther than the chine, is con idered Lo be the 
boundary of the bottom. It is suggc ted that in full
size applications the trip be extended to the bow. 

Forebodies. ----The length of the forcboely was made 
as hort a was thought to be practicable for the load
ings intended in order to keep the st1'llcture [olward 
of the portion of the hull that is used for passengers or 
cargo a light as po ible. Forward of the step the 
planing bottom is longitudinally straight for good plan
mo' characteristic while farther forwArd the bottom 

X. Center of moments for fixed-tom runs 
Y, Pivot pomt for free to 10m runs 

. 0.1" Keel HB. 
rt.. ~.!- 3 r 6 10 13 16 19 ?I 

M.o''1..£lJm~ Mgm £l]in§.J1S.P-v~ 
Half-breadth 

-'-
Upper chme 

1347" over spray strips 
6.5 

cOol ~ 
X Y 025 

Spray stnp 
Afterbody C Forebody A 4 detail 

Boe Ime Ii':,;~ne ~ 
'1' ~-, 7)?O 

\ove .1, T-:J 
...:T, Upper I 
St~rn chine 
pasl Spray striP 0.5" 

42 33 ?5" 

fP. Forebody A 100 Afterbody C 
Profile 

FIGURE I.-Lines of forebody A and afterbody C. 

rise sharply toward the bow. The bow ection of 
forebody A are slightly Oared in the lJSlHll manner a 
an aid in meeting oncoming waves. The plnn fOlm of 
its chine is rounded at the bow to facilitate round ing 
the deck above it when de irable from aerodynamic 
considerations. 

Forebody B wa developed to be u ed where extrema 
simplicity of form i de irable. The bottom surface 
forward of the fiat planing bottom is generated by a 
straight line moving parallel to it elf with the chine a 
a directrL'X. The bottom urface i tllerefore that of a 
cylinder which may be unrolled into a fla t sheet and 

'( Center of moments for fixed trim runs 
Y. Pivot point for free-to trim runs 

r-o.!" Keel HB 
% I 3 5 6 * 10 __ . IJ /617 IB 20 23 If:. 

t.~! [.1 ~ Chme~ 
Generatlnq ,T Half-breadth 
element of cylinder 

6.5 ~-" ~ 1347 over spray strips 

~/~' X Y cO°, .~ W, . 0.?5" 
Forebody B . 4" Spray. strip 

Bose line /.56.~ '--~t9 ' . de tal I 
, B'" 

Ceneratinq 
• elemenf 

Spray strip 
42" 

0.5 

/00" 
33" 

, <t~., J 65' 
d 

13.5' "'. 

... "," 1 \20 0 

A fterbodles D 8. E 

25 

FP. Forebody B Afterbodies D&E 
Profile 

FIGl' HC 2. Lines of fo)'el>o<l) n , a fterbody I), anci afterbody E. 

tbe entire. mface of the hull i developahle, no form
ing of the platino. or planking being nece ary in it 
construction. The lanting oC the generating elrment 
in space as hown in figme 3 causes the angle oC dead 
rise to increase tmvnrd the bow like that of the II . lin t 
forms. A a re lilt of this method of determin ing the 
smface, the conventional stations and \\'atrr lines 
become slightly convex; llencr, fol' practical applicll
tions, the u e of a spray -trip would be particula.rly 
de irable. 

For the completely developable urface of forebody 
B, the plan form at the bow cannot be rounded but 
mu. t be pointed so that the genernting clement will 
remain within tbe urface [rom keel to chine. Aft of 
stntion G, forebodies A and B are identica l. 

Afterbodies.-.\.ftcrbody is pointed in plan forl1l 
and termina.tes in a l1lUTOW tern post. The extension 
of tllC bull, which carrie the tail su rfnce of the Oying 
bortt, is nbove the portion that i active during the 
take-ofT 01' immeI cd w)lile at rest. The resulting Iorm 
is an adaptation of the original N C type of afterbody, 
which ha heen favored by American de igner. It is 
believed that the" cove" may be filleted with small 
effect on the water performance. 

The angle o( afterbody keel i made higher tha.n that 
u ed on most large ilyinO' boats having thi form of 
afterbody in order to provide a greater ground clear
ance for nmphihinn and to reduce high-speed 
1'e istance. 

Afte1'bodies D and E provide second-step find no
strp arrangemen ts that are probably more economical 
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Lo co n trucL tlH1n is a pointed type like afterbod:y O. 
The 110- tep afterbody is like tllil t of a eapJane float 
and i much used in E urope fOT mall craft. In ome 
case a econd tep is added to aid in controlling the 
trim angle tLt lhe bump perd or to provide additional 
lift while the afterbody is immersed. In afterbody D 
the portion ahead of the second step i curved down to 
give a higher rfTcctive trim angle for till portion of the 
bottom. 

Combinations.-The forebodie and afterbodie were 
grouped for the te t a follows: 

).fodeI 40- AC: 10rmal forebody, pointed afterbody. 
Mode140-AD: orInal forebody, second-step after

body. 
Mode140- AE: ·ormal forebody, no-step afterbody. 
ModeI40-BO: Developable forebody, pointed after

body. 
Model 40- BE: Developable forehody, no- tep after

body. 
Te ts of Lhe'e combinatio ns make it po sible to com

pare the performance obLained when u ing t116 normal 
fore body with the th ree types of afterbody and when 
using the developable forebody with the pointed and 
no-step aftel'bodies. It wa not considered nece ary 
to test the developable forebody with the second-step 
afterbody as th e cbaracteristics of /;11i combination 
may be inferred from the foregoing oompari ons. 

CONS1 U CTIO 

TIle v<triol] foreboc1i e and afterbodies were CO ll-
tl'ucted separately of mahogany to a tolerance of 

± 0.02 inch and were bolted together at the tep to 
form the combination desired. In accordance with 
Lh e U lIa] practice at the 1 . A. . A. tank, the surfaces 
were smoothly fini. hed and given everal coat of 
gray-pio·men ted varni h . 

The pray trip were made of bras sheet 0.035 inch 
tllick and 0.25 inch wid e and were attached at the 
chines with wood cre\\' through tab formed on the 
strips alJ intervals. nnvoidab1e paces between the 
inn er edge of the trip nnd the model were filled with 
pIa ticine . 

APPARAT A D PRO EDURE 

The r. A. C . A. tank and its te ting appara tus nrc 
de cribed in reference 1. The method of towing the 
model de c)'ihed the),ein introduced y tematic eITor 
becn u e of the usc of a "towing ga te." The towing 
gate Il ns been replaced hy a co unterbalanced gird er a 
de cribee! in reference 2, and tllOs error arc now 
ebminated. In Lh e present towing gear the trimming 
lUolUent are mea med by a ve]'y stiff spring rigidly 
attached to the model.\Yater moment applied to the 
model cn use the pring to deflect and the model to 
rotate lightly, but the deflections of the spring nre 0 
small tlll1 t the change of trim angle lue to the rotation 
of the model i within the limit of the nccuracy to 

which the trim angle is et. The deflection of thi 
pring are mea ured by a dial gage. The center of 

moment wa arbitrarily placed at the point shown in 
fi gure 1 and 2. 

The tests were made by the general method which 
consist of mea Ul'ing resistance, trimming moment, 
and draft at a fixed trim angle for a number of load 
throughout the speed range con idcred practicable. 
The trim angle is then chanO'ed and the procedure 
repea ted until a ufficient number of trim angles arc 
obtained to determine the trim angle that O'ive lea t 
l'e i tanoe at each load nnd peed. The londs taken 
are expected to covel' the u eful range for the model 
tested. 

At the lowest peed th curve of resistance plotted 
aO'a in t trim angle f<liled to show a minimum resistance 
within the r ange of trim angles at which it \\'as po ible 
to te t tIle e models. In tead, the resi tance con
tinued to decrea e as the trim angle wa increased. At 
speed below the hump speed the re istance i generally 
cf only minor intere t in the take-ofT problem and it 
n~ a ke li ttle cliHerence whether minimum resistance i 
obt.1ined 0 1' not. ince it is genernlly con iderecl that 
in the average :flying boat only a mall amount of 
longitudinnl control is available at low speeds, there i 
some jll tification for using free-to-trim (zero trimming
moment) resistance up to the hump when the value 
of the aerodynamic moments are unknown. Re ult 
['rom the geneI'D l test of the e model sbowed, how
eve l" , tll at, with the center of moments used in the 
tests, the Jree-to-tl'im resi tance n t very low peed 
would be a great deal hiO'her than the re istance 
encoun tered at the peed COITe ponding to the usual 
fre e-to-trim IHlmp and would be even greater than the 
mDlimum hump 1'esi tance corre ponding to best anO'le. 
MOVD10· the center of gravity back toward the step 
would , of com e, allow the model to trim at greater 
<mgle and th 1I reduce the free-to-trim 1'0 i tanco tlt 

low peeds. 
Although the free-Lo-trim cllrve for allY position of 

the cenLer of gmvity that doe not produce trim angles 
out ide the range of those te ted may be determined 
hom the general te t data, it was decided to te t all 
fiye model' free to trim up to and including the hllllP, 
with the center of gravity 4 inches forward of the step. 
These te ts presented an opportunity to observe the 
free-to-tl'Dn performance of the model a well as to 
check the accura cy of zero trimming-moment cW've 
obtaDled from the genera l test result.:;. 

RESULT 

<a:NEIUL TI~ST DATA 

The cla ttl obtained from the te t of the fi ,'e combi
na tions nre plotted again t speed in fi.gmes 3 to 32 . 
Th e plotted re istance is the water re istance plus the 
nil' lrng of the model and \Va obtained by deducting 
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the air dr ao- of the towing gefl r from the values weighed 
by the dymunometel'. The tl'inmung moment are 
rol'erred to the center of moment shown in figure 1 
and 2, which is inches forward of the tep. Po i tive 
moment tend to r ai e the bow. The draft are the 
distances from the free-water UlJn ce to tbe keel at tbe 
Illilin step. The mllin tep i a convenient point of 
reference fl l though the afterbody is deeper III the 
water at high angles of trim. 

Th.e exact conver ion of trimming moment to the 
actual center of o-ravi ty u ed in a o-iven de ign i 
labor-iou The correction for a hift of the center of 

1--1-- +--+-+-+-+-I--+'''/c:!0C::0++-+ - 1-+--+---" - I-
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o 4 B 12 16 20 24 28 32 36 
Speed, f.p.s . 

STATT 1' 11 0PEI1TIES 

The trimming moments and draft obtained wi th 
t ile model at re t in the tank are given in figure 
33 to 37. The momen ts nre r eferred to the ame center 
of moments n that used in tbe fixed-trim te t , w1licb. 
i located inches forward or the step. The draft 
are mea ured from the free-wa ter urInce to the keel 
a t the main step. The position of the load water line 
and the longit udinal tability at re t for a given appli
cation may be deduc d from these curve without 
performing the exten ive calculation neee al'y to 
obtain till information from the line. 

~ 
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F JGUllE 7.- lIfodeI4Q-AC . Resistance. trimming momen t, and draft. T=9°. ];' JGUHE ·l\I odoI 4Q-AC. Hesista nce Iril1lming moment, and draft. T= ) )0 .• 

momen ts parallel to the ba e line for these hulls i 
given with ufficient accunwy, however, hy the expl'es-
ion 6.X where 6. i t11e load on the water in pound 

and X is the distance of tlIO center of Q'ravi ty aft of 
the center or moment in feet. At low peeds tllis 
simplification depend on the fact tha t the l'esultant
force vector is nearly equal in magnitude to i t load 
component and the direction of tlIe resuJ tan t-fOl'ce i 
nearly perpendicular to Lhe ba e line at u ual trim 
angle ; at high peeds, aJ though t be re ultant-fol'ce 
vector no longer La the e proper tie , the ab olu te 
errol' introduced i small and may be neglected. The 
correction lor hif t in (,Jl e centel' of moments perpen
dicular to LLe 1H1 e liue will he smull in the range of 
cenLer-of-gnwiLY po. iLions usually encou nLered. 

T he cen ter of gravity of most seaplane will be af t 
of the en ter of moments to which the trimmino
rnomen t n.t r est arc referred. vVll er th e differ en ce 
in heigh t is small, the trimming-moment correction i 
approximately 6.oX, wh ere 6.0 is the di pla eemen and 
X i th eli tance of the cen ter of gravity aft oC t he 
center of moment parallel to the model base lin e. 
U ing this eOlTection for an absci sa hift on the trim
ming-moment curves, the trim angle at re t for eacll 
load parameter may be read directly. ero plot 
of the e trim angles again t load will enable the trim 
a t the de igned load to be determined . T he dmft 
n t thi t rim being l'el1d from the chait curve, the wn.ter 
line for the a Ulned conditions may he drawn on Lhe 
hull profile. 

---------------------- - - -_._-
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BEST-ANGLE D TA 

The characteristics of tbe hulls a given in the 
curve of figures 3 to 32 are for three independen t 
variables- peed, load, and trim angle. As it is desir
able for a hull to remain near it best angle of trim and 
there is, in g neral, one angle for minimum resistance 
at each peed and load, it ha been found de irable to 
derive the hull characteristics at be t trim angle 
throughout the speed range. T he trim-ano"le vari
able is thus eliminated and the optjmum performance 
of the hull is determined. 

The procedure con i ts of plotting the resistance and 
trimming moment for each load parameter again t 
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where 
V is speed, f. p. s. 
tJ., load on the water, lb . 
R, water 1'e i tance plus ail' drag of h ull , lb. 
J1, trimming moment, lb .- ft. 
b, beam over pray trips, ft . 
g, acceleration of gravity, 32.2 ft. pel' ec. 2 

w, pecific weight of wate)', lb. pel' cu. ft . 

OTE: w was 63.5 lb. per cu. ft. during th LeRis and is 
lI s ually taken a 64 Jb. per cu. ft. for sea water. 

The results of the best-auO'l analysis arc O'iven a 
curve of On n.gain t OIT in figure 3 to 42, On again t 
0(; in figures 43 to 47, best trim angle TO again t Ov 
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FIOURE 13.- ModeJ 4()-'AD. Resistance, trimming momont, and draft . T=9°. F1GU RE 14.- ModeI4()-'AD. Resistance, trimming moment, and draft . T= II ° . 

trim angle at a series of speed. From these cross 
plots the minimum 1'e istance, the best trim angle, 
and the trimming moment eA'isting at that angle are 
determined for each load and peed. The data found 
are then converted to nondimensional coefficients, 
ba. cd on Fronde's law or comparison and using the 
maximum beam oyer Lhe pray sLrip as the ch n.rac
LerisLic d imensioJ). The coeffi cien Ls are defi ned [I S 

foll ows: 
1T 

peed coefficien t, Ov = '-b' 
\g 

Load coefficient, C.:; = W~3 

Re istance coefficient, Oa= ~3 
T · . ffi' C Ai J'nnmmO'-lnon1ent coe JClen t, M = wb" 

in figures 48 to 52, and 0 ,\[ again t Ov in figures 53 to 
57. The application of these curves in the determina
tion of the take-off characteristic of a eaplane u ing 
the hull to which they refer is de cribed in detail in 
reference 3. 

FUEF.-TO-T IUM DAT A 

For speed coefficients below 2.0, the resistimce con
tinues Lo decrea e with increase in trim angle, tb e be L 
angle being above any practical range. A soon as the 
be tangle i determinate, the trimming moments 
exi ting are found to have a high negative value but 
to decrea e rapidly with speed until they become 
po itive at the hump speed. The performance at low 
speeds is then best investigated by assuming the hull 
to he free to trim, as previously explained, or to be nncI er 
Lhe influence or t.he nearly constant Lh1'ust momen t. 
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The resistance coemcient at zero moment and the 
t1.ngle for zero moment refelTed to a center of moments 
4 inches ahead of the tep on the model are plotted 
again t speed in figures 58 to 67. Although these 
value were obtained from the free-to-trim tests in the 
tank, the values deduced from the data for the flxed
trim runs were found to check them closely. The 
characteristics at zero trimming moment or at an 
as umed thru t moment may be deduced for other 
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high planing peeds. When the developabl' fOl'ebody 
i used with the pointed afterbody, the maximum 
positive trimming-moment coefficient is slightly lower 
and the values at Ov=7.0 are larger in the negative 
direction. With the no-step afterbody, the maxi
mum po itive OM is slightly lower at heavy loads and 
greater at light load, whereas the hiah speed OM 
values closcly correspond. The difference in the be t 
angle of trim. arc within the accuracy oC determination. 
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posiLions of the cenLer of gravity from ' uiLublc cross 
plots of figures 3 to 32. 

DI C SSIO OF RES LTS 

BEST-A GLE DATA 

Comparisons of the characteristics of the hull forms 
m<1y be made by cro s-plotting the values of figures 3 
to 57 against loau coefficient at representative speed 
coeLHcients. Suitable cross curves for compari ons 
among the hull are shown in figures 68, 69, and 71. 
The pray pattern may be compared by mean of the 
photograph of figures 70 and 72. 

Effect ofform of forebody .-:B rom figures 68 and 69 
it i een that the differences between the charactcr
i tics of the normal and developable forebodies are 
small for the mooth-water and fLxed-trim conditions 
reproduced in the tank tests. The load-resistance 
ratios t::,. /R for the developable form are slightly higher 
at the hump of the OR curves and slightly lower:at 

Figure 70 show the height and vo lume of spray 
thrown from the two type of forebodie to be pm ,ti
cally identical for mooth-water operation. The water 
line does not extenu far enough forward, however, to 
judge the action of the bow in rough water in the con
ditions shown. Apparently, the de irability of u ing 
the form of developable surface found on forebody J3 
depends on its cleanness of running and the effect of 
the convex bow ection on re istance when driving 
through waves . An experimental determination of 
uch qualities in thc tank is difficult to carry out at 

the present time and i at best only an approximation 
of actual sea conditions . 

Effect of form of afterbody.- The characteristic ' of 
the models consi ting of the normal forebo Iy and the 
variou afterboclies are compared in flgure 71 and 72. 
The t::,. /R values with the pointed afterbody are lowest 
at the hump in the an curves and generally lightly 
higher at high planing speeds. With the no-step 
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a fL(,l'body tIl(' !J. / n vallie at the hump are slightly 
superior to tl! o3e wiLh the eeond- tep afterbody; at 
medium planing speed, inferior; and at high planing 
. peed, practically equal. Th econd- tep afterbody 
gives the highest po itive .1I and the no- tep afLel'
body gives the lowe t. There i little choice in trim
Ining-moment characLeri t ic at high peeds. The 
mo t favorable trim with the econd-step afterbody 
is lightly lower near the hump peed. At high 
peed, the be t trim angle with all the afterbome 

i. practically the ame. 
The u pcriority of the performance with the econd

step and no-step afterbodie at the best trim hump is 
attribu ted to the larger planing area provided by them 
when immersed at low peeds. The slight impro ve-

, T r-
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Speed. fp.s. 

r tho model to those from the forebody indicates Lhat 
at the e peeds the afterbo lie ' produce lift with the 
exception of the pointed a fterbody, which seems to be 
clear at 19.7 feet pel' second. In general, the various 
model are fairly clean con i lering the heavy loads 
carried in proportion to their izo. 

FREE-TO-TRIM DATA 

FiglITes 5 to 67 how the performance of the hulls 
at zero trimminO' moment around a center-of-gl'ayity 
position 4 inche ahead of the tep on the model. At 
low peeels and heavy load orne of the form, par
ticularly 40- BE, tenel to remain below the best trim 
to such an extent that the resulting 1'e istance p ak i 
higher thn.n whn.t may be calleel the " real hump" C01'-
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F, uL· 't E 25.- /lrodcl 'Io- UC. Resistance, trimming momen t, a Dd draft . r=9°. F, GU BE 26. M odel 'lo-DC. Resistance, tr imming moment, and dra ft . T= l1o. 

111 'll t !Ii veil by the poin ted afterbody n t high speeds 
j [)lvlH,bly becau e of the mGlllcl' area offered to the 
Imte;' coming from the forebody becau e the lift i 
produced chiefly by the main planing bottom forward 
of the tep. From con ideration of high-speed 1'e i t
Hnce, i t :tppears desirable to aITY the load on the 
forebocl .v of a hull becau e the a fterbody i operating 
in it wn ke and con tl'ibu te a greater ' hare of frictional 
resis tance ill proportion Lo the load it carrie . 

The pbotogrnph of fig-u l'e 72holV the bIi tel' com
i lw from Lbe fore body and ul ' 0 mak e i t possible to geL 
:111 idea or tit acLinn of Lbe a.fterbody. The sirnilnri ty 
of Lbe secondary bli tel'S coming from the after part 

re poneling to the maximum 1'e istance at be t t rim 
angle. The negative thl'U t moment that usually 
exists would aO'gravate thi condition. At speed co
effLCient corre ponding to the real hump, however, 
the trim at zero momen t i higher than the best, trim so 
that th e thl'U t momen t would tend to lower th e resis t
ance. Any control moment fl,vailable from the elevators 
in the lipstream at the e low peeds can, of e01]rse, 
be Llsed to favor t he take-ofl'. The performance before 
LhehulJ attain pInning speed is therefore dependent 
on the position of t he cen tel' of g r<1 "ity, the magnituel ' 0[' 

Lbo thru t moment, and tho amo unt of control tbaL Lh e 
pilot c.lIl bring into play to maintain the be t trim angle . 
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'I'Aj(E-O FF EXAMPLES 

The application of the data obtained from the e 
models is illustrated by the following example. : 

Example I.- A hypothetical flying boat or amphib
ian uitable for cargo or passenger service i l'epr e
sented by the following assumed data: 
Gro s load, lb __ ____________ __ __ ____ _____ _______ _ 
Wing area, sq. fL ____ ____________ ___ ____ __ ____ __ _ 
}[orsepo~er _____ ____________ __ _______________ __ _ 

Effective aspect l'ati including ground effect _______ _ 
Parasite-drag coefficient excluding huIL ___ _________ _ 
Airfoil section ____ ___ __ _________ ___ ________ - - - __ _ 

, 000 
550 
600 

10 
O. 03 

Clark Y 

Model 40-B is elected as the hull and a maximum 
beam of 5.2 feet is used. Thi beam will give a moder
ately high beam 10adinO' at the hump (C.l = about 0.75) 
where about 5 percent of the gross weight will be on 
the water. The best angle of wing etting i found by 
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ably more exce thrust at the hump than at t lte econci 
critical point near ge t-away. A somewhat malleI' hull 
should then givo a littl e better take-off performance. 
The take-oH time and distance are determined from 
tbe 1 /(~ anci F/a curve, respectively, both of which a rc 
plotted in figul'C 73 (b) . The time i found to bo 24.2 
seconds and the length of run 1,4 0 feet. 
- The trim-angle eurve for tbi take-orr is plotted in 
fiO'UTe 74 (a) and the trimming moments to obtain these 
trim angle are plotted in ftgLu'e 74 (b). Tlus trimming
moment-CUTve \Va obtained from figuro 56 and wa cor
rected for the difference between tbe center of gravity 
cho en and the center of moment u oJ in the fixceL-trim 
tests. If the center of gravity chosen had been othor 
than that used for the free-to-t.rim te ts it would have 
been nece al'y to compute the frce-to-trim resistance 
from the te t 1'e uIts given in figLu'es 21 to 26. 
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F IGU RE 31.- Model 'lo-BE . R istance, trimming moment, and draft. <= 9°. F LGU RE 32.-Model 4o-B l!; . Resistance, trimming moment, anel draft. <= 11 °. 

the method of reference 3 to be about 5°. The center 
of gravity of tbe complete boat is taken to be the same 
as that u ed in the free-to-trim tests on the e model 
and it i arbitrarily a sumed that the craft will run free 
to trim to a peed coefficient of 2,4 and at be t trim 
angle at higher peeds. The water re istance pIll air 
drag (R + D) i computed by the method of reference 3 
using the free-to-trim cur e up to v= 2,4. The 
re ultant curve is plotted in figure 73 together with 
the thrust obtained from the cW've of reference 4. 
From this fi guro it may b een that thero icon icie1'-

In practice, if tho free-to-trim calcltlation intlieate 
that tbere is a l'oaso na,ble amount of exce thrust at 
low peed, the free-to-trim resistance may be used 
in the calculation for take-orr time and eli tance with
out appreciable errol'. If, however , it appear de ir
able and the de ign i ufficiently advanced to deter
mine the ae rodynamic moment , tho minimum resist
ance obta.ina.ble roilY be calculated from the te t dn tn. 

Example 2.-"\ hy poth et ical small low-po\\'ol'rcl f-Iy
ino- boa t \\ill bo co n, idr l'ed. Thi craft is pre urnahl.v 
to bc built at a reasonable cost without a greaL nUill l ('I' 
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of refinement. The parasite drag is purpo ely a -
umed to be quite high. The foliowing data arc a -

sumed: 
Gro load,lI>- ___________ ___ ___________________ _ 
Wing arca, q. fL _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 
IIorscpo"'eL ____________ _ 
Effcctivc a pcct ratio including ground cffcct ___ _ 
Para itc-drag coefficicnt excluding hulL ______ _ 

2, 000 
200 
110 

JO 
O. 05 

Airfoil ectiolL ___ __ _ ____ _ ________ _ _ Cla rk Y 

13.4 r. p. S.j T= iO; ~ = 40 lb .; 

13.6 r. p. S.; T=9°; t.= 0 lb . 
Model 40.\ E, normal forebody: 

best-angle total I'esi tance at the hump . II sufficient 
controlling moment to increa e the trim angle 
available at Jow peeds, the low- peed re i tance can 
be 1'e luced. Examination of the l /cL and Via Cllrve 
how , however, lihat thi early resistance peak in.

crea es the take-orf time le than 1 econd and that 
the effect on the take-off eli tance is almo t negligible. 
In facli, lihe exces lihrust i found lio be smaUe Ii ali the 

I~ .O r. p. S.; T=i o; .l = 40 lb. ; 

1'1. r. p. a.; T=9°; t. = 0 lb. 
)foeIcl40DE, developable forcboeI )' : 

FIGURE iO.- EffecL of developable forcbody surface on spray pattern. No,sLep afterbody. 

M odel 40- BE is cho en for the hull and a maximum 
beam of 3.15 feet i used lio give the maximum hull 
loaclino- hat can b u cd wilihout ex trapolatino- ome of 
the curves. The angle of wing setting used i 4°. 
Again, the center of graviliy i conveniently taken to 
be the am as that u ed in the free-to-trinl test of the 
hull . 

Tlu'u t, R+ D, 11a, and rja are plotlied in figure 75. 
Trim angle and trimming moment arc plotted in figure 
76. The take-off time and distance a,re computed 
u ing the free-to-trim resi tance curve to the point 
,dlCre it meet the be trangle re i tan e curve. Th 
take-off time i 23.7 second and the length of run 
1,300 feet. 

1 t i ('('n that the free-to-trim total re i tance 
(H+ D ) nL low speed i considerably O"reat I' than the 

critical point ncar get-away . It would seem from thi 
fact tha t a malleI' hull would give a sub tanliial im
provemenli in water performance but the loaclino- used 
here appears to be very close to the practical limi t. 
Any fllrther increa e of the load coeffi cien t would prob
ably re ult in too much pray at low peeds. 0111e 
improvement could be obtained by a higher wing et
ting a the high- peed hump OCC LLl' very neal' the 
stalling peed, but the improvement in take-off per
formance would probably be gained at the cost of a 
poorer Dying attitude. FLll-thermore, if the angle of 
wina- etting i increased too much, the problem may 
be complicated by the tulling of the wina- at the high 
trim angle r q uirecl neal' the hump . 

If t he trimmjng moment required to obtn in be 'L 
trim tingle at the hwnp (fig. 76 (b)) i found to be 
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excessi ve, an angle omewhere between the be t angle 
and the zero trimming-moment angle can probably be 
obtained that will increase the hump only lightly, as 
indicated by the comparatively small difference be
tween the minimum R + D and the free-to-trim R + D 
at a peed of 3 feet pel' second (fig. 75(a)) . In fact , 

angle a t the hump if the new center-oI-gravi ty posi
tion doe no t produce undesirable stability r1wrac
teristic 

CONCLUDING REMARKS 

The election of the be t of these hull for a given 
design ",rill probably be governed by con idera.tion 

]3 .11 f. J1 . ~.; T= / O; 6. = 40 1b.; 

10. 7 r. p. s .; T=7° 6 = 80 lb . 19.5 r. p . S. : T= 7°; 6 = 0 lb . 18.4 r. p . s.; T=7° ; 6=80 lb. 

Model 40A C, poin ted afterbody: M odel 40AD, secane! step afterbod y: M odel 40AE, no·step afterbody: 

FIGU RE 72.- R fTect of afterbod y form on spray pattern . N ormal forebody. 

the ri ti a1 peak of the free-to-trim resistance curve 
can be elimil1f1.tccl by moving the center of gravity 
suffi ciently far aft and a cpting the a companying 
higher trimming moment required to obtain bes t trim 

other than the water-resistance charac teristic because 
of tbe comparatively small differences in the resistance 
curve of the five rno leI. odel 40- BE offer lea t 
re i tance at the bump and model 40- AC the least at 

I 

1 
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hio-h speed but, in general, the difference are not 
sufficiently great to be a determining factor. 

The developable forebody apparently offers a atis
factory olution for tbe problem of implified constru -
tion without an ac ompanying acrifice in performance. 
In the smooth water of the tank there wa little choice 
between the two forebodies in regard to the pray. 
In rough water the developable forebody would pI' ba
b1y llaye slightly poorer pray characteristic than th 
other £orebody. 

It is ugge ted that the , pray trips be con tinued 
forward until they m eet at the bow. 

It appears from the take-off examples tha t the mar
gin of exce s thru t; is likely to be less near get;-away 
spe('d tban it is at the hump. Exception to till 
t;atement may be fOllnd wb en controllable propeller 

:!:! 
...:800 
~ 

I 
I 

I > ~ 

1 1 _1_ I, I . . T 
- -- - Free to trim 

Best t/~ angle 

Thrust - R+D'\I 
~ I Ie} 

.5 

/ \ I 
Free. to trim l / a b 

r",,' B~st L - -~ / 
" ang/~1 
' I I - 1/a , \ ir'--1--V ' , 
/ / II 

f-- t-J- Free fa 

I 
" t,:,im Vi a V 

1_ vr Best angle Vi a 
, , (b) , -o 20 40 60 80 100 !Co 

Speed. fp.s. 

50 

40 

10 

o 

FIGURE 7S.- Curves for determining take-off time and run for the 
2,OOO·pound example. 

and/or very low wino- loadings are u ed. An increa e 
in t;he load coefficient; will u ually raise tbe h ump 
R + D and lower t;he high speed R + D bitt;, in t;he ca e 
of these model , it i not recommended that the initial 
load be increa ed beyond the maximum load tested 
becau e the pray may become excessive, particularly 
at; the bow. In fact, if very rough water is to be 
encountered in ervice it would appear advi able to u e 
only a moderately bigh load coefficient. 

It ho uld be po ible to use even greater angle:; 
of afterbody keel than were u ed in tile pre ent ca e 
withou t O' ['eatly incl'ea ing take-off time or run. In 
fact, ther may he an appreciable improvem ent if the 
high-speed resi tance i critical. (ee reference 5.) 

LA GLEY :;VI E MORIAL A E RONAUTICAL LABORATORY, 

ATIO TAL ADVI ORY COMMITTEE PO lt A EH A TT " 

LA GJJEY FIELD, VA., June 19, 1985 . 

REFERENCE 

1. Truscott, tan: The J A. C. A. Tank. A H igh-Spe d 
T owing Basin for T e ting Morl t' ls of i)eaplallC (Cloats. 
T . R. No. 470, T. A. C. A., J 933. 

0,10'--'-'---',,...-r( ~~------'---'---,- j-l j +-
~8 /,'\ 1 --l-

_\ I I I j t 

-=- / To .best fr irnf a;!gle 
~ 6~~~/~~~~,+-~~~ I: --
I!' .~ / ~ + . '--t-I I 
~ 4 ' 
§ / ~ I I 

.E: t _+~-_--..j-.:.TF-;-.f_r-+e_e-+t0--ltrl-/_m+--+ _ _ -+---I __ --j 
oS cr- I 

-
(e) 

1 I 
0~~~-~4-4-+-+-+-T-~1 --~ 

:9 1\ i 1 
~ 20W~~~L+~\~4-+-~~II-~1 

~ ' I ·~I o ~-+--~I 
~ 0~~~~~-4-+-+~~-1r-r-1 

'@ 1 / I I 
~ -c,CCO~~c-/I-I---4--+--\-+-+-+-~I--I\-l lb----j) 

a 20 40 60 80 100 120 
Speed, fps. 

FI GU IlE i6.-Trim augle and trimming moment curves for the 2,OOO-pouud 
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HULLS FOR MALL FLYING BOA'!,S AND AMPHIBIANS 

Keel 

TABLE I.- OFFSETS FOR FORJ£BOD~" A, I NCHJ£S 

B 1, 
1.30 1 

Distance below base line 

13 2, 
2.60 

B 3, 
3.90 

B 4, 
5.20 

JJ a lf-breadths 

hine Chi ne l"2'.L401; \\' L 2, \\' L 3, IV L 4, WL 5, 
10. 0 9.20 7.60 6.00 

Tan-Tangent 
at 4.00 _ F_. _P_._I _____ I ____________________ 4._0_0 ___ ge_n_t _ ______________ _ 

" 
1. 05 7.79 5.40 4.84 2.07 0.16 0.85 

2. 10 9.24 6. 96 5.81 5.66 2.92 0.12 .87 2.27 
-------------------------------------------

1 4.20 11.01 9.22 7.9 7.16 7.13 3.99 0.23 I. 32 3.00 
~ --;;::;0 - l2."I3 --w.-;-~ ----s:67 -----.-3-8- 4.74 --- J:23 2.99 --- ---

2 .40 12.86 11.74 10.67 19. 88 9.40 9.63 5.29 0.57 2. 44 
---1----·1--- - -------- - - - ---- ------ ------ ------

12.60 13.66 12.90 12. 12 11.44 10.92 10.64 5.98 2. 11 5.46 

16. 0 13.95 13.39 12.81 12.25 11. 75 11.31 6. 33 3.54 
21.00 l4.OO ~-=== === --- ll.59 6.46 ------ ---------

(HO 25.20-42. 00 l4.OOl~ === ------ - 11.67 6.50 --- --- ---------

1 J)i sLt1 llce from center line (plane of symmetry) to buttock (section of hull surface made. by a plane parallel to p lane of symmetn·) . 
, iJis tance fr0111 "a,e line to water line (section of hull surface made by a horizonta l plane para llel to base line.) . 

TABLE n.- OFF 'ETS FOR FOREBOD1- B, IN CHES 

Distance below base li ne lJ a lf-breadths 
St.a- Distance 
1 io n from ll'. P. Kcel B 1, 

1.30 
13 2, 
2.60 

D 3, 
3.90 

13 4, 
5.20 Ch ine Ch ine \VL 1, 'VL 2, \V L 3, \VL 4, \\'I~ 5, 

12.40 10.80 9.20 7.60 6.00 

1<' , P . 

I ;! 

I. 05 

2.10 

4 20 

rrangent 
a t 4.00 

8. 3 

10.72 

5. 19 

7.37 

9.70 . 46 

4.00 0.10 

4.75 1. 45 0.90 

5. 54 2.46 I. 13 2.21 

7.06 3.84 I. 5 3.39 
-1----1--- --------------------- ------ - - - ---

6.30 11. 91 11.09 10. 12 9.0 .37 4.72 1. 70 3.75 
---1----·1-------- - ----------------------- --

2 8. 40 12.69 11. 99 11 .19 10.35 9.43 9.36 5.29 0.59 3. 22 
---1----·1--- --------------------- ------------

12.60 13.55 12.99 12.37 II. 75 11. 05 10.64 5.98 2.53 5.68 
---1----·1--·- --------- - - - --------- - - - ---------

4 16.80 13.88 13.42 12.88 12. 34 11.79 11. 31 6. 33 3.74 
---1-----1---- - ----- - - - ------------ - ---------

21. 00 14. 00 13.54 13.06 12.57 12.07 L1. 59 6.46 4.32 
----1----------------------- ---------

6- 10 25. 20 ' 42. 00 14. 00 ~ --------.-, 11. 67 6.50 

20 

TA BLl!: IlL- OFFSET FOR AFTERBODY C, I Cm'B, TABLE IV,-OFFSET FOR AFTERBODIES D AN D E, 
I NCHES 

Sia
lion 

10.' 

Dis
tance 
frolll 

st.ation 
10.\. 

II 1. 2 

12 8. I 

14 16.8 

15 21. 0 

16 25.2 

17 '29.4 

J F 33.0 

JA 33. 0 

10 38.0 

20 43.0 

21 4 ,0 

22 53.0 

23 , .0 

[Elements of stations ~re ' t ra i ~h ( lines] 

Distancc helo w base line 

Keel 

9. IJ 

6.1& 

i 

2.19 

.:V[ain 
chine 

I I. 17 

10.62 

10.08 

0.5,5 

8.84 

. 9.5 

9. II 

Covc 

7.00 

6.56 

6.20 

6.05 

6.0·1 

6. 11 

l l l)ppr 
chine 

7.09 

6.49 

5. 91 

5.36 

~. 3 

4.4 1 

4.41 

3.86 

3.35 

2. 

2.41; 

2.08 

J laU-brcadths 

~rain 
clli np Upper 
and chine 

0.50 

6.50 

n.47 

n.39 fl. :l9 

6.0-1 

5. 18 5. iiS 

;J.77 5. r 

I. 97 .\.30 

.20 '1. 89 

4. 9 

4.22 

3.4 l 

2.54 

1. 52 

.40 

Sta
tion 

lOA 

II 

12 

13 

14 

15 

16 

17 

IF 

18A 

20 

21 

22 

23 

[!':Iements of stations are s traight lines] 

DistanCtl 

front 
s tation 

10.\. 

4. 'l 

8. 4 

12. G 

16. 8 

21. 0 

25.2 

19.4 

33.0 

33.0 

3 .0 

43.0 

4 .0 

53.0 

58.0 

Dis ta nce below base line 

Chi ne b I ' 
b:~~~\'th 1 __ A_ft_e_rb-;-o_d_y_D __ II __ A_f_te_r ...,O_'_Y_ I',_ 

Keel 

6.50 13. 50 

6. 50 

6. ·17 

6.39 

n.n 
5,H8 10. 36 

5. ( 9.80 

5.30 9.37 

4. 89 9.15 

-1.89 .57 

4.22 

3.44 

2.54 

1.52 

.40 4. 3 

Ch ine 

II. 17 

10.51 

9.93 

0.33 

8.70 

. 22 

7. 77 

7. I 

7.41 

6. 3 

6.32 

5. 5 

5.44 

5.06 

4.72 

J ... eel 

13. 50 

1 
I 

4.83 

Chine 

U. 17 

10.54 

0.93 

!1.33 

g.7G 

8. 2~ 

7.71 

7.22 

6. 3 

6. 3 

6.32 

5. 5 

5.44 

5.06 

4.72 
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Positive directions of axes and angles (forces and moments) are shown by arrows 
... 

Axis Moment about axis Angle Velocities 

Force 
(parallel Linear 

-

I Sym- to axis) Sym- Positive Designa- Sym- (compo- Angular Designation bol symbol Designation bol dircction tion bol nent along 

, 
LongitudinaL __ X 
LateraL ___ __ __ Y 
1'1 ol'maL _____ __ Z 

Absolute coefficients of moment 
L M G.= - 0. =-

I qbS m qcS 
(rolling) (pitching) 

X 
Y 
Z 

Rolling _____ 
Pitching ____ 
Y u'" iug ___ __ 

N 
Gn = qbS 
(yawing) 

L 
M 
N 

axis) 

}-~Z RoIL ____ cJ> u 

I 
p 

Z-->X Pitch ____ f) v q 
X~Y yaw _____ if; w T 

, 

Angle of set of control surface (relative to neutral 
position), o. (Indicate surface by proper subscript.) 

4. PROPELLER SYMBOLS 

D, 
p, 
p/D, 
V', 
V., 

T. 

Q, 

Diameter 
Geometric pitch 
Pitch ratio 
Inflow velocity 
Slipstream velocity 

l' 
Thrust, absolute coefficient GT = pn2D' 

Torque, absolute coefficient GQ = ~D5 Dn 

P, 

G., 

1'}, 

n, 

<P, 

Power, absolute coefficient Gp = ~D5 
pn 

Speed-power coefficient = ~ ~~: 
Efficiency 
Revolu tions per second, r.p.s. 

Effective helix: angle = tan -1 (2;n) 

5. NUMERICAL RELATIONS 

1 hp. = 76.04 kg-m/s = 550 it-lb./sec. 
1 metric horsepower = 1.0132 hp. 
1 m.p.h. =0.4470 m.p.s. 
1 m.p.s. =2 .2369 m.p.h. 

1 lb. = 0.4536 kg. 
1 kg=2.2046 lb. 
1 mi. =1,609.35 m=5,280 ft. 
1 m = 3.2808 ft. 




