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YATIONAL ADVISORY COMMITTEE FOR AZROWAUTICS

TECHNICAL NOTE NO. 486

TiE EFFECT OF TRIM ANGLE ON TEE TAKE-OFF PERFORMANCE
OF A FLYING BOAT

By James M. Shoemaker and John R. Dawson
SUMMARY

Data obtained at the N.A.C.A. tank from tests on the
models of taree flying-boat hulls - N.A.C.A. Models 11~-4A,
16, and 22 ~ are used to demonstrate the effect of trim
angle on water resistance. A specific example is taken,
and data from Model 11~A are used to show that the trim
angle giving mininum water resistance will give minimum
total air-plus-water resistance. Total~resistance curves
for test trim angles and other angles are comnpared for the
sane exanple.

The effect of wind on best trim angles and mpon the
take~o7f time and run is shown by the working of an exanmple.
The possibility of using tank data on trim angles as
an aid in piloting is discussed, and an instrument for use
in determining the trim angle of seaplanes under way is
described, he importance of maintaining tae best trim
angle throughout the take-off run ig indicated.

INTRODUCTION

#Fy

Although the necessity of rnuning a seaplin& mear 4ho
best trim angles during a take-off is gone?al ¥y rocdgrlilfip
accurate quautitative data on the effect of-ddviatlteni i3
the best anzle have not been heretofors s¥allabl¥ei “The-don-
vontional hydrovane type of model test doeg-gok-+61f o7 a *gat~
jgfactory basis for such a study. In thigtFgé of test 1t
is assuried that the wings remain at a cons il ift coeffi-
cient regardless of the trim angle, thus involving an error
in one of the fundareuntal variables, the l1oad on the water.
Pull-scale experiments to determine tae effeegt of trim an-
gle upon talie-off periformance would require the develop-—
ment of suitable instrmuents. The procedure in such a test
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would be to measure the acceleration for several trim an-
gles at a series of speeds in the take-off range. A4n ac-~
celerometer more sensitive than any available at present,
or an accurate record of the variation of speed with time,
as woell as a trim—-angle indicator free from the influence
of longitudinal accelerations would bde required,

Another method of studying- the subject is furnished
by the data from a complete towing test such as described
in reference l. This type of test gives the performance
of the hull at all the speeds, loads, and angles within
the working range; hence the effsct of changes in any of
the variables may be investigated. The purpose of the
present paper is to apply tho data obtained in such tests
to a study of the offect.of trim angle on seaplano talke~

off performance.

' THE EFFECT OF TRIM.ANGLE ON WATER RESISTANCE

When the water resistance of a model is plotted
against trim angle for a series of loads and speeds, the
resulting families of curves have the form of those in
figure ls .The data used in constructing these curves wore
 takon from references 2, 3, and 4, which give the charac~-
teristics of N.A.C.A. lodels 11~4, 16, and 22, respoective~
ly. Although:these three modols ropresent a considerable
disparity. of form, all the curves of resistance against
trim angle show the same.goneral trend. Deviations-of
more than- about 1° from the best trim angle result in an
appreciable increasc in water rosistanco over the minimunm
value,

The straight line drawn through the curves of figure
1 represents the best trim angles at the various loads,
as used to cross~fair the angle against load in the con-
struction of the.curves of best augle. The line does not
rass  through the exact minimum of the resistance curve in
each case; however, it was found that any attempt to odb-
$ain a more accurate vaiue of the best angle caused trouble
~.in the subsequent, cross-fairing, and that better results:
were obtained by drawing e straight line as shown, consid~
ering the entire family of loads for.a given speed. ‘
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EFFECT OF WING SETTING ON TOTAL RESISTANCE

The curves of figure 1 establish thae fact that there
is a definite trim angle giving the least water resistance
for each speed and load., The load on the water, however,
depends upon the wing 1ift, which in turn depends upon the
angle of attack. The total resistance of an actual sea~-
plene is wade up of the water resistance and the air drag,
both of which thus depend upon the angle of wing setting.
The motiod of determining the wing setting, outlined in
roference. 1, consists of making this total resistance a
minimum at 85 percent of the stalling speed. It was .as-
sumed that the best wing setting at this speed would give
reasonably good results at other speeds. The validity of
this assumption for a specific example is shown by the
curves of figure 2. The calculations required to deter-

. mine the variation of total resistance with the angle of
wing setting are shown in detail by an example in the ap-
pendix to this unote. The curves show the total resistance
plotted against angle of wing setting for a series of
speeds between the hump and get—away, including the one at
85 perceat of the stalling speed used to determine the
wing setting in the example of rgference 2. It is appar-
ent that the wing setting of 6.7 chosen as best at 0.85Vg,
gives substantially minimum resistance at the other speeds
up to 95 percent of the stalling speed. 4t the stalling
speed, however, the resistance continues to decrcase with
increasing angle of wing setting, indicating that the re-
sistance is least when all of the load is air-borne.

EFFECT OF DEVIATION FROM BEST TRIM AWGLE

From the considerations of the preceding paragraph it
may be shown that, for this example at least, any depar-
ture from the trim angle giviag winimum water resistance
must cause a corresponding increase in the total resist-
ance. This conclusion follows from the fact that the best
angle of wing setting is substantially counstant throughout
the take-off run, hence no compensating effect is -to De
expected from the action of the wing 1ift when the sea~
plane is run at other than the best trim angle.

The effect of deviations of 1-1/20 and 3° above and
below the best trim angle is shown guaantitatively in fig-
ure 3 for the- example of reference 2. The calculations
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involved uway be followed from the example in the appendix.
It is apparent from these curves that ths trin should be
held wmithain about 1° of the best anslo i1 the two eritical
regigng,tb~avo;d serious loss of net accelcrating force.,
.tg}Tbﬁ,ingrease.of resistance in the high~spced range
caused by a. decreaso in the trin from the best angle is
congideradly greater .than that causod by an incroase of
the same magnitudae. - In this region the trin gngle shonld
probably not be allowed to fall more than 1/2° below the
best anglo. The reagon for this increase in rosistance is
evident from the shape of the curves of figure 1 for Model
ll-A at values of Oy = 4.5 and 6.0. The curves of re-
sistance rise very rapidly from the minimunm with decreas—
ing angles The time and distance of take-off for these
deviations from best angle can be obtained in ths usual
manner; nowever, it is belioved tnat the curves of total
resistance show the necessity of holding the best trim au=-
g€le as clearly as it would be shown by the time and run,

The effect of pulling- the seaplane up to hizh angles
near get—-away may also be seen from figure 3a. This pro-
cedure obviously decreases tie get—away speed, and heunce
tends to decrease the length of tiae take-off, If the pull~
up 1s started btefore the stalling speed is reached, how=-
ever, the increase .in total resistance at speeds near
stalling may more than offset the advantage obtained. I xe
act analysis of a pull-up does not seem to be feasidble
because of the uncertainties involved in estimating the
aerodynamic characteristics of the s eaplane running on thae
water., It mar be concluded from the present example, a0w-
ever, that the seaplane skhould be run at the best trim an-
gle until the stalling steed is reached, and should then
be taken off as quickly as possible by apprlying a positive
moment with the elevators. ‘

THE EFFECT OF WIND OF TEZ BEST TRIM ANGLE

: In actual practice a take-off is seldom nade in a
dead calm; consequently the curve of best trinm angle for

a take-~off made into a head wind has nore significance
than one ohtained from a calculation assuming no wind,.

The procedure involved in determining the talke-off charac—
toristiecs with a wind is discussed in the appendix of this
notes A head wind of 25 feet per second is assumed in
this calculation, The curves of total resistance with and
without wind are shown in figure 4, together with the
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thrust curves for the two tases, Tue values of l/a and
V/a (where a 1is the.acceleration and V, the speed)
are plotted against speed 1n figures 5 and 6e The takeo~
of f time and run obtained from the areas under these
curves (see reference 1) are:

Tine Distanceo
sSec. ft.
Without wind 3946 2,570
With 25 f.p.s. head wind 2663 1,130

It has already been denonstrated that, witlhiout wind,
t-e trin angle giving the least water resistance also
gives the least total resistance for a seaplane design in
which the wing. setting has been properly chosea., The pres-
ent example has been checked to find whether this charac-
teristic still holds true with wind. The calculations
are similar to those made to determine the effect of devi-
ations from the best angle without wind, hence are not in-
cluded in the appendix. They show that, within the accu-
racy of the test data, the angle giving least water re-
sistance gives the least total resistance for the exan-
ple with a 25-foot-per-second wind., A further check was
made by determining the best angle of wing setting with
wind, It was found to be almost exactly the same as the
best wing setting without wind.

Figure 7 gives the variation of the best trim angle
with speed, with and without a head wind. The curves
show that, for this exawmple, the effect of a 25-foot-per-
second head wind is to decrease the best trim angle foroa
given water speed by about 1° at tue hunp and about 1/2
near get-away. The chaange in best trim angle is thus of
the same order as the tolerance within which the trim
angle should be held. The reduction in the length of .
tako=off caused by the effect of wind also increases the
amount of deviation from the best angle that may be tol-
erated; hence if the pilot holds the best trim angles for
a given water speed recommended for a take-off in a calm,
the resulting take-off performance with winds up fto 25
feet per second (about 15 knots) will De roasonably close
to the best obtainable.
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NOTES ONW PILOTIEG

,‘
v

An ‘experienced- geaplar pi’ot .can probably obtain
good take-=off performanco with a given machine by deter-
mining the trim angle from the - "feelV of the accoloration.
Several considerations lead to the belioef, however, that
tho best. také~off performance obtainable by this method
is congideradbly inferior to that resulting when the best
trim angles calculated from test data are lLield throughout
the run, “First, tlhe acceleration on which the pilot has
to basc lLiis estimato of the most desiradle trim anzle is
usually‘small. In the example of this-note, the accel-
erating force in the critical regiows is of tlie order of
1,000 pounds fora 15,000~pound seaplane. The resultiag
acceleration is thus' only about one fifteenth that of
gravity, and chahges in'so small’ an accéleration ate dif=

“ffeult - to- detect. ‘Second, “changing the trim- qngle shifts

tHe" pllot’s weéight in: his séat, lacreasing” fu*ther the
difficulty of 1nterpreting what he feels:® in térms: of ace
“Celeratlon of the seaplaﬁe.' Moreover, ‘g’ the best trim”
"anwle is variable throughout the take~off run, the p?béé‘
gss of~ aetermin{ng the correct trim'at oach speed’ would
be rathér Iabérious as Nell a8 0pon to possible errors 1n
tne pilot's Jvdgmeut.' - ‘ SRR
Although it is admitted that practical cons1derat10ns

prcvenﬁ the pilot from” ‘adhefing gtrict1"' in-every take--
off, to a trim~angle curve-recommonded’” by the desigier,
it is bolieved that such CUrvoes, which may be calculated
wien the designer has completo test data for thé hull uscd,
would ‘be-of cornsiderable assistance to a pilét: in becom~"
tig familiar with a hew type of seaplane. TPractice tale-
0rfs: made with the aid of an observer wao coild devote’
his atténtion to: the air-speed meter and trim-ang e indi-
cator,‘would soon give tihe pilot the "feell of the- sea-
plane-when it is running at the best trim angle for each
speeds Thé resulting take-off performance should be con=
sideradly better than that obtainable by a pilot depénd-
iﬁa only upo hls unaided senses. S "

*One dlfFiculty in thls procedure arises from tbe lack
of a- satisfactory trim-anglé” indicator. - The wsnal U-tubd
or” bubble ‘type'of inclinometer is vseless because it 4s
affected by longitudinal accelerations. A forward accel-
eration one fifteenth that of gravity will cavse the in-
strument to read about 4° hiche A gyroscopic instrument
with a sufficiently open scale would serve, but none is
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available at present. A graduated scale on the.bow of the
seaplane which the pilot can read against the hoérizon
seems to be about the simplest solution o the problem.

If it is used, some means of locating the pilot's eyo with
rospoct to the scale will be necessary. Another instru-
ment, also using the natural horizon, is shown in figure
8, The position of the pilot's eye does not affect the
reading in this case. The .instrument may be mounted on .
the windshield in such a position that the image of the '
horizon is thrown on the scale, even in a seaplane ar-
ranged so that the bow obstruéts the pilot's view of the

horizon at high angles.
CONCLUSIONS

The examples of this note are based upon model tests
that are subject to an unknown scale effect. Although 1t
is believed that the scale effect is small because of the
large size of the models used in the N.A.C.A, tank, it is
possible that some of the effects noted do not apply
strictly to full-scale conditions. The design conditions
assumed in these examples approximate those of a rather
heavily loaded flying boat. The importance of the whole
subject of best trim angles is congideradly reduced when
a scaplane of low power loading is being considered,

Subjoct to these qualifications, and to such others
as may arise from peculiarities in the water performanceo
of a given hull form, the following conclusions may be
drawn from the examples presented:

le The angle of wing setting selected to give the
loast total resistance at 85 percont of the stalling spced
will be satisfactory throughout the take~off run.

2, The trim angles giving the minimum water resist-
ance will also give the least total resistance at any
sgeed during the take-off. Deviations of more than about
1° in the regions of low excess thrust and more than 2
or 3° during the remainder of the take-off, will result
in a2 serious increase in the time and distance required,
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3¢« When a take-off is made with a head wind of less
than 15 knots, the best trim angle for a given water speed
does not differ by more than about 1° from that calculated
for a take~off with no wind,

Langley Memorial Aeronautical Laboratory,
National Advisory Committece for Acronnutics,
Langley ¥iold, Va,, December 7, 1933,
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APPENDIX
Sample Calculations

General Data

The following design data used in the exanmples in
this note are the same as those used in references 1 and 2:

Gross load, Ay - - - - --- - - 15,000 1b.
Wing area, Sy -~ -~ - - - - - - = - 1,000 sq.ft,
Power - - - - = = = = = - = = = = = 1,000 hp.

Effective aspect ratio, consid-
ering ground effget - - - - - - - - - 760

Parasite drag coefficient, ex-
cluding hull - - - - - - - - - - = = 0,05

Airfoil - - Clark Y (data taken from
HeAsC.A. T.R, No. 352, p. 26)

The water characteristics of Model 11-A given in
referenco 2 arc usod in those oxamplcs. The boam chosen
for the example in that reference was 96.9 inches (8.,07
fect)e. The constants used in the calculations are thus:

v v v
Cv = N = - .: ————
Je v JE2.2 x 8.07 1s5.1
o = -2 o A A
R T 64 X 5256 33700
Co = _R
R 7 33700
here

Cy is the speed coefficient
CA, the load coefficient

Cr, the rosistance coefficient
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beam,
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the speed, ft. per ‘secs -

the acceleration’ of’ gravity) -ft.

density of water,

ft.

1b:, pET Gul.ft.

per sec.?

The thrust curve used ‘in the present examples differs
slightly from that used in references 1 and 2 in that it
was obtained from actual test data recently publishod in

reference 5,

The thrust curve used in the previous notes

was calculated by Diehl's empirical methed as explained in
reference 1.

EFFECT OF WING SEITING

The calculation of the effect of wing setting at a
The speed

given speed is shown in the following table,

chosen is 65643 feet per second, corresponding to a speed
coefficient, Oy = 345,

o, deg. 4 6 8 10 12° 14
ey . 0.70 | 0,85 1,01 1.16 1,28 | 1,37
L, 1%, | 2,620.] 5,190 | 3,790 4,350 | 4,800 | 5,130
A, 1lbv, 12,380 | 11,810 | 11,210 10,650 19,200 9,870
CA « 368 « 352 333 .317‘ « 304 294
Cgr 0623 +0592 <0560 .0332 «0510 0491
R, 1b. 2,100 1,990 1,890 1,790 1,720 1,660
Cp .084 .0976 «113 «130 »1485 170
D, 1v. 310 360 420 480 550 630
R+D, 1D. 2,410 2,350 2,310 2,2701 2,270 2'290
Tor» desg. 5.7 5.6 5.5 | S5e4 Sed S5e3
i, deg. -1e7 o4 245 4.6 6e 6 8e7

In this tabdle,
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Oy the angle of attack, is selected as the independent
variable., -

CLT ‘ig read for each value of a from figure 11 of ref-
‘erence l.

L is the wing 1ift calculated from the relation

A Ve

L = Cp Sy Eg—— = 3,750 Cgp
A 7 is‘the gross l1oad less the wing 1ift, 15,000 - L.
o o B | |
87 33700
Cr is read for the appropriate value of CA from the

curve for Cy = 3.5 in figure 10 of reference 2.

R, the water resistance = Cg X 23,700,
Co is read for the corresponding value of o from fig-

ure 11 of referencec 1.

p V?
D = Cp Sy —3—— = 3,750 Cp.

R + D is the total resistance.

To is the best trim anzle for the correcsponding values
of Cp and Oy read from figure 11 of reference 2.

i, the angle of wing setting = Q - To.
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EFFECT OF DEVIATION FROM TiE
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BEST

TRIM ANGLE

The following table shows the calculation of the to-
tal air-plus-water resistance for a series of speeds, with
the trim held l~1/2° above the bLest angle throughout tae

N,

Cy 1.8 2.2 2.6! 3.0 | 4.0 £.0
V,f.pese| 28.9| 35.3| 41.7 | 48.1 | 64.2 | 80.2
To, dege| 7ed| 7.5| 7.01 6.4 | 4.8 4.3
T, deg. 8.9 9.0| 8.5, 7.9 | 5.3| 5.8
G, dege | 15.6] 15.7| 15.2 | 14.6 | 13,0 | 12.5
Cy, 1.,405] 1,40 {1.415! 1,40 | 1.33 /1,705
L, 1b. 1390! 2070 ! 2920 | 3830 | 6470 | 9540
Ag, 1b. |13610{12930 |12080 [11170 | 8530 | 5060
Aps 1. | 73.2 69.55 64.9 ! 60.0 | 45,9 27.2
Rp, 1b. |[11,35 15.1|13.35 10.5 | 8.4] 7.0
Re, 1be | 21101 2440 2300 1950 | 15601 1300
Cp .187| .188{.1825!,1755 | .159| .154
D, 1b, * 183| 277 a75| 481 | 7%5| 1170
R+D, 1lbs| 2290| 2720 | 2680 | 2430 | 2340 | 2470

Pt e L et on ey ot ey e e ra g eme o enn o

Eeb 540
88s3 | £6.5
4,1 Se
|
5.6 | 5,2

12.3 11,9

1.29 o2

11900 (13950

3100 ' 1050

16,7 S5e¢0
Be25 4o
1160 260

In this tabdle,

V 1 CV X x/[,;'b—"'

Oy, the speed coefficicnt,

lL)tl CV.

is the independcnt

variatle,

To is the best trim angle for tie speed and load in
determined in the mananer described in the

question,

cxample of refercnce 1l,.

A curve of T,

azainst

r

sreed for the present examplc is given in Tigure 7.



TehoCoA, Techinical lote Wo. 486 13

il

T, the trim angle used 'ro' + 1.50,-. S

Qs the angle of attack = T+ 1 = T + 6.7,

Cr, is road for the appropriate value of « from figure
11 of referonce 1l.

v2
L = Op Sy —5— = 1.185 Of V2.

Ay is the full-scalc load = 15,000 - L.
Ay is the load rcduced to thc scale of

(7N o Bz

\9649~ 185,59

model 11-A = Ag X

Rp is the model resistance at the appropriate values of
CV, Am’ 3.116- T-

In order to get Ry the original model data given in
figures 2 to 6 of reference 2 musi be used, Cross curves
of model resistance against angle, similar to those of
figure 1 of the present note, are drawn from these data.
These are again cross~faired by drawing curves of Rp
against A, for the eppropriate value of T for each value
of OCye Ry 'is thon read for the corresponding value of
A .

m.
Re js the full-scale water resistance = 185.2 Rp.

Co is the air drag coefficient of the seaplane read fron
' figure 11 of reference 1l,.

v2
D = Cp Sy “5—— = 1.185 Op V7.

R+ D 1is the total resistance.
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Figure 1.- Variation of model resistance with trim angle.
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Figure 2.- Variation of total resistance with wing setting.
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focal length. ™
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Light path, a + b + ¢ =
a' + b 4 ¢c'= focal
length of lens, £.
The interval for 1° on

the scale = f + 57,3 \

Figure 8.-Diagram of trim-angle indicator.







