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NATIONAL ADVISORY COMMITTEE FOR AERCNAUTICS.
TECENICAL NOTE NO, 118,

F-5-L ROAT SEAPLANE -~ PERFORVMANCE CHARACTERISTICS,
By Lieut. W. S. Iiehl, U.S.N.

This Note is the second of a sevies on performance of Service
Navral Aitreoraft. In general, the outiine is quite similar to that
followed in A,T.N. No. 315 (NOH Performance), although certain
shanges have been found necessary in determining cruising speeds,
The performance curves given in Figs. 5, 8, and 7 represent more
or less ideal conditions and will hardly be attained except by an
exceptional pilot with an airplane in good shape. Experience
has shown, however, that service deviations from the ideal values
should not be excessive and that the ideal conditions may be
used as a gulde in obitaining the best performance.

An explanation of the "stalling speed” is necessary. In mosi
cases this will be considerably lower than the "landing speed,®
chiefly because of the lack of control at the attitude required
to obtaln the slowest possible speed. The values of "probable
ianding sveed" include the effect of those factors tending to in-

crease the speed on a landing.

Wing Characteristics.

Characteristic curves for the RAF-8 airfoil and F-5-1L wings
are plotted on Fig. 1. The absolute 1lift and drag coefficients

L3

Gy, and Cp are defined by the relationms:

*Originally prepared as A.T.N. #2321, Bureau of Aeronautics, Navy
Depariment.
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o, (1/2 PV®) 8
Crag = Cp (1/2 PV°) B

where S 1is the wing area, V the velocity and P +the mass den-
gity of the air, These equations hold %rue and the coefflcients
Cy, and Cp have the same value in any oonsisténtlsystem'of units,
It should be noted that P 1is the mass~density of the air, that
is, the weight per vrit volume divided by the acceleration of
gravity, For force in lbs., area in sd.ft., and veloclty in ¥/
gee, , P = ,00337 for standard air; or for force in lbs., area
in sq.f%. , and velocity in mi/hr., P = ,0051 for standard air,
The variation of P with altlitude may be obtained from the curver

given in Aircraft Design Data, Vol, I,

Resistance ard Veloclty.

4 summation of tne parasite resistance for all parts ekcept
the hull of the F-5-L seaplane gives Ry = 812 lbs. at 70 mi/hr. ;
334 1lbs. of this is in the slip stream and the remainder, 478 1bs, .
1s clear of the slip stream. These resistances vary as the.square
of the veloeity so that at any velocity V, (mi/hr) the total

parasite resistance (excert the hull) is

2 ) 2
Ro = F-Fa (75 ) + = (v5)

(334 F + 478) @% )2

where F is the factor which corrects for the increased velocity

in the slip shream.
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The resistance of the hull was nbtained from a wind tunnel
test on a model at the Washington Navy Yard,

The wing reslstance 1ls obtained from the equation

R" = Cp (%‘- PV2> (8; + SB.F)

where S, is the wing area clear of the slip siream (1297 sq..%.)
S» the wing area in the slip stream (100 sq.f%.) and F  the
slip streamn facor.

The velocity at each angle of attack depends upon the corre-

sronding value of Cj,, +the agpparent welght and the effective

ares, i.e. , /

V= Ta
CL -5 - Se

The aprarent weight is the actual weight lees the 1ift of the hull

and tail surfaces. The effective area is the term (8; + & F)
used in finding the wing drag.
Wing, parasite, and total resistance, and angles of attack

are plotted for full locad condition (13800 1lbs.) in Fig, 3,

Engine and Propellier Characteristics.

The maximum BHP for the standard low compression Liberty 128
engine is glven in Fig, 3. The propeller load curve for throttle..

conditions is cbiained Trom the relation
(BHP/BHP,) = (N/No)®

where N is the RPM, The fuel consumption under throttled condi-

tions is based on tests considered to be representative.
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The efficlency curve for an average F-5-L propeller is given
in Fig, 4.-

Poger Thart and Indicated Performance,

The Effective Horsepower, EHP, required for horizontal flight
at any air speed V 1is determined by the corresponding total re-
gistance Ry, 1i.e.,

_BRp - V
375

EBP

where V isg in mi/hr., and Re 1s in l1bs,

The maximum HP available at any spsed iz determined by the

engine BHP and the propeller efficiency at the corresponding RPM,

Curves of EHP required for full load of 13600 lbs. and for

light load of 11000 1bs. are plotted with the curve of HP avalla-
ble on Fig. 5, The intersections of these curves indicate a max-
imum speed of 83.6 mi/hr (72.5 K) for the full load condition and
85.3 mi/hr. (74.0 X) for the light load condition,

The difference between the EHP required and the HP available,

at any speed, is the excess HP available for climb at that speed.
The best climbing speed corresponds to the maximum excess HP,
For full load maximum excess HP is 160 at 57 mi/hr. (49,4 K), cor-

responding to an initial rate of climb of

_ 33000 - 180 _ |
v TN 390 ft/min.

For 1light load the maximum excess HP is 315 at 54 mi/hr. (48.8 K},

corresponding to an initial rate of climb of
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7 = 33000 * 315 _ aaq

£%/min,
11000

The ahsolute ceiling is determined by the maximum value of

the ratio

R = Maximum HP available/HP required.

For full load R = 1.61 which indicates an absolute ceiling of
2300 ft; for light load R = 3,06 which indicatfies an absolute ceil-
ing of 14000 f4. The actual absolute ceiling will fall somewhere
between these values, Starting out with full load the climb
should be as plotted on Fig, 8, up to an altitude of approximately
B000 ft. Above this altitude the climb depends largely on the to-

-

tal weight and is therefore indeterminate., TFox full load, the
the
gervice oeiling, 1.e. the altitude at which/rate of climb is 100

ft/min, , is 8300 £t. The time of ciimb %o any altitude less than
7000 £+. is given by the curve on Fig., 8.

Rate of cliub and c3iling are much influenced by small
changes in power and weight, and the values given may appearl opti-
mlstic when comparcd with service perfcrmance obtained under unfav

orable conditions.

Cxruising Performance.

The usual method of de%ermining crulsing speeds is to draw a
tangent tc the curve of HP required (See Fig. 5) from a point on
the velocity axls so taken as to allow for wind velocity. This
gives the t1ue crulsing speed only in case the fuel consumption

and propelier efficlency remain coasiant. For the F-5-L seaplanc
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it is necessary to calculate for each speed {he fuel comsumpil -
in Jbs/hr. from the corresponding propelier efficiency, HP reguirec
and srxecifice Ducl conmsumption. The resuiting cueves, plottel on
Fig. 7, are to be ueed, instead of the HP required curves, in ob-
taining cruising speeds,

Cruising speeds for both full load and light load are plotted
against wind velocity in Fig, 8.

Caloulated Perfo:mance.

Full Load 13800 1bs.

Stalling speed ~ Power on . . , . . . . . 48 mi)hr (41.6 K)
Probable landing sveed,- Power off . . . . 54.0 ni/nr (48.8 K)
Highspeed . . . . . . .. .. .. .... 838 @ (72.5 K)
Speed at best climb . . . . . . 4 . . . 57.0 " (48.4 X}
Cruising speed (s%ill aiz) . « v v « « . . 66.3 Y (57.8 K,
Absolute celling . . . ., . . . . . . . . . 9200 £t.

Service 0eilifg « . « . . . . . . . . . . . 6800 £t

Initl

W

Lozate of 2limb L oL L, L . 0 v ke e e 220 £4/nin,

Climb in JO mitui%es . v v o + o o o« o « . « 3200 £,
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Light Load 11000 los,

Staliing syeed - Powver on . « . . . .
Probatle landing speed ~ Power off . . .
Eighsepeed . . ¢« + « « ¢« s o s « « o &
Speed at best climb . ., . . « + « « « « .
Cruising sﬁeed (stiil aiz) . . . « . «
Losolute ceiling . + « o« v ¢ ¢ o o s o0
Service ceiling . . . + ¢ v ¢ « ¢ ¢ o <
Initial rate of olimb ., . . . . ¢« « + « &

Climb in 10 minutes . . . . . ¢ . 0 . .
F-5~L Boat Seaplane,

Length OVGI—all a . 'Y s - L] - . . [ . v .
Height OVGI"-all » v . s . - - . ) . » » .

Span: Upper #Ing v ¢« « « ¢« v ¢« 5 ¢ & »
LOWET WINg . o ¢« ¢ o & o o ¢ o o o

Chord - Both Wings « ¢« ¢ « « « « « s o
Gap . & v v v v h e e e e e e e
SH2888T . ¢ ¢ v v 4 6 e e e e e e e s e e
Wing CUIVe « v v « v &« ¢ ¢ « ¢ o o o &
Dihedral » ¢ v ¢ & ¢« ¢ ¢ 4 a s ¢ o o &
Upper wings (including aileroms) .. . . .
Lower Wings . o« « « » o« o o s ¢ o o« ¢ o s
Total #ing area . « ¢« « ¢ W o ¢ o & ¢ o
Ailerons (3) ach ¢ v « « ¢ + + ¢ s . . .

Sta.b'.‘..lizel' L] * L 4 s . * . » ¢ L] * L] L] .

. 43, 3 mi/hr

. 48.5 "

. 85, 3 "
54,0 "

. 56.0 "

. 140C0 £%.
11800 *

(37,8 K)
(42.0 K)
(74,0 X)

- (48.8 K)

(48,5 K)

640 £t/min,

. BloC f+t,

. 49! 3-11/18"

. 18' 9-1/4"

. 103" 9-1/4"
. 74 3-7/8"

. g! o"
. 8! 10"
. Qo

. RAF-6

.. 1-1/2°

. 851 sq. ft.

. 548 "

. 3e7 "

. bB9.5 *
. 121



ELeVALOTE + . « « o o« « « ¢« o o« & « « « « » 0B

FiNl v v v 4 ¢« & ¢ « o 4 o ¢ o s a o v « + » B4LO
Rudder . . . & v ¢ ¢« v v v 0 0 00 e e 33.0
Non-skid fins, to0ta2l . « « & ¢ o o« « + « 31.0

Engines (2) Liberty 13 . . . . « . . . . . 380 BHP at 1500 RP¥

Propeller - L * * - ” * - L] ] e - [} - -+ » J-O' 6" dimeter
51 8" pitch
¥zight —~ Dead load . . . . . . . . 9720 lbs
Fusl, gas and otl . . . . . 2880
Total usefvl load . , . . . 3880 "
Gross 1oad . + & & « . . . 13800
Iba., per 8ad.ft. . +« ¢« ¢« ¢ « « o . . e.73
Lbsl per BI—E . s - . . 1] . . . - . . 18.8

C.G. location (approximate) 2' 10" aft of
leading edge of lower wing and 3' 3" below thrust line. Angle of

wing chord to thrust line +4%; angle of stabilizer to thrust line

o
Yigh epeed . . . + . . . . 735K 73.0 K #
Low speed . . . + « .« . . . 43747 K 43 K #
limb in 10 minutes , . . . 3300 ft. 3600 ft #
Absolute ceiling . . . . . . 9300 ft. ' 90C0 approxX.
Service ceiling . . . . . . 6800 ft. 8300 "

(San Diego claims 12000 ft absolute ceiling) Estimated from ciir.
Cruising speed (calm) . . . . 57.8K . 56-58 K #
Initial rate of eclimb . . . . 390 fi/min, 320 approx. #

A1l climb data in files are inconsistent - tests are rather
loosely conducted, The figures marked # have actually been ob-
tained with load of 136800 lbs.
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