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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS.
TECHNICAL NOTE NO, 118,

F-5-1L BOAT SEAPLAMNE
QOMPARATIVE PERFORMANCE WITH DIRECT DRIVE AND GEARED ENGINES,*
Compiled by Lieut, W. 8. Dieal,

Comprehensive tests have been made at the Naval Air Station,
Hampton Roads, Virginia, to compare the performance of the F-5-L
Boat Seaplane fitted direct drive ahd geared Liberty engines,
These teste were planned and conducted so as to eliminate as far
a8 possible the personal equation of the pilot and the differ-
ences in performance of two airplanes of the same type. The
gearing and propeller of a geared type Liberty engine welghs
130 1lbs, more than a direct drive propeller on the F-5-L instal-
lation, This difference was charged up to the geared type in all
tests by starting with a gross load of 13,380 lbs., as compared
with a gross load of 13,200 1lbs for the direct drive.

The personal equation of the piloss was partially eliminated
by changing pilots and repeating each test. In a like manner,
+he inherent difference~ in performance of two airplanes was slilm-
inated by exchanging the engines and repeating the tests, The
time for take-off and the climb in twenty minutes are subject to
great variation, but a comparatively high degres of accuracy was
obtained by repeating these tests a large number of times.

An attempt was made to eliminate any difference which might

be due to the propellers by testing each arrangement with two pro-

*Originally prepared as A.T.N.#233, Bureau of Aeronautics, Navy
Department.
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pellers, It will be noted that two airplanes were used; each &t
tested with direct drive and geared engines and with two propsi.
lers for each type of drive. This gives eight compléte perfox, -
ance tests, in which each separate item was obtained by two or
more runs with different pilots. For convenience these tests L&'
been divided into four series in which the tests were made simul-
taneously. Table I shows the grouping of alrplane, engines, and

propellers in each series,

Tests Conducted.

Each series consisted of tests as follows:!

(a) Time to take off - 24 runs for each arrangement, alternating
pilots,

(b} Climb in 20 minutes - 4 runs for each arrangement, alternat-

! ing pilots.

(c) Racing over a given course - (Course approximately 239 nautical
miles) - 2 runs for each arrangement,
alternating pilowso.

(d) High speed runs - 2 runs for each arrangement, alternating
pllots.

(e) Low speed runs -~ 2 rums fcr each arrangement, alternating
pilots. .

(£f) Fuel consumption runs - 1 run for each arrangement, 4-hour
fligh%, airplanes take off and land
simultaneously.

Time to take off.

The data obtained on these teste are condensed in Table II,
Each pilot made 12 take~offs and then chahged airplanes, The time
given in columns 5 and 8 1s the a&erage time for 123 trials., The
" r.p.m. given in columns 7 and 8 are the average for both engines
during the correspondlng trials,

A study of the averages given at the bottom of this table

i1l be found interesting. First, the genéral average for 96 take-
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offs of each type gives 37,5 sec. for the direct drive and 234.6
ses, for the geared drive. That iy in general, the geared drive
will take off in about 90% of the time rcqulred for the direct
¢rive, The average power was practically egial,

A further study of averages shows a pronounced difference
between the time reguired to take off in Series 1 and 2, or 3
- and 4. This diffecence is greater for the direct drive than for
the geared. In both cases the quicker getasway occurs with the

higher pitch propeller.

Twenty-Minute Climbs.

For each arrangement, four tests were made, alternating pil-
ots. TFor each set of tests the oclimbs were simultaneous, The
dzta obtained is condensed in Table III,

The general average of all climbs shows that the geared type
climbe 5,750 f£%. in twenty minutes, as ccapared with 4,730 ft.
for the standard direct driée. A study of the individual climbs
shows that airplané A-2787 consistently climbs vetter than air-
plane A-3683, Part of the difference in climb is due to the
greater average power developed by the geared type during these
triale,

Racing Ovexr a Given Ceurse.

These tests are in pairs of timeﬁ simultaneous runs over a
course approeximaiely 32 nautical miles in length. The data is
giibn in condensed form 1n Table IV,

The general average of the 8 runs shows that the geared type
is 5,0% faster than the direct drive., Again, part of this differ~
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ence is due to the higher power corresponding to the greater
r.p.m. of the geatrsd type - 1697 r.p.m. &gainat 16832 r.p.m. The
tiwes of individual runs indicate thé geared type to be conéist—
~=:.y faster than the dirsot drive. The effect of the difference
in sirplanes and propellers is hardly as great on the high speed
as it ;s on the climb in twenty minubtes, since the high speed
varies as the cube root of the power available and the climb var-

ies directly as the excess power.

It is interesting to note that the observed difference in
high speed checks very closely with that calculated from the ratio
of propeller efficiencies., The maximum efficiency of the high
pitch direct drive propeller is about 70%, for the corresponding
geared drive propeiler it is about 78%. The ratio of these ef-~ -
fioien&kﬂ§s 1.11. The ratio of the powers corresponding to 1897
T.p.m. and 1622 r,p.m. is 1.04. The geared drive therefore sup-
plied (1.04 x 1.11 = 1.155), 15.5% more thrust horsepower than
the direct drive at high speed. The cube rToot of 1,155 is 1.048.
Therefore, the high speed of the geared drive is calculated to

have been 4.9% greater than for the direct drive.

High Speed Runs.

These tests are a check on the "Racing" tests, and are sub-
ject to the same comment, They indicate that the geared drive at
28980 r.p.m. is on the average 2.3% faster than the direct drive .
at 1630 r.p.m. No pronounced effect due to airplane or propeller

is evident. The condensed data are given in Table V,



Low Speed Runs.

The data obtained on lcw speed runs is inocluded in Table VI,
bt it is not to be given great weight. The low speeds should be

substantially the same, The average value is between 44k and 45k,

Frel Consumption Runs.

s

These tests were made by measuring the fuel consumed in a
fiight of approximately four hours! duration,, the two alrplanes
taking off, flying, and landing together. The results which are
given in Table VII are somewhat inconclusive, owing to the small
differences in every run, except the first. The great difference
in this run is questicnable, Omitting this run, it appears that
the fuel consumption is greater for the geared drive, but it also
appears that the entire difference may be due to the difference in
the airplanes (compaze series. 2 and 4)., The only conclusion just-

ified is that a difference, if present, is small,

Conclusions.

1. An F-5-L with geared engines takes off in approximately
90% of the time required for the same airplane with standard &i-

rect drive engines,
3. An F-5-L with geared engines climbs in twenty minutes to
an altitude approximately 20% greater than that obtained with the

standard direct 4drive on the same airplane.

3. There is a large difference between the oclimbs of two air-
planes of the same type. This difference will always be more pro-

nounced when the climb is normally slow., In the case of the F-5-1
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airplanes under consideration it is of the order of 10% difference
in altitude on a 20-minute olimb.

4. The maximum speed of an F-5-L with geared engines is asout
3. 5% greater than maximum speed of the same airplane with standari
direot drive engines (at the same engine r.p.m.). |

5. The fuel consumption is probably less affected by the
type of drive than by inherent differences in the performance ol
different airplanes,

6. The following reéume gshows the average change in perform¥

ance due to gubstitution of the geared drive for direct drive in

an F-5-L:
(a) Time to take off - « - - - - 10% decrease.
(b; Climb in 20 minutes - - - - - 20% increase.
(c) High speed = = = =~ = = = = = = 3.5 "

(d) Low speed (estimated) — - - ~ -~ 1.0 "
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Table I.
F-5-T, Tests.
Comparison of Standard and Geared Types,

Series 1 2 3 4
Airplane No,§tandard A-3883 A~3683 A-3787 A-3787
S ... Geared | A-3787 | A-3787 A-3883 | A-3683
Propeller Standard SE-5111 | X-4987-T | SE-5111 | X-4987-T

Geared SE-5161 | SE-5183 SE-5161 | SE-5183
Port Engine Standard | 5511 5511 3571 3571
Geared 5510 5510 5510 4229
Stbd Engine Standard | 5878 5676 5676 5676
Geared | A-3371 | A-3271 A-3371 | A-3371
Gross Load Stanuard | 13100 13100 13100 13100
Geared 13360 13360 13360 13360

NOTE: The following carburetor setting was used in all tests:
Choke 30; main 130; compensating 155,

Propellers: Direct drive - SE-5111 -10.0'D, 5. 54! P
" B - X-4987-T 10.0'D, 5.13" P

Geared - SE~-5181 11.35'D, 10,0 P

n - SE-5183 11,0'D, 8,34!' P



Table

II.

F~5-L Time 4o Take OFffF.

Comparison of Direct and Geared Drives on Liberty Enginec

Series Pilot No, Time to take-off R,P.M,
Standard | Gearg&d:.1Rund1i8tandard | Geared | Stand,; Geared
1 P E 12 25,7 25. 6 1470 | 1400
E P 13 286. 3 23.8 1470 | 1400
3 P E 12 29, 3 24,4 1560 | 1570
E P 13 28.1 25, 3 1560 | 1570
3 P E 13 25,5 24,8 1440 | 1420
E P 123 24.9 23, 2 1440 | 1430
4 v P 12 31.5 25,9 1560 | 1815
P ¥ 13 28.8 24, 2 1560 | 1815
Averages.

o Average 96 37.5° 34.8 1508 | 1501
Average (1) 24 | 25.9 24,7 1470 | 1400
" (3) 24 28.7 24.8 1560 | 1570
" (3) 24 25.2 24,0 1440 | 1420
" (4) 24 30. 2 35.1 1560 | 1615
(1) & (3) 48 35. 6 24.4 1455 | 1410
(3) & (4) 48 39. 4 24,9 1560 | 1592
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Table III.
F-5-1, 30=Mipnute Climbs,

Series Pilot Altitude-1T%, R.P. M. Difference
Stand, | Ceared| Stand, | Geared| Stand. | Geared} in climb -
1 P E 4100 5100 1555 | 1535 1000
P E 4050 | 5100 | 1535 | 1525 1050
E P 3800 | 5950 | 1540 | 1500 3150
E P 4300 | 5700 | 1540 | 1500 1500
2 v £ 4400 | 8300 | 1840 | 1710 1900
v E 4600 | 6400 | 1640 | 1710 1800
E v 4500 | 8100 | 1840 | 1710 1800
E v 4800 | 6500 | 1850 | 1710 1700
3 'E v 5300. | 6300 | 1480 | 1470 900
v E 5300 | 8000 | 1485 | 1485 700
E v 4760 | 5050 | 1480 | 1465 350
v E 4800 | 5400 | 1490 | 1465 800
4 P E 5300 | 5800 | 1830 | 1710 300
P E 5300 | 5800 | 1810 | 1710 800
E P 5300 | 5300 | 1830 | 1700 ~100
E P 5400 | 5700 | 1810 | 1710 300
Average 4730 5750 1570 1583 1020
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Table IV,
F-5-L Comparison of Ssvendard and Geared Types,

Timed Runs (simultaneous) over a 29-knot Course.

Series Pilot Time { R.P.M.

Stand. | Geared|Standacd| Ceared DifferencefStand. | Geared

1 P E 351 ~-18" 24'&30"‘ or-48"} 18680 1800
E P 33! -30" | 33! -50" o' -40"| 1575 1800

2 \ E 24'-08" | Z1'-33" - at-45" 1710 1793
E v {a3'-3g" | 32'-18"  1'-30"| 1700 | 1812

3 E v 26'-30" | 35t-53" 0!'-28"{ 1550 1580
v E |[37'-01l" | 25! -58" 1'-05" 1550 | 1580

4 E P ]23'-30" | 33'-00" 1'-30% 1885 | 1795
P E 24'—0@“ 231 -00" 1'-00" 1875 1810

Average 4t 41" | 33'-30"Y 11-13" 1832 1697
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Table ¥ .

F-5-L, High Srseei Buns.

Comparison of Standard and Geared Types.

Mag mun
Series Pilot . Speed R.P.M

Standard | Geared | Standard | Geaved |Standard | Geared

1 P v 76_— 73 _1555- 1600
v . P 70 73 1587 1600

2 P E 73 . 74 '1700 1840
E P 75 74 1710 1800

3 E P 73 74 1550 1580
P E 783 74 1550 1580

& v P 73 74 1680 1780
P v 72 73 1670 1780

Average 71.9 73.5 1830 1880

Table VI,
F-5-L Minimum Airspeed and R,P.M,
Comparison of Standard and Geared Types.
Series Pilot -yinimumSpeed R.P. M.

S tand, Geared | Stand. Geared | Stand. Geared

1 P v 50 45 1300 1240
v P 45 43 12340 1220

2 P E 45 44 1380 ;400
E P 45 45 1390 1400

3 E P 43 42 1235 1200
P E 44 43 1330 12330

4 v P 48 44 1400 1350
P v 45 45 1350 1400
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Taple VIE.

F-5-L Fuel Consumption.

Comparison of Standard and Geared Types.

Series Pilot G as 0i1 R.P.M,
Stand, | Geared | Stand. | Geared ; Stand|Cefzed} Ftand. |Geare .
1 P E 43,93 38. 4 3.4 3, 4 14C0 1360
2 P E 457 | 44.75| 4,35 3.5 | 1450 | 1500
3a B D 45, 4 48, 35 . 2. 43 2.0 1450 1450
3b E P 41,65 43.0é 2. 41 2.0 1350 1350
4 v P 42,0 43,0 2.75 2,0 1480 1500
Average 43,77 43, 00
Average (neglecting
Series 1) 43,73 44, 26




