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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

MEMORANDUM REPORT

for the

Department of Commerce

RESISTANCE TESTS OF A jL-SIZE MODEL OF THE

16
HUGHES-KAISER FLYING BOAT, NACA MODEL 183

By Roland E. Olson, Jack Posner, and David R. Woodward
SUMMARY

Hesistance tests of a fznsize model of the hull of

the Hughes-~-Kaiser cargo airplans were made in NACA tank
no. l. The results of these tests were required for
estimates of the take-off performance and the maximum
gross load for take-off., The most recent changes in the
form of the hull were incorporated in the model.

At hump speeds, with the model free to trim, the
trim and resistance were high, which resulted in a load-
resistance ratioc of approximately l;,0 for a gross load
coefficient of 0.75., The addition of chine flare at the
stern nost caused an increase in positive trimming
moments and reduced the trim just bsyond hump speed.

The addition of breaker strips on the tail extension
caused a further reduction in ©sitivetrimming moment,
the final load-resistance ratfo at the hump, free to
trim, being approximately 1.8 for a gross load coeffi-
cient of 0.75.

The results of fixed-trim tests are presented as
working charts, Take-off computations using these data,
together with estimated aerodynamic 1lift and drag curves
for the flying boat, indicate that the maximum gross
load for take-off with 16.6-foot four-blade propellers
is 375,000 pounds full-size, and with 18,5-foot four-
blade propellers is 400,000 pounds full size,

At a gross load corresponding to L00,000 pounds
full-size, a take-off is possible in 69 seconds over a
distance of 5600 feet. Correcting for scale effect on
the frictional resistance reduces the hump resistance
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8 percent. By trimming at the lower trim limit of sta-
bllity at hump speeds, the hump resistance is reduced
1, percent. Trim for minimum water resistance cannot
be used at hump speeds because of excesslve positive
hydordynamic trimming moments and because lower~limit
porpoising would be encountered.

INTRODUCTI ON

Tank tests of a f%~size model of the hull of the

Hughes-Kaiser cargo airplane were made to determine the

hydrodynamic resistance and trimming moments over a range

of trims, loads, and speeds that might be encountered during

take-off., These results were required for estimates of the

gage-oﬁf performance and the maximum gross weight for
ake-off,’

An attempt was made to determine the resistance
characteristics of this design by towing the 1 size

dynamic model (NACA model 158-1) used for stability tests.
The accuracy of these results, however, was impaired by

warping of the model., Earller resistance tests of a 2L -s1ze

Lo
model of the hull alone were not considered adequate for
purpose of estimating hydrodynamic performance inasmuch as
the tests were not complete, In addition, modifications
to the hull lines had been made since the construction .-

of the dynamlc model and the'ﬁ-'é-size null model. Tests of
a new model, incorporating all the latest changes in form,
were therefore consldered advisable. This hull, designated
NACA model 183, was designed and bullt by the Hughes
Aircraft Company.

These tests were made as a part of an extensive
investigation requested by the Secreotary of Commerce on
September 28, 1942, and were made in NACA tank no. 1
during January and February 190, -

DESCRIPTI N OF MODEL ¢

The lines of the hull, designated NACA model 183,
are shown in figure 1, and photographs are shown in
figure 2. Full=-slze and model dimensions are given in

N




table 1, together with comparable data for the dynamic
model 158-1.

The principal differsances between model 183 and the
dynamic model 158-1 are; . :

(a) The forebody chines of model 183 faded out at
station 6.25 while the chines of model 158-1 were carried

to the forward perpendicular.

(b) The main step of rodel 183 was approximately
0.75 ineh (1 foot full size) farther aft than that of
model 158-1. , : .

{c) The chine flare on thé~afterbody was horizontal
for model 183; whereas 1t was turned down for model 158-1.

(d) The cross sections of Lthe tip of the tail
extension of model 18% were circular while those of
model 158-1 were approximately elliptical, flgure 3. The
height of the deck at the tip of the tailil extenszion was
less for model 183 than for model 158-1,

(e) The diameter of the hasic circle of the tall
extension of model 183 was 1€ inches while that of
model 158-1 was 16.5 inches.

Two modifications of model 18%, figure L, were also
tested:

{a) Model 13%4 - The chine flare at the stern post
was incressed, : ' '

() Model 18354-1 - Breaker strips were added to the
tall extension of model 183A,

APPARATUS AYD PROCEDURE

LN

The tests were made in NACA tank no. 1 using the
towing equipment and test procedure described 1n
reference 1, The water in the tank was at the 1l2-foot
level during these tests.




Genceral free-to-trim tests were made to speeds just
beyond the HMump. A thrust moment of 80 inch-pounds,
oorreSpondlng to an approximaete thrust of 20 pounds
(80,000 pounds full size), was applied to the model
during these tests.

Tests were made over a range of fixed trims that
included trim for minimum water resistance. Enough data
were obtained to allow for change in trimming moment
with possible changes in the position of the center of
gravity 0r~in the position of the main step.

WJetted-length meaqurements were taken at the keel
and chines of both the forebody and afterbody. From
these data average wetted lengths were determined for
use in making corrections for scale effect con the fric-
tional resistancs.

T™he center of gravity for these tests was lh 8l inches
above the keel at the step and L.9l, inches forward of the
step. The trim was referred to the base line, and .
moments tending to increase the trim were considered
positive,

The acrodynamic drag of the model is included in
the finael resistance, but the windage tare of the towing
gear has been deducted., In order to estimate that part
of the resistance contributed by the asrodynamic drag of
the model, it was towed Jjust clear of the water and the
acsrodynamic drag was measured for several trims.

The draft and trimming wmoment at rest were measured
over a wide range of trims and loads that included those
obtained when a concentrated load was located at the bow.

The results of the tests were reduced to the usual
nondimensional coefficients based on Froude's law to
make them independent of size, The maximum beam of
forebody chine was used as the cheracteristic dimension.
These coefficients arc defined as follows:

CA - load coeffi01ent
mﬂ33

R
CR resistance coefficient ('—-—

Wb5

-



Cy speed coefficient < )

Cu trimming-moment coefficient (—Mf

Cy.,,  wetted-length coefficient <-....I§J>

Ca draft coefficlent (%)
where
A load on water, pounds
w speciflc weigbt of water, pounds per cublc foot
(63.5 for these tests, usually taken as 6l
. for sea water) .
b maximum beam of forebody chine, feet
R resistance, pounds | | |
v speed, feet per second
g acceleration of gravity, 32.2 feet per second®
M trimming moment, pound-feet
W.L. average wetted length,
wetted-length keel + wetted-length chine feet
2 | ’
da draft at main step, feet

RESULTS AND DISCUSSION

Free-to-Trim Tests

The results of the free-to-trim tests of model 183
are presented in figure 5(a) for load coefficients

b




from 0. to 0.75.  The trim did not decrease just beyond
hump speed, which resulted in high resistances and
unfavorable load-resistance ratios. The spray from
under the afterbody did not break clear of the model,
and suction forces (sticking) apparently developed which
tended to produce the high trims., As the cspeed was
Increessed, the trim decreased sharply and the taill
extension came clear of the water, If the trim was
decreased by application of a bow-down moment at speeds
where the sticking occurred, the model generally tended
to run at a lower trim when this moment was removed.

Tests of the dynamic model indicated that the trim
control was adequate for overcoming any forces due to
sticking of the afterbody and tall extension. The
circular sections of the tail cone of model 183 were
not the same as those of model 158-1, and the flow of
water over the circular sections may have contributed to
the sticling. The chine flare at the stern post of
model 183 was probably less effective in decreasing the
trim than the similar flare on model 158-1,

Increasing the chine flare at the stern nost,
model 1834, reduced the speed range over which the
sticking occurred (fig. 5(b)). The addition of breaker
strips on the tail extension, model 1834-1, further
reduced the sticking (fig. 5(c)). The load-resistance
ratio at the hump for a gross load coefficlent of 0.75
was l;.8 for model 183A-1 as compared with L.0 for
model 183, These modifications were included in the
test program as possible solutions in the event that
flow over the tall extension caused sticking at hump
speeds, ' o

Fixed~Trim Tests

The results of the fixed-trim tests of model 183
are presented as working charts in figure 6. The use of
these charts 1s descrilbed in reference 2. The forebody
and afterbody wetted lengths are pnlotted as nondimensional
coeificients in figure 7 for speed coefficients from 1.8
to 4.0.

The discontinuities in the resistance data at low
speeds are associatad with ventilation at the main step.
Larzge negative aeroCyramic pltching moments would be
required to operate at the low trims at which these
discontinuities occur.
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The discontinuities at high speeds represent the
trims at which the model would no longer run on the fore-
body, . and the load was carried on the afterbody dlone.
The transition from planing on the forebody-and afterbody

surfaces to planing: on'the afterbody alone .is accompanied

by an. incréase ,in negative hydrodynamic trimming moment.

At g trim of-12°.the tests were not mede-at speed -coeffl-

.cients. greater ‘than’ 5.0 because the’ negative trimming .
. moments - exceedad: the cavacity of the ‘moment .springs.. .

The sticking- of the tail extehsion noted in the'

free-to-trim tests also appesrs to a lesser extent in

the fix&d-trim cross plots (fig. 6).. At a speed coefii-
cient of 3.75 a sharp reversal in the curves of constant
moment coe;flcient wag npted.. For & given moment coef-
ficient and load coefficient, the model mey assume two
different: trims: corresponding to those found in the
free-to-trim tests.

Curves of resistanoe coefficlent and trlmming -moment
coefficient at the trim for miniﬂum water resistance for
model 183 are plotted in figure 8.  The load-resistance
ratio at hump sneeds varied from h 95 for a load coeffi-
cient of 0.75 to 5,70 for a load coefficlent of 0.40.
Large negative trimming moments would be required to
operate at trim for minimum water resi,tance at hump
speeds. :

Model 183a was tested at several high: Lrims to show
the effect of added chine flare at the stern post on the
fixed-trim resistance and trimming moments; these results
are siven in figure 9. .At a glven trim, no- appreciable
chiange in the hydrodynamic resistance was caused by the
acdition of the chine flare, but increased bow-down
moments were noted, This change in hydrodynamic moment .

would rcduce the trim and, therefore, . the reslstance,

: Model’ 183A-1 was tested at a trim of 10° for speed -
coefficients from 3.4 to L.O. A further increase in bow=
down moment was noted, but these data were ¢nsuff1cient
for 1aclusion in ‘this “Cport. :

The static pro perties of model 183 are given in
figure 10 and the aerodynamic resistance of the hull
alone is given in flgure 11.




: v TAKE-QOFF CALCIUTLATIONS ‘
" Results of tests of = js-size model (unpublished)

indicated that the excess thrust avallable for accelera-
tion over the hump was small. Both the resistance and

~ thrust at hump speeds limit the take=off performance.
Thrust curves for three full-size propellers are repro-
duced in figure 12. A comparison of these propellers is
made In the following table: :

ot | PPOPELlED | NUumber ; ‘.
?ﬁ;ﬂﬁf diameter. | of ;Ef?gvAgtizéﬁy RPM Cemguted
- (ft) |blades| r_" . & N JL_,._‘._._L.,.._.-..N..
ar | 16.6 L .381| 80 . |2700| HAC
IT 18.5 2 25 1 weme- 2700 HAC"
arTT 18.5 S .)425 | 118.5 | 27001  WACA

8Computed from data given in reference

At hump speed,. apnroximatelv 70 feet per second, the
16.6-foot-diameter propellers developed 69,500 pounds
thrust which is 13 percent lower than that develooed by
the lu 5-foot-diameter four-blade propellers.

Take-off computations were made for values of the
gross load from 350,000 pounds to li25,000 pounds. The
flyinz boat was assumed to be free to trim to speeds
beyond the hump and at trim for minimum water resistance
at planing speeds. Just before take-off speed, 110 per-
cent of stalling speed, a pull-up was made in order to
simulate more closely full-sigze take-off., ' For the take-
off computations, the aerodynamic 1ift and drag curves,
without power and corrected for ground effect, were
supplied by the Hughes Aircraft Company and are repro-
duced in figure 13. The total resistance and aerodynamic
drag for each of the four loads are plotted 1n figure i,
together with thrust curves I and III. - With thrust
curve I, a take-off at loads much creater than 375,000 pounds
is not Dossible. With thrust curve 111, a take-off at
loads much greater than hOO 000 pounds is not possible. A
1i-percent increase in thrust at the hump results in a
T-percent increase in the maximum gross load for take-off.

. Take-off times and distances for three loads were
computed using thrust curve III and the total resistance
curves shown in figure 1li. A typical take-off integration
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by the graphical methed described in reference li 1s shown
in figure 15 for a gross lead of [400,000 pounds. 1In this
case & time of 69 seconds over a distance of 5600 feet 1s
found necessary for take~off. The take-off time and
distance and the excess thrust at the hump are plotted
against load in figuree 16 and 17. For a2 gross load of
416,000 pounds, the total resistance at the hump is equal
to the available thrust,

In the preceding computations, the full-size water
resistance was computed using Froude's law and no correc-
tion of the frictional resistance was made for scale

~effect., To determine the effzsct of such a correction on

the total resistance at hump speed, a computation was

made for a gr.os loud of 400,000 pounds using the method
described iun »etference 5. Coanputations by this method

do not includz the e¢ffect of differences in the roughness
of the planing surfaces of the model and the full-size
flying boat. In figure 18 these results are compared

with the uncorrected rssults using thrust curve I. A
reduction in the hump resistance of 8 percent was obtained

by making the correction, and a take-off would just be

possible with the 16.6-foot four-blade propellers.

A comparlison of tlhie total resistance at hump speed
was nade assuming the alrplane running free to trim, at
trim for minimum resistance, and at the estimated lower
trim 1imit of stability for a gross load of 400,000 pounds.
These results are plotted in figure 19, together with the
hydrodynamic trimming moments, which Indicate the magni-
tude of the negative aerodvnamic pitching moment required
to trim the airplans. Assuming adequate elevator control
to he available, the airplane cannot be trimmed to trims
for minimum water resistance without encountering lower-
limit porpoising until a speed of Q0 feet per second is
attained. *

A lii-percent decrease in resistance 1s obtained if
the flying boat is operated at the lower trim limit of
stability at the hump. In actual operation it is probable
that at speeds just beyond the hump the trim will be
between the lower trim limit of stavbility and the free-
to-trim curve., )

A comparison of the total resistance at hump speeds
using the following results is shown in figure 20:
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(a) Tests of the fz—full-size rnodel of the hull

alone - model 183,

{(b) Tests of the ﬁ%wfull-size model of the hull
0 .

alone - model 155A.

(c) Tests of the j;—full—size dynamic model -

16
model 158-1.

The aerodynamic 1lift and drag curves of figure 13
and the free-to-trim resistance with applied thrust
moment were used for comnutations (a) and (b). The
predictions of the hump resistance, as determined from
the three sets of data, are in fair agreement.

serodynamlic data were not cvailable for take-off
computations that included the effect of propeller slip- -
stream on the aerodynemic 1lift, drag, and pitching
moments., The propeller slipstream would increase the
aerodynamic 1lift which would therefore decrease the load
on the water and the water resistances., The propeller
slipstream would increase the aerodynamic drag which
would reduce the advantage geincd by the decrease in
load on the water. The use¢ of aerodynamic data that
include the effect of power would, in all probability,
result in a net reduction in the hump resicstance, but
the vprediction of take-off performance would be less
conservative, The use of power-off asrodynamic data in
take-off calculations for smaller flying boats has been
satisfactory, however, and,until further correlation
between model and full-size take-off performance 1s
available, it is believed that the more conservative
results obtained from computafions using power-off data
should be used.

CONCLUSIONS

1. The tail extension of model 183 did not break
clear of the water at hump speeds whoen tested free to
trim. This resulted in high trims, and the load-
resistence ratio at hump speeds was approximately .o
for a gross load coefficient of 0.75. '
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2. 1Increasing the chine flare at the stern post,
model 1834, caused a reduction in the positive trimming
moments and caused the tall extension to break clear of
the water at lower speeds than was found for model 183.

5. The addition of breaker strips on the tail
extension of model 1834, model 1834-1, caused a further
reduction in positive trimming moments. The load-
resistance ratio at hump speeds, when free to trim was
approximately ;.8 for a gross load coefficlent of 0.75.

lie At trim for minimum water resistance for
model 183, the load-resistance ratio at hump speeds was
approximately ;.95 for a gross load coefficient of 0.75.
Large negative aerodynamic pltching moments would be
required to operate at trim for minimum weter resistance
at hump speeds,

5. #ith the 16.6-foot four-blade vropellers, a
take~-off could not be made at a gross load rmuch greater
than 275,000 pounds full size. With the 18,5-foot four-
blade propellers, a take=off could not he made at a
gross load much greater than L00,000 pounds full size,

A take-off time of 69 seconds over a distance of 5600
feet was found necessary for a take-off at l.C0,000 pounds
full size. A li-percent increase in thrust at the hump
results in a T-percent increase in the maximum gross load
for take-off.

6. A correction for scale effect on the frictional
resistance for a gross load of 1,00, 000 pounds full size,
decreased the hump resistance approximately 8 percent.

7. It would not be possible to use trim for minimum
water resistance at hump speeds during a take-off because
of excessive hydrodynamic moments and because lower-limit
porpoising would be encountered,

6. A teke-off made following the lower trim llmit
of stability results in a lj-percent reduction in hump
resistance when compared with a take-off free to trim.
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9., The predictions of hump resistaance using data
obtained from tests of a lesize model of the hull alone,

tests of a lk-size model of the hull alone, and tests of

16
a j;~size dynamic model of the flying boat are in fair

16

agreement.

Langley Yemorial Aeronautical Laboratory
National Advisory Committee for Aeronautics
Langley Field, Va., Juse 2, 194k
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TABIE I

Hull Dimensions

, Full Size Model 183 odel 158-1

Maximum beam, at chines . . 22,0 ft  16.5 in. 16,5 in.
Length of fecrebody

bow to step) . . . . . 80.8 £t 60.6 in. 59.88 1in.
Length of afterbody

(step to stern post) . . 51.0 ft 7.28 in. 38.0 in.
Length of tail extension . 5 .0 ft  65.21 in. 66,12 in.
Length, over all . . . . .21.75 ft 163,09 in. 164.0 in.
Deptp of step at keel . . . 2.0 ft 1,5 in. 1.5 in.
Depth of step, mean . , . . 2.0 ft 1.5 in. 1.5 in.
Angle of deadrise at

step, excluding

chine flare . . . . . . 20 deg 20 deg 20 deg
Angle of deadrise at

step, including

chine flare . . . . . . 18 deg 18 deg 18 deg
Angle of forebody keel ., . 2 deg 2 deg 2 deg
Angle of afterbody keel . . 5 deg 5 deg 5 deg
Angle between keel lines

at step . . « o e 7 Ceg 7 deg 7 deg
Normal gross load . . . uoo 000 1B 97.5 1b 97.5 1b

Center of gravity

forward of step . . . . 6.59 ft L.oly in. 5.76 in.
Center of gravity

above keel at step . . . 19.8 £t 1.8l in. 1L.8L in.

NATIONAL ADVISORY
CMMITTZE FOR ALRONAUTICS
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keel angle =° j/.5‘ keel angle 5°

Figure | .- Model 183, lines of hull.
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