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ABSTRALT

~~23 The results of hydrodynamic scale model tests of many
different hull configurations of amphibious vehicles are pre-
sented as the second part cf a two-volume study.

Emphasis is placed on the study of high-speed wheeled
vehicles, sspecially planing huli forms. '

No attempt Is made to draw overall conclusions or to
synthesize the material presented. That task is left for
Volume 1.
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PREFACE

This volume is comprised of thirteen separate chapters describ~

ing hydrodynamic mode! tests of various amphibious vehicle concepts
investigated during the course of a comprehensive study of high-speed

wheeled amphibians conducted by Davidson Laboratory during the period

from 1956 tc 1959.

The 1956-9 Davidson Laboratory study was sponscred by the

U.S- Army Ordnance Tank-Automotive Command (OTAC) under U. 5. Army

Contract DA 30-06G-ORD-1763. It was discontinued before completion

when cognizance over amphibious vehicle development was transferred

from OTAC to another agency. In 1965, however, the Office cof Naval

Research (ONR) awarded Contract NR 062-374-5-3-65(263 T/0 69) to

Davidson Laboratcry ‘'to organize, review, and publish the results"

of the discontinued study. The present volume is one of two to be

issued under this contract. The companion volume (DL Report No. 726,
Volume 1) will be published shortly.

In the present volume, no attempt is made to draw overall

conclusions or in any way to synthesize the material presented in
the separate chapters. This task is left for Volume |, whose objective

is to draw upon the test data presented here, plus the results of the
various analytic studies made during the program, to develop promis-

ing new vehicle concepts and to make general statements concerning
amphitian performance. For this reason, Volume |l should be

considered as an adjunct to the companion work, or as a reference

for specifiz test data, rather than as a tcchnical report in the
usual sernse.
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As a final prefacing note, the Davidson Labcratory personnel who
have worked on this project wish to express thelr thanks o #r. Ralph
Cooper of ONR and Zolonel P. H. Hahn &nd Lt. Col. J. Baye uf the U. 5.

Marine Corps for making it possible to relieve the frustration of this

job long undone, and to Mr. Herman Nadler of the U. S. Army Tank-Automot!ve
Center, whose cooperation has continued to the present day even though
his formal affiliation with the program ended seven years ago.
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PERFORMANCE CHARACTERISTICS
OF A 1/10-SCALE MODEL DUKW

EQUIPPED WiTH HYCROFOIL SUPPORTING STRUTS

by

l. 0. Kamm
J. P. Fineliti

November 1956
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PURPOSE

The purpose of the towing tests reported in this and the following
chapter was to aid Lycoming Division in determining the feasibility of adding
fully submerged hydrofoils tc a World War |1 DUKW in order to obtain water

speeds in excess of 25 knots.

INTRODUCT ION

1/10-scale models of the DUKW and che proposed hydrofoil supporting
struts were constructed in accordance with Lycoming Drawings LO-7473-2 and

L0-7523. The hydrofoils were not used in this test series.

The resistance of the DUKW, with and without the struts, was deter-
mined for several displacements over a speed range of 5 to 14 knots. The
latter speed corresponds approximately to the take-off speed of the hydro-
foil DUKW. The model was towed both in the free to trim condition and at
various fixed trims. In addition, the drag of the struts alone (with the
DUKW completely free of the water surface) was determined at several depths
of submergence at speeds above take-off, A few spot checks also were made

to determine the effect of shifting the center of gravity of the vehicle.

In all tests reported herein, the model was towed from a point
located 214 inches aft of the bow (this corresponds to the L.C.G, of the
proposed hydrofoil DukW) and as ciose to the bottom of the DUKW hull as
possible. It is felt that any errors arising from improper tow point

location are minor, and can be neglected for the present.

TEST RESULTS

All test results are plotted in terms of full-size equivaients.
The Drag, Effective Horsepower and Trim of the DUKW without struts are
piotted versus Speed in Figures 1 through 5 on Pages 3 through 7.
Figure 2 shows that shifting the center of gravity of the DUKW had
little if any e“fect on the drag. On the other hand, Figure 5 illus~
trates that, in general, a forward shift of the center of gravity

caused a decrease in trim angle.




The tests weire thshn repeated with the struts added to the DUKW

I ot

8
model {two struts forward, one aft), Dlsclacement L.0.8, were

the
same &S in the previous tests. Again, Drag, Effective Horsepower and Trim

were plotted versus Speed (Figures 6 through 8 on Pages 8 through 10).

The effect of the struts on the DUKW performance was minor over the
range of speeds tested (below take-off).

Tests of the DUKW with struts, with the model set at various fixed
trims, were then run over the same displacement - speed range as the previous
tests. Although the model could not trim, it was free to heave. The drag
and eflfective horsepower for this test condition are plotted in Figures 9
through 14 on Pages 11 through 16.

Finally, tests were run in order to obtain an estimate of strut drag
at speeds above take-off. The DUKW model was set at zero trim at several
heights above the surface of the water and towed at speeds ranging from
approximately 12 to 26 knots. Thus, the drag of the struts at various sub-
mergences could be determined. These results are shown in Figure 15 on
Page 17.
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{NTROPUCT IO}

This chapter describes towing tests of a 1/10-scale DUKW, equipped
with incidence controlled, fully submerged hydrofoils, which were conducted
in December 1956 in the high speed facility (Tank 3) of the Davidson Labora-
tory. These tests were a continuation of the DUKW hull and strut drag tests

described previously in Chapter 1.

All tests reported herein were conducted with the hydrofoils in place
(two foils forward, one foil aft). Al) three foils were identical. They
were NACA Section 6hi-012, eack with a span of 100 inches and an area of 22
square feet. The forward foils were located 118 inches aft of the bow and
the rear foil was located 355 inches aft of the bow. The longitudinal
center of gravity of the craft was 214 inches aft of the bow. In all cases
the model was towed from this L.C.G., as close to the bottom of the hull as

possible.

SUMMARY OF RESULTS

The model was loaded to simulate a 26,000 1b. dispiacement and was
free to trim and heave. Drag, trim and heave were measured over a full-size
speed range of approximately 6 to 20 knots. A1l test results are presented

in terms of equivalent full-size readings.

Tests were run mainly at fixed forward foil settings of 11, 5, 2 and
1/2 degrees, and a rear foil setting of 2 degrees. (These angular settings
are tzken with reference to the model.) Spot checks made at other foil
settings are not included in the graphical presentation of the results, but

are reported separately in the DISCUSSION,

The DUKW lifted clear of the water surface (i.e., '"took-off") at
speeds between 13 and 15 knots at all fixed forward foil angles tested. The
effective horsepower requirements were determined to be move favorable for
the smaller foil angles, even though higher speeds were necessary for take-
off.

Stalling of the foils was observed when the effective angle of attack
of the foils approached 20 degrees. This occurred at forward foil settings

above & degrees when the angle of trim of the model was large.
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An automatic adjusting device to regulate the setting of the forward
foils after take~off was built into the model. This device controlled the
depth of submergence of the foils during flight and allowed drag readings

to be obtained at speeds above take-off.

Near the conclusion of the test program, the hydrofoil DUKW was
operated at speeds ranging from 19 to 30 knots in waves having a height of
approximately 40 inches (full-size) and a period of 3.6 seconds. Generally,

the vehicle appeared to operate very well under these conditions.

DiSCUSS IOM OF RESULTS

Drag and heave were measured at the drag apparatus, which was mounted
at the towing carriage. The test mode! itself was equipped with trim and
forward foil angle indicators. The effective angle of attack of the foils
is arrived at by adding the trim angle assumed by the model hull to the

indicated foil angle.

The test results obtained at the fixed forward foil settings of 11,
5, 2, and 1/2 degrees, and a rear foil setting of 2 degrees, are presented
in graphical form in Figures 16 through 23 on Pages 22 to 29, with Drag, Effec-

tive Horsepower, Heave and Trim plotted versus Speed.

Figure 16: The results for the 11 degree setting are shown on Page
22. The front wheels cleared at the surface at 12.5 knots, and all the
wheels cleared at 13.5 knots. Strong porpoising action occuired when the
model was entirely hydrofoil supported. The drag was relatively high due
to the excessive forward foil angle of attack (up to 21 degrees), resuiting

from the high trim angles assumed by the hull.

Figure 17: The 5 degree results appear on Page 23. The take-off
speed was approximately the same as for the 11 degree setting. The drag,
however, was somewhat lower throughout the speed range. The maximum forward

foil angle of attack was approximately 17 degrees.

Figure 18: The test results for the 2 degree setting are shown on

Page 24. The take-off speed of 14.2 knots was higher than for the larger
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foil angles. Maximum model drag was of the same crder of magnitude as for
the 5 degree setting. The maximum angle of attack for the feils did not

exceed 14 degrees.

Figure 19: The 1/2 degree test results are presented on Page 25.
Take-of f speed in this case was about 14 knots. The drag at this setting
was comparable to that of the 2 and 5 degree tests. Hull trim was higher
than for the other foil settings tested, however, the maximum fuil angle

of attack was lower than for the 5 and 11 degree settings.

The heave, trim, drag and effective horsepower for the above foil
angle settings are compared separately in Figures 20 through 23 on Pages
26 through 29.

Various spot checks also were made during the course of the test

program, and the results are discussed briefly below:

At a forward foil angle setting of -1 degree, the negative 1ift
produced prevented the model from assuming a positive trim angle. As a
result, the bow wave rolled over the mode! bow before take-off speed could

be attained,

in an attempt to reduce the excessive trim angles, the setting of

the rear foil with respect to the model was varied.

At a rear foil angle setting of 6 degrees and a forward foil angle
of 5 degrees, the model trim was reduced to 7 degrees at a speed of 13.8

knots. The drag obtained was 4100 1b.

The same rear foii setting of 6 degrees, with the forward foils
seif-adjusting to 4 degrees, produced a trim angle of 6 degrees at 16 knots,

The drag in this case was 1750 1b.

At a rear foil setting of L4 degrees, the forward foils ce!f-adjusted
to 2 degrees at 16 knots, giving a trim angle of 7 degrees and a drag of
1400 b,

The rear foil was then reset to its original setting of 2 degrees, and

the center of gravity of the DUKW was moved forward of its design location.
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Shifting 4,000 1b. from the design C.G. to a point 100 inches
forward, resulted in the front foils self-adjusting to 4 degrees at a

speed of 16.1 knots. The drag was 1100 1b. and the trim, 7 degrees.

4,000 1b. were added to the DUKW at a point 60 inches forward of
the design C.G. This gave a total vehicle displacement of 30,000 1b.
At a speed of 16 knots the forward foil angle reading was | degree, and

the trim, 8 degrees. The drag reading was 2150 1b.

Photographs of the model under various test conditions are shown
in Figures 24 through 28 on Pages 30 through 34.

- 21 -

”
s conmaniy

-e




=== m..l. B SRR N R O N i e IR T _ R e A e ot T TT R L i L
mln seet i e e e SO P .““11.:.: ._.wr,...m .HM.: B .H.I__t | OIS I I m...uw GNQ 2~MP . 1 -
el el SN  ARSURI MG SN LN NI SO S R - T N - |
. § oL i ! ; . - : ; G-
. _ _ A LR ” .aw o 1.%. n“A ;9 e L Q { . 0 o ' Q " (»] | \ oo
i i i Lo SIRERS - SRR R - Salail EEREED- SCH Sy I~ I S~ T S | ” i S
b S s g mee e ) N TN, NI ST, L . L. ORI S i ‘ i
! ! ! , _ . m B T .Qc I”lt-..vol.l.ynl ...... e e o o o R i sacatitmnnll ke un. - ....ln !IM ——t e R -
|- BT R 2 S azume;Eumaox u>;outu oo N .
: . . : I oo . doy | ! !
_ll... - - w.( - m d. - M . 1 r.l.m.nlLrl.*.l —_— L_ e Lo L nlunﬂxl- O S }~ ¢ . ” -. -§00...d
| ”wmu ' ' ! . v . : . t . _ . i 1 ! [ . w ; : - m v i =
"2 TR o A B 4 - _ T - - rq-_ : A et e Sl L R B I B ! i *
=3 S N _. e "y . _ ! _ b oy o _ i ! { : .
LA E S S s TR A A B A S SIS U U NI S VU B S SV S
B R I e e e e e e N T A M SRR A
2% SRR RN VUV SO FSSU SO SO SR NN MU SN IO S o : P . i i .
o T L N S P B It N A T e e e sl L2
". .O . i .e.ll.m- cae - b R .. . - - - - HEEEN “.0 l¢ .- - T ..—. - - e * . — .
R A T NI . b L . T |
=TI N B -m- ..._:_,:i ot e T .
r - uH._ - M.L. Il IR . "M Se e ! - M.. - ,w I |- .
I - § R b ! .- T T L w i : { .
— F — de IHA " B ¥ - A m ' al+|-||||' el et .+ 7 m- .
.ol .elg o . | bl i i :
O wiwg oo IR R - - L el e e b ‘n
[, SO Y 1R ; ; ! S P m . e
- ol et w T g
-~ = wijw 3 BT Rt S i s T th - i L m
fmm“!-.ﬁf.ltﬂ.nnluh:w»w-!-lwltr! I S R S S EE
o3t s o . -3 Z| - i m l.&
P~ [ 4 w.. ; - - 2 B
[ E" .A t B ] H 0.
' q: - 3 i _ | :
ac b L 1 : re