pressure effects from the tank walls. The tank has a
specially designed “wave beach™ at the northern end,
which dissipates waves created by the double-flap MTS
wavemaker located at the southern end.  Since porpoising
is @ calm-water phenomena, the wavemaker was not used,
but the wave beach and the swimming pocl type lane
marker, which runs the length of the tank on the righl
side, were critical to the experiments in that they absorbed
the model’s wake after cach run. For the heavier
displacement runs, approximately 15 munutes were
required for the wave disterbance 1o die down, even with
the lane marker and wave beach in place. The normal
testing arrangement consists of a high-speed and a low.
speed module connected together in the form of a tractor-
trailer configuration. This armangement has a top speed of
25 feet per second and weighs approximately 40,000 b
The high-speed carriage can run ol speeds up to 32 feet
per second and weighs approximately 8000 1h. It s
supported by four roller-chain beanings riding on 3 inch
diameter, case hardened steel rails that run the entire
length of the tank.

The propulsive force s provided by two AC motors
located st the southerm end of the tank behind the
wiuvemaker assembly. These molors are rated at 400 hp
cach, with a 1600 hp total peak rating. They are geared to
A continuous cable drive that 15 always attuched to the
high-speed carriage. The carmage speed 15 controlled
from o roon located near the northern end.  Because of
the danger and potenual for serious injury 1o anyone
riding the carrage near maximum speed, special attention
has been given to the carmage stopping system. When the
carriage operator sets the desired speed, he also dials in a
stopping poanl, 0 feet from the end of the tank.  The
optimum poinks have been determined by the lab stafi
empirically, with the goal being to goin the longest
possible run time and sull stop safely The normal
stopping mode decelerates the carriage al approximately
025g. Should the pperator miscalculate the
|'HI|I|r_ AT l.|:|r.‘ l'll'-[l'll;.ll "\!\ slem r-il.ll. a HI’.'!‘.E:.J.[I.' '_"||'I'|."r£!|."r§-\.'!|
stopping circuit 15 provided which arrests the carmage at
approximately 1G. In the extremely unlikely case that the
stopping circuit shouold fail, an amesting wire

stopping

Verucal Rail Module with model (top) and
High-Speed Towing Carmage

Figure 3 -

has been provided which physically nrrests the carmoge,
The last line of defense consists of a pair of hydraulic
damper pistons, which, if hit, would provide a
deceleration just shy of impacting a brick wall. Figure 3
shows the high-speed carriage, with o model ntached
beneath the vertical ratl module

Mhe small prismatic models vsed by Day & Hoog
were lested in the 94" & [0° x 57 wwing tank ut Webb
Instatute Their work represents the current industry
benchmark for predicting the inception of porpoising o
planing boats. Day & Haag towed their models using two
light cables. The goal for such a setup was o eliminate
all unwanted damping [orees on the light models, which
might have prevented porpoising inception. Their towing
point was determined by using Equation (6), which
determines the towing height above the baseline, Hy 08 a
function of He, the height of the chines above the
baseline, and bpy, the chune beam. The hinear scale ratio,
oy was miroduced o Day
account for

models:

& Hang's equation 1o
the size difference between the two sels of

H.=4*"H

v e+ 2L10%h ()

Thus towing height was emmincally selected with the
intention of keeping the towing lines above the spray
coming from the boat. Day & Hang pointed out that since
ould he propelled by any
opulsion point could be assumed. This
The second portion ol
tes  the  eftects  of

{ application of the wwinge fonse, The

means of

i gencral case

wErdm INVEST

1L “aerlres 3oand 4
pevmetrically simalar (o Day
For a plonme hull, the beam, b, 15 used as the
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& Hang's
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nless caleulanons reguered Toe scalineg, This i
wamie condition, and
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he waker
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wsually a large fructuon of the
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speed. Therefore, the only parameter that docs not vany
wilh speed is beam, at least at moderate to heavy loading
This technigue is used not only for linear measurements.
but alse for determination of lifung, speed, and
displacement nondimensional coefficients.  The scale
raticc between Day & Haag's models and those vsed for
this test was Apy=4.73, based on beams. The longitudinal
position of the towing pomnt was scaled hinearly as well
and was st to 27.1 inches forward of the transom for the
present NAHL tests,

Figure 4 — 20 Depree Deadrise Model

The wwing ng was completed by clamping a surdy
vertigal steel post 1o the forward end of the high-speed
carringe, A S001b copacny force block, used 10 measure
the resistance of the boat, was mounted at the bottom of
the vertical post. Given that the expenmenter knew
beforehond the approximate range of resistance values
using the S(HOB unil W messure force magnitudes of 15
ANk does not seem ke a prudent cholce, because the
resolution of the S000b unit is on the order of 1 1h, The
next smaller umit gvailable had o maximoum rating of 100
M3, which would have worked very well for measuring
the steady state resistance force, and would have easily
tioleraied  the
geceleration rate of 8.3 fifsec,

forces due 1o the normal carriage
The 100Ib block was not
used for fear of damaging il should an accident ocewr
The towing arrongement was such that the polential
existed for the model to broach or to submarine, either of
which could produce very large forces.

A spreader bar consisting of aluminum channel was
bolted to the bottom of the force block, wvisible at the
extreme lefll of Figure 3. The two wwing cables had
thimbles installed a1 either end, and were within /o™ of
being wdentical i length. The wwing length was
arbitrarily set at 84" to place the model beneath the
vertical il module of the high-speed carmage. as the
towing length in fact had lutle significance on the
mception of porpoising. Day & Haap did nol give any
justification {or selimg their wing cable length. More
important was 10 ensure that the cables were as near 0
horizontal as possible, that they were the <ame length, and
that they were parallel. The steel post was adjusied 10
bring the towing point (o 8 V2" above the water's surface,
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which brought the cables parallel to the water when the
model was operating at planing - speed. Two A"
aluminum plates were bolted through the hull sides, and
braced by horizontal aluminum strips that rode. on the
gunwile of the boat, helping to distribute the potentially
large towing forces. The hullsides of this model were
never intended o be a towing point.  This setup proved
effective, and caused no problems. Figures 3 and 4 show
the cable attachment to the force block and (o the model
for the Day & Haag validation test.

A major requirement for the testing was the ability Lo
make significant changes to the longitudinal position of
the center of gravity quickly and accurately. This was
sccomplished by fabnicating two vertical posts from 2" 5
2" hollow rectangular aluminum twbing. Large bases
were constructed to help distnbute the load, and each posi
was attached “truss style” to us base. A hole was dnlled
near the top of each post for the 50" weight-carrying rod
made of ¥ threaded rod to pass through
15" above and parallel to the keel. Because of the
mechanical data measurement rig used by Day & Haog, o
very large radius of gyration, Kk, was  produced,
Although the argument had already been made (tha
longitudinal moment of inerta would not have any
significant effect upon the inception of porpoising), an
attempt to scale the radius of gyration was made on the

The rod was

intuitive expectation that porpoising frequency would b
alfected by longitudinal moment of inertin. The resulting
model configurntion can be seen in Figure 4, The
longitudinal 27 x 27 tube bolted to the top of the weight
posts allowed for not only the vertical center of gravity to
be scaled properly, but also for weights to be placed alt of
the transom.  The fongitudingl position of CG could ot
be drven far enough aft while maintnming the necessary
radius of gyranon withowt moving: the rear weight aft of
the transom.

Since the model was expected to become partinlly
submerged during stopping at heavier loading conditions,
a W4" sheet of Plexiglos was cut to serve as a deck for the
model. Holes for the vertical weight posts and towing
brackets were sealed with vinyl tape. During stopping,
the model’s wake would consistently wash up on the
deck, while at the same time, the model would swing back
on its stopping mechanism, forcing the stern even further
under the water. The medel would have been swamped
after every run without the deck. Special attention had 1o
be paid w designing an arresting mechanism that would
safely ahsorh the stopping forces. Day & Haag developed
& stopping mechanism that lifted progressively more
chain as the model traveled past the desired end of the test
run. A simillar mechanism was nol practical for the
NAHL carmiage; so an arresting mechanism was designed
using four pieces of nylon line, chosen for its relative
elastucity. The critena for designing such o system were
that 1t must not nterfere with the porpoising motions of
the boat, nor apply any significant extra weaght 1o the




model while running. The two towing points, as well as
the rear post of the weight-carrying bar were used as
attachmment points. The end of cach line was shackled 1o
selected points on the camage. Shackles were used so
that the model could be removed from the rig casily, and
yet be identical for cach day's testmg. The lengths of the
lines were adjusted so that they all came under tension
evenly when the boat surged forward. This rig provided
controlled stops, and even kept the model safe during an
uncxpected 16 stop

The model selected for towing in this manner was the
20 degree deadrise prismatic hull because it was the only
available model that matched one of Day & Haag's
maodels in terms of dendrise angle. The NAHL model was
run at A=T6.06 Ih, and A=1012 Ih. The speeds for each
run were determined by Froude Scaling Day & Haag's
test comditions,  The original intention was to replicate
Day & Huoag's tests exactly, but only alter the whole
initial series of tests were complete was it realized that the
sctwal chine beam of the prismatic model series was only
I'7.5%, und not the 18.0" originally assumed.  Although
prismatic in form, the hullsides of the NAHL model have
i shight flare, which redoces the chine beam by 4" from

the mazimum beam at the gunwhale. Since load
coefficient is a function of the chine beam of the boat
cubed, the ¥" did make a substantial difference in the
results. In retrospect, however, this mistake was (ortunate
because, afier the appropriate corrections were made, the
results followed the Day & Haag trend closely.

Given what has been established so far, it is possible
1o determine the critical running trim angle of o boat
below which it must stay in order to avoid the inceplion
of the porpoising. From a purely operational standpoint,
the expenienced operator might be able to make underway
adjustments to the control surfaces and outdrives to keep
the beat tnmmed below the critical trim angle by feel,
without working equations or looking at an inclinometer.
What the operator cannot do underway, however, is whar
the designers and outfitters should do in the carly stages
of design and construction. The ability to ensure that the
trim tab size, range of deflection and range of motion of
the drive unit are sufficient to stabilize the boat across the
speed envelope s the logical application of a predictive
miethixd

Crifical Trim Angis [teg. posithve=tow up|

Criticsl Porpolsing Trim Angles, Calculated and Test Reaults
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Figure 5 - Results of Cable Towed Experiments vs. Predictions
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