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Introduction

I wrote this manual for you, if you are new dutboard boat racing. It is intended to give you a head
start in understanding your boat, motor and prop. For a new racer, there is probably too much
information here to absorb in one reading. However, it is intended more as a resource that can be
referred to when a question arises. Itis far from a complete book of outboard racing but | hope it
covers the basics in such a way that the new racer will find it useful and helpful in the enjoyment of
outboard racing.

Unlike just about every othertypefo Y2 12 NJ N} OAy 3> &2dz OFyy2{ 32 G2 I\
and buy everything you need to race a boat. There are several people who sell some of what you need
FYR YIye IINB ftAa0SR Ay !'t.! Qa oO! YSNAOIY t246SN) . 21}

Boat racers tend to be people who like to make or fix things with their own hands and it shows with the
tremendous diversity in boats that yoee at a race.The besthing a beginner can do is go to some

races and ask a lot of questions. You will botboard boat racers very friendly and willing to answer
guestions.

Your first boat will likely be a used boat and that is perfectly fine as long as it is sound. The boat does
not make a lot of difference speadlise, if it is sized right for your engin®ifferences in boats show up
more in their ability to handle the corners than in their speed in the straightaway.

There are two basic types of boats involved in outboard racing, hydroplanes and runabouts. Runabouts
have flat bottoms while hydroplandsve sponsonsut front and airtraps along the sides. Generally
hydroplanes are faster because they float partially on a cushion of air when moving fast. Many drivers
race both types of boats and much of what follows applies to bwtih the emphasiss an the

hydroplane.

Motors and props are the most important performance items. There are some beginner classes where

the motors are sealed and they all are the same (Yamato 302 class) and some classes all use the same
propeller. These are perfect places feew racers to start. They allow you to learn about racing in an
environment where the boats are more closely matched in performance. In the Northwest we have a
f20rf Oflaa OFIfftSR ab20A0S /¢ 6KAOK Aa |tftaz2 RSaaAl
Pehaps most important of all are the junior classes for kids nine years old and up. These run 15 hp

motors with restrictors thatower the power toabout 7-8 hp. It is common to find racing families with

three generations of racers all participating.

I would like thank Bob Wartinger, Steve Vincent and Janet Adams for their valuable suggestions and
skillful editing.



Chapter 1

Hydroplane basics

Air Trap Area

R |

Hydroplanes are race boats designed to float partially on a cushion of air that is trapped under the hull
as it moves swiftly over the water. A typical side view of an outboard hydroplane is shown in Figure 1.

You will see outboard hydros in all sizes and shamp#sunderneath they all have a basically flat center
section with airtraps on either side starg at the back of the sponson and going to the transom.
Sometimes the airtraps disappear at the transom, sometimes they terminate before and sometimes
they still have some depth at the transom.
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Sponson G ﬁ Air Trap

Figure 1. Profile view of typical Outboard Hydro

Thesevariations will be discussed later but for nowetalk about the version where they disappear at
the transom. Figure 2 shows this bottom configuration with the rest of the hydro removed. Notice the
front where air enters the space under the bottom asdonfined by the aimaps. They are called

airtraps because as the hydro moves forward air goes into this space and gets trappedahgire a

lift on the boat We will talk aboutow this works and what happens to the air trapped next

Transon Bottom

ARINLET

Sponson Depth G
Air Trap

Figure 2. Airtrap section common to all hydroplanes.



When a hydro moves fast enough the sponsons lift off the water. How high will they lift and why? This

is a question every boat designer and hydro racer wants to know. If it lifts topitigleasy to

undergand thatit may not be too good. In the best case the boat juiit be acting as a sail pushing too
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Figure 3. A good example of running a little TOO high. This driver was real wet shortly after the photo
was taken.

We can get some insight on how the hydro lifts witlpure4. Note the ailintake section and the air

outlet sections. The air comes into the trap area between the spaasmnd spills out under the &iaps

to the sides If the sponsons were flat on the water the airtraps as shown here would not allow a way

for the air to exit. At some speed the air pressuapied in this space lifts the boat causing the
alkRyazya yR ANINY LA (H# BX28$y2WAWthdbkaBrdsmsBa&iNg (2 |
area for the air increases until the inlet area and the exit area are the same size. The boawilli¢h
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mathematics involved. You may choose to skip st of this chaptenow and refer to it later as a

resource when designing a new boat orrfixia problem with an existing boat.



Water Surface

Air inlet area is (SD+H)XW
Air outlet area is LXH

]

hydroplane bottom

Air Inlet
Area

transom

The green area on each side is the
exit area for the air trapped

Figure 4. Intake area and exit area for air trapped in the airtrap.

Referring to Figure 4he air inlet size is the Width X (S.[H)iso for a 35 inch wide bottom with 2 inch
deep sponson$S.D.)riding 1 inch hig(H), the total intake area will b&05square inches.The exit area
will be the length of the afterplane (or airtrap length) timds Say the afterplane is 65 inches, then the
total exit area is 65 square inchefienHis 1 inch(the exit area is %f 65 square inches on each side)

Since in this example, the exit area is smaller than the intake area the hydro will continue to rise, in fact
to a height of 2.33 inches. Below 2.33 inches the intake area is bigger than the exit area, so the boat
rises. Above 2.33 inches the exit area is bigger than the intake area so the boat comes down. In this
example thenthe hydro rides at the stable spot with 2.33 inches of air under the spon&bthis

height the intake area is equal to the exit arda.S NJBeefuation you can play with to determitiee

height oHe.

aHé= SDxWidth/(EWidth)

Trythe calculatioron your boat and see if you are happy with the sizéHf If you are building a

hydro, the sponson depth SD, Width W, and afterplane L are allnnjthir control as a

designer/builder. If you have a boat already, about the only thing youoas cut the depth of the
airtraps (SD) down to lower the hydro or build them up if it rides too low. Playing with the equation for
He oAt f 3 A W ofhawdmuth toaBddzEcKOf course there is more to it than this but this
is a good starting point for understanding the hydro
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in the straightsand in the corners and how it accelerates out of the corners. All this is a matter of

personal choice. However, the drag force of a boat moving through the water is lowedtde@ees

angle of atack. So given our 65 inch aféaneboat in this exampe, andHeé of 1.4 to 2.5 inches is ideal.

Our calculatediH above at 2.33 inches is in the correct range.

How much lifting force is created by the air trapped? Not as much as you would guess but still a real
force is generated lifting the boat. Theggsure under the boat will be variable but we can estimate the
maximum pressure. And by applying that number to the size of the bottom, we can get an approximate
number for the lifting force of the air trapped. The maximum pressure will depend on thel sjS%ee

the table below for air pressure at different speeds. Because the actual air pressure created depends on
air density, it will vary somewhditom this tablewith altitude and temperature. But this chart gives

some good general numbers for air pressat various speeds.

Air

Speed | pressure
50mph 0.044psi
60 mph 0.063psi
70mph 0.086psi
80 mph 0.112psi

So with this information let us get some order of magnitude of the lifting force on the airtrap area of our
theoretical boat with a 38nchwide bottom and 6&nch afterplane. This boat has 2,275 seuerches

of area under this airap section (36x65). This is a surprisingly large area so you can see that a tiny
increase in air pressure (psi= pounds per square inch) will create a tieglfiidftce and that is what
happens.

At 60 mph there could be as much as 143 Ibs. of lift on that area of the boat (0.063 psi X 2275 sq inches)!
The same boat going 70 mph could have 195 Ibs. of lift force from this area. You can see from the chart
that the faster the boat goes the more lifting force we get from the air in the airtrap space. The actual

lift will be less because air is spilling out under the airtraps but there is enough lift to at least raise the
front of the boat.

Such a race boat woultave a required weight of about 350 Ibs, so the air under the boat is not doing

all the lifting! Something else is providing about 200 Ibs. of lift to keep this boat on a plane (skimming on
the water surface). Some lift comes from tlugtof the hydro asvell becauset has a wing shape, but it

is generally accepted to be a small number at these speeds.

The rest of the lift comes from the wetted planing surface of the boat. We all enjoy those photos of our

hydro completely aired out with only the prop the water and the boat flying like an airplane (Figure

puod | 26 SPHSNE fSGQa 3ASG NBIf @ ¢tKSe R2 y20 R2 GKI
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Look closely at most hydro photos anduywill see the last 1:28 inches firmly planted in the water. This

part of the hull is planing and thus lifting the remaining weight of the boat up so it rides on top of the

water. The speed and water at the wetted surface is providing between 1/3 to &t lifsion the rear of

the boat in our example. The wet area 630 sq. inches (18x35) at 1/3 psi water pressure can generate 207

Ibs. of lift. So the forces lifting the hydro are shared by the air and the water. Hydros will find a balance

point dependingori KSANJ aA1T S 6SA3AKEG FYyR &LISSR® ¢KS KAIKSNI
and less from the water. As a racer, you want to find the optimum where you can go as fast as you can

with the power you have available.

Figure5. We all like phtws like this buhydros really do run with the rear in the water most of the time.

LT &82dz Ny (GKS OFftOdA GA2y 2F al € F2N 82dzNJ o2l 4=
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and the length of the afterplane for the purpose of calculating the size of the area for air to spill out is
shorter by 1218 inches. If we shorten the length of the real afterplane by the amount touching the
wk G SNJ GKS v S&willOd 39 @deB indhé Ror oirlexample boat! This may seem more
realistic based on photos of you in your boat.

Figure 6 shows the effect of the wetted area of the boat and how the effective afterplane L is shorter
than theafterplane. One way to tell how high you are riding in your boat is to watch the sgrgguof

turn fin in the straighiway run. You can measure how deep your turn fin is and if there is no spray you
know you are riding at least that high or higher.



Side View of airtrap and water surface

SD Effective Length L
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Direction of movement "wetted" planning
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Water Line
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Another way to lowedHe is to kick the engine in. A kicked in engine lifts the reducing the wetted
area and increasing effective length of the airtrap, thus loweHng here is probably a traeff

between engine angle and speed and handling. Is power better usefti tiwelirear or motivate
forward?v dzSadA2ya tA1S GKA&a OFry 2yteé 0S yagSNBR
preference.

In the next chapter we talk about drag forceandangle @f i 01 6 KA OK KSf Hia A&
such an important parameter for a hydro racer.

What aboutthe term 6Lifté? Lift is a measurement from an imaginary straight line from the bottom at
the transom to the front of the boat centerFigure7 shows he lift measurement is between ¢h
imaginaryline (blue line)and the bow of the boat, usually a couple inches. High powered fast boats
have very low lift while slowelower powered boats may have3dlinches. High lift tends to raise the
bow sooner astte speed increases. A boat with too much lift wilhilyh in the frontand be difficult to
lower by moving your weight forward. Cutting out airtrap area usually helps this prodMamy boats
have an S shape in the bottom usually starting near the oétlve sponson. As the S shape is moved
further back a hydro will be more sensitive to driver position and some say more like balancing on a
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Bottom

lift
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of the bottom

ﬁ imaginary extensih— 1

"Lift" is the distance between the bottom and the
imaginary blue line off the bottom flat area.

Figure 7 Lift.
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Overall boat size is related to the power used and subsequentdspas the power increases so does

the boatsize. Figur& shows three typical hydros. The bottom boat is an 11ft CMod Hydro, the Middle

is a 10ft 25XS hydro and the top boat is an 8 ¥ ft A/J hydro. The speed range is 75mph to 50mph (35mph
in J).

Figue 8. Various hydro sizes J/A on top to CMod on the bottom.
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Chapter 2

Angle ofAttack and Drag

Angle of attack is the angle the flat part of your boat makes with the flat water surface. There is an
optimum angle where the drag is the logte

Drag is a measure of the force it takes to move through the water. The motor generates a force to move
you forward and drag generates the resistance to that force. If the drag is low that is good and your
motor will make you go faster. For examplee worst case drag is a flat surface at 90 degrees with the
water. This is like pushing a flat board or paddle through the water and we all know that is not easy.

Surprising is the fact that a flat surface at O degrees (level or even with the wigdéry ®ver it is not

the lowest drag! This is probably due to the large surface area dragging in the water. It turns out that
the lowest drag is at-& degrees angle of attack. You can search the internet on marine design and will
find this angle repeatedhany places.

So when you see a hydro with the bow real high, packingi8libches of air, you know it is hot going as

fast as it could. Actually for two reasons, the angle of attack against the water is greater than 4 degrees
so the drag with the wateis high and it is pushing a huge amount of air out of its path as well. So a large
portion of the force generated by the motor is spent pushing air and water aside instead of making you

13



go faster. Ideally, you want the amount of air being displaced tasbemall as possible and to have
your angle of attack with the water to be at43degrees.

Drag has another interesting aspect for boats and airplanes. It goes up dramatically with speed, the

drag force increases with speed squared. This means thendildgcrease 4 times if you double the

speed. So a 7.5 hp J motor can make a boat go about 30 mph but in order to go 60 mph it takes 4 times

4 YdzOK LBR2SSNE lo2dzi on KLI® {2 +ta I NIOSNI e&2dz ¢
or your ang of attack is very important.

Next we will discuss more things that affect angle of attack. The depth of the airtraps at the rear of the
boat will affect the angle of attack. Deep airtraps in the rear tend to trap the water there making it
more difficut for the water to be displaced as you go by. Figure 9 shows a rear view of an airtrap. The
depth here lifts the rear and changes your angle of attack.

A b__\

p \ “*_S'
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Figure9. Therear view of a typical left dirap. This one is about ¥ inch deep at the transom
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Figure6 showed the wetted surface Y and deep airtraps can shorten Y and cause less depth of
penetration into the water surface. | think they tend to act similar to the effect you would see if you had
denser water. The APBA has a specification omttwemum depth allowed. Deep airtraps can have a
stabilizing effect, kind of like an extra rudder, and the size effects how your boat handles in the turn and
the straights. Since deep airtraps at the rear have more surface area there will be an atiditéana
element associated with them as well.

What is best is again an individual preference. Look around the beach and you will see every possible
combination of airtraps or traction rails at the rear of the bottom. If you are having handling problems
with your boat the airtraps are a good place with which to experiment.

Earlier | said the weight of the boat was only partially lifted by air pressure within the airtrapsesthe

of the weight, actually most of,iis lifted by displacing the water atdtwetted surfaceYou will hear

that deep airtraps allow the air to lift the rear, this is not so. The air pressure is just not high enough to
lift the rear but the water pressure is. Deep airtrapsrdakethe rearsink less deeptapeed ad they
changethe angle of attack buthey do not lift it out of the water on a layer of air as is commonly
believed.

Each class has a weight requirement where the driver, boat and motor must weigh a minimum amount
at the end of the race. After the race you may beethtb inspection where you and your boat will be
weighed. Most drivers need lead to meet the weight requirement. You want to have enough lead added
to your boat to meet the minimum weight plus a pound or two for good measure.

Your lead must be fastendd the boat, | recommend that it be bolted down. One time at the Nationals
we were running in @ place in the finals and our lead was screwed down with wood screws. This
seemed good enough but it was not. The lead came loose and while bouncing erctheflthe boat it
punched a hole through the hull on the last lap and we did not finish! Now we always use bolts!

l'Y20KSNJI GAYS 6KAES L g1a&a +y AyalLlSOd2NE  NIF OSN Of
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weight. Since race officials use different scales from one race to the next, alwaysyweigsetup

before the race.

When adding lead, where should you put it? You want the boat to be balanced about the center position
of the driver in race attitude. For a very new driver | would advise evenly spacing the lead on the floor
board under the dver area. Drivers will learn to move around the boat to control its attitude as they

gain experience. Once that experience has been gained many drivers like the lead at or near the
transom so their body weight gives them maximum control of the boatuale (angle of attack). Many
believe the sponsons will lift off the water coming out of the turns faster with the lead rearward. Having
the lead forward and evenly distributed for a new driver will dampen the response of the boat and tend
to keep the frant or bow lowet
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Chapter 3

Props, Pitch, Gear ratio, RPM

Most experienced racers will tell you the most import thing in successful racing is your propeller. They
are correct. | cannot tell you what to look for in a good propeller, only you canrdeterwhat works

best on your boat and motor. People usually talk about how fast their prop is (they usually are stretching
the truth as well) but the fastest prop often times will not be the one that will win you races. A fast prop
is like driving your a@an high gear. In a long straight line it can work pretty well but on a short course

with tight turns it can be a poor choice and load the engine down! Often times a prop that may not be
the fastestcan win races for yoifl it accelerates well and geyau through the corners well You have

to test and write down what you learn and then apply that information to racing.

As you look around the beach you will see props of all blade shapes but in general there are two kinds;
cleavers with straight backs tbe blades and round blades. Neither one is definitely better than the
other. The best one comes down to personal choice.
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