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By Tim Van Milligan

Thisweek’sarticleisalittle different from previous ones.
| got into a conversation with ayoungster about fin shapes.

| print this, because it gives us aglimpse into the mind of
youngsters, and how they come up with conclusions. From
this, we can hopefully find some way to teach them the things
they really need to know.

The background surrounding this article is that a couple
of youngsters were teaming up to do a school science fair
project. Of course, they decided to do the obvious project that
most kids come up with: "what fin shape is best?"

Part of their project was to do background studies to try
to find information on their topic. Everything was going fine
for them, until they discovered the Apogee Components web
site. Inin particular, they stumbled onto the article | wrote on
this very subject.

That article can be found at:
http://www.apogeerockets.com/technical_publication 16.asp

The conclusion of the article was that they probably
wouldn’t be able to get any conclusive results from any flight
tests they performed. Finding this out was a big set-back for
them. Knowing the results beforehand is bad enough. But
knowing that those results would be pointlesswas areal blow
to them.

However, they had already chosen their topic, which was
approved by the teacher, so they decided to proceed anyway.

Another part of their project was to interveiw an

“expert.” Somehow, they thought | was a good choice.
What follows is the list of questions they sent me, followed
by my answers.

> 1. What's the most important part of the fin?
The airfoil that you sand into it.
> 2. Why?

The purpose of the fin is to produce "Lift." Thisis the
S force that is needed if the rocket should be deflected from it's
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Fin Shapes Revisited

intended flight path. It always happens on every flight.

A fin with agood airfoil will produce aforce quickly to
restore the rocket to straight flight. The better the airfoil, the
quicker it will happen -- hence the rocket will flight straighter.

Theairfoil will also reduce the drag of the model -- mak-
ing it fly faster.

The two reasons combined: straighter flights, and faster
flights -- means the rocket will fly higher too.

> 2. Would it matter if the fin was not present?

Yes. The rocket would go unstable, and crash. It could
cause harm to people or property.

> 3. How isthe fin helpful ?
Without it, the rocket will crash.
> 4. What fin shape do you tend to use?

The fin shape (outline) is not significanlty important to
the flight of the rocket. So | just use whatever shape looks
pleasing to my eye.

> 5. How do you determine this?
Itisjust personal preference.
> 6. Do you record your rockets altitude?
Sometimes. Mostly in flying rocket competitions.
> 7. If so, what's the highest arocket you've built has gone?

I've been fortunate to launch really really really big rock-
etswhen | worked for McDonnell Douglas. We launched rock-
ets from Cape Canaveral, Florida. All of those rockets ended
up in orbit around the earth.

| really don't understand this question, because there re-
alyisn't achallengeinflying high. It's easy to do if you have
alot of money. Just buy a bigger motor. Everything else is
trivial. If you have abigger motor, things like fin shapes, air-
foils, and construction methods don't matter. The excess power
of the bigger motor will more than make up for all that stuff.
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My goal with small model rocketsisto launch as high as
possible using the smallest (cheapest) rocket motors. Altitude
vs dollar-amount spent is really a good challenge. I've had
"B" motor flights that have gone over 1/2 mile (2500 feet)
into the air. The cost of the model and the motor for that type
of flight was less than $5.00. | think that is pretty good.

> 8. Do you think fins had any impact on this?

Yes. Definately. | worked really hard to sand a good air-
foil into those fins.

> 9. What type of rocket do you prefer to use?
| don't understand this question. Sorry.

> 10. Why?
| don't understand this question. Sorry.

> 11. Do you build rockets from scratch?

Yes. | rarely build from akit. | find achallenge in build-
ing rockets from nothing, and coming up with ideas and meth-
ods that no one else has thought of before.

> 12. Isusing a 1/4 inch thick body tube a good idea?
It depends.
> 13. Why or why not?

If you need the strength and are using a weak material;
you may need athick tube.

But if you need to save weight; athick tube meansavery
heavy rocket.

The rockets that fly into space (that | worked on), had
skin thickness of |ess than the width of adime.

> 14. What's the best material to use when making a fin?

It depends.

| personally like balsawood. Itisvery light, and you can
sand an airfoil into it pretty easily.

But some bigger rockets need fins that are very very
strong. So you either haveto reinforcethefinto makeit stron-
ger, or switch to another material -- like fiberglass, plywood,
or some type of plastic. The drawback is that these materials
are alot heavier, so the rocket won't fly as high.

> 15. How can you be sure that all the fins you construct are
exactly the same?

The only way to be absolutely certain that all the fins are\
"exactly" the same is to mold them in plastic. But plastic is
heavier, and it is very expensive to make the mold tooling.

A good way to make balsawood finsisto sand them all at
the same time out of the same strip of wood. This means that
the final shape of the fin can only be rectangular or a
parallelagram. But by doing the fins al at the same time, you
can get finsthat are really close.

> 16. Does the thickness of the fin matter?
To some extent -- yes.
> 17. Why or why not?

Generally, askinny fin will have less drag than afat one.
So the rocket will fly higher. But it is much more difficult to
sand an airfoil into a skinny fin. So what you gain by using a
thin fin is lost by losing your good airfoil. Remember, the
airfoil is more important than the thickness of the fin.

Also, skinny fins can be weaker than a thicker one. So
you need to usethick enough material depending on how much
strength you need for that particular flight.

> 18. How long have you been working with rockets?

| started building model rockets when | was in the 6th
grade. That was about 1976.

> 19. Have you experimeted with different fin shapes?

Inthe past -- but back then, | didn't know that shape didn't
have much to do with performance.

> 20. If so, what is your conclusion?

There are so many variable that could affect the altitude
of arocket. Fin shapeis one of the least ones.

> 21. On your web page, from what | understand, and in my
own words, you mentioned that the tip of the fin was the
most important part because it isin the direct flow of air,
why is being in the direct flow of air important?

Fins are most effective when they are in smooth flowing
air. Thisiscalled "laminar" airflow.

As air flows near the body of the rocket, it can easily
become turbulent; or al mixed up. This type of air doesn't
alow the finsto be as effective as possible.

It is similar to this: You can move a motorboat through
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( smooth water faster than it isto go through choppy or turbu-
lent water.

The fin tips have better chance to be moving through
smooth air. Therefore, that portion of the fin is more efficient
at creating lift than the root of the fin where it attaches to the
tube.

> 22. What isthe easiest way to make sure all of the fin shapes
and thickness are exactly the same?

Your eyeball is pretty good. Also, the human hand can
feel subtle differences between fins. For example, you can tell
by rubbing your finger along atabletopif it hitsahuman hair.

But you have to practice. Look closely at the fins, and
feel them often. Here is an experiment. Make two fins that
you think are pretty alike. Then blindfold yourself. Have a
friend hand you one of the finsthen the other. Now have them
randomly give you one of the fins. Your job isto tell which of
the two finsit is. Most times, if you really feel the fins, you
can tell by itstouch.

For things like thickness and weight, you can actually

measure those. That is pretty easy to do.

> 23. Do the exact measurments of model rocket fins matter?

To an extent: yes.

But we are never perfect. So when we build arocket, we
awaysmakethefinsalittle bit bigger than they actually need
to be. Thisiscalled a"safety margin." In arocket, the safety
margin is built into the relationship called the "static stability
margin." This is the distance between the CP and the CG of
the rocket.

> 24. Sincethereisamargin of areameasuring with aruler, is
there another more accurate way to measure the fins, or
for that matter any part of arocket that needsto be iden-
tical to another?

Measuring with aruler isactually pretty good. For model
rockets, it is "good enough."

> 25. Do you know why airplanes wings are triangle shaped?
It hasto do with alot of things. Oneis astetics: or how it
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( people buy aticket on an airline, they want to fly on the jet
that looks like it will go the fastest. They don't know that
"looks" are decieving. But the airlines do -- so they buy the
airplane that looks fastest; to make their customers happy.

The other big reason is "ease of manufacturing." A wing
with straight edges is easier, and cheaper to make than one
with curved edges.

> 26. Are model rockets abig part of your life?

Yes. | own arocket company, and spend 10-12 hours a
day working with, and talking about rockets.

> 27. Why did you choose rockets as a hobby?

I liked Space; and wanted to be an astronaut. So | decided
to study about rockets by building model rockets.

> 28. We were contemplating on whether we should try using
the shape of the nose cone as our variable, do you think
that this would have been a better variable than the fin
variable?

Yes.
> 29. Why or why not?

It is easier to compare the atitudes of the rocket with
different nose shapes than with different fin shapes.

For one thing, you eliminate a lot of variables. As you
pointed out in your questions, on each rocket you have to make
sure al the fins are identical. Where you have three fins on
each rocket to worry about, you only have one nose cone.

Asasecond variable: theair flow over thetip of the nose
is dways smooth and laminar. Unlike a fin; which may be
partially turbulent, and partially laminar.

Third: The fin produces two forces: Lift and Drag. Both
of these will affect how high the rocket goes. While the nose
coneisonly going to produce Drag.

So the nose shape experiment is more likely to produce

"measurable” effects. But you still have to use nose shap&s\
that are dramatically different from each other. For example,
you could use avery blunt nose shape, versusonethat is pointy
or rounded. On these two rockets, you will see an altitude
difference. The closer the shapes get to each other: such asa
cone versus a pointy ogive shape; the less difference you will
be able to measure.

One thing you didn't ask me about was my own history.
You may need thisto provethat | am knowledgible about rock-
etry.

After high school, | attended Embry-Riddle Aeronautical
University in DaytonaBeach, Florida. | graduated collegewith
adegree in Aeronautical Engineering. My first job after col-
legewasworking for McDonnell Douglas Corporation; launch-
ing abig rocket called the Deltall. We put arocket into orbit
each month.

In 1991, | got hired by Estes Industriesin Penrose, Colo-
rado. | designed many rockets for them.

In 1994, | wrote my first book: "Model Rocket Design
and Construction." Thisbook helps modelersto build and fly
their own rocket creations.

In 1995, | bought my own rocket company called "Apo-
gee Components." I've been operating this company every
since then.
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