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The TARC contest gets more challenging every year, 
mainly because the competitors get more studious and fo-
cused and build better rockets. I think this is awesome! This 
year’s TARC contest has a tasty little twist to it that adds 
some extra difficulty. Not only do the contestants have to 
launch to exactly 825 feet and return the egg to the ground 
unbroken within a time range of 40 to 45 seconds, but the 
portion of the model containing the egg must return using 
streamer recovery.

I really like this new additional challenge, as I’ve been 
lobbying for something like this. My reason is that I’ve 
been concerned that the models in the past were being 
built heavy like tanks, which goes against general aviation 
principles to keep the rocket light weight. By putting this 
one criterion on the rocket design, it forces the students to 
concentrate on reducing the mass of their rockets.

In real-life engineering as it concerns rockets, “weight” 
is a constant enemy. The higher the weight of the rocket, 
the less payload mass the rocket can boost in the air. If you 
review the history of the Apollo program, you’ll read about 
the competition in the Grumman assembly plant to reduce 
the mass of the Lunar Lander. They took some pretty dra-
matic risks to trim the weight of the LEM. Every ounce that 
they took off meant that an additional ounce of moon rock 
could be returned to the earth for scientific study. The same 
should hold true for model rockets too.

Also, in model rocketry you have to keep an eye to-
wards safety; and here again, weight can be an enemy. A 
lightweight rocket has a lower risk of causing serious dam-
age compared to a heavy one.

With the requirement to use a streamer for the recovery 
of the egg capsule, the obvious question becomes: “What 
size streamer should I use?”

I’ll tell you up front that finding the correct size streamer 
is a lot more difficult than sizing a parachute. The reason is 
that parachutes are more consistent from one flight to the 
next. A streamer can behave much differently from flight to 
flight.

To get an understanding on the procedure we’ll need to 
follow in sizing the streamer, we need to understand how a 
streamer works.

How To Pick The Correct Size Descent Streamer

Essentially, like a parachute, a streamer creates a force 
called “drag” that hinders or impedes the motion of the fall-
ing rocket. Without drag, the rocket would continue to gain 
speed as it plummets to the earth. The drag force reduces 
this speed at which the rocket falls.

So the question becomes, how fast will the rocket 
fall? That is a good question. Even with the streamer (or 
parachute), the rocket will accelerate faster and faster as it 
falls. It stops accelerating and achieves a constant de-
scent speed when the drag force produced by the recovery 
device, equals the force of gravity pulling the rocket down. 
Why is this? It is an outcome of Newton’s Second Law of 
Motion, where F=m•a. If there is an unbalanced force, you 
must have an increase in acceleration on the other side of 
the equation. If you need help understanding this, please 
ask your science teacher…

What this means is that the Force of Drag will eventual-
ly equal the force of gravity pulling down on the rocket. And 
when it does, the rocket will now fall at a constant speed. 
This point is called the rocket’s final or “terminal velocity”.

How do we determine that terminal velocity? That is 

Figure 1: A streamer attached to an egg capsule.
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what this exercise is all about. Once we fi nd out the rate of 
descent, we can fi nd out how long it takes the rocket to fall 
from a height of 825 feet. Then we can make adjustments 
to make it fall faster or slower to get the optimum descent 
time of 40 to 45 seconds. 

At this point, we know that when the rocket reaches ter-
minal velocity, the drag force will equal the force of gravity.

Drag = Force of Gravity = m•a
We can easily calculate out the force of gravity, be-

cause we know the mass of the falling object and the term 
“a” has a value of approximately 9.8m/s2. 

The Drag force on the left side of the equation is a bit 
more complicated. It’s formula is:

(5.48 to 5.79 m/s). Note: actually the speed will be higher 
than this because we haven’t subtracted out the time it 
takes the rocket to ascend to 825 feet. But you can fi gure 
that out later…

Remember, our goal here is to fi nd the size of the 
streamer for the TARC event.

Setting the two forces equal, the equation becomes:

Model Rocket Design and Construction
By Timothy S. Van Milligan

New 3rd Edition Now Shipping!

Apogee Components
3355 Fillmore Ridge Heights
Colorado Springs, Colorado 80907 USA

telephone: 719-535-9335
website: www.ApogeeRockets.com

This new 328 page guidebook for serious rocket designers contains the 
most up-to-date information on creating unique and exciting models that re-
ally work. With 566 illustrations and 175 photos, it is the ultimate resource 
if you want to make rockets that will push the edge of the performance 
envelope. Because of the number of pictures, it is also a great gift to give 
to beginners to start them on their rocketry future.

For more information, and to order this hefty book, visit the Apogee web 
site at: www.ApogeeRockets.com/design_book.asp

Continued on page 4

Where the terms are defi ned as:
ρ = density of air (1225 g/m3 at sea level)
A = the surface area of the streamer. This is the term 

we are trying to fi nd.
Cd = Coeffi cient of drag of the streamer
V = the terminal velocity of the falling streamer. 

We actually know what our terminal velocity should be 
by dividing our peak altitude of 825 feet by 40 seconds. 
This gives us a starting point from which to work. Our target 
descent speed should be in the range of 18-19 feet/sec 

Rearranging and solving for the surface area of the 
streamer, the equation becomes:

At this point, we really know everything except the 
Coeffi cient of Drag of the streamer.

Here’s where it gets complicated...
Finding or estimating the coeffi cient of drag for a 

streamer is much more complicated than fi nding the value if 
the recovery device was a parachute.

Your fi rst inclination will be to use the RockSim soft-
ware to help guide you. And that hunch would be the cor-
rect one to make. It will throw a number out at you.

But how accurate is this Coeffi cient of Drag value? That 
is the great unknown. It is certainly better than starting off 
with nothing. But you will have to confi rm it is accurate.

(Eq. 1)

(Eq. 2)

(Eq. 3)

http://www.apogeerockets.com/design_book.asp
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It is difficult to estimate the Cd value of a streamer 
because of a number of reasons. For example, streamers 
operate by slipping through the air, so the surface finish is 
going to play a huge factor in their effectiveness. A slippery 
streamer made from Mylar® (Mylar is the registered trade-
mark name for polyester plastic made by Dupont) is going 
to have a lower Cd value than a rough one made from a 
material like crepe paper.

Another little known fact is that a long streamer (as 
defined by its length to width ratio) is going to have a lower 
Cd value than a shorter streamer. You better read and un-
derstand that statement again. This means that a wide and 
short streamer will have a higher value and will slow down 
the falling object better.

This actually confuses things.
If you look at the formula (Eq. 3), when you make your 

streamer area larger, it would indicate that it should fall 
slower. But when you make it longer, you’re actually affect-
ing two variables, the velocity, and the coefficient of drag. 

Both these variables go down when you make the 
streamer longer. But because the Coefficient of Drag is 
going down too, you’ve just reduced the amount that the 
velocity is reduced.

Continued on page 5

In other words, you might have thought that you could 
have reduced the velocity of the falling streamer by 5 feet 
per second by making the streamer 20 inches longer. But in 
actuality, you might have only reduced the velocity by 1 foot 
per second because the drag coefficient also dropped.

Here’s a tip that you’ll eventually figure out sooner or 
later: make your streamer wider if you need to lower the 
velocity of the falling model. It is much more effective than 
making the streamer longer.

Why is it that a wide streamer has a higher drag coeffi-
cient? The reason is because of the whipping factor. This is 
hard to predict, but modelers have found out over the years 
that shorter streamers whip around more as they descend 
than longer streamers. This whipping increases the drag on 
the streamer, which in the case of our formula means that 
the streamer has a higher coefficient of drag.

But you can’t make it too short and wide. The reason 
is that the contest rules say that the streamer must be at a 
minimum of five times longer than it is wide.

Another way to induce whipping of the streamer is to 
fold it strategically. That is what a lot, if not all, the com-
petitors will do. And that is a very smart thing to do. But 
the streamer must be stiff enough to hold the creases in 
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• Won’t Shatter Like Brittle Phenolic Tubes!
• Super Smooth Surface With Tight Spirals
• Standard LOC Diameters Up To 6 inches

• Cut and Slot With Standard Tools
• No Fiberglass Wrap Needed

• Sands and Paints Easily
• Cheaper than Fiber-

glass

www.ApogeeRockets.com/blue_tubes.asp

Blue Tube From
Always Ready
Rocketry
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the material. If the streamer stretches out and essentially 
becomes a flat ribbon, then you will reduce the amount of 
whipping around it will do while it descends. If it doesn’t 
whip around enough, you may not be getting enough drag 
from it.

What kind of material works well? A thick mylar film 
that is at least 1mil thick. And if your design can tolerate the 
extra weight, 2mil thick is even better.

If you want some ideas on types of folds that have 
been tried in competition rocketry over the years, see 
Apogee Technical Publication #4 (www.apogeerockets.
com/technical_publications.asp).

Back To The Drawing Board
By now you’ve designed your rocket in RockSim and 

you’re at the step where you have to put in the streamer. 
You go to the streamer design page, and you get a starting 
Cd for the streamer based on the size you’ve selected. It 
is at this point where you notice that RockSim doesn’t give 
you a predicted descent rate like it does if your designing a 
parachute.

ARRRGH!
We know about this inconsistency with RockSim, and 

we’ll work to fix it in a future update.
The RockSim does generate the descent rate data, but 

Continued on page 6
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www.ApogeeRockets.com/All_rocket_kits.asp

Looking For A Fun Rocket Kit?
Roam In Our Forest of Over 170 Different Types

• Unique and exotic kits 
from over 20 different 
manufacturers

• Skill Levels range from 
“easy” to “fiendish”

• Sizes from 1/4A motor 
to level-2-high-power

• We build & fly them to 
find out what they’re 
like, saving you grief

• More new ones arriv-
ing all the time

• Educational bulk packs 
available too

Figure 2: The descent rate as shown in the 2D flight 
profile details screen.

http://www.apogeerockets.com/technical_publications.asp
http://www.apogeerockets.com/technical_publications.asp
http://www.apogeerockets.com/All_rocket_kits.asp
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How To Pick The Correct Size Streamer
Continued from page 5

you’ll have to run a launch simulation fi rst to get it.
After you run the simulation, you can actually fi nd the 

descent rate information from a multitude of sources: the 
details in the 2D fl ight Profi le screen, the Detail Simulation 
results, or the simulation plot. When using the plot or the 
2D fl ight profi le, make sure to look at the Y-velocity, and not 
just the “velocity.” The “velocity” is a sum of both the vertical 

going to need to know how accurate the drag coeffi cient 
is. RockSim is estimating it. But you’re going to have to 
confi rm that value is accurate for your particular streamer 
design.

How do you do that? The simple answer is doing a lot 
of drop tests.

A drop test is where you take your streamer up to a 
high place, drop it to the ground, and record how long 
it takes to land. With the time known, you fi gure out its 

Brought to you by Essence’s Model Rocketry Reviews & Resourses - www.rocketreviews.com

A Family Photo Opportunity
How many fat boys would a fat boy build if a fat boy could build fat boys? (Or something like that)

EMRR has been holding a photo contest that celebrates those that like to build the same kind of rocket.  It  is well 
known that rocketeers have favorites and end up building a so-called “family” of rockets. 
For instance: Series up up/down scales

Same type (gliders, stubby, etc)
Same theme (Goonies, Star Wars, etc.)
Same paint theme
Same rocket w/ different confi gurations

That’s the contest that is going on over
at Essence’s Model Rocketry Reviews!

Check it out and get your entry in 
because the contest ends on 10/1!

* it is a riddle, not an insult

Figure 3: Descent rate as listed in Simulation Details.

Figure 4: The descent rate can also be graphed on the 
Simulation Plot screen.

velocity (as the rocket descends) and its horizontal velocity 
which happens if it is being blown sideways by the wind.

Once you have your descent rate from the simulation, 
you’ll probably have to go back to the streamer design 
screen to tweak things a bit, such as the size of the stream-
er.

The Coeffi cient of Drag Revisited
As you dial things in with your design, you’re really 

http://www.rocketreviews.com
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Continued on page 8

terminal velocity. You can do that, because you also know 
how high you were when you dropped it to the ground. Just 
divide the height by the time it took to reach the ground.

Note that the higher up you are when you drop the 
streamer, the more accurate and repeatable your results 
will be.

Once you know the descent rate, you just go back to 
the terminal velocity equation (Eq. 2), and solve for the 
coefficient of drag. 

Then take this coefficient of drag and plug it into 
RockSim so you can re-run your simulations.

It is going to take a little bit of extra work this year than 
it was when you used a parachute for the recovery device. 
But I think you’ll learn a lot more about the scientific method 
of research.

Please also remember to send me your drop test 
results. This information will allow us to make RockSim 
more accurate in the future. There isn’t a lot of information 
available on the drop rates of different streamers and how 
they are folded. So you’ll actually be doing a lot of scientific 
research at the same time.

Multiple Streamers
If you study the rules, you’ll see that you actually are 

allowed to use multiple streamers attached to the design. 
You may think that this throws a wrench in things as far as 
RockSim goes. But actually, the procedure for RockSim is 
identical to what I’ve listed above. The only exception is 
that you don’t add a second streamer to the rocket design. 
You just tweak the dimensions (to account for the extra 
weight) and the Cd of the first streamer!

By the way, are two or more streamers the way to go in 
this event? That is a great question. And I don’t really know 

the answer to that question. Traditionally, competitors use 
just a single streamer attached to their rockets. I don’t know 
if that is because of convenience, or if the multiple stream-
ers just wind up around each other and make it like a single 
streamer anyway. If you are interested in using multiple 
streamers, I think you’ll have a bit more experimenting to 
do.

It should be interesting to see the results. Again, send 
me the results. I won’t share them with any other team until 
after the event is over next year.

How To Pick The Correct Size Streamer
Continued from page 6

Space Foundation certified 
as an excellent teaching aid. For further information, call Apogee Components at: 719-535-9335.

www.RockSim.com
v9

Your Cool Rocket Designs 
Look So Much Better In 

RockSim Version 9!

Launch It.

Figure 5: Two streamers attached to a rocket.

http://www.apogeerockets.com/rocksim.asp
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Continued on page 9 

Other tips for this competition
1. Separate the egg capsule from the bottom portion of 

the rocket as shown in Figure 1. You’re probably aware of 
this strategy already. The reason is to reduce the weight of 
the part of the rocket that the streamer has to slow down. 
The less weight, the slower it descends. 

The way to do this in RockSim is to make the rocket a 
two stage design. I’ve gone ahead and redone the video 
instructions that show this technique in RockSim. They are 
listed as TARC Tutorial 3 at: www.apogeerockets.com/
RockSim_tutorials.asp

2. Don’t forget about the lower section of the rocket. It 
must be safely recovered too, or you’ll be disqualified.

3. Make sure your rocket flies straight when it comes 
off the launch pad. A longer launcher is better, because it 
allows the rocket to leave the pad with a higher speed. The 
higher the lift-off speed, the less the rocket is affected by 
the wind that may be blowing on launch day.

In the Peak-of-Flight Newsletter 243, I talked about 
using a very long launch rail. I recommend you consider 
something like this. www.ApogeeRockets.com/education/
downloads/Newsletter243.pdf

How To Pick The Correct Size Streamer
Continued from page 7

Figure 6: In RockSim v9, you can have the nose cone 
come down separate from the engine section.

Launch controller for mid-power rockets. 

Hooks right up to your car’s battery.
No more dead AA batteries!

Plenty of electricity to set off any  
type of rocket motor igniter.

24 foot cord, allows you to stand far back
for launch safety.

Audible continuity buzzer lets you know the 
circuit is armed and ready for launch.

Flat-jaw alligator clips
(for easy hook-up of igniter.) 

Pratt Hobbies GO BOX 
Launch Controller

Brought to you by:

Only  
$39.99
P/N 7705

www.ApogeeRockets.com/go-box_controller.asp

http://www.apogeerockets.com/RockSim_tutorials.asp
http://www.apogeerockets.com/RockSim_tutorials.asp
http://www.apogeerockets.com/education/downloads/Newsletter243.pdf
http://www.apogeerockets.com/education/downloads/Newsletter243.pdf
http://www.apogeerockets.com/go-box_controller.asp
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Continued on page 10 Staging Electronics
• Designed to ignite the top 
motor in two-stage rockets.

• Provides an easy way to 
stage composite propel-
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w
w

w
.A

p
o
g
e
e
R
o
ck

e
ts.co

m

• Fires off igniters after a 
preprogrammed amount of 

time following liftoff
• G-switch senses liftoff and 

insures against a false launch-
detection

• Small, lightweight design is great 
for skinny rockets

• Easy-to-use, and will fire off any ig-
niter, including clusters!

www.ApogeeRockets.com/Staging_Timer.aspBattery, battery connector, mounting 
board and igniter are not incuded.

How To Pick The Correct Size Streamer
Continued from page 8

Conclusion
Figuring out the correct size streamer for your design 

is a bit more complicated than finding the right size para-
chute. It will take a lot of drop tests to dial things in and get 
good estimation of descent rates. The more time you spend 
on streamer design, the more consistent your results will 
be. And in this competition, “consistency” is the key to win-
ning.

Other Relevant Information:
Newsletter 184 – sizing your parachute www.Apog-

eeRockets.com/education/downloads/Newsletter184.pdf.
10” Wide Mylar Streamers – These are now available 

from Apogee Components. You may not need the 10 inches 
of width, but it is a lot easier to cut it down and make it 
skinnier than trying to make a skinny streamer wider. www.
apogeerockets.com/Streamers.asp

About The Author:
Tim Van Milligan (a.k.a. “Mr. Rocket”) is a real rocket 

scientist who likes helping out other rocketeers. Before he 
started writing articles and books about rocketry, he worked 
on the Delta II rocket that launched satellites into orbit. He 
has a B.S. in Aeronautical Engineering from Embry-Riddle 

Aeronautical University in Daytona Beach, Florida, and 
has worked toward a M.S. in Space Technology from the 
Florida Institute of Technology in Melbourne, Florida. Cur-
rently, he is the owner of Apogee Components (http://www.
apogeerockets.com) and the curator of the rocketry educa-
tion web site: http://www.apogeerockets.com/education/. 
He is also the author of the books: “Model Rocket Design 
and Construction,” “69 Simple Science Fair Projects with 
Model Rockets: Aeronautics” and publisher of a FREE e-
zine newsletter about model rockets. You can subscribe to 
the e-zine at the Apogee Components web site or by send-
ing an e-mail to: ezine@apogeerockets.com with “SUB-
SCRIBE” as the subject line of the message.

FREE Rocket
Construction 

Videos
A new Apogee 
video every two 
weeks to help you 
become a better 
modeler!

www.ApogeeRockets.com/Rocketry_Video_tips.asp

http://www.apogeerockets.com/education/downloads/Newsletter184.pdf
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Responses By Tim Van Milligan
Reader Questions and Answers

Fly-Away Rail Guides Revisited
In Peak-of-Flight Newsletter 243 (www.ApogeeRockets.

com/education/downloads/Newsletter243.pdf), we talked 
about Fly-Away Rail Guides. Here are a couple of respons-
es that I got back about that topic.

Paul Wolaver writes: “Very cool, Tim... Think about 
taking this one step further, replacing launch lugs for model 
rockets that use launch rods. Where your design has the 
formed hooks that go inside the launch rail, extend this 
idea a bit further so that semi-circle hooks on the end of the 
music wire overlaps, and make a circle that will enclose the 
launch rod. Same principle, as soon as it leaves the rod, 
the rod will no longer hold together the loop/circle/hooks 
- and fl y away.

“I am going to start using rails/buttons because the 1/4” 
rods are always too busy, but these fl y away rail guides 
might be a good “fi eld expedient” supplement - just use 
them instead of the normal lug, when the rods are real 
busy.  This would be for a sport rocket, where the drag of 
the permanently mounted, but unused launch lug would not 
be that big of a deal, and altitude isn’t everything.

Thanks for the idea!!!”
Bill Colburn writes: “Though I have never seen a fl y-

apart launch lug made of wire, the concept has been used 
for many years, back to launches in the 60’s at Wallops. 
There is a picture of it at: www.rocketryonline.com/how-to/
astrobee/ad_forwardlug.html. Good to get it out to the many 

though, thanks for that.”
I knew I couldn’t have been the fi rst person to think 

of this. In a way I’m glad someone else thought of it fi rst, 
otherwise I would have doubts to the “smarts” of the rocket 
community. It is a relief to be proved that rocketeers are a 
bunch of smart dudes. I guess it “does take a rocket scien-
tist.”

Loading and then Storing A Reloadable Motor
Mark DiBois asks: “How far in advance of a launch can 

you load reloadable motors? If I put the O rings in and lu-
bricate them and seal them up, do they have a limited shelf 
life or what? Talking a few weeks not years or months.”

Great question. I asked Gary Rosenfi eld at Aerotech, 
and he said something that I didn’t even consider. The an-
swer he gave is that a few weeks is OK. The problem is not 
the O-ring. They will last a long long time. 

The issue is that the O-ring must remain in contact 
with the surface of the propellant to provide a good seal. 
The problem is that the propellant is not as resilient as the 
O-ring. So while the propellant is rubbery and will seal well 
for a while, over time it will yield and dent. At that point, it 
can allow the hot gases to get around the O-ring. So a few 
weeks is probably fi ne, but you don’t want to extend that to 
months.

TARC Questions and Answers

Model Rocket Design and Simulation
©2007 Paul L. Fossey, PKF Systems
www.RockSim-Pro.com
Windows and Macintosh CD
Version: 1

www.ApogeeRockets.com
 3355 Fillmore Ridge Heights
Colorado Springs, CO, 80907
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• Speeds up to Mach 10
• Altitudes up to 392.7 miles
• Reads RockSim design fi les
• Create landing zone patterns in Google Earth
• See a 3D trajectory path
• Developed for university researchers and aero-

space professionals.

Sim Your Rockets With The Confi dence 
of 6-Degrees-of-Freedom

RS-PRO is a 6-degree-of-freedom rocket simulator to fi nd the behavior 
of high-performance rockets. It picks up where RockSim leaves off:

www.ApogeeRockets.com/RS-PRO.asp

Continued on page 10
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William Mullooly wrote with several good questions 
concerning this year’s TARC contest. He writes:

“I am mentoring a TARC team at Redlands High 
School, Redlands CA. I have a few questions that I have 
not been able to find in the Help menus, the Apogee News-
letters, or the RockSim manual.

1. When adding a streamer, what does RockSim use to 
calculate the recommended dimensions of the streamer? 
Specifically, how does it address the mass of the engine 
selected and does it subtract the propellant mass?”

Yes. It does subtract the mass of the propellant to find 
the descent weight of the model. This is not shown on the 
streamer design screen, like it is for the parachute design 
screen, but the end-result is the same. RockSim does 
remove the mass of the motor for descent rate calculations. 
You can confirm this by plotting out a mass versus time 
curve for a launch simulation.

“2. How does RockSim consider payload and booster 
drag during descent? One of the techniques to slow de-
scent when using streamers (the required payload recovery 
device for TARC 2010) is to attach the streamer externally 
at the center of gravity of the booster so that it descends 
horizontally, thus increasing drag. Is there a way to simu-

late this descent orientation with RockSim?”
RockSim does not consider the rocket portion during 

descent. It just considers it as a point mass. So hanging 
it horizontal from the streamer does not affect RockSim’s 
calculations. You will have to bump up the value of the 
streamer’s coefficient of drag.

“3. Or conversly, is there a way to have separate drag 
coefficients--one for ascent, and a different one for descent 
that would simulate the increased drag of a horizontal 
booster descent?”

RockSim does separate the boost portion from the 
descent portion. It basically switches CD’s and reference 
areas once the recovery device is deployed.

“4. One of the configurations we would like to model 
would be one which has separate recovery systems for the 
payload and booster for a single stage rocket. (i.e. have the 
[lighter] payload descend on its own using a streamer thus 
giving better control of the payload descent time. Is there a 
way to simulate this configuration in RockSim for a single 
stage rocket? Or, is there a way to simulate the configura-
tion with a multi stage rocket with the payload taking the 
place of the upper stage. (no upper stage motor)?”

Yes. See TARC video 3 at: www.apogeerockets.com/
RockSim_tutorials.asp 
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• Reusable Rocket Motors Save Money
• Holds Aerotech’s Reload Propellant
• Sizes: 24mm To 98mm Diameter
• Power Range: E Through N
• Cases For Any Project
• Rouse-Tech Quality
• Affordable!

www.ApogeeRockets.com/Rouse-Tech_Monster_Motors.asp

Reader Questions and Answers
Continued from page 10
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