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{Editor’s Note: In Peak-of-Flight Newsletter #345 (www.
ApogeeRockets.com/Education/Downloads/Newsletter345.
pdf), I wrote about how to borrow time in a research wind 
tunnel. In this issue, we’ll share some of the data that was 
collected by my daughter Allison. She is 13 years old, and 
this is a snippet of her R&D project that she presented at 
NARAM-55 in Aurora, Ohio. The full version can be found 
on the Apogee web site at: www.ApogeeRockets.com/Tech/
RD_Projects_from_the_NAR}

The Objectives Of the Work
My objective was to find the drag of a tube fin rocket 

vs. a regular finned rocket, and try to predict drag of other 
tube-fin rockets.

The Approach Taken
Step 1: I built all the rockets the same except for the 

fins. I built one rocket with just a nose cone and a body 
tube. I did this so that I could find the drag of the nose cone 
and body tube, and subtract it from the overall drag of the 
rockets with tube fins. I wanted to get the drag of just the 
tube fins, and not the overall rocket itself. Next, I built a 
normal rocket with 2x2 squared fins. I did this to compare it 
to the tube finned rockets. The leading and trailing edges of 
the 1/16” fins were just rounded. The surface was finished 

with two coats of CyA glue, and sanded smooth.

The next rocket was with 2in long BT-70 fins. Then I 
built one with 2in long BT-60 tube fins. Then I built one with 
6in long BT-50 tube fins. For this rocket I scored the 6in 
long tubes at 5in, 4in, 3in, 2in, 1in, and 1/2in. I did this so 
it would be easy to cut the tube for the next test when I got 
to the Air Force Acedemy. I did the same thing for BT-20 
rocket.

Drag of Tube Fins

Picture 1: Attaching the fins to the body tube using 
the Guillotine fin jig (www.ApogeeRockets.com/Build-
ing_Supplies/Tools/Guillotine_Fin_Jig).

Picture 2: The rockets prior to wind tunnel testing. The 
long tubes were scored at 1-inch intervals. These were 
cut and shortened between wind tunnel tests.

Step 2: The next thing I did was go to the Air Force 
Academy to find out how we were going to mount the rock-
et in the wind tunnel, and which wind tunnel I was going to 
use. I would have loved to use the Subsonic wind tunnel, 
but it cost $10,000 per week to use it.

We ended up using 1 foot x 1 foot classroom wind tun-
nel. The Air Force Academy calls this the “Low Speed Wind 
Tunnel.”

Step 3: The next thing I did when we went back to the 
Air Force Acadamy was do the tests. I put each of my mod-
els in the test section with help from Katarina McGuire, who 
is an intern at the Academy in the summer.

www.ApogeeRockets.com
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We had to make sure the model was level. That way 
we knew that the model was pointed straight into the wind 
of the tunnel.

Picture 3: Katrina helped me mount the rockets in the 
wind tunnel and acquire the initial data.

Picture 4: Leveling the rocket to make sure it was 
pointed straight in the tunnel.

We’re Paying Cash
For Great Articles for This Newsletter

Are you a writer looking for some serious pocket change? 
We’re paying up to $350 for good how-to articles for this 
newsletter. If you’re interested, see our submission guidelines 
on the Apogee web site.

www.ApogeeRockets.com/Newsletter/Newsletter_Guidelines

We started with an “air off” test to make sure the sys-
tem was measuring data.

Then we did a 10hz test, a 20hz, a 30hz, a 40hz, and 
a 50hz test. This was how the wind speed in the tunnel 
was adjusted. For example, 40 hz corresponded to a wind 
speed of approximately 32 mph, and 50 hz corresponded to 
almost 40 mph.

As a side note, the wind tunnel had a speed range of 
20 - 150 ft/sec (13.6 mph - 102 mph). For my test, they 
only allowed it to go to around 40 mph, because they were 
afraid that some part would break off my model, and get 
stuck in the fan that sucked air through the tunnel. I wished 
I could have gone at a higher speed.

Each test lasted a couple of minutes. This happened 
because we had to wait for the air to stabilize, and to save 
the data file to the computer hard drive. I did this for every 
model.

Step 4: I collected and read all the data.

Picture 5: Tightening the mount to hold the rocket 
securely.

http://www.apogeerockets.com/Newsletter/Newsletter_Guidelines
www.ApogeeRockets.com/Newsletter/Newsletter


Page 4 I S S U E  3 4 7   S E P T E M B E R  1 0 ,  2 0 1 3

Continued from page 3

Drag of Tube Fins

Continued on page 5

Minimum Diameter
Motor Retainers!

We Have:
• Minimum Diameter 

    Retainers

• Motor Extenders

• Threaded Forward 
Closures

• Adapters for 

	 Cesaroni Cases

• Fly High

• Fly Fast

• Impress Your

	 Friends!

Apogee is your one 
stop shop for your 
minimum diameter 
rockets projects!

www.ApogeeRockets.com

I didn’t do any data reduction at the Air Force Academy. 
This was done when I got back home.

To find the wind speed: I opened the Excel files for 
each rocket configuration. It didn’t give speed directly. It 
measured pressure difference in the tunnel. The wind tun-
nel measurement system took 20 air samples (once every 
two seconds) at each wind speed. I had to average out 
those to get the average pressure difference. By averaging 

the samples, any turbulence would be smoothed out in the 
results.

This pressure measurement (the average found above) 

Picture 6: Data collection was the most important part 
of the process. Chart 1: This is a sample of the raw data that was out-

put by the computer at the Air Force Academy. Every-
thing below line 33 is what I had to do. The first step: in 
the data spreadsheet for the test run, I had to average 
the 20 readings of pressure (shown by the arrow). This 
was to even out any turbulence in the wind tunnel. This 
data sheet was from the test of the rocket with the 6 
inch long, BT-50 size tubes, and was run at the speed 
when the tunnel was turn on to the 50 hz setting.

http://shermaninstitute.org?apogeerockets
http://www.apogeerockets.com/Building_Supplies/Motor_Retainers_Hooks/Minimum_Diameter_Retainers
www.ApogeeRockets.com
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• Records peak speed and acceleration 
using 3-axis accelerometer.

• Also tells you how high the rocket 
flew. 

“The one altimeter you’ll use 
in every rocket you fly.”

AltimeterOne - See how high your 
rocket flew

Penny shown for size comparison
www.ApogeeRockets.com

AltimeterTwo - See how fast 
and high your rocket went

• Records peak altitude up to 29,000 feet 
(ASL). Displays in meters too!

• Easy-to-read LCD display. No need to 
count beeps or flashes of light.

was multiplied by 10. The reason was the Air Force Acade-
my’s data sheet had an error in it. They gave me a spread-
sheet called the “LSWT Torr Spread Sheet,” which finds the 
airspeed based on the pressure measurement system. The 
wind speed, this spreadsheet was calculating, was around 
12 mph, instead of 40 mph. By talking with the Air Force, 
they finally figured that the decimal was in the wrong place. 
It was off by a factor of 10. They told us to multiply the 
pressure measurement by 10, and the spreadsheet would 

Chart 2:The Air Force Academy gave me this spread-
sheet that determines the wind speed in the tunnel 
based on the pressure reading. The pressure reading 
(from the chart on the previous page) had the decimal 
point in the wrong spot, so I had to multiply it by 10 
before I typed it into cell A9 (left side). From that pres-
sure, the spreadsheet calculated the velocity of the air 
in the tunnel.

calculate the correct wind speed.

I took this speed and wrote it down in my data sheet 
(see the “Data Collected /Results Obtained” section of this 
report). The max wind speed was a little over 39mph. It 
varied slightly from test to test because pressure outside 
the room changed (the door to outside was open, to pre-
vent turbulence inside the room from the air hitting the wall 
behind the wind tunnel).

To find the drag:
Prior to my arrival at the Air Force Academy, Katrina 

McGuire and Ken Ostasiewski calibrated the measurement 
system with precise gram weights that I couldn’t touch, 
because the oil on your skin can change the mass of the 

Graph 1: This is the calibration graph that was created 
prior to wind tunnel testing. It was used to find the drag 
on each rocket.

http://www.apogeerockets.com/Electronics_Payloads/Electronics/Jolly_Logic_AltimeterTwo
www.ApogeeRockets.com
www.ApogeeRockets.com
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Experienced HPR Builders 
Use Thrust Plates

• Eliminates Shear Forces on Centering Rings
• Mates with AeroPacks Flanged Engine Retainers
• Fits Standard HPR Tubes, Blue Tubes, and Fiberglass Tubes
• Made from Aircraft Grade Aluminum
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weights.

They created a graph (shown in Graph 1 on the previ-
ous page) and equation that calculates the force at each 
voltage value. I would use this equation to find the drag of 
each configuration.

The equation used to find the force was found by rear-
ranging the equation on the calibration chart and solving for 
the variable “x”. The equation was:

Weight = (voltage reading + 0.0190667343)/ 
0.006448457

When the data system took measurements, it actually 
takes voltage readings. Like for wind speed, it took 20 volt-
age measurements (once every two seconds) that had to 

Table 1: This is the reduced data of the 17 different rocket configurations that were tested.

be averaged.

I took the average voltage measurement and put that 
number into the calibration formula. That formula gave me 
the force in grams that created the voltage.

Once I had the drag I put it into my chart. I had to do 
this for 17 rocket configurations and three tests; one for the 
stand and two without fins.

After the chart was made I organized it by putting it 
into graphs. I used a feature in Microsoft Excel to put trend 
lines on the graph, and calculate the equation of the trend 
line.

Data Collected/ Results Obtained
The Results that I obtained are as follows:

1. As the tube length increases the drag goes up.

http://www.apogeerockets.com/Building_Supplies/Thrust_Plates
www.ApogeeRockets.com
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Space Foundation certified 
as an excellent teaching aid. For further information, call Apogee Components at: 719-535-9335.

www.RockSim.com
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Your Cool Rocket Designs 
Look So Much Better In 

RockSim Version 9!

Design It.
Launch It.

2. Also the slope in the BT-50 and BT-20 slopes are 
very close. This says that a person can predict the drag will 
be about the same slope for a BT-60 and BT-70.

Here is the graph I made to predict the drag:

BT-50 Tubes
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Graph 2: A typical graph of tube-fin drag. This one is 
for BT-50 size tubes. As the length of the tube increas-
es, the drag also increases.

Drag Projections of 3 Tube-Finned Rockets
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Graph 3: My BT-60 and BT-70 drag predictions based 
on the slope of the smaller tubes that I tested in the 
wind tunnel.

3. I also realized that when I tested the base rocket 
the drag was too high. See the chart for the second “Base” 
configuration at 39.29 mph wind speed. That configuration 
had a force of 6.958 grams, where the same configura-
tion at 31.81 mph had a much lower drag force of 2.150 
grams. I don’t know why it was too high, except that maybe 
it wasn’t aligned in the wind tunnel perfectly straight. That is 
why some of the numbers for “Tube Fin Drag” are negative. 
Other than that, I believe that all my numbers are accurate 
because I had the help of the Air Force Academy to make 
these measurements.

4. Tube-Finned rockets have about the same amount 
of drag as regular finned rockets. If you had a tube finned 
rocket with the same surface as a regular finned rocket you 
would find that the drag is about the same.

Here’s how I figured this out. If the surface area of the 
regular finned rocket is 2” x 2”, that is equivalent to a tube 
fin rocket having a 2 inch long X 0.6366 inch diameter. To 
figure this out, refer to graph 3 on page 15 of the online re-
port. When you extend a line up from 0.63 inches diameter, 
you’ll find the drag to be a little over 7 grams. That is real 
close to the drag of a 2” X 2” fin which had a drag of 7.597 
grams. But tube fin rockets are less stable than regular flat 
fin rockets, (see reference #1) so you’d need bigger tubes 
to make up the difference. That would mean when compar-
ing rockets of equal stability, the tube fin rocket would have 
more drag, because it needs larger tubes.

References on Subject
1. Stability of tube fins by Seth Avecilla.
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Quick-Change Motor Adapters
• Allows you to use smaller diameter motors in 

your rocket kits (adds versatility)
• Change out motors in seconds
• Works with all single-use and reloadable
       motors
       • Four sizes available
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5. Larry Brand, “Tube Fin Rockets - Seven Beats Six 
Part 3”, Sport Rocketry magazine, March-April 2010

6. Larry Brands Tube Fin Construction Articles: http://
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Picture 7: Tube fins made with BT-60 tubes. The long 
tubes were trimmed down at pre-marked intervals from 
the front. This allowed fewer rockets to be built for the 
experiment.

Picture 8: A model with BT-50 size tube fins. This is at 
the 1 inch long length. The shortest length tested was 
1/2 inch.

Picture 9: Close-up view of the mount used to hold the 
rockets steady in the tunnel.
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