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Simulating Angular Airframe Tubes 
in RockSim v9 - Part 1 of 2

{Editor’s Note: The RockSim design files for this article 
are available for download from the Apogee Components 
web site at: www.ApogeeRockets.com/Education/Down-
loads/RSimsForArticle.zip}

Rocksim Version 9 is the most flexible and advanced 
model rocket flight simulation software available to the gen-
eral model rocketry community, however it does not directly 
lend itself to the simulation of angular airframes, namely 
rockets with triangular and square body tubes. This article 
suggests ways to perform the flight simulation of these 
designs using Rocksim software that should give a close 
approximation for the actual flight characteristics of rockets 
with angular body tubes.

This work was inspired by my visit with a new model 
rocketry company at NARAM 53, New Way Space Mod-
els, which markets an entire catalog of model rockets with 
square body tubes (see Figure 1). Even their motto is “Dare 
to be Square”! Apogee Components is now selling a few 
of them, and they can be found at: www.apogeerockets.
com/rocket_vendors.asp 

As part of my job, I work with a large group of scientists 
that simulate bio-molecules, namely proteins and lipid com-
plexes (such as those that make up High Density Lipopro-
tein or HDL particles). Part of their work involves computer 
modeling of these complicated structures which do not 
readily lend themselves to direct measurement or observa-

Figure 1: New Way Space Models has built a fleet of 
models around square airframe tubes.

tion. The techniques they use for creating a picture of these 
complex structures involves generating computer models 
for the possible structure and then evaluating and fine 
tuning these models based on the data we have (or new 
data we generate), and then selecting a “best fit” model 
as representing the actual structure of the molecule. This 
article on simulating angular body tubes for model rockets 
parallels this iterative approach. 

 The question is can Rocksim simulate the flight char-
acteristics of angular tube designs? The software currently 
lacks any direct way to input a body tube with a square or 
triangular shaped cross section. So let’s start by ignoring 
the angular aspects of the body tube and run a simula-
tion based on a round cross-sectioned rocket with the 

Figure 2: The kits even have square launch lugs.

http://www.ApogeeRockets.com/Education/Downloads/RSimsForArticle.zip
http://www.apogeerockets.com/rocket_vendors.asp
http://www.apogeerockets.com/rocket_vendors.asp
mailto:ezine@apogeerockets.com?subject=subscribe


Page 3I S S U E  2 9 6   S E P T E M B E R  2 7 ,  2 0 1 1

Squareone
Length: 17.3503 In. , Diameter: 1.4793 In. , Span diameter: 5.0158 In.
Mass 97.873 g , Selected stage mass 97.873 g
CG: 11.2756 In., CP: 13.9768 In., Margin: 1.83
Engines: [C6-5, ]

(M) P (M)(M) (M)

Simulating Angular Tubes in RockSim 9
Continued from page 2

Continued on page 4

equivalent frontal (transverse or circular) surface area of a 
square tube design. This should represent the “best case” 
simulation for this angular tube design. Actually taking into 
account the effects of the angular body tube is expected 
to provide a simulation that shows less stability and less 
altitude than a simulation of a rocket with round body tubes 
with the same length, fins, frontal surface area and weight. 
Indeed one of the main assumptions of the Rocksim (and 
the Borrowman) equations used for calculating flight stabil-
ity are that at low angles of attack, the round airframe of 
the rocket does not have any effect on the rocket’s center 
of pressure. Both sets of equations ignore any effects from 
the shape of the body tube. 

One of the primary parameters that will affect the 
rocket’s flight characteristics is contributed by the airframes 
frontal or transverse surface area. Using some basic 
algebraic relations, you can determine the diameter of a 
round body tube whose frontal surface area will match the 
frontal surface area of an angular body tube. In part 1 of 
this article, I will look at square airframes since they are the 
easiest to handle mathematically. I will be using the New 
Way “SquareOne” model rocket as a typical square tube 
example.  

The area of a square is the square of its side measure-
ment (S); 

A (square) = S2. 

The area of a circle (representing the frontal cross sec-
tional area of a round body tube) is the radius (where the 
radius is half the diameter, r = 1/2d) of the circle squared 
times the constant pi; 

A (circle) = π r2.  

Setting these two areas equal A (square) = A (circle) 
gives;

S2 = π r2 

Since S the width of 
the side of the square 
body tube is known (or 
can actually be mea-
sured) solving this equa-
tion for r the radius of the 
circle with an equivalent 
surface area gives:

r = √ (S2/π) 

Plugging in 33.3 mm 
the measurement of the 
width of the Squareone rockets body tube gives:

r = √ ((33.3)2/3.14) = 18.8 mm

www.ApogeeRockets.com/motor_mount_adapters.asp

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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Figure 3: A square with the 
same frontal area as a circle.

Figure 4: Round tube equivalent version of the rocket.

http://www.apogeerockets.com/motor_mount_adapters.asp
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By definition the diameter (d) of the body tube is twice 
its radius (d = 2r) so the diameter of the equivalent area 
body tube for the Squareone rocket should be;

d = 2(18.8mm) = 37.6 mm

This can be seen from the 37.6 mm diameter circle in-
scribed through the 33.3 mm on a side square in Figure 3.

I then created a Rocksim file for a rocket with round 
body tubes and nosecone 37.6mm in diameter with the fins 
and all other measurements from the SquareOne rocket 
model being the same. 

Note since the top of the nosecone for the Squareone 
rocket is flat, I used a similar circular diameter equivalence 
calculation to create its round frontal cross section.  With 
C6-5 motor installed, notice the CP to CG safety margin is 
1.83 calibers and the rocket reaches a simulated altitude 
of 679 ft AGL. For comparison purposes a constant wind 
speed of 10 mph, with no thermals, a launch angle of zero, 
with all the other variables set the same were used in all 
flight simulations. This “Round Tube Equivalent” model rep-
resents the best case scenario for a flight simulation of the 
SquareOne design. Since the effects of the body tube are 
out of the equation, this simulation represents the optimal 
CP to CG separation that would be expected for a rocket 
with the same motor, effective frontal diameter, nosecone 
shape (albeit round) and fin shape and orientation. Note 
that in all the following models and simulations of the 
“SquareOne” rocket I set the weight and CG of the designs 
as close to this “Round Tube Equivalent” model as is pos-
sible for comparative purposes. A C6-5 motor, the heaviest 
motor, represents the worst case for the CP to CG safety 
margin in all the simulations.

Next let’s look at what could be the worst case scenario 
Rocksim simulation for this design. This is the first design 
file I came up with that actually looks like it has a square 

Continued from page 3

Simulating Angular Tubes in RockSim 9 shaped body tube. I simulated each of the four sides of the 
tube separately as flat fins. Since the rocket nosecone also 
has a square cross section, I also included it as the top part 
of these fins. To get the fins to lay flat in the proper orien-
tation, I used a fin pod and attached two fins of the same 
shape together along their root edges; the fin pod lies along 
the lateral center midline of each side of the square tube. I 
set the radial positions of the two fins at the proper square 
angles (0, 90, 180 and 270 degrees) to form the square 
tube around the rocket. This file gives the correct silhou-
etted shape of one side of the rocket looking fairly close to 
the real thing (see Figure 5). 

Continued on page 5

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!

Design It.
Launch It.

Figure 5: “Flat Panel” model for the SquareOne.

Squareone
Length: 17.3380 In. , Diameter: 1.4791 In. , Span diameter: 5.0158 In.
Mass 97.887 g , Selected stage mass 97.887 g
CG: 11.2679 In., CP: 12.1548 In., Margin: 0.60 Marginal
Engines: [C6-5, ]

(M) (M) P (M)(M) (M)
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Continued on page 6
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• Easy to use. Just clamp the fi n 
to the support, and walk-away 
while the glue dries

• Constructed out of aluminum, 
not plastic! It will last through 
a lifetime of use

• Contains three different size 
pedistals for 13mm, 18mm, 
and 24mm diameter tubes

• Great for small rockets and 
classroom use

The Secret To Arrow-Straight Launches?
Perfectly Aligned Fins, Of Course...

www.ApogeeRockets.com/fi n_jig.asp
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Get The NEW “Ulf’s Fin Jig”

Continued from page 4

Simulating Angular Tubes in RockSim 9
An obvious problem is that I didn’t get the tops of the 

fi ns to angle in over the top of the rocket to fully envelop a 
nose cone. To make this simulation work (or allow the soft-
ware to use this design to do the math) I used an extremely 
short and light transition of the equivalent diameter calculat-
ed as above located at separation of the point between the 
nosecone and body tube. This disk sets the proper frontal 
(transverse) surface area. To set the nosecone’s distance 
from the base of the rocket, I used an extremely thin and 
light body tube that is the full length of the rocket’s actual 
body tube. The fi ns were attached to a short length of body 
tube (almost mass-less) at the base of the rocket. This tube 
has the diameter of 33.3 mm, the width of the square tube 
allowing the fi n panels to lie at the proper distance from 
the rockets lateral centerline. The short thin nosecone and 
long thin body tube as well as the narrow band of body tube 
used to set the spacing for the fi n pod mounts shouldn’t 
change the simulation by very much.  

Notice in Figure 5 that the CP to CG safety margin is 
0.60 calibers; and the rocket reached a simulated altitude 
of 519 ft AGL, about 75% of the altitude a rocket with round 
body tube. Both of these values are contradictory to the 
known fl ight characteristics for the rocket. Even though the 
design’s picture might look close on the Rocksim display 
screen, this simulation approach must be considered inac-
curate. The critical aspect being that all four sides of the 
tube were simulated as fi ns which by defi nition have both 
their sides “wetted” or exposed to the air stream. In real-

ity, a body tube has only its outer surface, (corresponding 
to one side) “wetted” by the air fl ow. After many attempts 
at using other software packages to modify fi les as I had 
done in previous articles, I found the .rkt fi les themselves 
can not be opened and changed to only use the outer half 
of the wetted surface of a fi n. I had to come up with another 
way to modify the .rkt fi le to properly use angular body tube 
shapes I created for these fl ight simulations. 

Figure 6: “Picket Fence” model for the SquareOne.

Squareone
Length: 17.3380 In. , Diameter: 1.4791 In. , Span diameter: 5.0158 In.
Mass 97.887 g , Selected stage mass 97.887 g
CG: 11.2678 In., CP: 13.4415 In., Margin: 1.47
Engines: [C6-5, ]

(M) (M) P (M)(M) (M)
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Simulating Angular Tubes in RockSim 9
Here is my way around this; I cut the fin span of each 

body tube panel in half to effectively halve its wetted 
surface! The problem with this approach is the simulated 
structure becomes something that doesn’t really a look like 
a closed angular surface anymore.

However, this “Picket Fence” model in Figure 6 should 
give a simulation of an angular body tube that is a closer 
approximation to the SqaureOne rocket. Notice that each 
fin is pushed to the vertex or corner of the tube and the 
next fin does not share the same vertex. For a square 
shaped body tube one can envision that the back of an 
opposing fin will substitute (or fill in) for the wetted surface 
of its opposing partner. This is just one way to get Rocksim 
software to use only half the wetted surface of the fin for 

the angular airframes side panel. The difference between 
this simulation and the last is that I simply set the number 
of fins from two to one on each of the fins on the fin pod 
mount for the side panel.  With C6-5 motor installed notice 
the CP to CG safety margin is 1.47 calibers and the rocket 
reaches a simulated altitude of 571 ft AGL. The flight using 
a C6-5 motor is stable, as expected; the maximum altitude 
is also a respectable value. 

A cleaner or simpler simulation using this same half 
panel concept involves putting the same four fin panels in 
a cross pattern along the lateral centerline of the rocket, 
giving the “skeleton” model shown in Figure 7. It is simpler 
since it avoids using the fin pod concept I used to mount 
the fins around the outside of the airframe. 

With the C6-5 motor installed, notice the CP to CG 
safety margin is 2.11 calibers and the rocket reaches a 
simulated altitude of 568 ft AGL. This treatment gives as 
stable a flight as in the “Picket Fence” model above, with a 
similar maximum altitude and velocity. 

But what about making the fins thicker in the “skeleton” 
model to simulate the width of the actual square body tube? 
Using mass override to keep the weight and its distribution 
the same and setting the fin thickness equal to 33.3 mm 
(the width of the square tube on the SquareOne rocket) 
gives the “Space Filling” simulation model in Figure 8.

With C6-5 motor installed notice the CP to CG safety 
margin is 2.11 calibers and the rocket reaches a simulated 
altitude of 549 ft AGL. The results are nearly as above with 
the skeleton model, the same safety margin but the maxi-
mum altitude on the C6-5 motor is slightly lower. But this 
model is actually taking twice the frontal area of the rocket 
into account since the fins simulating the side panels now 
overlap with each other. 

Setting the fin thickness for the body panels to 16.7 

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_Guidelines.asp

Squareone
Length: 17.3419 In. , Diameter: 1.4791 In. , Span diameter: 5.0158 In.
Mass 97.887 g , Selected stage mass 97.887 g
CG: 11.2663 In., CP: 14.3920 In., Margin: 2.11
Engines: [C6-5, ]

(M) (M) P (M)(M) (M)

Figure 7: Skeleton version of the SquareOne.

http://www.apogeerockets.com/Newsletter_Guidelines.asp
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Continued from page 6

Simulating Angular Tubes in RockSim 9

mm (half the side measurement since twice the area was 
represented) and rearranging them around the center will 
remove the overlap, giving the “Non-Overlapping Space 
Filling” model in Figure 9.

This model with C6-5 motor installed yields CP to CG 

safety margin of 1.69 calibers and the rocket reaches a 
simulated altitude of 562 ft AGL. Again these results are 
similar to those from the “skeleton” model on which this 
model was based. The stability margin is less but the alti-
tude is closer; at least this modeling technique looks closer 

Continued on page 8
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• Standard Sizes Fit Your Existing Fleet
• Easy Assembly, Minimal Clean-up
• Casings & Propellant Available
• Adjustable Ejection Delays
• 9 Propellant Formulations
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Squareone
Length: 17.3419 In. , Diameter: 1.4791 In. , Span diameter: 5.0158 In.
Mass 97.887 g , Selected stage mass 97.887 g
CG: 11.3251 In., CP: 14.3919 In., Margin: 2.07
Engines: [C6-5, ]

(M) (M) P (M)(M) (M)

Figure 8: Space Filling RockSim Model of the Square-
One.

Squareone
Length: 17.3419 In. , Diameter: 1.4791 In. , Span diameter: 5.0158 In.
Mass 97.887 g , Selected stage mass 97.887 g
CG: 11.2661 In., CP: 13.7664 In., Margin: 1.69
Engines: [C6-5, ]

(M) (M) P (M)(M) (M)

Figure 9: Non-Overlapping Space Filling RockSim 
Model of the SquareOne.

http://www.apogeerockets.com/Cesaroni_Reload_Kits.asp
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Simulating Angular Tubes in RockSim 9
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Continued on page 9

to the real rocket than any of the other simulation models.

But which of these simulation models is the best or 
closest to being correct? 

Model Margin C6-5 
Motor

C6-5
Altitude

Simulation

Round Tube 
Equivalent

1.83 679’ Figure 4

Flat Panel 0.6 519’ Figure 5

Picket Fence 1.47 571’ Figure 6

Skeleton 2.11 568’ Figure 7

Space Filling 2.11 549’ Figure 8

Non-Overlap 
Space Filling

1.69 562’ Figure 9

Table 1: Results of Different Simulation Strategies for 
Square Airframes

The “Round Tube Equivalent” model, while providing a 
simple basis for comparison, completely ignores the effect 
of the angular airframe tube. If anything, it is overestimating 
the altitude and safety margin of this design. While the “Flat 
Panel” model looks good, it indicates marginal safety and a 
much lower than expected altitude. This is because the “Fat 
Panel” model wrongly assumes both the inside and outside 
of the airframe is wetted by the airfl ow.

The “Picket Fence” model is looking like a possible 
candidate to use to simulate angular airframes, providing a 
safety margin and altitude between those from the “Round 

Tube Equivalent” model and “Flat Panel” model as desired.

The skeleton model is by far the easiest model angular 
airframe model to construct for the evaluation by Rocksim 
software. The “Skeleton” model and “Space Filling” models 
seem to be better at handling the pyramidal shape of the 
angular nose cone.  As far as fl ight stability is concerned, 
the safety margin of the “Skeleton” and “Space Filling” 
models is even higher than the safety margin from the 
“Round Tube Equivalent” model; this is not what you would 
expect since the safety margin (or stability) of the angular 
tube rocket should be less than an equivalent design with 
round tubes.

That leaves the “Non-Overlap Space Filling” model. 
Again this model is looking like a possible candidate that 
can be used to simulate angular airframes, providing a 
safety margin and altitude between those from the “Round 
Tube Equivalent” model and “Flat Panel” model. Also notice 
the close agreement of the safety margins and altitudes 
from “Picket Fence” and “Non-Overlap Space Filling” mod-
els. Since these simulations are all approximations and not 
based on any real world or wind tunnel data, I would sug-
gest the real answer probably lies somewhere between the 
“Picket Fence” and the “Non-Overlap Space Filling” model 
simulation techniques. Wind tunnel and/or altimeter data 
for the SquareOne model would be required to confi rm or 
refi ne either of these models. 

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 

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

This massive, 328 page guidebook for serious rocket designers contains 
the most up-to-date information on creating unique and exciting models 
that really 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 per-
formance 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

http://www.apogeerockets.com/design_book.asp
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• Records peak speed and acceleration 
using 3-axis accelerometer.

• Also tells you how high the rocket 
fl ew. 

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

AltimeterOne - See how high your 
rocket fl ew

Penny shown for size comparison
www.ApogeeRockets.com/AltimeterOne.asp
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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 fl ashes of light.

Coming Next Time

In our next issue, we’ll look at rockets using three-sided 
tubes, instead of four.
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FREE Rocket
Construction 
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A new Apogee 
video every two 
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