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FIGURE 10-5 Pressure drag coefficients for various nose shapes.

insects. (Not long ago, ignorance of the boundary layer and air viscosity led to
the erroneous contention that, theoretically, bumblebees couldn’t fly. The fact
that bumblebees do indeed fly prompted scientists to search for the reasons.)
An object the size of a model rocket moving through the air at 250 feet per
second simply doesn’t give the air enough time to slip out of the way and close
in again behind it. The air must be shoved aside by the nose, an action that cre-
ates pressure drag and a boundary layer. If you’ve done a good job of design
and construction, the boundary layer becomes turbulent at the base of the nose
and finally breaks away completely from the surface of the model at the blunt
rear end, where the air goes into swirling, eddying motion, completely unat-
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+

FIGURE 10-6 The pressure drag coefficient of a parabolic nose shape as
a function of its length-to-diameter ratio.
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FIGURE 10-11 Induced drag of three simple fin-tip shapes.

flutter. In the case of large swept fins on large model rockets or the swept
wings of jet aircraft, the flexure of swept wings at high angles of attack can
cause them to begin to flutter. This flutter gets worse within a fraction of a
second to the point where the fin breaks or the wing comes off. Swept fins are
used only for appearance sake or as a last resort to move the CP to a more

rearward position.

SWEPT TAPERED SWEPT

RECTANGULAR

b 4L
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j
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CLI\PPED DELTA TRAPEZOIDAL

FIGURE 10-12 Some common fin shapes (planforms) used in model rocketry.
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FIGURE 10-13 How to lay out a low-drag clipped delta fin planform.

The two best low-drag fin planforms for model rockets are the clipped
delta and the elliptical. The clipped delta is shown in Figures 10-12 and 10-13.
The elliptical planform looks like that of the World War II British fighter the
Supermarine Spitfire, which had the most aerodynamically perfect wing ever
put on an airplane. However, the clipped delta is easier to make and was used
on such equally high-performance airplanes as the Douglas DC-3 and, with no
leading-edge sweep, the North American P-51 Mustang.

The difference in induced drag between the clipped delta and the elliptical
planforms is about 1 percent in favor of the elliptical. But the clipped delta is
easier to make. Therefore, ’m personally partial to the clipped delta and have
designed many high-performance, record-setting model rockets using this
planform.

The basic design parameters for the optimized clipped delta fin planform
are shown in Figure 10-13. These are based on the diameter of the body tube
as a point of departure. A clipped delta fin designed using these rules will be
slightly oversized for most model rockets. This gives you a margin of safety if
you don’t care to run the CP calculation. If you do and discover you can use
a smaller fin, reduce the C,,, and C;, dimensions. If you need more fin area,
increase the S dimension, the fin span. Increasing the fin span doesn’t move the
fin CP aft, but it greatly increases the fin moment, which will move the
model’s CP rearward while maintaining low-planform-induced drag.

Now we need to put all of this aerodynamic information together into
the design of a low-drag, high-performance model rocket. A typical idealized
low-drag model rocket design is shown in Figure 10-14. It has a parabolic/
elliptical nose with a length-to-diameter ratio of 3. It has three fins with
clipped delta planform. The launch lug is nestled into one of the well-filleted
fin-body joints. The aft end of the body tube could not use a boat tail because
the motor fits right into the body tube. So the aft end of the body tube is
slightly rounded with fine sandpaper and a little bit of the motor casing
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FIGURE 10-14 A typical low-drag, high-performance model rocket design for
use with minimotors.

extends from it. The extension of the motor casing beyond the aft end of the
body tube serves two functions: (1) It makes it easy to grasp the motor casing
to extract it from the model after the flight, and (2) the extension acts like an
extension of the body tube to reduce interference drag by smoothing the flow
aft of the fins. The model should have a shiny, mirrorlike surface with all
balsa grain and body tube spirals filled. To prove that this idealized model
rocket is something that can be built, Figure 10-15 shows some competition
and sporting designs.

The drag coefficient (C,) of an idealized model rocket such as that in Fig-
ure 10-14 has been calculated at 0.4 at a velocity of 200 feet per second. Flight
tests with models that have been tracked for altitude have indicated that the
C, can be as low as 0.235.

The drag coefficients of various parts of an average, well-designed model
rocket have been calculated by Gregorek and Pantalos as follows:

Nose and body pressure and friction drag = 0.2 (50 percent of total)
Base drag = 0.06 (15 percent)

Fin friction, induced, and pressure drag = 0.07 (17.5 percent)
Interference drag = 0.02 (5 percent)

Launch lug parasite drag = 0.05 (12.5 percent)

These numbers have been confirmed by building models, flying them, and
tracking them on six to ten flights. The actual altitude data are then compared
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FIGURE 8-4 Drag forces versus airspeed for a model rocket at various angles
of attack. Data came from wind tunnel tests at the U.S. Air Force Academy.

U.S. Air Force Academy in 1958 (data never grow old). As you can see, the
frontal area of the model presented to the oncoming airflow also increases
with increasing angle of attack, and this increases the value of A in the drag
equation, too.

What does all this mean to you as a model rocketeer? If a model wobbles
in flight, thereby flying at different angles of attack, its drag force will be
greater than that of a model that slips through the air smoothly with little or
no wobble. This is only one reason why you should build a stable model
rocket. There are methods that can be used by a model rocketeer to alter the
drag coefficient; we’ll go over these in detail in the following chapter.

But how do we work the drag force equations into the flight calculations?

Answer: With great difficulty or by the use of a personal computer.

Before the advent of the personal computer, the calculations were long,
tedious, and painstaking. This is because the calculations must proceed on a




S DIRECTION
OF MOTION

ANGLE OF ATTACK

FIGURE 8-5 Graphic definition of angle of attack.
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FIGURE 8-6 Drag coefficient (C,) of a typical model rocket as a function of
angle of attack.
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FIGURE 7-4 A model can be held up off the launch pad
base and jet deflector by a piece of paper tape wrapped
around the launch rod as shown.

2. When launched at an angle of 45 degrees, a model rocket that would
go 1,000 feet vertically will ascend to a peak altitude of only 500 feet
during its arcing flight.

3. The path followed by a model rocket when launched at any angle
other than the vertical will describe a parabola. (For very long-range
shots such as an ICBM or a space vehicle, the path becomes an ellipse
because for long ranges the curvature of the earth must be taken into
account. See any physics book or a computer program for interplan-
etary trajectories of space vehicles.)

Tartaglia’s Laws are correct for model rockets if you ignore air resistance.
I tested them myself in the early days of model rocketry in the vast expanses
of the desert Southwest under very careful safety controls (and before the
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