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Abstract

The drag of a bullet is an important parameter. Historically, a bullet’s drag
force has been characterized with a velocity squared dependency which leads
to a complex coefficient of drag that is velocity dependent. To classify the
drag of a bullet with one number, a ballistic coefficient was created which
is dependent upon a ‘reference” shape. Shown here, if the drag force is
characterized with the velocity raised to 1.5 power, the coefficient of drag
becomes velocity independent. The coefficient of drag then naturally becomes
an ideal parameter to characterize the bullet’s drag in the supersonic range.
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1. Introduction

Ballistic coefficients (BC) are used to characterize a bullet’s performance.
There are many references that discuss BCs [1] -[6]. The characterization
attempts to address the bullet’s terminal effect by accounting for its sectional
density since the BC units is Ibs/in?. The other parameter of concern is the
loss of velocity that the bullet has during flight due to its drag. This is
provided by a dimensionless shape factor. The final characterization results
in a BC that relates the bullet performance to a reference standard shape.
As bullet technology has changed, the reference shapes have varied resulting
in BC’s that are G1 or G7 based, for example.

There is an alternate parameterization to better characterize a bullet’s
performance. This characterization focuses upon the drag a bullet has over
the whole supersonic range (Mach > 1) with one number, that has no refer-
ence to a standard shape. Such a metric is very desirable.

2. Coefficient of Drag

The velocity of a bullet continuously slows down once it leaves the muzzle
due to aerodynamic drag. The drag force is analytically represented by

1
Fd = —ipCdAUZ = Mypagy (1)

The parameters in this representation are the bullet’s mass, m,, its veloc-
ity, v, its cross-sectional area, A, p is the mass density of air and a coefficient



drag, C;. It is important to realize that this force drag is based upon an
incompressible fluid flow (the density of the fluid is constant). However at
supersonic velocities, the fluid is compressed, generating a shock wave when
the Mach velocity is greater than 1.

Rearranging Eq. 1 for the coefficient of drag, Cy, results in

Cy = —myag * 2/(pAv?). (2)

The only quantity not readily available in Eq. 2 is the drag deceleration
factor, ag. The deceleration factor can be obtained by taking the temporal
derivative of the velocity profiles such as the ones shown in Figure 1. These
velocity profiles were obtained with an appropriate ballistic calculator. One
calculator is provided by Applied Ballistics [7] since some of their velocity-
range-ToF (time of flight) data is based upon measured data.

Figure 1 illustrates a number of velocity vs range data for a number
of Hornady bullets. For completeness, this data calculated with a pressure
of 29.92 inHg and a relative humidity of 65%. The bullets examined were
Interlock BTSP 139 grn, ELD-X 150 grn, ELD-M 162 grain and ELD-X 175
grn each with a 7 mm caliber. The curves identified as “cus” (custom) are
based upon measured data.
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Figure 1: The range dependency of velocity for several bullets.

The temporal derivative can be approximated with this expression

~ ’U(dg) — U(dl)
“4™ ToF(dy) — ToF(d;) 3)
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where d; and dy are the range distances and ToF (time of flight) provided by
the ballistic calculator. The resulting deceleration curves have a slight ripple
due to the first order derivative approximation. This calculator has proven
to be accurate for Hornady’s ELD-X 162 grain bullet out to 1000 yards. Note
that not all ballistic calculators maybe as accurate. The resulting coefficients
of drag for these bullets are illustrated in Figure 2 (p = .0023133 slugs/ft).
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Figure 2: Coeflicient of drag for several bullets.

It is interesting to view the numerical values for the drag forces, Fj, and
decelerations, a4, for these bullets as illustrated in Figures 3 and 4.



Deceleration (ft/s”™2)

—— ab_139 btsp_g7.csv
—— ab_150 _eld_x_cus.csv
=0.2 1 —— ab_162_eld_m_cus.csv
—— ab_162_eld_m_g7.csv
—— ab_175_eld_x_cus.csv
—0.4 e
£ —0.6
()]
o
[a)
—0.8 1
—1.0 A
-1.2 1
1.0 1.2 1.4 1.6 1.8 2.0 2.2 2.4
Mach
Figure 3: Ilustration for the drag force for several bullets.
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Figure 4: Illustration of the deceleration for several bullets.



It is interesting to note that Cy has a smoothly varying velocity depen-
dency for velocities greater than the speed of sound. This suggests that the
drag force may not be a function of velocity squared for bullets with veloci-
ties in the supersonic range (Re>1000). The use of a squared dependency is
a common practice and is deeply ingrained. When a bullet has a supersonic
velocity, the gas around the bullet is compressed. Hence a force representa-
tion based upon a based upon an incompressible flow should not be used in
this case.

Generally, for a smooth function, drag for example, could be represented
by a power series such as

Fv) = ; a;v". (4)

Currently, Eq. 2 has the velocity dependency represented with only one
term for an integer power of 2. Note, there is nothing that requires the ex-
ponent to be an integer either. It would be ideal if the coefficient of drag was
a constant when the bullet has a supersonic velocity. A numerical optimiza-
tion was performed for the reference bullets using v*, with Applied Ballistics
data, as the velocity dependency to find if a single value of x could be found
that would make the coefficient of drag constant. It was found that a value
of 1.5 would make the coefficient of drag constant for all five cases using a
Nelder-Mead optimization technique. Using an exponent value of 1.5 with a
single term as shown in the following expression

Cy1 = —mpag * 2/ (pAv'?) (5)

which results in the drag coefficients illustrated in Figure 5.

Note now just one number can be used to characterize the performance
of a bullet. The coefficient Cy; has dimensions of \/Z ft/s) while Cy is dimen-
sionless which is really not a concern if a coefficient is dimensionless or not.
Numerically, these coefficients are given in Table 1.

Table 1: Alternate Drag Coefficient
Bullet ~ Weight  Cyy
BTSP 139 16.675
ELD-X 150 12.157
ELD-M 162 12.283
ELD-X 162 11.704
ELD-X 175 12.112

Figure 6 illustrates a comparison for the Hornady reported BC for these
bullets and the alternate coefficient of drag, Cy;.

3. Conclusion

Representing the velocity dependency for the drag force with an exponent
of 1.5 instead of 2 results in a constant coefficient of drag, a very desirable
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Figure 5: Coefficient of drag based upon v*-.
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Figure 6: Comparison of the traditional BC and an alternate coeflicient of drag for these
bullets.



parameterization. The need to use a BC to quantify a bullet’s performance
based upon a relative shape is not very desirable. It would be desirable to
use this alternate coefficient as a figure of merit for bullet performance since
one number, which has physical meaning, can represent the performance over
the supersonic range of interest.
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