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1. Introduction 

Recent emphasis has been placed on investigating technologies and methodologies 
that can extend the range of guided munitions to provide better coverage of the 
battlefield. Range extension improvements can be achieved through rocket 
propulsion and gun propellant technology to increase projectile energy. Interior 
ballistics and propulsion technology research are being leveraged to extend range 
through increased launch energy.1 

For a fixed launch energy, the munition range can be extended by enhancing the 
projectile maneuverability to generate lift through a positive body angle of attack, 
enabling range extension through gliding flight2–4 as well as terminal maneuvers. 
Projectile maneuverability is influenced by the airframe design and aerodynamics, 
as well as the design and implementation of control surfaces.2–4 Active research 
into low-drag, high-lift airframes for both supersonic and subsonic flight regimes 
is improving the understanding of desirable features of the airframe design while 
reducing design cycle iteration time to rapidly evolve capabilities.5  

This report presents a methodology to analyze control surface designs and their 
effect on the projectile, quantifying the ability to generate lift through positive body 
angle of attack. This research is illustrated on a generic fin-controlled projectile, 
but the approach is applicable to other control surface design problems. The goal 
for this projectile illustration problem is to size the control surface to achieve lift-
to-drag ratio of 3 across the supersonic and subsonic flight regimes with less than 
20° required deflection on each control surface.   

2. Airframe 

The characteristics of the projectile outer-mold line were shaped through a series 
of optimization analyses that identified design candidates with low drag and high 
lift-to-drag ratios.5 The optimization study focused on fin-stabilized designs to 
improve maneuverability of the projectile. The projectile is designed to be sabot-
launched from an 8-inch-diameter gun, using a smooth-bore barrel or slip-band 
obturator. The projectile has no deploying aerodynamic surfaces after launch. The 
8-inch-diameter gun requirement constrains the optimization to limit the fin span 
to 8 inches tip-to-tip. The optimized control surface design for a given body 
baseline configuration with a 105-mm diameter, 10-caliber length, and ogive length 
of 30% of the overall length of the projectile is shown in Fig. 1. The design was 
optimized to maximize lift to drag, minimize drag, and meet a desired static margin 
value (i.e., 0.3) across supersonic Mach regime (M = 1–4) at an 8° body angle 
attack. This 8° body angle was selected based on preliminary trim angle predictions 
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for the vehicle with trailing-edge flap deflections. Table 1 shows the projectile’s 
mass properties. 

 
 

 

Fig. 1 Illustration of the projectile’s flight body. Dimensions are given in millimeters. 

 

Table 1 Mass properties for projectile 

Mass properties 
Mass 14.8 kg 
CGX 630 mm from nose 

CGY, CGZ on center line 
𝑰𝑰𝑿𝑿𝑿𝑿 0.0273 kg-m2 

𝑰𝑰𝒀𝒀𝒀𝒀, 𝑰𝑰𝒁𝒁𝒁𝒁 1.17 kg-m2 
 

A trailing-edge flap on each of the four fins is rotated about the leading edge to 
provide control of the projectile during flight. Figure 1 shows the trailing-edge flap 
as 12 cm, but a variant with 8-cm trailing-edge flaps is also considered in this study. 
The aerodynamic forces and moments of the configuration were obtained using 
both semi-empirical aerodynamic prediction code Missile DATCOM (release 
2014),6 as well as NASA’s Cartesian Euler computational fluid dynamics (CFD) 
analysis package Cart3D (1.5.5).7 Only the drag and dynamic derivatives for the 
airframe were predicted using DATCOM, whereas all other forces and moments 
(e.g., pitching moment of airframe, normal force of trailing-edge flap, and so on) 
were predicted by Cart3D. The aerodynamic data for the trailing-edge flap 
components were found by simulating a single trailing-edge flap (i.e., flap 3) in the 
cruciform orientation at multiple deflections (i.e., δ = 0° , 5°, 10°, 15°, 25°, and 
30°) across all flight conditions. The trailing-edge flap data were then applied to 
the other flaps (i.e., flaps 1, 2, and 4) and combined with the rest of the airframe as 
discussed in Section 3. The numbering scheme of the control flaps as well as the 
deflection sign convention is presented in Fig. 2.  
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Fig. 2 Numbering scheme and deflection sign convention for the trailing-edge control 
surfaces compared to the body-fixed coordinate system. View is from the projectile base.  

3. Aerodynamic Model 

The aerodynamic model provides the aerodynamic forces and moments at a given 
angle of attack and Mach number using aerodynamic coefficient data.8–10 
Aerodynamic data describing the forces and moments due to the movable fin tabs, 
termed movable aerodynamic surfaces (MAS), are applied separately from the 
aerodynamic data for the assembly of the body and fixed fin surfaces, referred to 
as fixed aerodynamic surfaces (FAS).   

The aerodynamic forces and moments from the FAS component 
are  [𝐹𝐹𝑋𝑋 𝐹𝐹𝑌𝑌 𝐹𝐹𝑍𝑍]𝑇𝑇 and [𝑀𝑀𝐿𝐿 𝑀𝑀𝑀𝑀 𝑀𝑀𝑁𝑁]𝑇𝑇, respectively, and are given in  
Eqs. 1–6.  

 
 𝐹𝐹𝑋𝑋 = −𝑄𝑄𝑄𝑄 �𝐶𝐶𝑋𝑋0(𝑀𝑀) + 𝐶𝐶𝑋𝑋𝛼𝛼�2(𝑀𝑀) sin2 𝛼𝛼�� (1) 
 𝐹𝐹𝑌𝑌 = −𝑄𝑄𝑄𝑄 �𝐶𝐶𝑌𝑌𝛽𝛽(𝑀𝑀) sin𝛽𝛽 +𝐶𝐶𝑌𝑌𝛽𝛽3(𝑀𝑀) sin3 𝛽𝛽 + 𝐶𝐶𝑌𝑌𝛽𝛽5(𝑀𝑀) sin5 𝛽𝛽� (2) 
 𝐹𝐹𝑍𝑍 = −𝑄𝑄𝑄𝑄 �𝐶𝐶𝑍𝑍𝛼𝛼(𝑀𝑀) sin𝛼𝛼 + 𝐶𝐶𝑍𝑍𝛼𝛼3(𝑀𝑀) sin3 𝛼𝛼 + 𝐶𝐶𝑍𝑍𝛼𝛼5(𝑀𝑀) sin5 𝛼𝛼� (3) 
 𝑀𝑀𝐿𝐿 = 𝑄𝑄𝑄𝑄𝑄𝑄 �𝐶𝐶𝑙𝑙0(𝑀𝑀)  +  𝐶𝐶𝑙𝑙𝑝𝑝(𝑀𝑀)

𝑝𝑝𝑄𝑄
2𝑉𝑉

� (4) 

 𝑀𝑀𝑀𝑀 = 𝑄𝑄𝑄𝑄𝑄𝑄 �𝐶𝐶𝑚𝑚𝛼𝛼(𝑀𝑀) sin𝛼𝛼  +  𝐶𝐶𝑚𝑚𝛼𝛼3
(𝑀𝑀) sin3 𝛼𝛼

+ 𝐶𝐶𝑚𝑚𝛼𝛼5
(𝑀𝑀) sin5 𝛼𝛼 +  𝐶𝐶𝑚𝑚𝑞𝑞(𝑀𝑀)

𝑞𝑞𝑄𝑄
2𝑉𝑉
� 

(5) 
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 𝑀𝑀𝑁𝑁 = 𝑄𝑄𝑄𝑄𝑄𝑄 �−𝐶𝐶𝑛𝑛𝛽𝛽(𝑀𝑀) sin𝛽𝛽 −  𝐶𝐶𝑛𝑛𝛽𝛽3(𝑀𝑀) sin3 𝛽𝛽

− 𝐶𝐶𝑛𝑛𝛽𝛽5(𝑀𝑀) sin5 𝛽𝛽 +  𝐶𝐶𝑛𝑛𝑟𝑟(𝑀𝑀)
𝑟𝑟𝑄𝑄
2𝑉𝑉
� 

(6) 

 

where 𝛼𝛼 is the body angle of attack, 𝛽𝛽 is the body angle of sideslip, 𝛼𝛼� = �𝛼𝛼2 + 𝛽𝛽2  
is the total body angle of attack, D is the projectile diameter, V is the projectile 
velocity, 𝑄𝑄 = 1

2
𝜌𝜌𝑉𝑉2 is the dynamic pressure, and 𝑄𝑄 = 𝜋𝜋

4
𝑄𝑄2 is the aerodynamic 

reference area.   

The MAS aerodynamic model is given in Eqs. 7–12, which sums the force and 
moment contributions of the four movable fin-flap surfaces arrayed around the 
body.   

 
 

𝐹𝐹𝑋𝑋𝑀𝑀𝑀𝑀𝑀𝑀 = −𝑄𝑄𝑄𝑄� �𝐶𝐶𝑋𝑋0
𝑖𝑖 (𝑀𝑀, 𝛿𝛿𝑖𝑖) + 𝐶𝐶𝑋𝑋𝛼𝛼�2

𝑖𝑖 (𝑀𝑀, 𝛿𝛿𝑖𝑖) sin2 𝛼𝛼��
4

𝑖𝑖=1
 (7) 

 
𝐹𝐹𝑌𝑌𝑀𝑀𝑀𝑀𝑀𝑀 = −𝑄𝑄𝑄𝑄� �𝐶𝐶𝑌𝑌𝛽𝛽

𝑖𝑖 (𝑀𝑀, 𝛿𝛿𝑖𝑖) sin𝛽𝛽 +𝐶𝐶𝑌𝑌𝛽𝛽3
𝑖𝑖 (𝑀𝑀, 𝛿𝛿𝑖𝑖) sin3 𝛽𝛽

4

𝑖𝑖=1

+ 𝐶𝐶𝑌𝑌𝛽𝛽5
𝑖𝑖 (𝑀𝑀, 𝛿𝛿𝑖𝑖) sin5 𝛽𝛽� 

(8) 

 
𝐹𝐹𝑍𝑍𝑀𝑀𝑀𝑀𝑀𝑀 = −𝑄𝑄𝑄𝑄� �𝐶𝐶𝑍𝑍𝛼𝛼

𝑖𝑖 (𝑀𝑀, 𝛿𝛿𝑖𝑖) sin𝛼𝛼 + 𝐶𝐶𝑍𝑍𝛼𝛼3
𝑖𝑖 (𝑀𝑀, 𝛿𝛿𝑖𝑖) sin3 𝛼𝛼

4

𝑖𝑖=1

+ 𝐶𝐶𝑍𝑍𝛼𝛼5
𝑖𝑖 (𝑀𝑀, 𝛿𝛿𝑖𝑖) sin5 𝛼𝛼� 

(9) 

 𝑀𝑀𝐿𝐿
𝑀𝑀𝑀𝑀𝑀𝑀 = 𝑄𝑄𝑄𝑄𝑄𝑄 �𝐶𝐶𝑙𝑙𝛼𝛼

1 (𝑀𝑀, 𝛿𝛿1) sin𝛼𝛼 +  𝐶𝐶𝑙𝑙𝛽𝛽
2 (𝑀𝑀, 𝛿𝛿2) sin𝛽𝛽

+  𝐶𝐶𝑙𝑙𝛼𝛼
3 (𝑀𝑀, 𝛿𝛿3) sin𝛼𝛼 +  𝐶𝐶𝑙𝑙𝛽𝛽

4 (𝑀𝑀, 𝛿𝛿𝑖𝑖) sin𝛽𝛽� 
(10) 

 
𝑀𝑀𝑀𝑀
𝑀𝑀𝑀𝑀𝑀𝑀 = 𝑄𝑄𝑄𝑄𝑄𝑄� �𝐶𝐶𝑚𝑚𝛼𝛼

𝑖𝑖 (𝑀𝑀, 𝛿𝛿𝑖𝑖) sin𝛼𝛼  +  𝐶𝐶𝑚𝑚𝛼𝛼3
𝑖𝑖 (𝑀𝑀, 𝛿𝛿𝑖𝑖) sin3 𝛼𝛼

4

𝑖𝑖=1

+ 𝐶𝐶𝑚𝑚𝛼𝛼5
𝑖𝑖 (𝑀𝑀, 𝛿𝛿𝑖𝑖) sin5 𝛼𝛼� 

(11) 

 
𝑀𝑀𝑁𝑁
𝑀𝑀𝑀𝑀𝑀𝑀 = 𝑄𝑄𝑄𝑄𝑄𝑄� �−𝐶𝐶𝑛𝑛𝛽𝛽

𝑖𝑖 (𝑀𝑀, 𝛿𝛿𝑖𝑖) sin𝛽𝛽 −  𝐶𝐶𝑛𝑛𝛽𝛽3
𝑖𝑖 (𝑀𝑀, 𝛿𝛿𝑖𝑖) sin3 𝛽𝛽

4

𝑖𝑖=1

− 𝐶𝐶𝑛𝑛𝛽𝛽5
𝑖𝑖 (𝑀𝑀, 𝛿𝛿𝑖𝑖) sin5 𝛽𝛽� 

(12) 

 
While the FAS model coefficients are only dependent on Mach number, the MAS 
aerodynamic model is populated with coefficients that depend on both Mach 
number and the deflection angle of the 𝑖𝑖𝑡𝑡ℎcontrol surface, 𝛿𝛿𝑖𝑖. Both the FAS and 
MAS coefficients are calculated in the aerodynamic body coordinate frame, with 
+X out the tail, +Y right, +Z up, as shown in Fig. 3a, and are converted to force and 
moments in the standard flight dynamics coordinate frame with +X out the nose, 
+Y right, +Z down, as shown in Fig. 3b, through the formulation of Eqs. 1–12.  
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Fig. 3 Comparison of a) the aerodynamic body coordinate frame for the aerodynamic 
coefficients and b) the flight dynamics coordinate frame for the calculated forces and moments 

4. Control Surface Design Methodology 

Once the coefficients have been developed to populate the aerodynamic model of 
the projectile’s FAS and MAS, an aerodynamic trim analysis is performed to 
determine the body angle of attack and lateral acceleration due to varying MAS 
deflections. This analysis is performed in the pitch plane for vertical accelerations, 
but represents sideways acceleration capabilities as well due to the pitch and yaw 
symmetry of the projectile. In this pitch–plane analysis, the individual deflections 
of flap 1 and flap 3 are combined together following the convention shown in  
Fig. 2 to produce a pitch deflection, 𝛿𝛿𝑞𝑞, as defined in Eq. 13: 

𝛿𝛿𝑞𝑞 =  −𝛿𝛿1 + 𝛿𝛿3 (13) 

The total pitching moment coefficient, 𝐶𝐶𝑚𝑚, is calculated from the FAS and MAS 
models for varying 𝛼𝛼 at each deflection, 𝛿𝛿𝑞𝑞. The equilibrium points (trim points) 
where 𝐶𝐶𝑚𝑚 = 0 indicates the steady state 𝛼𝛼 for a given 𝛿𝛿𝑞𝑞. This process is illustrated 
in Fig. 4, which shows projectile trim angles of [0°, 11°, 19°, 23.5°] for 𝛿𝛿𝑞𝑞 of  
[0°, 10°, 20°, 30°] at Mach 2, as indicated with red circles.   
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Fig. 4 Total pitching moment, Cm, as well as the FAS and MAS Cm components vs. 𝜶𝜶 for 
varying 𝜹𝜹𝒒𝒒 at Mach 2. The pitch trim 𝜶𝜶 for each 𝜹𝜹𝒒𝒒 is found where the total Cm curves cross 
the Cm = 0 line, indicated with red circles. 

Figure 5 plots 𝐶𝐶𝑚𝑚 versus 𝛼𝛼 at Mach 0.6, 1.5, 2, and 3 for the 8-cm control surface. 
The total combined 𝐶𝐶𝑚𝑚 for the projectile is plotted in gray, with the FAS component 
shown in black, and the MAS 𝐶𝐶𝑚𝑚 component plotted in blue at different 𝛿𝛿𝑞𝑞.  
Figure 6 plots 𝐶𝐶𝑚𝑚 versus 𝛼𝛼 at Mach 0.6, 1.5, 2, and 3 for the 12-cm control surface, 
using the same color scheme. In both cases, the projectile is statically stable at 
subsonic speeds, as indicated by the negative 𝐶𝐶𝑚𝑚 values in Figs. 5a and 6a. As Mach 
number increases to supersonic, the projectile becomes marginally stable, enabling 
high 𝛼𝛼 to be achieved using small control surface deflections.  
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Fig. 5 Total pitching moment, Cm, as well as the FAS and MAS Cm components vs. 𝜶𝜶 for 
varying 𝜹𝜹𝒒𝒒 for the 8-cm control surface 
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Fig. 6 Total pitching moment, Cm, as well as the FAS and MAS Cm components vs. 𝜶𝜶 for 
varying 𝜹𝜹𝒒𝒒 for the 12-cm control surface 

The total 𝐶𝐶𝑚𝑚 and 𝐶𝐶𝑁𝑁 data for varying 𝛼𝛼 and 𝛿𝛿𝑞𝑞 for both the 8- and 12-cm control 
surfaces are presented using a series of plots in Fig. 7, with constant pitch deflection 
shown using solid lines and constant attack angle shown using dashed lines. As 
before, the 𝐶𝐶𝑚𝑚 = 0 line indicates the steady-state trim condition for the projectile 
during flight. Inspecting the intersection between the lines of constant 𝛼𝛼 and 
constant 𝛿𝛿𝑞𝑞 along the 𝐶𝐶𝑚𝑚 = 0 line shows where the projectile will trim for various 
deflections, or conversely, what deflection is required to trim at a particular angle 
of attack.  Both control surfaces are sufficient to generate high angles of attack  
(𝛼𝛼 > 10o) with modest deflections in both supersonic and subsonic flight  
(6o − 10o at Mach 2; 8o − 12o at Mach 0.6). Compared to the 8-cm control 
surface, the larger 12-cm control surface generates a larger normal force and 
pitching moment for a given deflection, and as a result requires smaller deflection 
values to trim at the same angle of attack, as expected.  
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Fig. 7 Total Cm and CN for 8-cm (a, c, e) and 12-cm (b, d, f) fin-flap data as a function of 
body angle of attack for 𝜶𝜶, and pitch deflection, 𝜹𝜹, for Mach 0.6 (a, b), 2 (c, d), and 3 (e, f). 
Lines of constant deflection are solid, while lines of constant angle of attack are dashed.  
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The lift coefficient, 𝐶𝐶𝐿𝐿, and drag coefficient, 𝐶𝐶𝐷𝐷, at 𝛼𝛼 trim is calculated for various 
𝛿𝛿𝑞𝑞 across Mach for the different control surface sizes. Figure 8 shows plots of 𝐶𝐶𝐿𝐿, 
𝐶𝐶𝐷𝐷, and the lift-to-drag ratio, 𝐶𝐶𝐿𝐿/𝐶𝐶𝐷𝐷. Maximizing 𝐶𝐶𝐿𝐿/𝐶𝐶𝐷𝐷 is used as a metric for 
evaluating performance in this analysis, and the optimal 𝐶𝐶𝐿𝐿/𝐶𝐶𝐷𝐷 values across Mach 
are shown in black on the 𝐶𝐶𝐿𝐿/𝐶𝐶𝐷𝐷 plots. The 𝐶𝐶𝐿𝐿 and 𝐶𝐶𝐷𝐷 components comprising the 
optimal 𝐶𝐶𝐿𝐿/𝐶𝐶𝐷𝐷 ratio are also plotted in black on their respective plots. Both control 
surface designs achieve similar maximum 𝐶𝐶𝐿𝐿/𝐶𝐶𝐷𝐷 ratios of about 3 across the 
supersonic and subsonic flight regimes. 
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Fig. 8 Comparison of 𝑪𝑪𝑳𝑳 and 𝑪𝑪𝑫𝑫 at trim for various pitch deflections across Mach. The 
optimal 𝑪𝑪𝑳𝑳/𝑪𝑪𝑫𝑫 ratio across Mach is plotted in black in a) and b), with the corresponding 𝑪𝑪𝑳𝑳 
and 𝑪𝑪𝑫𝑫 values plotted in black on c), d) and e), f), respectively.  
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Figure 9 shows how the trim 𝛼𝛼 changes across Mach number for a set of given 
deflection angles. Note that the lateral force and moment data are calculated using 
an inviscid flow solver and therefore does not predict flow separation (i.e., onset of 
stall) accurately; the higher body angles of attack in Figs. 8 and 9 are likely not 
achievable.  

 

Fig. 9 Trim 𝜶𝜶 across Mach for varying pitch deflection angles for both the 8- and 12-cm 
control surface. The 𝜶𝜶 corresponding to the maximum lift-to-drag is plotted in black.   

Figure 10 facilitates comparisons between the 8- and 12-cm flap designs by plotting 
each pitch deflection schedule across Mach to achieve the optimal 𝐶𝐶𝐿𝐿/𝐶𝐶𝐷𝐷 ratio and 
the resulting body 𝛼𝛼. Both the 8- and 12-cm designs achieve similar 𝛼𝛼 for optimal 
𝐶𝐶𝐿𝐿/𝐶𝐶𝐷𝐷, but the 12-cm control surface generally requires smaller deflections than 
the 8-cm design, as expected.  
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Fig. 10 Pitch deflection schedule across Mach to optimize lift-to-drag ratio for the 8- and  
12-cm control surface designs. Both designs achieve similar 𝜶𝜶 to optimize lift-to-drag, but the 
12-cm control surface generally requires smaller deflections than the 8-cm design.   

5. Conclusion 

A methodology was presented to analyze an aerodynamic control surface design 
and evaluate the effect on a projectile, quantifying the ability to generate lateral 
accelerations to improve maneuverability, and enabling range extension through 
glide and terminal maneuvers at both supersonic and subsonic speeds. This control 
surface analysis methodology facilitates the evaluation of the surface size and 
effectiveness at achieving a desired angle of attack to generate lift early in the 
design process, and enables design iterations adjusting aerodynamic stability, static 
margin, and control surface sizing. This methodology is demonstrated in this report 
on a gun-launched, aerodynamically stabilized, fin-controlled projectile. Additional 
aerodynamic studies are also planned, with Navier‒Stokes CFD simulations and 
wind tunnel testing to augment current estimates before beginning flight test 
evaluations. 
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Nomenclature 

𝛼𝛼 = body angle of attack in pitch plane 

𝛼𝛼� = total body angle of attack, �𝛼𝛼2 + 𝛽𝛽2 

𝛽𝛽 = body angle of sideslip in yaw plane 

𝐶𝐶𝐷𝐷 = drag coefficient 

𝐶𝐶𝐿𝐿 = lift coefficient 

𝐶𝐶𝑙𝑙0 = zeroth order roll moment coefficient 

𝐶𝐶𝑙𝑙𝑝𝑝 = roll damping coefficient 

𝐶𝐶𝑚𝑚 = coefficient of pitching moment 

𝐶𝐶𝑚𝑚𝛼𝛼 , 𝐶𝐶𝑚𝑚𝛼𝛼3  , 𝐶𝐶𝑚𝑚𝛼𝛼5   = first, third, and fifth order fit coefficients for 
aerodynamic pitching moment 

𝐶𝐶𝑚𝑚𝑞𝑞  = pitch damping coefficient 

𝐶𝐶𝑛𝑛𝛽𝛽, 𝐶𝐶𝑛𝑛𝛽𝛽3  , 𝐶𝐶𝑛𝑛𝛽𝛽5   = first, third, and fifth order fit coefficients for 
aerodynamic yaw moment 

𝐶𝐶𝑛𝑛𝑟𝑟 = yaw damping coefficient 

𝐶𝐶𝑋𝑋0, 𝐶𝐶𝑋𝑋𝛼𝛼�2  = zeroth, and second order fit coefficients for  
X-axis aerodynamic force 

𝐶𝐶𝑌𝑌𝛼𝛼 , 𝐶𝐶𝑌𝑌𝛼𝛼3 , 𝐶𝐶𝑌𝑌𝛼𝛼5  = first, third, and fifth order fit coefficients for  
Y-axis aerodynamic force 

𝐶𝐶𝑍𝑍𝛼𝛼 , 𝐶𝐶𝑍𝑍𝛼𝛼3 , 𝐶𝐶𝑍𝑍𝛼𝛼5  = first, third, and fifth order fit coefficients for  
Z-axis aerodynamic force 

𝛿𝛿1,𝛿𝛿2, 𝛿𝛿3, 𝛿𝛿4 = deflection angles for control surface 1,2,3,4 

𝛿𝛿𝑞𝑞 = deflection of virtual/combined control surface 
for pitch 

D = reference diameter 

M = Mach number 

Q = ½ ρV2, dynamic pressure 

S = D2π/4, aerodynamic reference area 
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List of Symbols, Abbreviations, and Acronyms 

CFD   computational fluid dynamics 

FAS   fixed aerodynamic surfaces  

MAS   movable aerodynamic surfaces 

NASA    National Aeronautics and Space Administration 
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