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ABSTRACT 

This report outlines the aerodynamic development and analysis of a premium business jet, 

building directly on the preliminary sizing results established in Report 1. The objective of this 

phase was to define the geometry of the wing and empennage and analyze the aircraft’s 

aerodynamic characteristics using the Advanced Aircraft Analysis (AAA) software. To ensure 

high-speed cruise efficiency and delay onset of compressibility effects, a supercritical SC(2)-

0612 airfoil was selected for the wing. For the empennage, NACA 0009 airfoils were 

implemented for both the horizontal and vertical tails to maintain control with minimal drag. 

The analysis includes a comprehensive breakdown of the aircraft’s geometry, spanwise lift 

distribution, and class II drag evaluating both parasitic and induced drag. Furthermore, the 

critical Mach numbers for the wing and tails were analyzed to verify performance at the design 

cruise speed. 
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1. WING  

1.1. Airfoil Selection & Schematic  

The wing airfoil selected for this preliminary design is the NASA SC(2)-0612 supercritical 

airfoil. This choice is primarily justified by the aircraft’s high-subsonic cruise requirements, as 

supercritical airfoils are specifically designed to delay the onset of wave drag and increase the 

critical Mach number by flattening the upper surface pressure distribution, making them ideal in 

the transonic regime [1]. The "06" in the designation corresponds to a design lift coefficient (Cl) 

of 0.6, which aligns with the target cruise lift requirements identified in the Advanced Aircraft 

Analysis (AAA) flight condition data. A 12% thickness-to-chord ratio was selected to provide a 

balance between aerodynamic efficiency and the structural volume necessary for wing box 

reinforcement and fuel tank capacity. Verification through XFOIL at a Reynolds number of 3 x 

106 confirms a zero-lift angle of attack (αL=0) of -3.8222° and a stable pitching moment (CM) of -

0.1049, ensuring predictable longitudinal behavior within the linear lift range. 

 

 

Figure 1: NASA SC(2)-0612 airfoil 
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Figure 2: Xfoil SC(2)-0612 Airfoil Simulation 

 

 

1.2 Airfoil 2D Cl_alpha 

The 𝐶௅ versus angle of attack (α) curve for the selected airfoil was simulated using Flow5 

(XFLR5) [2]. A Reynolds number of 1×106 was used for the simulations, whereas XFOIL 

analyses were previously performed at 3×106. The higher Reynolds number produced 

inconsistent results within Flow5, while simulations at 1×106 demonstrated improved numerical 

stability and more reliable aerodynamic trends. The resulting 𝐶௅  versus α curve is shown in 

Figure 3. 
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Figure 3: Lift Coefficient Versus AOA for SC(2)-0612 Airfoil 

 

Furthermore, analysis of the tabulated data points allowed the determination of the linear-region 

slope of the curve. The data used to calculate the slope are presented in Figure 4 below. 
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Figure 4: Lift Coefficient Versus AOA for SC(2)-0612 Airfoil Table Data 

 

 

The linear lift-curve slope was calculated using the following relation: 
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𝑠𝑙𝑜𝑝𝑒 =
∆𝐶௅

𝛼
 

𝑠𝑙𝑜𝑝𝑒 (°ିଵ) =
1.15 − 0.915231

6.39012 − 4.2
= 0.107°ିଵ 

𝑠𝑙𝑜𝑝𝑒(𝑟𝑎𝑑ିଵ) = 0.107 ∗
180

𝜋
= 6.14 𝑟𝑎𝑑ିଵ 

 

This lift-curve slope was then implemented in the AAA Airfoil Lift versus Angle of Attack input 

section, as shown in Figure 5. 

 

 

Figure 5: SC(2)-0612 Airfoil Lift Versus AOA 

 

The resulting 𝐶௅ vs. α curve generated in AAA is shown in Figure 6 below. 
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Figure 6: Lift Coefficient Versus AOA From AAA 

This 𝐶௅   vs. α plot shows good agreement with the results previously obtained from Flow5. 

Additionally, Flow 5 confirmed the zero-lift angle of attack α of approximately –3.9, only –0.1 

difference with the value calculated by XFoil. The raw value is shown in Figure 7 below. This 

shows consistency of our analysis across all three softwares. 

 

Figure 7: Zero-Lift Angle of Attack from Flow5 

 

Additionally, the Flow5 software was used to generate the 𝐶௅  vs. 𝐶஽  curve, commonly referred 

to as the drag bucket. The resulting drag bucket graph is shown in Figure 8 below. 
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Figure 8: SC(2)-0612 Airfoil Low Speed Drag Bucket 

 

This graph indicates that the optimal operating 𝐶௅ range lies approximately between 0.1 and 0.6, 

corresponding to the low-drag region commonly referred to as the drag bucket [3]. Although the 

simulations were performed at low Mach numbers (0.10–0.20) and a Reynolds number of 1×106, 

the presence of a broad low-drag region is consistent with the expected behavior of a 

supercritical airfoil such as the SC(2)-0612. This supports the selected operating condition near 

𝐶௅≈0.6. 
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1.3 Wing Geometry Table & Schematic  

The wing geometry inputs and resulting outputs are presented in Figure 9 below. 

 

Figure 9: Wing Geometry Table 

 

Originally, the wing taper ratio was selected based on measurements obtained from a CAD 

model of the Gulfstream G700 [4], resulting in an initial value of 0.234. Detailed geometric 

parameters such as taper ratio and exact sweep angle are not typically published in publicly 

available aircraft data sources, particularly for modern long-range ultra-premium business jets. 

Consequently, the referenced CAD model [4] was used as the most representative available 

geometric reference for benchmarking purposes. A wing sweep angle of 35 degrees was 

similarly adopted from this model. Additionally, high subsonic transport aircraft typically 

employ quarter-chord wing sweep angles in the range of approximately 30° to 37°, as this level 

of sweep delays the onset of compressibility effects and reduces wave drag at transonic cruise 

speeds [6]. 

However, the resulting lift distribution analysis indicated a tendency toward tip stall, which is 

undesirable from both stability and controllability perspectives. An iterative refinement process 

was therefore conducted, during which the taper ratio and geometric twist were adjusted to 

achieve a more favorable spanwise lift distribution. A taper ratio of 0.4 was ultimately identified 

as the minimum value that mitigated the risk of tip stall while remaining close to the initial 

design baseline. In addition, a geometric wing twist angle of −5 degrees was selected to further 
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improve the lift distribution, as shown in Figure 10. Further discussion of these adjustments is 

provided in the lift distribution section. 

 

 

Figure 10: Wing Geometry Schematic 

 

1.4 Wing Twist 

The wing geometric twist angle was chosen to be -5 degrees as shown below in Figure 11. 

 

Figure 11: Wing Planform Inputs & Outputs 
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The choice of geometric twist was guided by analysis of the lift distribution curve. It was 

determined that the twist angle required a minimum magnitude of −5 degrees to achieve the 

desired lift distribution and mitigate undesirable aerodynamic behavior such as tip stall. Less 

negative values (e.g., −3° or −2°) were found to be insufficient. Further discussion is provided in 

the lift distribution section. 

 

1.5 Lift Distribution Spanwise 

This section had a significant influence on several aircraft design parameters, as the initially 

selected configuration indicated a potential tendency toward tip stall during lift distribution 

analysis. As mentioned previously, both the taper ratio and the wing geometric twist angle were 

refined based on the lift distribution results, with the primary objective of achieving a more 

favorable spanwise loading and avoiding premature tip stall. 

With the original values of a taper ratio of 0.234 and a geometric twist angle of −3 degrees, the 

lift distribution showed a peak near 75–80% of the wingspan, indicating an increased risk of tip 

stall. This behavior is illustrated in Figure 12. 

 

Figure 12: High Risk of Tip Stall Lift Distribution 
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To mitigate the risk of tip stall, achieving a favorable lift distribution became a primary design 

objective, requiring adjustments to previously established parameters. Through iterative 

refinement of the taper ratio and wing geometric twist angle, the lift distribution was 

progressively improved by increasing the taper ratio and introducing greater geometric washout. 

A taper ratio of 0.4 combined with a wing geometric twist angle of −5 degrees was ultimately 

selected, as this configuration minimized the likelihood of tip stall while remaining as close as 

possible to the original design intent. 

Figures 13 and 14 illustrate the resulting lift distribution, which shows a peak lift located near 

approximately 50% of the wingspan, indicating a more desirable spanwise loading [3]. 

 

Figure 13: Desirable Lift Distribution 
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Figure 14: Lift Distribution Plot Annotated at 50% Span 

 

It is important to note that the flight condition selected for this analysis corresponds to the 

landing phase. Since tip stall is more likely to occur at low speeds and high angles of attack [5], 

the lift distribution was evaluated under landing conditions. An altitude of 0 ft and a speed of 127 

knots, corresponding to the aircraft’s clean stall speed, were used for the analysis. Although 

landing would typically be performed with flaps deployed, resulting in a lower stall speed of 

approximately 104 knots, the clean stall speed was intentionally selected as a conservative 

reference condition. Also, a landing weight of 72053.7lb was selected from the initial weight 

sizing. These parameters are shown in Figure 15 below. 
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Figure 15: Flight Condition Definition 
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2. HORIZONTAL TAIL 

2.1. Airfoil Selection 

The airfoil selected for the horizontal tail is the NACA 0009[6], a 9% thick symmetrical airfoil. 

This choice is primarily driven by the requirement for a low-drag, high-efficiency surface that 

provides consistent aerodynamic characteristics across a wide range of angles of attack [7]. 

Unlike the main wing, which uses a cambered supercritical airfoil to generate lift at zero alpha, 

the horizontal tail must maintain neutral stability and minimize parasitic drag during cruise [7]. 

The 9% thickness-to-chord ratio offers a significant reduction in profile drag compared to the 

wing's 12% thickness, while still providing sufficient structural volume for internal spars and 

elevator actuators [7]. Furthermore, the symmetrical nature of the NACA 0009 ensures that the 

tail produces no lift at zero degrees of incidence, allowing the aircraft's longitudinal trim to be 

precisely managed by the elevator and tail incidence settings without introducing unnecessary 

camber-related drag [7]. The airfoil geometry and the 𝐶௟ vs. α graph are presented in figures 16 

and 17 below. 

 

Figure 16: Naca 0009 airfoil Plot (airfoil tools) 
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Figure 17: CL vs Alpha for NACA 0009 

2.2. Horizontal tail planform 

The horizontal tail geometry was defined using a planform modeled for high-speed stability and 

control effectiveness, as shown in the Advanced Aircraft Analysis (AAA) output. The horizontal 

tail features a span (bh) of 34.12 ft and a root chord (crh) of 10.17 ft, resulting in an aspect ratio 

(ARh) of 4.16. A taper ratio (λh) of 0.61 was selected to balance structural weight with 

aerodynamic efficiency [7]. To maintain aerodynamic integrity at high-subsonic Mach numbers, 

the leading edge is swept at 25.9 degrees (ɅLEh), which delays compressibility effects on the tail 

surfaces [7]. The profile utilizes the NACA 0009 symmetrical airfoil with a constant 9% 

thickness-to-chord ratio ((t/c)h) across the span. Additionally, the tail is set at a zero-degree twist 

(Ɛh) and zero-degree dihedral (Гh), ensuring neutral aerodynamic characteristics that simplify 

longitudinal trim adjustments throughout the flight envelope [7]. The following table 1 shows the 

parameters and the figures that follow shows the AAA inputs and the Horizontal tail geometry 

plot.  

Table 1: Horizontal Tail Geometry Parameters 

Parameters Values 

Horizontal tail area (Sh) 279.61 ft 

Tapper ratio (λh) 0.61 

Aspect ratio (ARh) 4.16 

Span (bh) 34.12 ft 
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Root Chord (crh) 10.17 ft 

Tip Chord (cth) 6.22 ft 

Mean geometric chord (𝑐௛̅) 8.35 ft 

Quarter chord Sweep (Ʌ೎

ర
௛) 23.2ᵒ 

Leading Edge Sweep (Ʌ௅ா೓
) 25.9ᵒ 

Thickness to chord ratio ((t/c)h) 9% 

Twist Angle (Ɛh) 0 

Dihedral Angle (Гh) 0 

 

The primary geometric parameters for the horizontal tail were calculated to ensure adequate 

longitudinal control and stability. Figure 18 presents the final output from the Advanced Aircraft 

Analysis (AAA) geometry module, documenting the resulting surface area and the chord lengths. 

 

Figure 18: Sraight tapered horizontal tail geometry 

Figure 19 displays the planform condition within the software environment, illustrating the 

relative positioning of the 23.2° quarter-chord sweep required for high-speed cruise. 



22 
 

 

Figure 19: Horizontal tail planform condition 

 

Figure 20 illustrates the straight-tapered geometry. 

 

Figure 20: Horizontal tail geometry plot 

2.3. Horizontal Tail Aerodynamics 

The three-dimensional lift characteristics of the horizontal tail were calculated in Advanced 

Aircraft Analysis (AAA) to account for the finite aspect ratio (ARh=4.16) and sweep of the 

planform. Based on the NACA 0009 airfoil properties, the 3D lift curve slope (Clαh) is 

determined in AAA software to be 6.0722 rad-1 for incompressible flow. Accounting for 

compressibility effects at moderate speeds, the slope increases to 7.1349 at Mach 0.6. 

Furthermore, the maximum three-dimensional lift coefficient (Clmax,h) for the horizontal stabilizer 
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is established at 1.319 as we get the same Clmax,rh & Clmax,th, with a corresponding stall angle 

(αh,Clmax,h) of 13.6°. Table 2 provides the calculated values for 3d lift parameters. 

Table 2: Horizontal tail Aerodynamics 

Parameter Value 

3D Lift Curve Slope (𝐶௟ഀ೓@ಾసబ
) 6.0722 rad-1 

3D Lift Curve Slope 𝐶௟ഀ೓@ಾసబ.ల
) 7.1349 rad-1 

Max 3D Lift Coefficient (Clmax,h) 1.319 

Stall Angle (αh,Clmax) 13.6° 

 

Figure 21 shows the calculated aerodynamics values for the horizontal tail. 

 

Figure 21: AAA Horizontal Tail 3D Aerodynamic Coefficients 

 

3. VERTICAL TAIL 

3.1. Airfoil Selection 
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The NACA 0009 was also selected for the vertical tail to ensure optimal directional stability and 

control. One of the basic aircraft design requirements is symmetry about the xz plane. Therefore, 

to ensure symmetry of the aircraft about the xz plane, the vertical airfoil section must be 

symmetric [8]. The thin 9% profile is particularly advantageous for the vertical tail as it delays 

the onset of compressibility effects at high Mach numbers [7]. By using a common airfoil for 

both the horizontal and vertical surfaces, the design also benefits from simplified manufacturing 

and aerodynamic modeling consistency across the tail assembly. The airfoil geometry and 2d 

Alpha plot is similar to the plot in Section 2.1. The airfoil geometry and 𝐶௟ x 𝛼 curves are shown 

in Figures 22 and 23 respectively. 

 

Figure 22: Naca 0009 airfoil Plot (airfoil tools) 

 

Figure 23: CL vs Alpha for NACA 0009 

 

3.2. Vertical tail planform 

The vertical tail geometry was established to provide the necessary directional stability and yaw 

control, utilizing a straight-tapered planform as shown in the Advanced Aircraft Analysis (AAA) 

output. The vertical tail has a total surface area (Sv) of 158.88 and a span (bv) of 13.12 ft, 
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resulting in an aspect ratio (ARv) of 1.08. The geometry features a root chord (crv) of 15.03 ft and 

a tip chord (ctv) of 9.19 ft, corresponding to a taper ratio (λv) of 0.61. The quarter-chord sweep 

(Ʌ೎

ర
௩) is set at 37.8 degrees, with a leading-edge sweep (Ʌ௅ாೡ

) of 41.6 degrees.  

The specific geometric parameters used to model the vertical tail are detailed in Table 3, with the 

corresponding software input and output environment captured in Figure 24. 

Table 3: Vertical Tail planform geometry parameters 

Parameters Values 

Horizontal tail area (Sv) 158.88 ft 

Tapper ratio (λv) 0.61 

Aspect ratio (ARv) 1.08 

Span (bv) 13.12 ft 

Root Chord (crv) 15.03 ft 

Tip Chord (ctv) 9.19 ft 

Mean geometric chord (𝑐௩̅) 12.34 ft 

Quarter chord Sweep (Ʌ೎

ర
௩) 37.8ᵒ 

Leading Edge Sweep (Ʌ௅ாೡ
) 41.6ᵒ 

Thickness to chord ratio ((t/c)v) 9% 

Twist Angle (Ɛv) 0 

Dihedral Angle (Гv) 0 
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Figure 24: AAA Straight Tapered Vertical Tail Geometry Output 

 

Figure 25 displays the planform condition as defined in the Advanced Aircraft Analysis (AAA) 
environment. 

 

Figure 25: Vertical Tail Planform condition 

 

Figure 26 presents the final vertical tail geometry. 
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Figure 26: Vertical tail geometry plot 

4. DRAG CALCULATION 

4.1. Wing 

The wing is the primary source of drag for the aircraft [10], characterized by an area (𝑆௪) of 

1283 ft2 and an aspect ratio (𝐴𝑅௪) of 8.43. The planform geometry is further defined by a taper 

ratio (𝜆௪) of 0.40 and a quarter chord (∧௖/ସೢ
) of 35.0 degrees. The total wetted area of the wing 

(𝑆௪௘௧ೢ
) is 2751 ft2, and the surface finish is modeled with a sand roughness (𝑘௦௔௡ௗ) of 0.000016 

ft.  

At a turbulent Reynolds number (𝑅𝑒௪೟ೠೝ
) of 1,413,262.9, the wing achieves a skin friction 

coefficient (𝐶௙ೢ ) of 0.0019. When integrated with the form drag derived from the 12% thickness-

to-chord ratio ((𝑡/𝑐)௪), the resulting zero-lift drag coefficient (𝐶஽೚ೢ
) is 0.0051. 

Furthermore, at the analyzed lift coefficient (𝐶௅ೢ
) of 1.70, the wing generates a lift-dependent 

drag coefficient (𝐶஽ಽೢ
) of 0.1216. The efficiency of the wing is characterized by an Oswald 

efficiency factor (𝑒௪) of 0.9198, confirming the effective minimization of induced drag for this 

jet configuration. All these parameters are summarized as both inputs and outputs in Figure 27 

below, incorporating previously established design values. 
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Figure 27:Subsonic Wing Drag Coefficient Prediction 

 

4.2. Fuselage 

The fuselage drag analysis is characterized by the aerodynamic interaction of the long, slender 

body required for an ultra-premium cabin and the high-speed cruise requirements. The fuselage 

has a total length (𝑙௙) of 110.00 ft and a maximum diameter (𝐷௙೘ೌೣೢ
) of 9.35 ft. The analysis 

assumes a fully turbulent boundary layer development along the entire length of the airframe. 

The fuselage operates at a high Reynolds number, resulting in a skin friction coefficient (𝐶௙೑
) of 

0.0019. This coefficient represents the viscous resistance of the air as it remains attached along 

the body before reaching the tail cone. 

The final zero-lift coefficient for the fuselage (𝐶஽బ೑
) is calculated as 0.0041. This value includes 

the form drag resulting from the body’s profile and a 2.00% installation factor (𝐾௜௡௦௧௔௟௟) to 

account manufacturing tolerances and surface discontinuities. Furthermore, the lift-dependent 

drag coefficient for the fuselage (𝐶஽ಽ೑
) is minimal, calculated at 0.0006 at angle of attack (𝛼) of 

6 degrees. The complete set of corresponding parameters and results is shown in Figure 28. 
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Figure 28: Subsonic Fuselage Drag Coefficient Prediction 

 

4.3. Horizontal Tail 

The horizontal tail (HT) is sized and swept to provide the necessary longitudinal stability and 

control for the aircraft while keeping its drag contribution as low as possible [11]. The HT 

features an Aspect Ratio (𝐴𝑅௛)  of 4.16 and a quarter-chord sweep angle (∧௖/ସ೓
) of 23.2 degrees. 

Its total planform area (𝑆௛)  is 279.61 ft2, which is significantly smaller than the main wing, 

leading to a much lower Reynolds number (𝑅𝑒௛೟ೠೝ
)  of 234600. 

Despite the small scale, we still assume a fully turbulent boundary layer for the drag estimate. 

The skin friction coefficient for the tail (𝐶௙೓
)  is calculated at 0.0012. Combining this with the 

form drag, which is influenced by the 9.00% thickness-to-chord ratio ((𝑡/𝑐)௛), the component’s 

zero-lift drag coefficient is a very lean 0.0007. 

At the specific flight condition analyzed, where the tail’s local lift coefficient (𝐶௅೓
) is 0.8650, it 

generates a lift-dependent drag coefficient (𝐶஽ಽ೓
) of 0.1203. While this value appears high 

relative to its zero-lift drag, it reflects the aerodynamic load required to maintain trim [6]. The 

Oswald efficiency factor (𝑒௛) of 0.1037 further characterizes the induced drag behavior for this 

specific tail geometry. The corresponding parameters and results are shown in Figure 29.  
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Figure 29: Subsonic Horizontal Tail Drag Coefficient Prediction 

 
 

4.4. Vertical Tail 

The vertical tail is designed primarily to ensure directional stability and yaw control while 

keeping its drag contribution as low as possible. The geometry reflects a compromise between 

stability requirements and aerodynamic efficiency. The surface has a relatively low aspect ratio 

(𝐴𝑅௩ = 1.08) and a quarter-chord sweep (∧௖/ସೡ
)  of 37.8°, with a leading-edge sweep (∧௅ாೡ

)  of 

41.6°. The 9% thickness-to-chord ratio ((𝑡/𝑐)௩), provides adequate structural rigidity without 

significantly increasing form drag, while the high sweep helps delay compressibility effects in 

cruise [6]. 

The vertical tail has a planform area (𝑆௩)  of 158.88 ft² and a wetted area (𝑆௪௘௧ೡ
) of 319.50 ft². 

At the analyzed flight condition, the turbulent Reynolds number (𝑅𝑒௩೟ೠೝ
)  is 1.3985 × 10⁶. 

Assuming a fully turbulent boundary layer for a conservative estimate, the resulting skin friction 

coefficient (𝐶௙ೡ
)   is 0.0027. When viscous and form effects are combined, the zero-lift drag 

coefficient (𝐶஽బೡ
) is calculated to be 0.0008, indicating that the vertical tail contributes only a 

small portion to the aircraft’s overall parasite drag. 

For the evaluated condition, the vertical tail operates at a side-force coefficient of 0.8000, 

producing a lift-dependent drag coefficient (𝐶஽ಽೡ
) of 0.0180. The Oswald efficiency factor (𝑒௩) 

of 1.2946 reflects the modeling approach and the influence of sweep on the effective span 



31 
 

efficiency. Overall, the vertical tail meets directional stability requirements while maintaining a 

controlled drag contribution within the total aircraft drag buildup. Figure 30 summarizes the 

corresponding inputs and results. 

 
Figure 30: Subsonic Vertical Tail Drag Coefficient Prediction 

 
 

4.5. Landing Gear 

The landing gear drag is analyzed for two primary flight configurations: the cruise phase and the 

landing phase. For the G700-inspired design, the gear is fully retractable into the fuselage and 

wing root bays to eliminate parasite drag during high-speed flight. The analysis is based on the 

specific geometry of a tricycle gear arrangement, including a single nose gear and two main gear 

assemblies. The physical dimensions for the tires were estimated based on the Goodyear Aircraft 

Tire Application Guide [12]. 

The drag breakdown for the gear is as follows and can be found in Figure 31 and 32: 

- The main landing gear assembly features dual tires with both front and rear tires areas 

(𝑆ி௥௢௡௧்௜௥௘ and 𝑆ோ௘௔௥்௜௥௘ )of 3.1 ft2 and a strut length (𝐿௦௧௥௨௧) of 4.5 ft. This results in a 

drag coefficient (𝐶஽೒೐ೌೝ
 ) of 0.0037 per side. 

- The nose landing gear has smaller front and rear tires areas (𝑆ி௥௢௡௧்௜௥௘ and 𝑆ோ௘௔௥்௜௥௘ ) of 

1.1 ft2 and a strut length (𝐿௦௧௥௨௧) of 3.5 ft, contributing a drag coefficient (𝐶஽೒೐ೌೝ
 )  of 

0.0018. 
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As shown in Figure 31, when the landing gear is retracted, the incremental drag coefficient is 

0.0. This reflects a perfectly faired seal where the gear doors are flush with the airframe, 

ensuring that the total aircraft zero-lift drag is not penalized during the cruise phase. 

The landing gear drag is calculated for the extended configuration, representing the significant 

aerodynamic penalty during the landing phase and takeoff phase. This results in a drag 

coefficient (𝐶஽೒೐ೌೝ
 ) of 0.0037 per side and a nose drag coefficient (𝐶஽೒೐ೌೝ

 )  of 0.0018. The total 

drag coefficient with the gear fully extended is 0.0092, as shown in Figure 32. This reflects the 

high pressure drag caused by the exposed wheels and structural struts interrupting the otherwise 

streamlined flow under the fuselage and wings. 

 
Figure 31: Subsonic Retracted Landing Gear Drag Coefficient Prediction 
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Figure 32: Subsonic Extended Landing Gear Drag Coefficient Prediction 

 
 

4.6. Nacelles 

The subsonic nacelle drag coefficient prediction reveals a symmetrical twin-engine configuration 

characterized by a longitudinal nacelle length (𝑙௡) of 17.06 ft and a maximum cross-sectional 

area (𝑆௡) of 30.50 ft2 per unit. Positioned at a longitudinal station of 74.50 ft and spaced 7.20 ft 

from the centerline, these nacelles are integrated into the airframe at a 2.50-degree incidence 

angle to optimize alignment with the local flow field. Based on a total wetted area (𝑆௪௘௧೸೙
) of 

566.00 ft2 and a transition point located at 40% of the nacelle length, the analysis calculates a 

skin friction coefficient (𝐶௙೙
) of 0.0019 and a pressure drag coefficient of 0.0049 for each unit. 

When normalized against the reference wing area (𝑆௪) of 1283.00 ft2 the cumulative impact 

results in a total nacelle drag coefficient (𝐶஽೸೙
) of 0.0101, providing a precise metric for the 

aerodynamic efficiency penalty associated with the engine installation under these specific flight 

parameters. The nacelle input parameters were estimated based on geometric data extracted 

directly from the Gulfstream G700 Aircraft CAD design [4]. Additionally, they can be found in 

Figure 33 below. 
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Figure 33:  Subsonic Nacelle Drag Coefficient Prediction 

  
 

4.7. Pylons 

The engine pylons are modeled as identical structural units to ensure aerodynamic symmetry and 

streamlined integration with the rear fuselage. The Each pylon features a quarter-chord sweep 

angle (∧௖/ସ೛೤
) of 35.0 degrees and an aspect ratio (𝐴𝑅௣௬) of 0.85. The thickness-to-chord ratio 

for both units follows a consistent distribution of a mean thickness-to-chord ratio ((𝑡/𝑐)௣௬) of 

10%. These were calculated using the data extracted from the Gulfstream G700 Aircraft CAD 

design.[4] Based on this unified geometry, the skin friction coefficient is calculated at 0.0030 for 

the assembly. The total pylon assembly contributes a zero-lift drag coefficient (𝐶஽ಽ೸౦౯
) of 

0.000478. This refined geometry is specifically tailored to mitigate interference drag between the 

nacelle and the fuselage hull. Furthermore, the identical design ensures a consistent 

compressibility threshold across both mounts. The input and output parameters of the pylons are 

displayed in Figure 34 below 
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Figure 34: Subsonic Pylon Drag Coefficient 

4.8. Windshield 

The windshield is a critical area for managing localized pressure gradients and maintaining 

smooth airflow over the cockpit section [13]. For this design, the windshield is modeled as a 

double curvature window flush with the surface, a configuration typical of high-end business jets 

like the Gulfstream G700. This flush-mounted surface is specifically chosen to eliminate the 

large drag penalties associated with sharp or flat-plate cockpit windows found on older or slower 

aircraft [c]. 

The drag increment associated with the windshield is evaluated using a windshield drag 

increment factor (∆𝐶஽ೢೞ
) of 0.0020 [14]. When referenced to the wing reference area (𝑆௪ =

 1283.00 ft²) and accounting for a maximum frontal windshield area (𝑆௙೘ೌೣ
= 68.50 ft²), the 

resulting drag coefficient contribution is calculated as 𝐶஽ೢೞ
= 0.0001, as shown in Figure 34. 

This very small value confirms that the windshield integration does not significantly penalize the 

aircraft’s zero-lift drag. The smooth geometric blending and absence of sharp frame protrusions 

effectively limit additional pressure drag [15]. As a result, the windshield contributes only a 

minor increment to the total aircraft drag buildup while maintaining structural and visibility 

requirements for the cockpit design [7]. The inputs and outputs parameters of the subsonic 

windshield drag coefficients are shown in Figure 35 below. 
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Figure 35:Subsonic Windshield Drag Coefficient Prediction 

 
 

5. CRITICAL MACH NUMBER FOR WING, HORIZONTAL TAIL & 
VERTICAL TAIL 

Taking the parameters calculated in the geometry and aerodynamic portions of AAA as input, a 

critical ach number for the horizontal tail, vertical tail, and wing are found. The wing exhibits a 

critical Mach number (𝑀௖௥ೢ ) of 0.722. This result is a function of the 35° quarter-chord sweep 

(∧௖/ସೢ
), and the 12.00% thickness-to-chord ratio ((𝑡/𝑐)௪)  justified in the wing section of this 

report. The horizontal tail demonstrates a higher threshold with a critical Mach number (𝑀௖௥೓
) of 

0.803, aided by its thinner 9.00% profile and 23.2-degree sweep (∧௖/ସ೓
). Similarly, the vertical 

tail reaches a critical Mach number (𝑀௖௥ೡ
) of 0.820, benefitting from its aggressive 37.8-degree 

sweep (∧௖/ସೡ
) and 9.00% thickness-to-chord ratio ((𝑡/𝑐)௩). 

 

The engine pylons show the most significant margins against compressibility. Both pylons have 

a critical Mach number (𝑀௖௥೛೤
)  of 0.916. These high limits are achieved using slender profiles, 

with thickness-to-chord ratios ((𝑡/𝑐)௣௬) ranging from 12% at the root to 8% at the tip, alongside 

sweep angles (∧௖/ସ೛೤
)  of 35.0 degrees. Designing the pylons with these higher thresholds 

ensures that the complex interference flow between the nacelles and the rear fuselage does not 

trigger premature wave drag before the rest of the airframe reaches its limits [7]. 
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The engine pylons show the most significant margins against compressibility. Both pylons have 

a critical Mach number (𝑀௖௥೛೤
)  of 0.916. These high limits are achieved using slender profiles, 

with thickness-to-chord ratios ((𝑡/𝑐)௣௬) ranging from 12% at the root to 8% at the tip, alongside 

sweep angles (∧௖/ସ೛೤
)  of 35.0 degrees. Designing the pylons with these higher thresholds 

ensures that the complex interference flow between the nacelles and the rear fuselage does not 

trigger premature wave drag before the rest of the airframe reaches its limits [7] 

 

Although the predicted critical Mach numbers are slightly below the target cruise Mach number, 

this condition is consistent with normal transonic operation, where aircraft routinely cruise above 

the critical Mach number but below the drag divergence Mach number to balance aerodynamic 

efficiency and compressibility effects [9]. The AAA values for critical Mach numbers are 

presented in figure 36 below.  

 

 
Figure 36:Critical Mach Number for Wing and Empennage 

 
 

6. CONCLUSION 

This report presented the aerodynamic development of a high-speed business jet through analysis 
of wing geometry, empennage design, lift distribution, drag buildup, and critical Mach number 
using AAA and supporting tools. The NASA SC(2)-0612 supercritical airfoil was selected to 
support efficient transonic cruise, while iterative refinement of taper ratio and geometric twist 
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improved spanwise lift distribution and reduced the risk of tip stall under landing conditions. 
Symmetrical NACA 0009 airfoils were chosen for the horizontal and vertical tails to ensure 
stability and control with minimal drag penalties. 

The drag buildup demonstrated that the aircraft achieves balanced aerodynamic performance 
across major components, and the predicted critical Mach numbers confirm suitability for high-
subsonic operation within the intended flight regime. Overall, the design process highlights the 
importance of iterative aerodynamic refinement to balance efficiency, stability, and low-speed 
handling, providing a solid foundation for further aircraft development. 
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