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Abstract 
 

Stabilization of a rocket during its flight has always been a main concern for rocket designers. Various fin designs 

including trapezoidal, rectangular, elliptical, raked, clipped delta, swept, delta, swept delta, and wrap-around fins are 

available. Ongoing research on fin design at SJSU is focused on both theoretical and experimental endeavors.  Two 

new kind of fins (Shark-Caved and Sounder) are proposed. These fins were mounted on experimental Aerobee 150A 

rockets with an I285R motor. Rockets were launched in Del Norte, California. The flight data was compared to the 

performance of three rockets mounted with these fins. To understand these results, theoretical modeling for the 

proposed fins was performed using ANSYS Fluent. Simulation results at Mach 0.85 provided details on pressure, 

temperature, drag coefficients, and Mach number distributions around the fin surface which are included and discussed 

in this paper.  
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1.  Introduction  
 

Fins play an important role in stabilizing a rocket and are installed to assist the rocket to maintain its orientation and 

intended flight path [1].  Fins also help maintain the rocket’s static margin, which is defined as the minimum distance 

between the rocket’s center of gravity and its center of pressure. Unwanted wobbling of the rocket due to the presence 

of wind can also be controlled by mounting fins on its surface that generate lift acting through its center of pressure 

[3]. Fins in different configurations including tapered, delta, cropped delta, and elliptic have been studied thoroughly 

by various researchers [4-6]. These studies show that each fin has several features that can be used to characterize its 

design including its tip chord, root chord, span, leading edge, trailing edge, aspect ratio, and tang. Most rocket fins are 

designed with low aspect ratios (AR < 4) whereas a tapered ratio between 0.2 and 0.4 is ideal for minimum induced 

drag [4]. In an intra-university study under the NASA USLI competition program at SJSU, new kinds of fins were 

developed. This design was inspired by the wings of stealth fighter planes. The idea of introducing a sweep angle to 

the leading and trailing edge of the fin was used to provide durability [7]. Further detailed studies on various fin 

designs, their impact on the rocket stability and on overall performance can be found in the references included in this 

paper [8-13]. 

   The work presented in this paper is a continuation of fin research at San Jose State University (SJSU), where novel 

fin designs were proposed [14]. Efforts at SJSU include both experimental and theoretical modeling of new fins. The 
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current work elaborates on modeling efforts that were accomplished by using ANSYS Fluent to analyze three kinds 

of fins (Trapezoidal, Sounder, and Shark-Caved) at various operating conditions. These fins were placed in a virtual 

wind tunnel and the flow around them was modelled to obtain information on drag coefficients, pressure and 

temperature distributions, Mach number, and velocity distribution along the surface. The following sections include 

discussion of these results and their comparison with the experimental data that was obtained earlier by launching 

three rockets with these fins.  

 

 

2.  Previous Experimental Work  
 

Two new kinds of fins were proposed, and these were named as Sounder and Shark-caved fins. Both fins along with 

the Trapezoidal fin mounted on a rocket are shown in figure 1. The Shark-Caved fin design was inspired by the Boeing 

777’s raked design and the bat rocket fin design [14]. The Aerobee 150A rocket mounted with the Shark-Caved fins 

was found to have a stability factor of around 3.45 Calibers. The Sounder fin design was created by proposing a fin’s 

shape to Open Rocket software that optimized its shape by manipulating the center of gravity position and the expected 

altitude. The reduction in the overall area resulted in a lower weight leading to a more stable rocket. The stability 

factor for the rocket with Sounder fins was close to 1.65 Calibers. The standard Trapezoidal finned rocket ended up 

with a stability factor of less than 1.5 Calibers.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Three Fins mounted on an Aerobee 150A rocket. Sounder, Shark-Caved, and Trapezoidal  

fin from top to bottom. 

 

METAR data was obtained on the day of the launch from the Aviation Weather site, which gave the wind, dew 

point, pressure, humidity and temperature. (Table 1)[2]. Due to flight requirements and restrictions put in place by the 

TRA (level 2 restrictions) the Aerotech J425 motor was selected for all rockets. Flight data for each fin was 

downloaded from the altimeters (Perfectflite Stratologger altimeter) that were mounted inside the rockets. A summary 

of the experimental test results for three fins is presented in Table 2.  
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Table 1. Launch Parameters  

 

 

 

 

 

 

 

 

 

 

Table 2. Summary of test flight results  

 

 

 

 

 

 

 

 

From the data shown in Table 2, it appears that of the proposed designs, the Shark-Caved fin design saw a positive 

effect on the altitude performance evidenced by an increase in the peak altitude performance of the rocket by 7.7%, 

as compared to the traditional Trapezoidal fins. Its peak speed also outperformed the rocket mounted with Trapezoidal 

fins (~79%). This means that the overall coasting flight time for the Shark-Caved fins rocket increased allowing the 

rocket to freely coast upward for a longer period of time. On the other hand, the peak altitude performance for the 

Sounder fin was weaker than that of the Trapezoidal fin. In the current work, ANSYS Fluent simulations were 

performed to characterize the flow over the fins to get a better understanding behind their effect on the overall 

performance of the rocket.  

 

 

3. ANSYS Fluent Simulations 

 
Based on the Experimental Flight Test data obtained from the high-powered launches, CFD simulations were 

performed to understand the theoretical behavior of the rocket fins during their peak speed phase in flight conditions. 

Aerodynamic coefficients were evaluated to understand the overall analytical performance of the fin. Aerodynamic 

coefficients are dimensionless quantities that are used to determine the aerodynamic characteristics of the fin. The 

coefficients are determined by a ratio of forces rather than a simple force, thus making them an important engineering 

tool for comparing the efficiency of different fin designs [15].  

   To compute the values, a discretization method was used to discretize the differential equations into a system of 

algebraic equations, which was solved using a computer to obtain the approximate solution numerically. The 

approximations were applied to small domains in space and time, so that the numerical solution provides results at 

discrete locations. The accuracy of a numerical solution was highly dependent on the quality of the discretization used. 

The differential equations based on the Navier-Stokes equations can be solved for a given problem by using methods 

from calculus, however, in practice, these equations are too difficult and too time-consuming to solve analytically. 

Engineers made rough approximations and simplifications to the equation set until they had a group of equations that 

they could solve. The introduction of high-speed computers, however, greatly improved the numerical accuracy and 

lowered computational time thus making CFD an important engineering tool when solving fluid flow problems. [15].   

   The idea behind designing new set of fins was to increase the altitude performance of the rocket. The fins were 

subjected to an analytical wind tunnel developed on ANSYS Fluent, and the simulations performed provided us a 

better understanding of the effect of the drag force acting on the fins at a set speed. This section will outline the design, 

mesh analysis and the results of the simulations performed. 

 

 

 

Temperature 74.9 F 

Pressure 30.16 inHg  

Launch Time  12:20 P.M. 

Winds 3.2 mph 

Humidity  30% 

Fin  Trapezoidal Sounder Shark-Caved 

Take-off weight 250 N 260 N 230 N 

Peak Speed 147 m/s 150 m/s 94 m/s 

Peak Altitude 1000 m  950 m 1050 m  
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3.1 The Fin Design and the Mesh Analysis  
 

Three fin designs were imported from RockSim into the design module of ANSYS Fluent. The boundaries outside of 

the fin were developed based on the area of the flow that was needed to be analyzed. All the geometries were created 

in two dimensions at true-scale, with each configuration fixed to its frame of reference. Four zones were created, and 

each zone was created as a surface from the sketch. Three of the surfaces were extruded using the “imprint face” 

option as the goal was to achieve meshing flexibility in the fluid domain. Figure 2 shows the final design model for 

the Trapezoidal fin. As the current work focused on modeling three proposed fins using ANSYS Fluent, rocket fin 

dimensions were kept consistent with the experimental study. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Geometry for 2-D Test Sextion for Sounder Fin Extruded on Design Modeler 19.3 

 

   Using the technique from Baolda et. a. [16], meshing was performed in the four zones. The area near the fin had a 

high cell density proximate to the fin, and a gradually lower cell density was further away from the fin. To assert that 

the boundary conditions were distant enough from the geometries, a sensitivity analysis was performed in each 

direction. Pressure far-field was set around the outermost boundary of the geometry. The test section was created in a 

way to roughly capture the design profile of each fin. The frontal portion of the fin can only capture the flow at a small 

distance from the base of the fin. Therefore, the far-field was created to be three times longer towards the outlet for 

the purpose of capturing the flow phenomenon acting beyond the trailing edge of the fin. The far-field was divided 

into four zones of varying mesh sizes. The outermost zone was sized 10mm, the middle zone was sized 4mm, whereas 

the closest zones were meshed with 2mm and 1mm mesh size respectively. Figure 3 shows meshing results near the 

surface for the Trapezoidal, Sounder and Shark-Caved fins respectively along with a ten-layer inflation near the 

surface of the Trapezoidal fin.  

   1.5 million mesh points were created around the fin that was defined as a no-slip wall, i.e. the fluid will have zero 

velocity relative to the surface boundary. The flow regime option was set to subsonic since speeds less than Mach 1 

were witnessed in the experimental work. The Cartesian velocity component in the flow direction was set to whatever 

speed was being simulated. The pressure far-field was positioned far enough behind the fin to prevent it from 

intersecting the recirculation area behind it. Table 3 depicts the boundary and model conditions selected for these 

calculations. Since the current experimental mission is defined to understand the flow characteristics of the fin, which 

typically happens outside of the fin near the boundary, the k- ω model is selected. The transport variable k determines 

the energy in turbulence and ω determines the scale of turbulence. SST or the “Shear Stress Transport” model is good 

for capturing the flow near the boundary walls, hence the SST model is selected. Based on the parameters on the day 

of the flight and the size of the launch vehicle to be tested, turbulence intensity was set at 5%. According to the ANSYS 

Fluent guides on the ANSYS website, the default Courant Number for the density-based explicit formulation is 1.0. 

The courant number is a measure of rate at which information is transmitted in a flux field. As the solutions kept 

diverging for the first few simulations performed, the courant number had to be decreased to get a converging solution. 

The Courant number was set at 0.75, and the calculation run was set at 5000 iterations.  
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Table 3. Boundary Conditions for ANSYS Fluent Solver 

 

 

 

 

 

 

 

 

 

 

3.2 Simulation Results  
 

To understand the overall performance of the fins under subsonic conditions, CFD analysis on the three fins was 

performed again for M = 0.85. Figure 4 shows the simulations performed for the Trapezoidal, Sounder and Shark 

Caved fin respectively for the total pressure, whereas figure 5 shows Mach number distribution around each fin. 

To ensure the results’ accuracy, a mesh analysis was performed for the Trapezoidal fin. Data points near the fin were 

increased in density near the fin and decreased further away from the fin in the outermost zone increasing the overall 

mesh points by 1134 and the simulations were rerun to see the differences in the results. A 0.2% change in the Mach 

number and drag coefficient was observed showing that the simulations were robust and accurate. The turbulence 

model wall laws have restrictions on the y+ value at the wall. For the standard k- ω model a wall y+ value between 

0.1 and 500 was required. A faster flow near the wall will produce higher values of y+, so the grid size near the wall 

must be reduced. Y+ was examined for the Trapezoidal, Sounder and Shark-Caved fins. The y+ parameter for the 

Sounder fin was estimated to be around 4.21e+1 and is shown in figure 6. Simulation results including the average 

total pressure and the associated drag coefficients for each fin are presented in table 4.  

 

 

 

 

Specific Heat 1006.43 K/Kg. K Mach Number  0.85  

Thermal 

Conductivity  

0.0242 W/m-K  Turbulence Intensity  5% 

Viscosity  1.7894e-05 kg/m-s Turbulence Viscosity  10  

Molecular Weight  28.966 kg/kmol Temperature 297 K  

Gauge Pressure   101325 Pa    
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Table 4. Fin Simulations at M = 0.85  

 

 

 
 

 

 

 

 

Fin   Mach # Average Total P (Pa) Drag Coefficient  

Trapezoidal  0.85 1.59e+05 0.14 

Shark-Caved  0.85 1.57e+05 0.225 

Sounder  0.85 2.52e+05 0.14 



121 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3.3 Discussion on Experimental and Simulation Results  
 

Experimental results showed that the low drag produced by the Trapezoidal fins adversely affected the overall stability, 

rendering the Aerobee 150A rocket non-airworthy. Experimental flight testing performed back in 2019 on the newly 

designed fins yielded some interesting results on how the optimization of the design of a rocket fin can positively and 

negatively affect the performance of a high-powered rocket. From the experimental data of the proposed designs, it 

was found that the Shark-Caved fin design saw a positive effect on the altitude performance evidenced by an increase 

in the peak altitude performance of the rocket by 7.7%. The drag stability due to the extended fin span on the Shark-

Caved fin reduced the overall roll rate of the rocket in flight conditions allowing the rocket to fly in a straight path. 

This means that the overall coasting flight time for the rocket was increased allowing the rocket to freely coast upward 

for a longer period of time. On the other hand, the peak altitude performance for the Sounder rocket was weaker than 

that with the Trapezoidal fin. ANSYS Fluent simulations showed the overall Mach number and total pressure acting 

around the fins. The reduction in the pressure and skin friction drag acting on the fins helped boost the performance 

of the two fins, with Shark-Caved fin witnessing the maximum decrease out of the three fins. It is important to note 

that the simulations performed for the fin was to investigate the standalone performance of each fin to understand the 

effect the shape and area has on the fin. These results cannot be used as the overall defining factor to estimate the 

overall performance of the rocket. The rocket has a fuselage and a nose cone whose unique configurations add to the 

aerodynamic losses and effects on the entire performance of the rocket. For this project, since the experimental flights 

were mostly the focus as established in the proposal, components for the CFD analysis were narrowed down to 

simulate only the fins for this analysis. Re-creating the overall rocket on ANSYS Fluent is planned to be included in 

future work.  
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