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The 2011-2012 ClipperSpirit Seaplane Senior Design Team observed recirculation of flow 
around the sternpost on their 10in fuselage model when tested in a water tunnel.  The sponsor, 
Charles Simpson of the New Nose Company, Inc., wanted the 2012-2013 team to investigate the 
previous year’s results, create a new fuselage model with a less intrusive wind tunnel mount, 
perform drag analysis, and design and test alternate fuselage designs while observing the unique 
restrictions of a seaplane. 
 
The team created a new model in SolidWorks with a higher surface quality, and designed a less 
obtrusive wind tunnel mount.  Testing was performed using SolidWorks Flow Simulation for 
computational fluid dynamics (CFD) analysis and in a wind tunnel with a 3D printed model.  
CFD analysis has not, to our knowledge, been used before for seaplane testing, but the results of 
both methods were comparable.  The previous year’s model was retested in the wind tunnel, and 
verified the recirculation previously experienced.  However, the new model reduced drag and 
eliminated the recirculation through improved surface continuity and quality.  Alternate designs 
were created and tested in SolidWorks Flow Simulation.  Ultimately, none were found to provide 
notable improvement to the drag experienced by the fuselage. 
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II.  INTRODUCTION 

The goal of this project was to evaluate the current model of the ClipperSpirit fuselage and from 
this evaluation, design a new fuselage with an optimized drag for flight cruise condition. Specifically, last 
year’s senior design group noticed some recirculation near the sternpost of the fuselage. We would like to 
figure out why the fuselage is experiencing reverse flow, and what needs to be changed in the design of 
the sternpost to reduce this effect. 

III.  BACKGROUND AND PROBLEM STATEMENT 

A) BACKGROUND 

In the early years of aviation, many aircraft designers were more interested in developing planes 
that could take-off and land on the water than those that operated on land. The seaplane configuration did 
not require land to be prepared for take-off or landing, and offered take-off and landing operation in a 
wide range of headings to accommodate varying wind direction. Additionally, in emergencies, a body of 
water is more likely to be free of obstacles than a field. In fact, due to lack of confidence in aircraft engines 
during the early years of aviation, the ability to land on water was a huge advantage, particularly for flights 
involving large bodies of water (transpacific, transatlantic, Caribbean, etc.).[5] However, after about the 
1940s, the popularity of transport seaplanes dropped off drastically. The development of a modern, highly 
efficient seaplane would fill a corner of the aviation market which has been left practically untouched for 
nearly 70 years. 

The ClipperSpirit is a large seaplane with two turboprop engines. Each engine works with constant 
speed propellers creating 2,300 HP. Important ClipperSpirit specifications are listed in Table 1. 

TABL E 1: CLIPPERSPIRIT SPECIFICATIONS  

Specification Value 

Length (Forebody and Afterbody) 66.5 ft. 

Wingspan 90 ft. 

Wing Area 1012 ft.2 

Beam 9.5 ft. 

Cruise 200 KTAS 

Aspect Ratio 8 

Max. Takeoff Weight 35,000 lbs. 
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FIGURE 1: I MPORTANT STRUCTURES FOR SEAPLANE [1] 

Figure 1 illustrates some of the very unique design characteristics of seaplanes. There are many 
features that are directly taken from boat designs such as deadrise angle, keel and chine. However, there 
is one very important parameter that sets seaplanes apart from boats, float planes and airplanes; this is the 
“step”. Takeoff from water would be nearly impossible if not for the step. Consider a seaplane in the 
water: during takeoff, the plane must overcome both water and air drag. Additionally, if the plane is loaded 
heavily, it will sit further in the water, creating even more drag. The step is absolutely essential for 
allowing the seaplane to overcome this enormous water drag force. The step works by rotating the body 
of the plane as the speed increases. When velocity is zero, the entire hull of the seaplane will rest in the 
water. As velocity increases, the step rotates the aft body out of the water, significantly decreasing the 
surface area of the hull that is being affected by water drag. This rotation onto the step occurs at the “hump 
speed”. The hump speed can be seen in Figure 2, as the velocity where drag force becomes maximum. At 
this velocity, the plane rotates forward onto the step, and drag drops off dramatically. The seaplane is then 
capable of reaching takeoff speed, and drag levels out at aerodynamic drag. 

Because the step is very important to the design of a seaplane, we were constrained to not change 
anything about the step. Another very important constraint to our project was that we could not change 
the internal volume of the seaplane. This is because the ClipperSpirit was designed around a specific 
internal volume that would allow the seaplane to fly all of the mission configurations desired by our 
sponsor, The New Nose Company, Inc.  
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FIGURE 2: DRAG VS. VELOCITY ILLUSTRATING HUMP SPEED  

Table 2 is provided as a way to better understand how the ClipperSpirit compares to similarly 
designed seaplanes. 

TABLE 2: CLIPPERSPIRIT PERFORMANCE PARAMETERS  

Performance 
Parameter 

Clipper 
Spirit 

Grumman 
Albatross2,3 Canadair 

CL-2156 
Sikorsky 
VS-447 

Missions 
Passenger 

Firefighting 

Search and 
rescue & 
Combat 

Firefighting 
Trans-Atlantic 

passenger 

Number of 
Passengers/Crew 

30 pax. 
2 crew 

10 pax. 
4-6 crew 

18 pax. 
2 crew 

40 + pax. 
5 crew 

Number of Engines 2 2 2 4 

Engine hp. 2,300 hp 1,425 hp 2,100 hp 1,200 hp 

Wing Area 1,012 ft2 1,035 ft2 1,080 ft2 
(Wingspan 

124 ft.) 
Length 66 ft. 6 in. 62 ft. 10 in. 65 ft. 79 ft. 3 in. 

Maximum Speed 250 kts 
288 mph 

205 kts. 
236 mph 

157 kts. 
181 mph 

139 kts. 
160 mph 

Cruise Speed 200 kts. 
230 mph 

108 kts. 
124 mph 

157 kts. 
181 mph 

182 kts. 
210 mph 

Range 800 nmi 
921 mi 

2,478 nmi 
2,850 mi 

1,220 nmi 
1,405 mi 

3,300 nmi 
3,800 mi 

Max T/O Weight 35,000 lb. 37,500 lb. 37,700 lb. 57,500 lb. 

 

 The design of the ClipperSpirit is loosely based off of the design of the Grumman Albatross, as 
seen in Table 2. However, it carries a significantly larger amount of passengers, like the Sikorsky VS-44, 
and is slightly larger than the Albatross, like the Canadair CL-215. 

B) PROBLEM STATEMENT 

Last year’s senior design team saw indication of recirculation near the sternpost during their flow 
visualization tests, indicating poor flow and high drag on the fuselage. It is probable that either the fuselage 
design is poor, or the model used is poor. In our project, we intend on reprinting the original fuselage 
model on the 3D printer and retesting it in the wind tunnel so that baseline drag can be measured. 
Additionally, we want to find ways to change the aft end of the seaplane fuselage to reduce drag and 
improve the ClipperSpirit’s cruise performance. 
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IV)  SOLIDWORKS MODEL 

 One major requirement of the seaplane project involved creating an accurate 3D model of the 
aircraft hull. The SolidWorks computer aided design (CAD) software was used to complete the modeling 
task. To start with, a full-scale wireframe model of the seaplane hull was provided by the project sponsor. 
Creating an accurate model surface upon the provided wireframe required advanced CAD surfacing 
techniques. It should be noted that model accuracy is of critical importance when large scaling factors are 
involved, such is the case for this project. Given these circumstances a large amount of time was required 
to first learn the surfacing techniques and then apply them in creating the model. 

 Once an acceptable full scale model was produced the focus turned towards proper scaling of the 
model and the design of a nonintrusive mount for wind tunnel testing. Simultaneously the full scale model 
produced could now be utilized for computational fluid dynamics (CFD) testing using SolidWorks Flow 
Simulation. Model scaling was dictated by the wind tunnel test section dimensions; from these dimensions 
it was concluded that the scaled model should be ten inches in length. Additionally, we decided that it was 
necessary to design a new model mount to improve wind tunnel results. Various model mount 
configurations were considered during the model development process. A rear mount configuration was 
initially considered the most viable; however that option was abandoned in favor of a more desirable rear 
horizontal stabilizer mount. The chosen mount would require additional modeling of a vertical stabilizer 
and mounting socket, however, it would induce minimal flow disturbances and allow for more accurate 
test results. 

 The project sponsor requested C2 curvature continuity for the model surface. A C2 surface is 
defined as having surface continuity up to the second derivative of surface curvature. This condition will 
provide the model with very smooth surface features which will allow for more accurate flow test results. 
Once C2 surface conditions were achieved and a top mount design was finalized the scaled model was 
produced using a 3D printer. Due to the constraints of the 3D printer the model was manufactured in two 
sections with the separation plane being a cross section of the model located at the hull step. Some internal 
coupling geometry was designed into the model to aide in post manufacturing assembly.  

 

FIGURE 3: CLIPPERSPIRIT FUSELAGE – FORWARD VIEW  
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FIGURE 4: W IREFRAME MODEL  

 

FIGURE 5: W IREFRAME MODEL  

The wireframe model presented above was provided by the project sponsor. The model surface was 
created about the wireframe using the SolidWorks CAD program. 
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FIGURE 6: I NITIAL C2 QUALITY SURFACING OF FUSELAGE  

Partial surfacing of the model wireframe with curvature continuity is seen in the above figure of the 
fuselage. 

 

FIGURE 7: ORIGINAL DESIGN M ODEL  

Completed model with surface continuity and horizontal stabilizer mount is pictured above. This model 
is of the original design and is used for baseline drag calculations of the hull. 

V) MODEL MOUNT 

One major issue encountered by last year’s senior design team was that their mechanism used to 
mount the model in the wind tunnel was quite large (see Figure 50), and has a significant impact on the 
airflow around the fuselage. To combat this, several new designs were proposed. 
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FIGURE 8: STERNPOST MOUNTED MOD EL  

 

FIGURE 9: STERNPOST MOUNTED MOD EL  

Shown above is the 10 inch scaled model with a rear mount design. The rear mount was found to be too 
intrusive and so this design was abandoned. 
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FIGURE 10:  I NTERNAL STERNPOST MOUNT  

 

FIGURE 11:  I NTERNAL STERNPOST MOUNT  

The mount design in Figure 10 was considered for use; however the required mounting rod thickness 
would be extremely thin. Such a rod would have to be constructed from a high strength material. To avoid 
these complexities this design was set aside.  

 

FIGURE 12:  AFT MODEL MOUNT USING VERTICAL STABILIZER  
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The figure above is the final design of the current model with a nonintrusive wind tunnel mount located 
on a vertical stabilizer. 

VI)  CONFIGURATION CHANGES 

After the base model was completed the objective turned to creating alternative hull designs which 
would reduce total drag. These designs focused on reducing boundary layer separation at the stern of the 
hull. Two of these design concepts simply changed the profile of the stern region and one other both 
thickened and extended the hull. Two new designs requested for testing by the project sponsor included a 
reduced stern region with a flat end profile, and a new nose design which has a smoother profile compared 
to the original. A final model was created with no step feature, which is to say that the area behind the 
step is completely filled in. This last model was used to determine how much drag is attributed to the 
presence of the step on the original design.  

 The carrier flat stern and the extended stern designs both reduced hull drag. CFD estimates show 
the carrier flat stern may reduce drag by about two percent while the extended stern may reduce drag by 
up to three percent. It should be noted that these results may be within the margin of error of the CFD 
testing simulations. Nevertheless these results warrant further research and these alternate configurations 
would be good candidates for future CFD and wind tunnel testing.  

 

 

FIGURE 13:   CARRIER FLAT STERN 

The model above features a stern which has been cut off slightly to produce a flat end face as seen in many 
modern ships.  
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FIGURE 14:  CURVED STERN 

The curved stern surface model above has a thin extended stern design with an end profile which is tangent 
to that of the hull features. 

 

FIGURE 15:  STRAIGHT STERN 

The above model has a thin extended stern design with a linear end profile. 

 

FIGURE 16:  SMOOTH NOSE 

The above design incorporates a modified nose design which has a smooth continuous shape as opposed 
to the original nose design. 
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FIGURE 17:  EXTENDED STERN 

The hull design above features a stern region which has been both extended and thickened in order to 
reduce premature boundary layer separation. 

 

FIGURE 18:  NO STEP 

The model above features a filled in step region, it was used to determine the drag contribution of the step 
on the original design model. 

VII)  DRAG ON THE FUSELAGE 

The fuselage parasitic drag has two major components, pressure drag and skin friction drag. The 
skin friction drag is caused by viscous sheer forces in the boundary layer. Skin friction drag acts on the 
entire wetted surface area of the seaplane hull and its magnitude is increased by the turbulent boundary 
layer present on the majority of the fuselage. No direct attempts were made to reduce skin friction drag 
on the hull, instead drag reduction efforts focused on reducing pressure drag. 

VIII)  COMPUTATIONAL FLUID DYNAMICS (CFD) 

 To minimize design costs, Computational Fluid Dynamics (CFD) software was utilized to simulate 
flight conditions on the full size fuselage and scale models in an attempt to approximate drag and regions 
of separation as well as to verify the validity of the software itself. 

 The CFD package used was an add-on to the Computer Aided Design (CAD) program Solidworks 
called "Solidworks Flow Simulation" (SFS). This program uses the Reynolds Averaged Navier Stokes 
(RANS) Equations to solve for the flow field around a body. The RANS equations are a modification of 
the original Navier Stokes equations, where terms are split into their corresponding mean velocity and 
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fluctuation terms. This modification introduces terms named Reynold Stresses, which are functions of the 
velocity fluctuations in the field. In order to solve the new set of equations, a turbulence model is needed. 
Depending on the type of flow being investigated, different models are used. SFS uses a standard 2 
equation k-ε model, which is a standard in most CFD programs. There are other models, but they are more 
tuned to specific flow fields, such as large vortex structures in atmospheric currents. Along with solving 
for the Reynolds Stresses, conservation laws of mass and energy are solved over each cell in a control 
volume and are iterated to find the final estimation of the flow field. 

 As an attempt to determine the validity of the CFD package described above, flow around a sphere 
was investigated. Viscous flow over a sphere has been investigated since the dawn of experimental 
Aerodynamics, and there exists a large amount of data for comparison. A sphere was simulated at a 
Reynolds number of 15,000 and the drag coefficient was determined to be 0.4, which correlated with the 
accepted data shown below. Also note the equivalent wake patterns present in the velocity cut plot 
compared with wind tunnel flow visualization.  

 

FIGURE 19:  FLOW VISUALIZATION OF A SPHERE  

 

 

FIGURE 20:  CFD OF A SPHERE 
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FIGURE 21:  DRAG COEFFICIENT VS. RE DATA  

The software predicts the location of the stagnation point at the front correctly and shows boundary 
layer separation and recirculation downstream in the wake as expected. Although simple geometry is 
simulated properly, comparison with experimental data was required to determine the true accuracy of the 
program with respect to the specific problem at hand, which is described in the following section. The 
following portions of this section analyze data obtained from simulating the different modifications and 
comparing their performance to this year's base model. 

The first CFD analysis done for the ClipperSpirit fuselage was on the to-scale CAD model created 
by last year's team at cruise conditions. In order to achieve adequate results, a mesh of around 1 million 
cells was used, with more dense regions corresponding to points of interest such as the step and the trailing 
wake. Below is a plot of streamlines along the surface of the fuselage looking toward the stern post and 
the color contours along the streamlines show the pressure distribution. Along the fuselage, there are 
discontinuities due to surfacing issues in the CAD program. These problem areas can be seen where the 
pressure changes rapidly over a small area, highlighted in red. The surface pressure decreases, depicted in 
darker blue regions, indicating that the surfaces are creating a ridge at the interface that the flow has to 
accelerate over. 
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FIGURE 22:  L AST YEAR 'S M ODEL , STREAMLINES / VELOCITY CONTOURS 

Also note that the flow leaving the trailing edge of the sternpost is not symmetric with respect to 
the X-Z plane. This could be due to the same issue stated above with surfacing. Small discrepancies in the 
model will influence the flow field around it. The next image is of the step itself, showing recirculation 
zones slightly aft of the step and the local low pressure (dark blue contours) which is the main contribution 
to drag in this area. Along with this analysis, multiple simulations were conducted to capture angles of 
attack from negative to positive four degrees, tabulated below. As the angle of attack is decreased, the 
drag force is decreased due to the step being slightly masked by the bow of the fuselage. At higher angles 
of attack, the step sees more of the free stream flow, resulting in increased pressure drag.  

TABLE 3 

Angle of Attack (°) Drag (N) CD (Fuselage Based) CD (Wing Based) 

0 3122.07 0.085 0.01 

4 4145.89 0.113 0.013 

-4 2901.423 0.079 0.0094 

 

Z 
X 

Y 
Step 

To Bow 

Sternpost 
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FIGURE 23:  L AST YEAR 'S M ODEL , STEP FLOW TRAJECTORIES  

 In order to compare data to last year's model, a resurfaced full size CAD model was simulated at 
cruise conditions. The approximate Reynolds number for this model was 88 million. From Aerodynamics, 
at this Reynolds number the boundary layer on the fuselage should transition from laminar to turbulent 
very quickly. When a boundary layer transitions, the shear stress increases dramatically, which can be 
seen on the contour plot shown below. Note the location of transition is very close to the nose of the 
airplane, indicating that a majority of the flow is turbulent as expected. The drag coefficient calculated at 
an angle of attack of zero degrees was 0.098 based on the maximum fuselage cross sectional area. The 
drag force was calculated to be 3000 Newtons, which is lower than the previous model. But most likely, 
in the process of resurfacing the model, the cross sectional area changed slightly, affecting the coefficient 
of drag.  

 

To Nose 
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FIGURE 24:  RESURFACED M ODEL , FULL SIZE , TRANSITION ALLOWED , SHEAR STRESS (SIDE 

V IEW ) 

 

FIGURE 25:  RESURFACED M ODEL , FULL SIZE , TRANSITION ALLOWED , SHEAR STRESS (NOSE) 

 Along with full size models at typical cruise conditions, a 10 inch scale model was simulated at a 
velocity of 60 m/s, which is the maximum velocity of the University of Arizona's undergraduate subsonic 
wind tunnel. This velocity was used to match the scaled Reynold’s number as closely as possible. To 

Transition Region 
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accurately predict flow characteristics around the scale model, the simulation was run using settings in 
SFS that forced turbulent flow as well as a turbulence intensity value equal to the wind tunnel 
specifications of 0.12%. Since scaling an airplane to be able to test it in a wind tunnel varies the Reynolds 
number, boundary layer transition might occur too late or not at all depending on the size. In this case, the 
Reynolds number of the model at 60 m/s was around the area of transition, indicating that if restrictions 
were not put in place in the flow solver options, errors would arise in the final solution. To illustrate this 
effect, a simulation of the model was run allowing the program to determine transition. Notice that the 
shear contour plot shows streaks of lower and higher stress. SFS predicts transition at a set range of 
Reynolds numbers, so depending on the relative velocity at a point on the surface transition may be 
occurring. Since this is not a realistic flow condition for the full size fuselage, the turbulent assumption is 
valid, as shown in the second image. The streaks are gone and it more closely behaves like the full size 
aircraft model. 

 

FIGURE 26:  THIS YEAR 'S SCALE M ODEL , TRANSITION ALLOWED , SHEAR STRESS 

 

FIGURE 27:  THIS YEAR 'S M ODEL , TURBULENT , SHEAR STRESS 

Comparing a streamline plot to last year's model reveals an improvement in surface discontinuities. The 
pressure varies quite gradually as it reaches the largest cross sectional area where the flow is sped up 
slightly while rounding the shallow bend. Also note the increase in trailing streamline symmetry. 

Separation 
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FIGURE 28:  THIS YEAR 'S M ODEL , FLOW TRAJECTORIES , RELATIVE PRESSURE 

Surface pressure was also plotted on the fuselage. Pressure contours allow local separation to be 
seen more easily, as well as pressure recovery at the stern post region. Next to the pressure contour plot is 
a graph of the pressure coefficient along the centerline of the fuselage. The pressure coefficient non-
dimensionalizes pressure by subtracting off free stream static pressure and dividing by the free stream 
dynamic pressure. A Cp = 1 indicates stagnation conditions, which can be seen at the nose as well as the 
windshield region. Where the flow reaches the step there is a large decrease in pressure due to acceleration 
around an exterior corner, and the sternpost pressure recovery is shown by the increase in Cp at the far 
right of the plot. 

 

FIGURE 29:  THIS YEAR 'S M ODEL , X-Z  CUT PLOT , RELATIVE PRESSURE 
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FIGURE 30:  THIS YEAR 'S M ODEL , RELATIVE PRESSURE SURFACE PLOT  
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Drag data for this model is shown below. The values are higher than last year's model as well as 
the full size version possibly due to the added drag of the cylindrical wind tunnel mount attached to the 
vertical stabilizer. In addition, the models were simulated with a fully turbulent boundary layer which 
would increase total skin friction. Lastly, the full size model was one of the first cases simulated while 
learning to use the software. The lower mesh density could have had an effect on the drag coefficient since 
it would not capture as much skin friction on the surface due to the turbulent boundary layer. 

TABLE 4: THIS YEAR 'S M ODEL , CFD SOLUTION RESULTS 

Drag Force (N) Lift (N) Shear Force (N) CD Dynamic Press.  (Pa) 

0.633684 -0.1339 0.319103 0.1951 2171.2 

 

Legacy data from experimental testing done by NACA indicates that seaplanes experience around 
20-25% more drag solely due to having a step. To check the validity of this flow field solution, the 
approximate pressure drag on the step was calculated. To accomplish this, relative pressure data was taken 
from SFS at the top and bottom of the step. An average was taken to estimate the relative pressure. The 
pressure was then numerically integrated perpendicular to the flight direction to approximate the force. 
Since a majority of the force acting on the step is due to pressure differentials and not skin friction, this 
would be a fairly accurate estimation of the total step drag. This method yielded a value of 23% of the 
total drag on the fuselage, which is within the bounds of experimental NACA data. Drag from the wing 
was not taken into consideration, but the effects would be small compared with fuselage contributions. 

 Using the above model as a baseline, modifications were made to the model as an attempt to 
decrease drag. However, before simulating these changes, an investigation of the minimum drag possible 
was conducted. To find out just how low the drag would be able to be reduced, a simple streamlined body 
was created and simulated. Below is an image of a 3 dimensional revolved NACA 0012 airfoil, where the 
maximum thickness was set to be the largest diameter of the scale model. This simplified streamlined 
geometry would allow the measurement of close to the lowest possible drag coefficient possible for this 
configuration. A seaplane could never reach this value, but it would be a threshold which could be used 
as a sanity check for solutions found for the new modifications. 

 

FIGURE 32:  STREAMLINED BODY, REVOLVED 0012 A IRFOIL  

TABLE 5: STREAMLINED BODY, CFD SOLUTION RESULTS 

Drag Force (N) Shear Force (N) CD Dynamic Press. (Pa) 
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0.197115 0.168773 0.052286 2173.847 

 

The drag coefficient calculated above is based on the same cross sectional area as the ClipperSpirit 
model, so they can be compared directly. Recall that the re-surfaced model had a drag coefficient 
calculated to be 0.1951, which is 3.73 times that of the streamlined body.  Using these values as a baseline, 
modifications were simulated with hopes of reducing total drag and the drag coefficient by an appreciable 
amount. 

 The first modification investigated was where the nose and windshield were shaped to match that 
of a C-5 galaxy. The flattened nose was meant to eliminate the separation region of the original model and 
reduce pressure drag. Below are plots of surface pressure, shear, and centerline pressure coefficient. The 
results show a reduction in form drag, but the deficit was replaced by excess skin friction due to the 
increased surface area. The main improvement was to the Cp curve, where the dip towards stagnation 
conditions was eliminated completely. However, without a noticeable reduction in drag the modification 
was not considered to be a worthwhile change to the original design. 

 

FIGURE 33:  NEW NOSE, RELATIVE PRESSURE 
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FIGURE 34:  NEW NOSE, SHEAR STRESS 
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TABLE 6: NEW NOSE, CFD SOLUTION RESULTS 

Drag Force (N) Shear Force (N) CD Dynamic Press. (Pa) 

0.644259 0.324546 0.195732 2173.17 

 

The next modification analyzed was one in which the sternpost was truncated, leaving a flat portion 
resembling a second step behind, denoted the "Cut Hull" design. This modification was suggested by our 
sponsor to investigate the reasoning why some larger ocean bearing ships have a flat stern. This 
modification was expected to have more drag at cruise, because the truncation created a large flat area 
similar in area to the step, which would leave a zone of recirculation behind causing increased pressure 
drag. The solution shows low pressure on the region as expected, as well as a loss in skin friction due to 
the truncation removing some total surface area. The drag coefficient calculated does not seem trustworthy 
because it came out to be lower than the original model. Possible reasoning for this lower drag coefficient 
could be due to a local invsicid approximation in the program solution allowing the flow to pass freely 
around the corner and follow the boundary without as much separation as expected. Pressure drag on this 
region was estimated using the same steps shown earlier to determine drag on the step, and was found to 
be comparable to the step itself, proving that there is an anomaly in the solution skewing the drag results. 
However, the pressure, shear, and pressure coefficient plots attached below do depict expected phenomena 
such as separation, so the general trend of the solution can still be compared with other modifications. 

 

FIGURE 36:  CUT HULL , RELATIVE PRESSURE 
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FIGURE 37:  CUT HULL , SHEAR STRESS 

In reference to the shear stress plot shown above, it appears as though the separation present on 
other modifications is eliminated from the side view. However, most likely the region which was already 
separated on the original model was cut off. Although from an X-Z view it seems better, the plots below 
shows shear and relative pressure on the cut portion, showing the large amount of separation present. 

 

FIGURE 38:  CUT HULL , STERNPOST, SHEAR STRESS 
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FIGURE 39:  CUT HULL , STEP &  STERNPOST, RELATIVE PRESSURE 

Notice that in the plot of relative pressure the flow behaves differently than the step upstream. 
Possible reasoning for this is the difference in boundary layer health in the two areas. Before the step, the 
flow on the bottom of the fuselage has a favorable pressure gradient. Naturally the boundary layer 
thickens, and then accelerates around the corner behind the step, shown by the large increase in skin 
friction as the flow rounds the step. By the time the flow reaches the aft truncated section, the boundary 
layer has lost momentum and so the turning is not as abrupt. 
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TABLE 7: CUT HULL , CFD SOLUTION RESULTS 

Drag Force (N) Shear Force (N) CD Dynamic Press. (Pa) 

0.625702 0.327817 0.192116 2171.26 

 

The drag coefficient calculated was only around 1% less than the original design. This error could be 
associated with the numerical integration scheme and most likely is not due to a superior design.  

 The final modification simulated was one in which the stern post region was extended aft, creating 
more surface area and reducing the slope of the taper towards the stern post. This change was an attempt 
to prolong separation in the sternpost region by decreasing the effective adverse pressure gradient. Due to 
the increased surface area, the total skin friction rose by a small amount, but the reduced separation and 
pressure drag decreased the overall drag coefficient by approximately 2.3%. The figure below is a plot of 
relative pressure, where pressure recovery can be seen on the added material. 
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FIGURE 41:  EXTENDED HULL , RELATIVE PRESSURE 

Looking at a plot of shear stress along the stern post shows elimination of most of the separated regions 
evident on the original model. 

 

FIGURE 42:  EXTENDED HULL , STERNPOST, SHEAR STRESS 

The adverse pressure gradient still exists, but the modification delays its effects. This can be more easily 
seen on the centerline pressure coefficient plot shown below. A comparison of the pressure coefficient on 
the bottom of the fuselage to the original model to the extended design shows that not only is the pressure 
recovery delayed but is more gradual. 
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FIGURE 44:  CENTERLINE PRESSURE COEFFICIENT , COMPARISON OF EXTENDED HULL AND THIS 

YEAR 'S M ODEL  

TABLE 8: EXTENDED HULL , CFD SOLUTION RESULTS 

Drag Force (N) Shear Force (N) CD Dynamic Press. (Pa) 

0.621264 0.331725 0.190749 2171.313 

 

 Overall, these changes had little effect on the total drag coefficient for the ClipperSpirit. Below is 
a table comparing each of the modifications investigated in the above sections. The boundary layer column 
indicates whether the program was allowed to determine transition or assume fully turbulent. For turbulent 
cases the drag coefficient increases due to skin friction from a thicker turbulent boundary layer. Also 
shown on the table is the relative percents of skin friction to pressure drag, indicated by " τ/D". A higher 
percentage indicates a higher amount of skin friction drag such as on the revolved airfoil, where a large 
portion of the total drag is due to skin friction. 

 

 

 

 

 

 

-0.8

-0.6

-0.4

-0.2

0

0.2

0.4

0.6

0.8

1

1.2

-0.15 -0.1 -0.05 0 0.05 0.1 0.15 0.2

Original

Extended



34 

 

 

TABLE 9: CFD RESULTS FOR ALL CONFIGURATIONS I NVESTIGATED  

Model 
Boundary 

Layer AoA (Deg) Cd (Fuselage 
Based) Drag Force (N) 

Shear Force 
(N) τ/D (%) 

Old 
Transition 0 0.085 3122.07   

Transition 4 0.113 4145.89   

Transition -4 0.079 2901.423   

New 

Transition 0 0.1641 0.5332 0.2159 40.49 

Turbulent 0 0.195 0.6334 0.3189 50.35 

Turbulent 0 0.1951 0.6337 0.3191 50.35 

Turbulent 2 0.182 0.5928 0.3253 54.87 

Turbulent -2 0.1927 0.6276 0.3300 52.59 

Turbulent 4 0.1822 0.5933 0.3256 54.89 

Full Size 
Transition 0 0.099 3004.2345 1342.08 44.67 

Turbulent 0 0.1009 3061.3662 1338.45 43.72 

New Nose Turbulent 0 0.1957 0.6443 0.3245 50.37 

Mod 1 Turbulent 0 0.1998 0.6571 0.3278 49.89 

Extended Turbulent 0 0.1907 0.6213 0.3317 53.39 

Cut Turbulent 0 0.1921 0.6257 0.3278 52.39 

No Step Turbulent 0 0.1699 0.5534 0.3420 61.80 
0012 

Revolve Turbulent 0 0.0523 0.1971 0.1687 85.62 
 

Along with the drag coefficient, the relative percent of skin friction and pressure drag was also 
compared. Drag for very long streamlined bodies is primarily due to skin friction, while bluff bodies have 
mostly pressure drag. ClipperSpirit has an average drag distribution of 50% friction and pressure drag. A 
plot below depicts the general trend of drag as a function of fuselage fineness ratio, which is the length 
divided by its maximum diameter. The scaled model of ClipperSpirit has a fineness ratio of around 6 
based on its maximum length and diameter. Adding in the step and the wind tunnel mount, drag 
coefficients calculated seem to be fairly accurate.  
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FIGURE 45:  QUALITATIVE DRAG DATA FOR A  FUSELAGE 

 

IX)  THREE DIMENSIONAL PRINTER 

The new fuselage and mount design were printed using a three dimensional printer located in the 
University of Arizona’s Aerospace and Mechanical Engineering Machine Shop. As mentioned in this 
paper’s section on SolidWorks modeling, the fuselage was created in two parts, separated at the hull step. 
An internal coupling was designed into the model to aide in post manufacturing assembly. Creating the 
fuselage in two pieces allowed for us to print multiple aft bodies if further testing was required on the new 
designs.  

X) LOW SPEED WIND TUNNEL  

Even with the amazing computing abilities available in today’s computers, wind tunnels are still 
an essential tool for measuring aerodynamic forces on a body. This section pertains to closed test section, 
open circuit wind tunnels such as the University of Arizona’s AEROLAB educational wind tunnel (see 
Figure 46). A closed test section wind tunnel is one in which the test vehicle is completely encircled by 
the wind tunnel. An open circuit wind tunnel is one which draws air from the surrounding environment. 
The air is sucked through a honeycomb to straighten out the flow; it then passes through a contraction, 
through the test section, down the diffusor, and passes through the blades of the fan. These four important 
components (contraction, test section, diffusor, and fan) will be briefly addressed in this section.  
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After the flow passes through the honeycomb, it then moves into a small settling chamber, and 
then into the contraction. This part of the tunnel moves the flow into the test section while increasing the 
average speed by several factors. 

The AEROLAB test section is 12 in. x 12 in. x 24 in. with a top speed of approximately 134 mph 
(60 m/s). Test sections come in many shapes from hexagonal to elliptical. The shape is based on the utility 
of the tunnel. Because the AEROLAB tunnel uses a rectangular test section, we expect that along the 
length of the test section, the boundary layer increases. So that this does not affect data, the tunnel walls 
angle outward very slightly along the length of the test section. Models are mounted in the test section to 
the “sting” or the force/moment balance and pitch is adjusted as required. Yaw can also be adjusted as 
needed. The sting balance is composed of several delicate strain gauges. For best results, the model should 
be designed to only create 7 – 10% blockage of the test section, otherwise the interaction between the 
walls and the model will create problems in the data. 

Diffusors are used to slow down the flow of air after the test section. It is critical that wind tunnels 
have diffusors because they minimize the energy lost, which allows for maximum pressure recovery. 
Although the AEROLAB tunnel is “open circuit” it is located in a closed room, essentially closing the 
system.  

The 9 bladed fan is located at the end of the wind tunnel and sucks the air through the test section. 
It has a maximum operational rotational speed of 2345 rotations per minute. 

 

 

FIGURE 46:  BLOWER TUNNEL  

 There are three main sources for error in the AEROLAB wind tunnel. First, there are certain 3D 
corrections that could be taken into account to make the data more accurate. Specifically, the sting mount 
is particularly large and is mounted directly behind the model. Even if the model is designed to be within 
the 7-10% blockage range, the sting mount will also contribute to test section blockage. In our 
experiments, the sting was mounted directly at the point on the model we were studying. By doing this, 
we significantly reduced the chance of corrupting the data due to the effects of the sting mount being in 
the flow. This was an issue for last year’s senior design group’s model.  

 Secondly, the wind tunnel is not very well sealed. The sting mount is attached to the tunnel through 
a hole in the floor of the test section. There is a rubber seal, but it is not very efficient. A lot of air leaks 
through this hole during testing and changes the pressure in the test section. 

 Finally, the sting mount experiences some vibration when the wind tunnel is running. This results 
in some choppiness in the data recovered from the sting mount as seen below.  
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FIGURE 47:  DRAG COEFFICIENT ACROSS DATA SAMPLE FOR ALPHA =0° WITH TRIP  

 Despite this, the results from wind tunnel testing were fairly good, and as discussed further in this 
paper, compared well with CFD results. 

XI)  FLOW V ISUALIZATION  

In order to get an idea of how the flow will behave while in flight and find out what we need to 
improve, we used a surface flow visualization technique on our models while testing them in the wind 
tunnel. We applied a mixture of kerosene, china clay and dye to the models. We spray painted them black 
so that we could see our results better. This technique of flow visualization was optimal because it shows 
separation and is low in cost. The clay left streaks on the models as the kerosene evaporates, leaving a 
visible flow pattern on the surface. 

Since the Reynolds number in the wind tunnel is so much lower than the cruise Reynolds number 
for the full scale airplane, we used different techniques to trip the boundary layer. The goal of tripping the 
flow is to cause the boundary layer to transition from laminar to turbulent on the model at approximately 
the same location as on the full scale airplane. Boundary layer transition occurs when the pressure 
increases in the direction of the flow, resulting in an adverse pressure gradient. Tripping the flow allowed 
us to keep the boundary layer turbulent, giving us results that are closer to in flight conditions. 

Last semester, we tested the old model in the wind tunnel. We tripped the flow using a strip of 
masking tape. This method of tripping the boundary layer was discarded the next semester because it was 
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determined that the strip of tape was too thick. It is possible that the boundary layer was detaching at the 
tape, then reattaching, thus making the tape ineffective. 

This semester, we used a ‘trip strip’ and string to trip the flow. The trip strip is a zig zag piece of 
tape. We believe these methods to be more effective at transitioning the boundary layer. 

Both last year’s model and the new model were tested in the wind tunnel at -2°, 0°, 2°, and 4° 
angle of attack. The results of the flow visualization on the old model revealed the effects of the surface 
not being as smooth as it should be. The flow visualization showed separation at the stern post at all angles 
of attack. The flow also separates at the corner near the stern post. The flow pattern at the stern post 
indicates that the flow is detaching at the corner and recirculating upwards, as shown in Figure 48. Figure 
49 shows the stern post of the new model. Here, we can see that the circulation near the stern post has 
been eliminated and the streamlines are straighter. We can also see that the flow only separates at the ends 
of the model, which is expected. The CFD results also showed straight streamlines at the stern post and 
separation at the ends, which is expected. 

           

         FIGURE 48:  OLD M ODEL , ALPHA = 4° 
 

 

 



39 

 

         

FIGURE 49: NEW M ODEL , ALPHA = 4° 
Another example of the effect of the mount and the model quality of the old model on the flow is 

shown in Figure 50. In this picture, we can see flow separation on the side of the model where the slope 
changes rapidly. Since the new model had smoother contours, this separation was not present when we 
tested it in the wind tunnel. 

 

FIGURE 50: OLD M ODEL , ALPHA = 0° 
 

Figure 51 shows the new model at an angle of attack of 0°. In this picture, we can see how the 
redesigned model mount gives us a more accurate representation of how the airflow will behave in flight 
on the full scale airplane with wings and tails.  
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FIGURE 51: NEW M ODEL , ALPHA = 0° 
Figure 52 shows a view of the bottom of the fuselage. The red arrow is pointing to an area of low 

pressure caused by the flow going over the step. This area is darker than the rest of the model, indicating 
that this spot was still wet after turning off the wind. This indicates that less flow is moving over the area 
just behind the step. Likely, there were vortices coming off the step that circulate upwards towards the 
area of low pressure. This behavior coincides with the CFD results shown in Figure 53. We can see the 
low pressure region (light blue) just behind the step. There is a vortex in this region. 

 

FIGURE 52:  NEW M ODEL , ALPHA = 4°. FLOW OVER STEP 
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FIGURE 53:  CFD PLOT OF FLOW OVER STEP 

 In the red circled areas in Figure 54, we can see flow separation at the step and at the ends of the 
stern post. The dark wet spots indicate separation. Comparing this figure to the CFD results in Figure 55, 
we see that the CFD accurately predicted this separation. The circled dark blue spots indicate areas of low 
shear stress where separation occurs. 

                 

FIGURE 54:  NEW M ODEL , ALPHA = -2° 
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FIGURE 55:  CFD SHEAR STRESS PLOT  

XII)  MODEL SCALING 

A challenge faced with wind tunnel testing is achieving realistic flow with the scaled down model, 
and lower possible speeds of the wind tunnel.  The primary way to compare the flow for our purposes is 
the Reynolds number, a function of fluid density and viscosity, body length, and flow velocity.  The full 
size plane expects to see Reynolds numbers of the order of 107, whereas the wind tunnel can only achieve 
Reynolds numbers in the order of 105.  The primary concern is the flow over the model might experience 
separation from the body that is not realistic for the full sized plane.  To correct for this, the flow can be 
tripped to create turbulent flow.  Turbulent flow will cause higher drag, but is much less likely to separate.  

XIII)  WIND TUNNEL TESTING RESULTS 

 In addition to flow visualization, the new model was tested in the wind tunnel.  The model was 
tested at -2°, 0°, 2°, and 4° angle of attack, and the wind tunnel was run at maximum velocity, which is 
about 132mph, or 60m/s.   Five different tests were run: without any trip, with trip tape, with a string trip, 
and with trip tape and the china clay for flow visualization.  The data collected for the flow visualization 
was collected just to determine whether or not the layer of clay on the fuselage to greatly affected the flow 
for the flow visualization to be accurate. 

  A sample of 300 data points for dynamic pressure, velocity, normal force, axial force, and pitch 
moment were collected.  Using the data, drag, drag coefficient, and Reynolds number were calculated for 
each test.  Drag is calculated by: 

     � = � ∗ cos岫�岻 + � ∗ sin岫�岻                 EQUATION 1 

The drag coefficient is calculated using: 隅� = 串�∗�     EQUATION 2 
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For S, we used the maximum model cross sectional area right before the step of 2.3541in2.  Reynolds 
Number is calculated with: 

      �� = ����      EQUATION 3 

2/3 of the model length is used for L in equation 3, because that is approximately where our focus on the 
fuselage design is.  A density of 2.377*10-3 slugs/ft3 and viscosity of 3.74*10-7lb*s/ft2 were interpolated 
for air at an elevation of 2,643 ft. for Tucson, AZ.  The Reynolds number for each test was found to be 
approximately 6.5*105.   

 The results for two of the tests are presented in Table 10: Reynolds Number and Drag Coefficient, 
along with the Reynolds number and standard deviation for the drag coefficient for each test.  Furthermore, 
the drag coefficients calculated from each test were plotted over the angle of attack in Figure , as well as 
the data collected previously from the wind tunnel testing of last year’s model for comparison. 

TABLE 10:  REYNOLDS NUMBER AND DRAG COEFFICIENT  

 Alpha, Test 

 α=-2°, 

 no trip 

α=0°, 

 no trip 

α =2°, 

 no trip 

α =4°,  

no trip 

α =-2°,  

string trip 

α =0°,  

string trip 

α =2°, 

 string trip 

α =4°, 

string trip 

Average Re 6.72E+05 6.66E+05 6.55E+05 6.53E+05 6.60E+05 6.41E+05 6.66E+05 6.64E+05 

 Cd(ref) Cd(ref) Cd(ref) Cd(ref) Cd(ref) Cd(ref) Cd(ref) Cd(ref) 

Average 0.194 0.211 0.170 0.196 0.226 0.238 0.236 0.232 

St. Dev. 0.0308 0.0295 0.0376 0.0404 0.0309 0.0233 0.0270 0.0346 
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FIGURE 56:  DRAG COEFFICIENT OVER ANGLE OF ATTACK FOR VARIOUS TESTS 

With the exception of the flow visualization test at α=0°, the new model was greatly improved on 
the old model in every case, achieving our goal of creating an improved model.   It is also notable that 
tripping the flow produced higher drag as expected, but the string trip data had the least variation across 
the different angles of attack.  It would be expected that the drag coefficient should not vary as greatly or 
as inconstantly as it does in the other tests under realistic conditions. 

XIV)  COMPARISON OF CFD TO WIND TUNNEL DATA  
 

It was important to compare the wind tunnel data to the CFD analysis to check the effectiveness 
of CFD as an analysis tool for seaplane design and to verify the data received from two different testing 
methods.  In Figure the coefficient of drag over angle of attack was plotted for three wind tunnel tests 
for the new model and the CFD results using turbulent flow. 
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FIGURE 57:  DRAG COEFFICIENT OVER ANGLE OF ATTACK FOR W IND TUNNEL AND CFD DATA  

  The CFD analysis calculated drag coefficients of similar magnitude to the wind tunnel, but about 
20% smaller.  This is likely simply a result of the physical surface of the model having imperfections from 
the 3D printing process, despite an improved SolidWorks model, that increase the skin friction drag that 
would not occur in the computer model.  This comparison validates CFD as an analysis tool for sea plane 
design, and demonstrates one advantage of CFD over wind tunnel testing of a scaled model. 

  It also is significant to note that curve of the CFD drag coefficient most resembles the curve of the 
results from the wind tunnel using a string trip.  This supports the conclusion that using string to trip the 
flow and induce a turbulent flow is the most effective method and produces the best data when wind tunnel 
testing is necessary. 

  However, when possible, CFD is the preferable analysis tool.  It does not have the scaling 
requirements or flow limitations of a wind tunnel.  In this case, it was also cheaper as it does not require 
an expensive 3D printed model.  Wind tunnel testing can be effective, and does not require the same 
computing power, which can be a problem, but its limitations are greater than CFD’s while both produce 
acceptable results. 
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XV)  CONCLUSIONS AND NEXT STEPS 

From this project, we can conclude that both wind tunnel and CFD are effective ways of measuring 
drag and analyzing the aerodynamics of a seaplane fuselage. We also discovered how dependent these 
results are on the surfacing of the model. Seaplanes inherently have a lot of drag due to the step, which as 
we discovered accounts for an astonishing 23% of the total drag. This makes it desirable to reduce the 
drag as much as possible; however, as we discovered, it is impossible for one small design change to 
significantly decrease drag because all of the characteristics are too interdependent and the seaplane design 
constraints limit sizable changes. Despite this, we learned a significant amount about the nature of drag 
and the capabilities of CFD. 

The main subject of interest for future endeavors will be the effects of ventilating the step of the 
seaplane hull. 

Effects of ventilating the step  Used to break the suction behind the step during water takeoffs  Impact on drag  Impact on flow  Ram air or static air inlets  Optimize size and placement of the vent holes 
 

The amount of ventilation required would appear to depend on the airflow required under the aft 
body to prevent undue suction from occurring. Given the size of the low pressure zone and the velocity of 
the aircraft one should be able to calculate the ventilation mass flow rate required to reduce this suction. 
It appears that a large aft body bottom plane area, a small dead-rise angle, and a small keel angle would 
all increase that necessary ventilation; therefore these features should be optimized accordingly. A 
successful ventilation system should be able to reduce aerodynamic pressure drag. 

The effects of step ventilation on takeoff hydrodynamic drag should also be investigated. It would 
be advantageous if step ventilation decreased the required takeoff distance of the seaplane. The vented 
step should help reduce the hydrodynamic suction experienced by the hull and allow the aircraft to reach 
the hump speed more rapidly. It is also possible that a vented step will increase hydrodynamic stability 
and prevent such negative phenomena as porpoising+. Static and ram-air intake systems will be tested in 
future designs in order to determine if one system is more beneficial than the other.  Similarly the 
placement of the inlet and outlet vents will be studied in order to optimize the design of the system. This 
year’s wind tunnel flow visualization study indicated the presence of strong vortices directly behind the 
fuselage step, the location of these vortices may be a great candidate for the step outlet vents in future 
models. 
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B) SELECT WIND TUNNEL DATA  

 

TABLE 11:  10 SELECT DATA POINTS O F CD FOR EVERY TEST 

 Alpha, Test 

 α=0°, 

test 1 

α=0°, 

test 2 

α =2°, 

test 1 

α =2°, 

test 2 

α =4°, 

test 1 

α =4°, 

test 2 

α =-2°, 

test 1 

α =-2°, 

test 2 

1 0.242 0.258 0.389 0.418 0.313 0.383 0.406 0.396 

2 0.242 0.258 0.386 0.417 0.312 0.310 0.407 0.395 

3 0.242 0.258 0.427 0.417 0.311 0.381 0.406 0.395 

4 0.427 0.258 0.387 0.416 0.311 0.309 0.405 0.394 

5 0.242 0.213 0.385 0.416 0.357 0.339 0.436 0.286 

6 0.242 0.257 0.385 0.333 0.312 0.339 0.284 0.393 

7 0.242 0.212 0.358 0.414 0.342 0.339 0.285 0.393 

8 0.242 0.257 0.384 0.332 0.341 0.335 0.283 0.392 

9 0.313 0.257 0.384 0.331 0.341 0.309 0.285 0.392 

10 0.313 0.257 0.357 0.414 0.355 0.335 0.285 0.284 
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TABLE 12:  TEN SELECT RAW DATA POIN TS FOR Α=4°, TEST 1 

Data Timestamp q Vref Alpha NF/SF AF/AF2 PM/YM P Orientation 

[yyyymmdd 
hh:mm:ss.sss] [psf] [mph] [deg] [lbf] [lbf] [in-lbf] [inH2O]  

20121127 14:45:06.765 44.2 132 -1.9 -0.03 0.28 -0.54 0 Normal 

20121127 14:45:06.812 44.3 132 -1.9 0 0.28 -0.53 0 Normal 

20121127 14:45:06.843 44.4 132 -1.9 0 0.31 -0.53 0 Normal 

20121127 14:45:06.875 44.4 132 -1.9 -0.03 0.28 -0.53 0 Normal 

20121127 14:45:06.921 44.5 132 -1.9 0 0.28 -0.53 0 Normal 

20121127 14:45:06.953 44.5 132 -1.9 0 0.28 -0.53 0 Normal 

20121127 14:45:06.984 44.6 132 -1.9 -0.03 0.26 -0.54 0 Normal 

20121127 14:45:07.015 44.6 132 -1.9 0 0.28 -0.53 0 Normal 

20121127 14:45:07.062 44.7 132 -1.9 -0.03 0.28 -0.54 0 Normal 

20121127 14:45:07.093 44.7 132 -1.9 -0.03 0.26 -0.53 0 Normal 

 

 

TABLE 13:  AVERAGE DRAG COEFFICIENT AND REYNOLDS NUMBERS FROM EVERY TEST  

New Model, No Trip 

Alpha Cd (ref) Cd (wing) Re (2/3L) Re (1/5L) 

-2 0.193561 0.02025 6.72E+05 2.02E+05 

0 0.211457 0.02212 6.66E+05 2.00E+05 

2 0.170417 0.01783 6.55E+05 1.96E+05 

4 0.195969 0.02050 6.53E+05 1.96E+05 
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New Model, Trip 

Alpha Cd (ref) Cd (wing) Re (2/3L) Re (1/5L) 

-2 0.229749 0.02404 6.59E+05 1.98E+05 

0 0.215669 0.02256 6.61E+05 1.98E+05 

2 0.20045 0.02097 6.63E+05 1.99E+05 

4 0.229739 0.02404 6.68E+05 2.01E+05 

     

New Model, Trip, Flow Vis 

Alpha Cd (ref) Cd (wing) Re (2/3L) Re (1/5L) 

-2 0.273787 0.02865 6.58E+05 1.97E+05 

0 0.290935 0.03044 6.52E+05 1.96E+05 

2 0.251336 0.02630 6.51E+05 1.95E+05 

4 0.252226 0.02639 6.50E+05 1.95E+05 

     

New Model, String Trip 

Alpha Cd (ref) Cd (wing) Re (2/3L) Re (1/5L) 

-2 0.225996 0.02365 6.60E+05 1.98E+05 

0 0.237901 0.02489 6.41E+05 1.92E+05 

2 0.235668 0.02466 6.66E+05 2.00E+05 

4 0.231645 0.02424 6.64E+05 1.99E+05 

     

Old Model, Trip, Flow Vis 

Alpha Cd (ref) Cd (wing) Re (2/3L) Re (1/5L) 

-2 0.321781 0.03367 6.50E+05 1.95E+05 

0 0.274403 0.02871 6.71E+05 2.01E+05 

2 0.352211 0.03685 6.84E+05 2.05E+05 
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4 0.332015 0.03474 6.48E+05 1.95E+05 

     

Old Model,  No Trip 

Alpha Cd (ref) Cd (wing) Re (2/3L) Re (1/5L) 

0 0.272817 0.02854 6.73E+05 2.02E+05 

     

CFD 

Alpha Cd (ref) Cd (wing) Re (2/3L) Re (1/5L) 

-2 0.192683 0.02015 6.96E+05 2.09E+05 

0 0.1951 0.02041 6.96E+05 2.09E+05 

2 0.182024 0.01904 6.96E+05 2.09E+05 

4 0.182157 0.01905 6.96E+05 2.09E+05 

 

  

C) ACCOMPLISHMENTS BY SEMESTER 

 

First Semester 
 Define goals 

 Obtained wireframe 
 Surfaced ClipperSpirit to C2 specifications 
 Began CFD analysis on original model 

 Investigated different forms of flow visualization – selected China clay 
 Tested old model in wind tunnel with flow visualization 

 Designed new model mount for used in wind tunnel 
Second Semester 

 Finalized new version of original model with new mount 

 Printed new model in 3D printer 
 Tested new model in wind tunnel with flow visualization 

 Determined possible design changes 
 Implemented design changes in SolidWorks 
 Tested design changes in SolidWorks Flow Simulation 

 


