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AeroRocket Wind Tunnel Description  
The AeroRocket wind tunnel is a suction type subsonic wind tunnel powered by a two speed, 1/3 
horsepower fan. The test section is 7" wide x 10" high and is 14 inches long. Maximum test section 
velocity is 80 ft/sec without a test item installed. The AeroRocket wind tunnel is ideal for 
measuring subsonic model rocket and high-power rocket drag and lift of unusual designs or shapes. 
In addition, the AeroRocket wind tunnel is useful for measuring lift and drag of land-borne vehicles 
such as automobiles or trucks and land-borne structures such as buildings. Recently, the drag and 
lift force measurement system were upgraded using the Vernier Software & Technology CBL-2 
data acquisition computer. The basic design is by Donald D. Baals of NASA and was built and 
greatly improved by John Cipolla from plans distributed by Dr. Chris Rogers of Tufts University.  
 
 

 
AeroRocket wind tunnel fabricated by John Cipolla 

 
 

INTRODUCTION 
The AeroRocket wind tunnel has been used to determine center of pressure location (Xcp) and 
zero-degree drag coefficient (Cd) of spool rocket models having various plate-separation to plate-
diameter ratios (L/D). Five spool rocket wind tunnel models were tested having L/D ratios of 1, 
1.33, 1.67, 2 and 3. The ratio of the separation distance (L) to plate diameter (D) is the value of 
L/D used to correlate Cd and Xcp for data presentation. To avoid wind tunnel wall interference 
effects the diameter (D) of the spool rocket end-plates are 1.5 inches and fabricated using 1/32” 
thick aircraft plywood to more accurately simulate the plate-diameter to plate-thickness ratio used 
to fabricate most practical spool rockets. The endplates are supported by a single 3/8” diameter (d) 
wooden dowel or cylindrical body having lengths of 1.5”, 2”, 2.5”, 3” and 4.5” for each of the five 
models tested in the AeroRocket wind tunnel. Figure 1 schematically displays the force balance 
system used to determine drag (Cd) and lift (CL) coefficients of the models in the AeroRocket 
wind tunnel.  
 
 



Wind Tunnel Force Balance System  
Displacement in the axial (drag) and vertical (lift) directions are measured using the two load cells 
labeled DRAG and LIFT respectively and then converted to drag and lift forces in Newtons using 
the Vernier CBL-2 computerized data acquisition system. The force balance system pictured above 
is designed to separate the aerodynamic forces and the associated displacements in the axial and 
vertical directions when the weight on the force-balance plate causes the model to be freely 
suspended. Center of pressure measurements are performed using a special XCp-Caliper that 
secures the model in the wind tunnel test section using two opposing low friction points. Figure-2 
displays the spool rocket models tested (L/D = 3 not pictured) and the XCp-Caliper used to secure 
the spool models during center of pressure measurement. The models are secured by the cylindrical 
sting placed behind the rear plate.  
 

 
 
 

Figure-1, Wind tunnel force balance system for measuring drag and lift 

 
Figure-2, L/D = 2 Model on Xcp-Caliper and spool models (L/D=3 not pictured) 



DRAG COEFFICIENT MEASUREMENT (Cd)  
AeroRocket wind tunnel results for Cd verses L/D are presented in Figure 3 along with data from 
the book, Fluid Dynamic Drag for two plates placed one behind the other. The data from Figure-
1, page 8-1 in Fluid Dynamic Drag was digitized and plotted verses the AeroRocket wind tunnel 
results for Cd verses L/D. The Hoerner two-plate Cd data is represented by the solid blue curve 
and the AeroRocket wind tunnel spool rocket Cd results are represented by the five solid red dots 
in Figure-3. Excellent correlation is seen between the data from Fluid Dynamic Drag and 
AeroRocket wind tunnel Cd results. In addition, the excellent correlation with the Hoerner Cd data 
indicate the presence of a cylindrical body between the endplates of a spool rocket does not have 
any significant effect on the drag coefficient of the two-plate design.  
 
Figure-3 indicates that for minimum rocket drag and therefore maximum altitude the plate-
separation to plate-diameter ratio (L/D) should be approximately 1.5. In other words, to achieve 
maximum altitude, the distance between the endplates should be 1-1/2 times the plate diameter 
(D). Figure-3 also indicates that L/D for spool model rockets should not exceed 2 and not be less 
than 1 to avoid high drag effects of a two- plate system. The following equation for drag coefficient 
(Cd) fits the wind tunnel measurements for Cd verses L/D.  
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In the curve-fit equation Cd is the drag coefficient of the spool rocket and L/D is the ratio 
of plate separation distance (L) to plate diameter (D). Use of the curve-fit equation for 
drag coefficient (Cd) estimation should be limited to the range of L/D tested in the wind 
tunnel, or from L/D = 1 to L/D = 3. Experience indicates the lower limit for Cd estimation 
may be extended to L/D = .5 and the upper limit extended to L/D = 3.5.  
 
 

 
Figure 3. Cd Measurements verses Fluid Dynamic Drag experimental data 

 
 

 



 
Figure 4. Wind Tunnel Cd Measurements verses curve-fit equation 

 
CENTER OF PRESSURE MEASUREMENT (XCP)  
For a spool rocket the center of pressure (Xcp) is located behind the rear plate of the model. 
Therefore, it is necessary to support the spool rocket behind the back plate when attempting to 
determine center of pressure location. To support the model for center of pressure measurement a 
support sting was added to the rear of each spool rocket model. The following discussion describes 
why the presence of the cylindrical support sting does not affect the center of pressure location of 
the model being tested.  
 
For angles of attack less than 10 degrees the normal forces acting on any cylindrical body are small 
and the effect of a support sting on center of pressure location can be neglected as stated in TIR-
33 on page 10 and further implied on page 3-11, Figure 18 of Fluid Dynamic Drag. In other words, 
the normal forces acting on a cylindrical body, that could contribute to center of pressure 
movement, are seen to disappear for angles of attack less than 10 degrees. Therefore, the presence 
of a cylindrical support sting inserted behind the model does not alter the center of pressure 
location of a wind tunnel model being tested in the wind tunnel. Therefore, the effect of a 
cylindrical support sting attached to the rear of any wind tunnel model on center of pressure 
location is very small because the normal forces acting on a cylindrical body are small for angles 
of attack less than 10 degrees. This discussion is important because the measurement of center of 
pressure location (Xcp) relies on the placement of a cylindrical support sting behind the rear plate 
of the spool model. The support sting and spool rocket model combination are held securely in 
place during center of pressure measurement by the two opposing points of the XCP-Caliper 
illustrated in Figure 2. Figure-5 illustrates the L/D = 2 spool rocket model being tested in the 
AeroRocket wind tunnel. The model in this configuration is stable because the support point is 
ahead of the actual center of pressure. The actual center of pressure location (Xcp) is determined 
by moving the sting support location rearward until the model becomes unstable and “noses over” 
to one side or the other when the wind tunnel is operating. Figure-5 further illustrates how the 
spool rocket model is secured in place during center of pressure location testing. Please notice the 
pitot tube used to measure the difference between static pressure and dynamic pressure for 
determining flow velocity in the wind tunnel. An analog velocity meter is used to convert the 
resulting pressure differential to test section flow velocity in feet per minute.  



This same basic process is used to determine the center of pressure of any conventional rocket 
design. However, for a conventional rocket with single or multiple fin-sets and streamlined nose 
cone the center of pressure is located on the airframe of the model and the presence of a cylindrical 
support sting is not necessary for Xcp measurement. However, if a sting is used or is necessary as 
in the case of a spool rocket, the previous discussion indicates a support sting has a very small 
effect on center of pressure location. Figure-6 displays the AeroRocket wind tunnel results for 
center of pressure (Xcp/D) location verses L/D for the five spool models tested. Notice the center 
of pressure (Xcp) is normalized by the plate diameter, (D). Normalization is performed to 
generalize the results to any size spool rocket design.  
 

 
Figure 5. Center of pressure measurement using Xcp-Caliper (L/D = 2) 

 
The wind tunnel results indicates that a logarithmic relationship exists between Xcp and L/D. The 
following equation for normalized center of pressure location (Xcp/D) fits the wind tunnel results 
for Xcp verses L/D. 
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In the curve fit equation Xcp/D is the normalized center of pressure location from the rear plate of 
the spool rocket and L/D is the ratio of plate separation distance (L) to plate diameter (D). Use of 
the curve-fit equation for center of pressure location (Xcp/D) estimation should be limited to the 
range of L/D tested in the wind tunnel, or from L/D = 1 to L/D = 3. However, experience indicates 
the lower limit for Xcp/D estimation may be extended to L/D = 0.5 and the upper limit extended 
to L/D = 3.5. An alternate curve fit for XCp verses L/D takes the following form. 
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This expression allows the user to plot center of pressure location at the origin where L/D is zero 
for those cases where the model is a single-plate spool-type rocket. Please see the last Mathcad 
analysis in the listing at the bottom of this report for a full description of this curve fit analysis.  
 

 
Figure 6. Xcp/D Measurements verses Equation-3 curve-fit equation 

 
 

APPLICATION TO FULL SIZE SPOOL ROCKETS  
By the principal of similitude, a wind tunnel model needs to be similar in shape and have the same 
Reynolds number (U*D/v) to accurately model the flight characteristics of any “similar” full size 
rocket. In addition, the correlation of circular plate wind tunnel measurements to other full size 
spool rocket configurations using circular plates is enhanced by the fact that above Reynolds 
number 1,000 and up to Reynolds number 1.0E7 the drag coefficient of disks and plates is 
practically constant and approximately equal to 1.17 for a single circular plate in normal flow. In 
other words, for a circular plate the transition from laminar flow to turbulent flow occurs above 
Reynolds number 1,000 and the associated drag coefficient (Cd) for a flat circular plate in turbulent 
flow remains constant up to the highest Reynolds number ever tested, approximately 1.0E7. The 
spool rocket wind tunnel models tested in the AeroRocket wind tunnel had an average Reynolds 
number of 50,550. Because Reynolds numbers are well above 1,000 and below 1.0E7 the results 
are representative of the region of spool rocket air flow where Cd is constant and predictable over 
a wide range of velocity. Figure 26 on page 3-15 of Fluid Dynamic Drag clearly illustrates this 
relationship between drag coefficient and Reynolds number for a circular flat plate in normal flow. 
Figure 26 in Fluid Dynamic Drag clearly shows the linear relationship between Cd and Reynolds 
number that makes possible the extension of these wind tunnel test results to any spool rocket that 
has Reynolds number and shape is like the spool rocket models tested in this report.  



 
Figure 7, Typical drag coefficient (Cd) measurement, L/D = 2 shown 

 
 
 
 
 
 
 
 
 
 

 
Figure 8, Typical drag coefficient (Cd) measurement, L/D = 2 shown 

 
 
 
 



RESULTS SUMMARY 
The AeroRocket wind tunnel has been used to determine normalized center of pressure location 
(XCp/D) and zero-degree drag coefficient (Cd) for five spool rocket models having various plate-
separation to plate-diameter ratios (L/D). Five spool rocket wind tunnel models were tested having 
L/D ratios of 1, 1.33, 1.67, 2 and 3.  
 
DRAG MEASUREMENTS 
Figure-3 indicates that for minimum rocket drag and therefore maximum altitude the plate-
separation to plate-diameter ratio (L/D) should be approximately 1.5. In other words, to achieve 
maximum altitude, the distance between the endplates should be 1-1/2 times the plate diameter 
(D). Figure-3 also indicates that L/D for spool model rockets should not exceed 2 and not be less 
than 1 to avoid high drag effects of a two- plate system. The following equation for drag coefficient 
(Cd) fits the wind tunnel measurements for Cd verses L/D.  
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In the curve-fit equation Cd is the drag coefficient of the spool rocket and L/D is the ratio of plate 
separation distance (L) to plate diameter (D). Use of the curve-fit equation for drag coefficient 
(Cd) estimation should be limited to the range of L/D tested in the wind tunnel, or from L/D = 1 
to L/D = 3.  
 
CENTER OF PRESSURE MEASUREMENTS 
Figure-6 displays the AeroRocket wind tunnel results for normalized center of pressure (Xcp/D) 
location verses L/D for the five spool models tested. Please notice that the center of pressure (Xcp) 
is normalized by the plate separation distance, (L). Normalization is performed to generalize the 
results to any size spool rocket design. The wind tunnel results indicates that a logarithmic 
relationship exists between Xcp and L/D. The following equation for normalized center of pressure 
location (Xcp/D) fits the wind tunnel results for Xcp verses L/D. 
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In the curve fit equation Xcp/D is the normalized center of pressure location from the rear plate of 
the spool rocket and L/D is the ratio of plate separation distance (L) to plate diameter (D). Use of 
the curve-fit equation for center of pressure location (Xcp/D) estimation should be limited to the 
range of L/D actually tested in the wind tunnel, or from L/D = 1 to L/D = 3. An alternate curve fit 
for Xcp verses L/D takes the following form. 
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This expression allows the user to plot center of pressure location at the origin where L/D is zero 
for those cases where the model is a single-plate spool-type rocket.  
 
 
 
 



DATA REDUCTION ANALYSIS 
The AeroRocket wind tunnel data reduction analysis of the spool rocket data was performed using 
the MathCAD spreadsheet shown at the end of this report. In this analysis the air temperature, 
dynamic viscosity, air density, flow velocity and plate diameter determine the Reynolds number 
of the flow. The drag force (DRAG) is determined from the load cell force (FD) in the drag 
direction by considering the vertical arm as a link with the pivot point located at M1 in Figure-1. 
A free-body analysis of the link in static equilibrium determines the DRAG force used to determine 
the drag coefficient (Cd). The following equation is used to determine the DRAG component of 
force that is acting on the model in the wind tunnel. 
 

2	𝐹𝐷 = (𝑋 + 2)	𝐷𝑅𝐴𝐺                                                 (7) 
 
Where DRAG is the force acting on the model, FD is the force indicated by the drag load cell, X 
is the distance from FD to DRAG. The presence of the vertical arm holding the model is accounted 
for in the analysis by subtracting that portion of the vertical support that is in the airflow. FD is 
equal to the total force on the model- vertical-arm combination (FD1) minus the drag on the 
vertical-arm alone (FD2). FD becomes the drag force acting on the model minus the influence of 
the vertical- support arm. The final equation for the determination of the drag force acting on the 
model is: 
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This value for the force acting on the model is substituted into the following equation for 
aerodynamic drag coefficient, Cd.  
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Where, S is the reference area of the plate, 𝑈'() is the air velocity, 𝜌'() is the air density and DRAG 
is the drag force acting on the model. The rest of the data reduction analysis is self-explanatory.  
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