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Abstract  
The primary objective of the experiment is to analyze the Bernoulli’s equation, observe its limits, 
how it can be used in the real world, and use the Bernoulli equation to find values that help 
characterize the flow such as flow velocity and Reynold’s number. Various data points around a 
sphere were taken and compared to see how characteristics change based on locations and angles. 
By utilizing the static probe at 5 locations (A,B,C,D,E) pressures were measured around a 
stationary sphere in the wind tunnel in the lab. The angles measured were at 0, 45, 90, and 180 
degrees to process how flow pressures vary depending on the point. The data was gathered on 
Labview at each point, which acted as a sort of checkpoint. 
  
From the measurements come different values, which can be used to find the velocity and find 
Bernoulli equation limits. To predict flow patterns, Reynolds numbers at each point were also 
calculated. This is useful as it predicts when the flow is turbulent, then wake periodicity would not 
be kept. Bernoulli’s equation according to the result was invalid at ___________________ because 
the flow THIS/THESE location(S) was/WERE didn’t follow the streamline and flow along the 
streamline.  The flow didn’t fall under the Bernoulli equation assumptions evidently. When the 
static probe angle was altered, the flow had significantly changed, thus there was a significant 
disturbance in the velocity and dynamic pressure measurements as well. 
 
The lab objective is quite useful because it can be applicable to real world use. In order to 
understand a flow’s streamline and pressure derivations, it is imperative to count on analyzing 
barriers in high velocity flow fields.  It’s important to view the static and stagnation pressures as 
well, as they help visualize a specific flow field for a given system. This information how pressure 
and velocity are related to each other around the barrier. In conjunction with the Conservation of 
Mass and Linear Momentum theorems, the Bernoulli equation can ensure static, kinematic, and 
hydrostatic pressures can be found for a system – and these characteristics are important for 
ideation and creation.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
Introduction 

The objective of this laboratory is to understand the limitations and  distinguish the applications 
of Bernoulli’s Equation. This is done through the application of the theory into practice, done specifically 
through the use of a wind tunnel, spherical object and pitot-static probe and giving insight into usage of 
said system. Moreover, the stating of the validity of the Bernoulli Equation will be required, with the 
critical analysis of generated results based on the properties of flow around the sphere at the given 
Reynold’s number.  

Daniel Bernoulli was a renowned Swiss mathematician and physicist who dramatically 
contributed to fluid dynamics and kinetics theory of gas, also being responsible for the derivation of 
Bernoulli’s Equation. This principle states that and incompressible flow can be expressed through: 

 
⍴V gh onstantP + 2

1 2 + ⍴ = c Equation 1 
 

Where: P: Absolute Pressure [Pa] 
⍴: Density [kg/m3] 

V: Velocity [m/s] 
g: Gravitational Constant influenced by Earth’s mass [m/s2] 
h: Vertical Position (⟂ to respective g surface) [m] 

 
This equation is very specific to the situations it may be applied however, Bernoulli’s Equation can be 
valid only if the following assumptions are met: 
 

1. Steady Flow 
2. Incompressible Flow (constant density) 
3. Inviscid Flow (No friction, heat and work is negligible)  
4. Flow along a Streamline 

 
If the assumptions are not met, the equation is invalid. Thus, if the flow is rotational or if viscous force is 
readily present in the system, the Bernoulli principle will be broken. Additionally, having heat or work in 
the system can also lead to wrong results.  

  
Ludwig Prandtl was a German engineer who was recognized for his accomplishments in 

aerodynamics and for his contribution in the developments of a new science-aerodynamics engineering. 
He was also known for his accomplishment in the invention of the pitot tube which was used to measure 
static and stagnation pressures of flow around the sphere. This helped his derive velocity form the 
analyzed pressure gradient data, resulting in dynamic pressure. The difference between static and dynamic 
pressures are in the measurement techniques, static is measured by utilizing an onboard perpendicular 
inlet to the dynamic pressure inlet, using while dynamic uses the probe aligned with the flow. Both 
pressures are extremely helpful in pressure gradient analysis as one of the measurement techniques is 
influenced directly by the flow while the other is partially influenced by the flow outside the probe. This 
is seen in the Appendix E figure and described through the following equation: 
 



 
                                                                   P stag = P s + q     Equation 2   

 
Where: Pstag : Stagnation Pressure [Pa] 

Ps : Static Pressure [Pa] 
q : Dynamic Pressure [Pa]  
 
In the given equation, stagnation pressure is the sum of both dynamic and static pressures- this 

grants use of stagnation pressure being used as a constant within given steady areas of fluid flow. Static 
pressure is the pressure at points within flow is without motion. Dynamic pressure is the pressure given 
by the fluid flow with steady velocity at a single point, steady flow denotes consistent density gradient 
and is without significant turning forces. If these pressure assumptions are taken, then stagnation pressure 
can subsequently be assumed to be constant. Dynamic pressure can be expressed as a resultant between 
density and a squaring of the velocity:  
 

       Equation 3                                 q ⍴V                                                                   = 2
1 2  

 
Where: q : Dynamic Pressure [Pa] 

⍴: Density [kg/m3] 
V: Velocity [m/s] 

 
The equation used in the determination of density is directly related to the ideal constant and 

temperature, with collected ambient temperature data required. It is also inversely related to ambient 
atmospheric pressure, as seen below:  
 

       ⍴ = R
M × T

P            Equation 4 
 

Where: R: Ideal Gas Constant [J/mole/K] 
M: Molar Mass [kg/mol] 
T: Temperature [K] 
P: Pressure [Pa] 

 
The ideal flow around the sphere is assumed to be steady, incompressible, inviscid, and 

irrotational, which were assumptions applied upon completion of the experiment.  Having an ideal flow 
means that the stagnation points are located at the attacking face of the sphere and to its rear, the points 
where all forces cancel out and there is fluid continuity but no separation. This is not true for actual flow 
however, analysis shows that a boundary layer is generated around the surface of the sphere, which occurs 
because of velocity gradient along the side of the sphere which subsequently creates wake shedding at the 
rear end of the sphere as opposed to secondary stagnation point. 
  
 

 



 
Materials and Methods 

In this experiment, tests built around a wind tunnel with a sealed off and controlled               
atmosphere shooting at a sphere with a pitot-static probe adjusting locations and angles to              
investigate the validity of Bernoulli’s equation amongst a controlled environment. The           
adjustment of the probe’s position is along an estimated streamline and varies along the flow               
around the sphere. This is seen in figure 1 with five positions following the flow along the                 
assumed streamline.  
 

 
Figure 1: The assumed streamline flow across the sphere and locations used for the pitot-static probe 

 



 

             
                       Figure 2: Locations of Frequency Dial (A), Frequency Indicator (B), and Power Switch (C) 

 

Due to high sensitivity with the probe, risking contact with the static flow boundary layer or                
highly vibrational portion of the sphere of its support would invalidate the data acquired. The probe must                 
therefore be kept a reasonable distance away from the sphere and all surrounding structures.  

A user interface is used in LabView in order to record all data gathered from the probe. Both                  
static and stagnation pressures are measured and appear in different data columns, in order to attain                
velocity, the absolute value of these values must be used. There are two knobs used in the adjustment of                   
the probe’s position, they are each representative of an axis point alteration, one knob for x position and                  
another for the y position. Prior to measurement, atmospheric pressure must be measured through the               
reading of a wall barometer seen in figure 3, following this the data acquisition from the wind tunnel may                   
begin.  



 

 
Figure 3: Barometer instructions for atmospheric pressure readings 

 

When testing for both static and stagnation pressures within the wind tunnel, the frequency dial is                
set to 40 Hz after the activation of the power switch. The frequency is related to the speed generated                   
through pressure gradients within the controlled atmosphere and adjustment may be viewed through the              
frequency indicator near the monitor and power switch. Before data is collected, the Scanivalve LabView               
program must be opened and calibrated. When the program opens, select the ‘Run’ button, a window will                 
open. Log file setup is completed by pressing ‘File’ then ‘Open Log File’, this prompts the creation of a                   
new data set which must be named according to lab division, group number and lab number.  

From this point, the probe’s position must be altered along a streamline flow along the sphere.                
This is done through the turning of coordinate knobs as seen in Appendix G. For the first position, the x                    
and y coordinates must be zeroed through the adjustment of the knobs and the analysis of the output                  
coordinated on the LabView screen. Data is then collected 15 seconds after the wind tunnel reaches a                 
frequency of 40 Hz in order to allow for the flow to settle and become steady around the sphere, data                    
collection is ceased after a set amount of time. The wind tunnel is then shut off after all data has been                     
taken, and the adjustment of the probe’s position must then be made, then the tunnel is turned on again                   
and data is recollected. After this, continue adjusting the position until complete and the probe is at it’s                  
final position within the streamline. 

Post completion of the position testing, data acquisition of the angle alteration on the pitot-static               
probe must be done with a 45, 90 and 180 angle alteration from the original axis, as seen in Appendix G.                     
During each angular alteration, the probe must be turned by hand and approximated by eye, with the                 



 
probe far from the sphere to avoid any sphere vibrations. The wind tunnel is activated and turned to 40 Hz                    
as before and the program is run after letting the flow settle to steady. This is conducted for all three                    
angles, powering down the wind tunnel during changing of angles.  

Following the acquisition of all data, the program is then exited through the selection of the ‘Stop                 
Scan’ option in Scanivalve LabView program for completion of all data collection. The resulting file               
should contain all data acquired during the test runs, it is then subsequently emailed to receiving members                 
prior to laboratory completion.  

 
 

 

Results 
  
 

Points A B C D E 

Normalized x 

Position 

0.00 0.13 0.52 0.97 1.00 

Table 1: Normalized x position of Points A-E 

 

Table 1 shows the normalized x position calculated using the following formula: 

 

  x = x − xmin
x  − x max min

 
   

 

 

Where: x : original x position measured by the equipment 

 xmin : minimum x position value measured 

 xmax : maximum x position value measured 

 



 

Plot 1: Dynamic Pressure vs Normalized x position 

 

 Plot 1 represents the different dynamic pressure at different normalized x position representing A, 

B, C, D and E respectively. The dynamic pressure started off with at a high value and reached its peak 

value at point C which is the 0.52 on the normalized scale. After the peak value, the dynamic pressure has 

a sharp drop to the minimum value of 47.5 Pa at 0.97 x position. All the dynamic pressure values are 

positive because the absolute value of the calculations are used to plot the graph. The dynamic pressure is 

calculated using equation 2 utilizing both the stagnation pressure and static pressure recorded. 



 

 
Plot 2: Velocity vs Normalized x Position 

 

Plot 2 represents the velocity of air corresponding to the different locations. The normalized x positions 

used in the graph are displayed in table 1. The velocity of the air reached its maximum point at point C 

similar to the dynamic pressure. This is due to the velocity value is calculated using equation 3 which 

states that as the dynamic pressure increases, the velocity increases as well. After reaching the maximum 

velocity value, the velocity value dropped to the lowest point at point D because the dynamic pressure 

reached its lowest point as well. All the velocity values are calculated using the absolute value of the 

dynamics pressure which explains why all the values are in the positive region. 

  

Points A B C D E 

x Position 0.00 0.13 0.52 0.97 1.00 

Velocity 

(m/s) 

32.4332 32.1961 35.1063 8.9583 11.0661 

Table 2: Wind Velocity vs the normalized x positions 

 



 
Table 2 displays the wind velocity at different locations along with all the uncertainty value for the 

velocity. All the uncertainty calculation can be found in the appendix.  

 

Diameter (m)  Velocity (m/s)  Kinematic Viscosity  
( )s

m 2  
Reynolds Number  

0.0762 32.4332 1.54 E-0.5  160481.16  
Table 3: Reynolds number for the freestream velocity 

Table 3 shows the reynolds value of the freestream velocity which is assumed to be the velocity at point A 

which is 32.4332 m/s. The kinematic viscosity is taken from the Fluid Mechanics test book for the air 

temperature at 25 degree celsius.  

 

 
Plot 3: Dynamic pressure vs Pitot-static Probe Angle  

Plot 3 represents various dynamic pressure recorded when the pitot-static probe was placed at a different 
angle. The dynamic pressure reached the highest absolute value when the Pitot-static Probe was placed at 
0 and 90 degrees respectively. Due to only the absolute values were used to plot the graph, all the 
dynamic pressure values are in the positive region.  
 
 
 
 
 
 



 

 
Plot 4: Velocity vs Pitot-static Angle  

 
Plot 4 demonstrates the velocity of the air flow corresponding to the different Pitot-static angle. The 
velocity achieved the highest value of 32.625 and 32.7188 m/s at 0 degree and 90 degree separately. 
Although the recorded pressures has negative values in it, the calculation for the velocity was done with 
the absolute value of the dynamic pressure. Thus, all the velocity values ended up in the positive y-region.  
 
 

Angles (degrees)  0 45 90 180 

Velocity(m/s) 32.6249 16.0366 32.7188 7.7191 
Table 4: The velocity values with uncertainty responding to different angles.  

 
Table 4 shows the value of the velocity corresponding to the different Pitot-static angle and all the sample 
uncertainty calculations are shown in the appendix. All the dynamic pressure used in the calculations are 
absolute values.  
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Discussion 
 

 

 
Table 5   Above shows all the point pairs and corresponding velocity of the validity, with a start point and end point of each pair. 
 

The resultant velocities calculated in the experiment were valid mostly. However, the pairs were 
not valid when E was the end point. AE, BE, CE, and DE were invalid pairs due to separation 
and turbulence in the wake that was seen after the sphere. This wake is caused from a large 
Reynold’s number, which can be attributed later on in the discussion. Because of this result, the 



 
Bernoulli equation fails for point E as the flow is not steady and also criss-crosses streamlines. 
This points out that flow is not varying with the time. The rest of the points are valid for the 
Bernoulli’s equation because all follow the same streamline in incompressible flow that is also 
steady, inviscid, and has no work done. This takes into consideration of all the assumptions that 
are needed to use the Bernoulli equation. 
 
Given the sphere specifications of 3 inches and experiment conditions, the calculated Reynold’s 
number was 160481.16. This is calculated through velocity inflow, which is taken as the speed of 
air occurring at point A. This Reynolds number is greater than 2000, which means inertial forces 
are stronger in presence than viscous forces within the given control volume. Turbulence is in 
synchronization with inertial-heavy forces, thus this indicates that  the flow will separate off of 
the sphere due to separation and stagnation that occurs after the the air comes into contact with 
the sphere.  
 
An adverse pressure gradient occurs when static pressure is apparent, and this static pressure increases in 
the flow velocity direction. This only occurs in turbulent flows, since separation and stagnation points are 
visible.  Favorable pressure gradient occurs when the static pressure decreases in the flow velocity 
direction. This is also referred to as the negative pressure gradient. When favorable pressure gradient is 
active in a flow, no separation will occur in the flow. The pressure is at its peak in the vertical direction, 
which is at the bottom and top of the sphere. As pressure goes from the top to the side horizontal, the 
pressure magnitude lowers. Since it is the same amount of fluid all around in the control volume but the 
area decreasing,  the velocity has to increase. From Bernoulli’s equation, as velocity increases the 
pressure decreases and vice-versa. This is due to the inverse of flow velocity. The diagram pertinent to the 
discussion can be seen below. 
 

 
 
Figure 4: Favorable vs. Adverse Pressure Gradient. 



 
 
Dynamic pressure changes as observed when the angle is altered due to stagnation and static pressure 
changes that come to rise as the probe angles are changed. The dynamic pressure is found through the 
difference in stagnation and static pressure. As the angle changes, the probe’s location which measures 
stagnation, and the static pressure as well changes. This in return alters the value of the dynamic pressure. 
Bernoulli’s equation is centered off of steady flow, and when angle changes, the 1-D flow turns into 2-D. 
This makes the equation invalid and doesn’t result in accurate readings of dynamic pressure.  
 
Some limitations include that conditions must be ideal, but this can’t necessarily be done. It’s very 
difficult to have the probe and sphere secured in place properly, and even the slightest displacement will 
lead to disruption in the flow. Energy dissipation naturally occurs because of the turbulence and wake. 
The energy of the water also dissipates into the environment flow, and the slightest of temperature 
increase would cause an increase in thermal energy which could be dissipated.  
 
Improvements include finding a way to tell whether the probe is in the proper spot, or if the angle of each 
locations is precisely taken. There’s also only 5 measurement points taken, but more points would be 
useful for greater accuracy to avoid possible outliers in such few points.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
Conclusion  
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Appendix A: Raw Data 

 



 
Appendix B: Derivation of Bernoulli’s 

Assumptions: 
● Steady Flow 
● Incompressible Flow (Constant Density) 
● Inviscid Flow 
● Flow along a Streamline (No Turbulence Flow) 

 
Basic Equations: 

 
Euler’s Equation:                                                      − 1

⍴ ∂s
∂P − g∂s

∂z = V ∂s
∂V  

 
Variables: 

⍴ = Density [ ]g/mk 3  
P = Absolute Pressure [ ]aP  
g = Gravity constant [ ]g/sk 2  
z = Elevation [ ]m  
s = Distance along the Streamline [ ]m  
V = Velocity of the Fluid [ ]/sm  

Derivations:  
                                                             ds P ∂s

∂P = d  
 

                                                             ds z ∂s
∂z = d  

 
                                                            ds V ∂s

∂V = d  
 

                                                      dz dV − ⍴
dP − g = V  

 
                                                    dP g dz V dV + ⍴ + ⍴ = 0  

                                                 P gdz V dV∫
 

 
d + ∫

 

 
⍴ + ∫

 

 
⍴ = ∫

 

 
0  

 
Bernoulli’s Equation:                 P gz ⍴V  onstant + ⍴ + 2

1 2 = C  

  



 
Appendix C: Derivation of Velocity Uncertainty 

Equations 
 

The pitot-static probe can measure the static and dynamics pressures of the fluid.  
 
Basic Equation 
1. Absolute Uncertainty Equation 
 

  
Where: 

𝑢y = Relative Uncertainty 
𝛿𝑦 =Absolute uncertainty  

2. Pressure Equation 
𝑃𝑠𝑡𝑎𝑔 = 𝑃s + 𝑞 

 
Where; 

𝑃𝑠𝑡𝑎𝑔 = Stagnation pressure [Pa] 
𝑃s = Static pressure [Pa] 
𝑞 = Dynamic pressure [Pa]  

3. Dynamic pressure Equation 

 
Where: 

ρ = Density [kg/m3] 
V = Velocity [m/s] 

4. Ideal Gas Equation 

  



 
Where: 

 𝜌 = Density [kg/m3]  
R = Gas constant, [8.314 J/(Kmol)]  
M = Molar mass of air [28.97 g/mol]  
T = Temperature [K]  
P = Pressure [Pa] 
h = Barometric Pressure Reading [mm] 
 

Velocity Derivations 

 

  
 

 
 
 

  



 
Appendix D: Sample Calculations 

 
Reynolds number calculations:  

e R =  μ
V L = 1.54 E−0.5

32.4332 × 0.0762  
= 160481.16 

 
Dynamic Pressure and velocity calculations:  

At point A, 
 P  P   P dynamic =  stagnation −  Static  

       =  - 92.162 - (-714.840335) 
       = 622. 678335 Pa  

 

 V =  √ 1.1839
2×622.678343  

         = 32.43317 
Velocity uncertainty:  

   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 

Appendix E: Uncertainties in Pressures and 
Temperature 

  



 
Appendix E: Pitot Static Probe Image 

 
 
 

 

  



 
Appendix G: Moving Probe along Streamline 

 

 

 
  



 
Appendix H: Rotating Probe 

 

  



 
Appendix I: Raw Data Sheet 

 
 


