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Mech-Net Inc. 

Remotely Controlled Mechanical Engineering  

Equipment via the Internet 

 

Abstract:   

     Jack Gilbert, the owner of Mech-Net Inc, has taken the experience gained from working as a 

licensed aircraft mechanic for 7 years, then teaching the power plant curriculum at an Aviation 

Technical School for high school students for 15 years. The last 12 years he has developed his 

own business designing and manufacturing mechanical engineering laboratory equipment to 

develop a new and exciting program. One of Mr. Gilbert’s main goals since teaching at the 

Aviation School has been to create new and different methods to teach math, science and 

engineering to students.  

Introduction: 

   To solve the issue of how to allow our students access to complex research grade laboratory 

equipment for conducting hands-on experiments, Mech-Net Inc. has devised a solution. Instead 

of the schools attempting to purchase and maintain the expensive complex equipment they will 

pay an hourly fee to operate the equipment remotely via the internet. The idea is that hundreds of 

schools will all have access to the same equipment at different times. This concept greatly 

reduces the overall cost to operate the equipment. During the years Mr. Gilbert has attended 

educational trade shows to showcase the equipment designed and manufactured by GDJ Inc. the 

teachers have always stated “I would love to have to this equipment in my classroom, but our 

school could never afford to purchase the equipment” Operating the equipment remotely solves 

this issue.  

Objective:  

     There have been numerous articles written, studies created and commentators have noted that 

there is a desperate need for the United States to effectively improve the teaching Science, 

Technology, Engineering and Math to our students. This encompasses the requirement to 

motivate students to pursue careers in science, and engineering as well as getting across the true 

nature of technology to those students whose interest will lead them into other career areas.   

While the benefits to society of achieving these goals has been discussed at length, along with 

the need for systemic change in our educational system, we still find ourselves as a nation falling 

further behind in the teaching of math and science. 
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    It is generally agreed that students of all levels learn more , retain concepts longer, and are 

more motivated when given the opportunity to participate in hands on experience; but not  all 

hands on experience is equal. Traditional experiments have typically demonstrated a single 

concept in a pure laboratory setting. An example of this type of experiment: stir powder A into 

liquid B and note color change. Missing from these types of demonstrations is the true holistic 

nature of technology and engineering. The lack of motivation for performing the experiment, the 

necessity for asking and answering many questions before performing the experiment, and many 

other problems that an engineer must deal with are not present. In other words, these types of 

demonstrations provide the answer to a single question: “What happens when I follow these 

instructions?” True engineering involves first asking the question, “What do I want to achieve”? 

followed by the question, “What do I need to learn before I can answer the first question”? This 

is where many students who are not currently achieving at a high level in math class may in fact 

see a true need for learning how to do a particular math formula to be able to answer the 

question. Thus gain a more in depth need as to why the math is important. An engineer must not 

only have the knowledge of many separate concepts, but the ability to integrate these concepts 

into practical understanding in order to be successful. Considering and applying these concepts 

provides students with an understanding of science and engineering so they can make an 

informed choice about the suitability of a career in that field. This type of instruction also makes 

engineering fun, making it more likely they would consider a career in science and engineering. 

During his time teaching at the Aviation School Mr. Gilbert came to realize if he could get the 

students motivated he could teach them anything. It was always a main goal to have his students 

actually understand the concepts not just memorize the facts for a test. The original idea behind 

incorporating a wind tunnel into his classroom was to show his students how a carburetor 

worked by demonstration versus drawing a venturi on the chalkboard.   

  The main obstacle in this type of teaching is that it requires mechanical engineering laboratory 

equipment that is research quality in deriving data from the models. Much of the laboratory 

equipment that has been sold to the schools for technical education is sufficient for teaching 

basic concepts, but is lacking in accuracy in testing methods to conduct mathematical formulas. 

Take for instance the use of a small wind tunnel in the class room. Many of the current wind 

tunnels use a force probe to measure the lift. While a valid and interesting way of demonstrating 

the principle of lift, it leaves out important algebraic formulas. The interest in science is 

generated, but no proficiency in math is achieved. In a research grade wind tunnel the primary 

measurement variable is pressure. This allows the introduction of algebraic formulas which can 

be broken down into a simple step by step method of instruction. At each step a physical 

principle was combined with a math concept. Each portion of the formula was tied together by 

continually using examples from earlier problems and experiments. When the basic concepts are 

tied directly to a math formula to solve the problem, this allows for the student to grasp a direct 

connection to the math. In writing the lesson plans every effort was taken to start with 

experiments that used simple math formulas that the student could easily accomplish, then 

progress onto more complex problems while continually using examples from earlier 
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experiments. This method brings the math formula to life and generates a real world connection 

to formulas that many students need to be properly motivated.  

    The challenge for conducting this type of experimentation at the high school and community 

college level is that the equipment required to produce data that is accurate enough to be used to 

solve mathematical equations must be research quality. The models along with the data 

acquisition system all must be of a high quality to produce accurate repeatable data. If a student 

is conducting an experiment that produces less than a 2% deviation in the data and the system 

used to produce the data has error deviation greater than 5% repeatability then the experiment 

will not work.  

   The problem is that the high level of precession required for this equipment to produce the 

accurate data results is very expensive to purchase and somewhat difficult to maintain. to Most 

Universities that are using sophisticated laboratory equipment to conduct mechanical engineering 

laboratory experiments employed trained laboratory technicians that are responsible for 

maintaining the equipment and changing the models used to conduct the experiment. Often this 

type of personal is not available at the high school level.  

    Some of the disadvantages are it requires a great deal of space, can cause concerns in regards 

to the amount of noise generated, along with the safety issues and liabilities of students being 

near rotating fan blades and other moving parts. These factors coupled with the knowledge the 

equipment may only be used for a short period of time in a given semester make the equipment 

being on site problematic for the school. 

    This leads to the solution that we at Mech-Net have developed. For years we have been 

operating our laboratory equipment with Graphical User Interface (GUI) software to control the 

basic functions of the equipment. By adding additional controls and features we can now give the 

person operating the equipment remotely the same experience as if they where in the same room 

as the equipment. In fact the ability for the instructor to conduct experiments on different types 

of models without having to actually change the model in some way makes this approach better 

than having the equipment at each location. 

    Most of the schools already have in place high speed internet connections and complex 

computer networks. This approach allows them to utilize the equipment that they already have in 

place to conduct the experiments remotely. The student will be controlling the equipment along 

with the models during the course of the experiment. The ability to remotely control a device that 

is located in another distant location may well be more exciting to the student than a device that 

is at their location. With the use of video cameras and sound, the students will get the feel of the 

hands on experience. The important factor is that they are actually controlling a real device. Not 

manipulating a canned software package. This we feel is a very important factor because it 

retains the hands on approach. The student will actually see the model move and see the visual 

aids as if he/she where in the same room. The excitement of actually starting a small turbine 

engine and witness the flame exiting the tail pipe at start up will do a great deal in interesting the 

students to conduct experiments in difficult subjects such as entropy and enthalpy.   

    Many of the advancements that have been made in recent years in regards to the speed of the 

internet along with the graphical interface software used to retrieve the data and manipulate the 
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equipment have made this an extremely viable to engineering education. With the ability to 

remotely control the models and see real time data displayed on the computer screen, it is as if 

the students where conducting the experiment but with a 1,000 mile cable. The students will 

have to ability to retrieve the data from the experiment they conducted in an Excel Spreadsheet 

format to allow for post process evaluation of the data and also to use the data the format it into 

charts and graphs. This allows for the student also seeing first hand how the computer skills that 

they have learned can be use in a real world situation to illustrate their data.  

   The internet can also be used to conduct a web cast to allow for teacher training and question 

and answer sessions. This will allow for the training to be conducted at a greatly reduced cost.  

   The use of the equipment can very well expand beyond the use the basic experiments. 

Modifications can be made to basic airfoil models in the wind tunnels to add such devices as 

leading edge stall strips and vortex generators. This again utilizes the concepts of starting with 

the basics then move on to more complex problems. The use of the wind tunnels for the students 

to conduct individual research projects is also a very viable concept. The school can send their 

research project to our location. We will mount the device in the wind tunnel and then allow the 

student to operate the wind tunnel to obtain the data from their model. The students could also 

use the data obtained for their science fair projects.  

EXPERIMENTS:  

  Here are sample experiments that can easily be conducted remotely with the wind tunnel.  

 

TITLE: Continuity Math Worksheet 

Introduction: The following problems are designed to use with the wind tunnel to verify the 

answers. The data was collected using a venturi in the test section. 

Problems: Use the formula  V1 x A1 = V2 x A2   to solve for the following: 

Change the formula to: 

 

 

 V1 = 50 mph  

 A1 =  23.4 

 A 2 = 29.4  
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Title: Air Velocity Measurement Calculation 

 

Introduction: Velocity ( speed of the air ) is obtained from reading the air pressure. 

Lesson:  

To perform aeronautical calculations we must be able to measure the velocity  

     of the air. One of the more accurate means to accomplish this is to use  

     Bernoulli’s equation: 

  As the velocity increases - pressure decreases  

2)  By using a pressure reading in Inches of Water (pressure) we are able to  
     calculate the velocity of the air.   

3)  Several steps must be taken to modify Bernoulli’s equation for the purpose we need. 
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 To solve for  P Subtract the Wind Tunnel Total pressure 

 From the static pressure reading  

 

 v
2

2
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P2 =  v

2

  

 To simplify ROH  Multiply  P x 2 

 To move ROH to the left side of the equation  

 

P2


= v

2

 

 To solve for velocity squared take the square root of the left side  

 

P2


= v

  

 We are now able to solve for velocity by taking the square root of  

 P x 2 divided by 0.002378 

 

Given the following static pressure readings solve for velocity remember the pressure readings 

are in inches of water and must first be converted to PSF  

        (Inches of water x 0.036128 x 144) 

NOTE: For our purposes tunnel pressure is considered to be 0 

To convert feet per second to miles per hour (mph) multiply by 0.6818 

SAMPLE PROBLEM: 

1) Convert (-4.07) in. H20 to Velocity 
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 Step 1)  P = (-4.07) - 0 = 4.07 in. H20 

 Step 2)  4.07 x 0.036128 = 0.147 PSI x 144 = 21.17 PSF 

 Step 3)  2 x  P = 42.348 

 Step 4)  42.348 / 0.002378 = 17,808.242 

 Step 5)  sq root of 17,808.242 = 133.44 feet per second(fps)  

 Step 6)  133.44 x .6818 = 90.98 mph 

 Answer:  91 mph 

 

Then move on to more complex formulas with a pressure tapped airfoil in the test section a 

student can conduct experiments to solve for lift using the coefficient of pressure formulas.  

The first dimensionless coefficients used in this lesson plan are the pressure coefficient.  The 

pressure coefficient (sometimes called the coefficient of pressure) is defined as: 

    pC
Ps P

go V


 
1
2 0
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 Where the following symbols are defined as: 

  Cp =   Pressure Coefficient (dimensionless). 

  Ps  =  Pressure in physical units on airfoil surface (
lb

/ft
2
). 

  P  =  Pressure in physical units at infinity (
lb

/ft
2
). 

  r   =  Density (0.0767 
lb

/ft
3
). 

  g0  =  Gravitational constant (32.2 
ft
/sec

2
). 

  V0 =  Tunnel Velocity (
ft
/sec). 

 As you can see the units cancel: [(
lb

/ft
2
)(

ft
/sec

2
)]/[(

lb
/ft

3
)(

ft
/sec)

2
]. 

The quantity in the denominator is called the dynamic pressure, q.  It has units of pressure and is 

the pressure caused by velocity.   

   pC
Ps P

q
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This formula can be manipulated when taking data in the wind tunnel, using the following 

physical interpretation (since the reading is often referenced to the atmospheric pressure): 

  Ps  =  Preading + Patm      and    P  =  Ptunnel static   

  Ps -  P   =  Preading + Patm  - Ptunnel static 

If there are no losses in the tunnel, the total pressure is equal to the atmospheric pressure. 

  Ps -  P   =  Preading + Ptotal  - Ptunnel static    

The dynamic pressure was defined earlier as the difference between the total and static pressures.  

(See the general and Venturi lesson plans). 

   Ptotal  =  Ptunnel static + Pdynamic 

   Ptotal  =  Ptunnel static + q 

re-arranging; 

   Ptotal  -  Ptunnel static  =  q 

  Ps -  P   =  Preading + ( Ptotal  - Ptunnel static)  = Preading + q 

So finally, the wind tunnel format for pressure coefficient is: 

  pC

P
rdg

q

q

P
rdg
q





  1   
 

 

Contact Information: 

Jack Gilbert  

Phone: 440-9750-0258 

E-Mail: jgilbert@gdjinc.com 


