
 1 

VT 
{newt} 

  

Submitted in Response to the DOE Real World Design Challenge 

Submitted by Minnesotaôs 

HUTCH INNOVATORS 

TEAM MEMBER NAMES: 

Jordyn Koll, Senior, Abbey Machtemes, Christy King, Senior, Jesse Brooks,  

Alex Felber, Junior, Jason Corby, Junior, Andrew Paulsen 

 

Hutchinson High School 
1200 Roberts Road SW 
Hutchinson, MN 55350 

 

March 19, 2010 

Mentor/Advisor: Daryl Lundin 

1200 Roberts Rd. SW, Hutchinson, MN 55350 

587-2151 ext. 5408, daryll@hutch.k12.mn 

 

EXECUTIVE SUMMARY 

 In todayôs world of rising fuel costs, aircraft designs need to increase fuel 

efficiency to reduce total operating costs.  By designing an airplane tail section 
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and wings that can have less drag, weight, and greater lift capabilities fuel 

efficiency could be increased. The goal of this challenge is for student teams to 

create a wing that corresponds with a tail section that can fly 400 knots at 37,000 

feet and balance lift and weight, thrust and drag, and have zero pitching 

moments. 

 Hutch Innovators have put together such a correspondence that has the 

most difference between lift and drag that the team has found.  This means that 

the aircraft should run efficiently while flying 400 knots at 37,000 feet.  The team 

knows, however, that there are still possible problems with the design and the 

team has also thought of some possible solutions to these problems, given more 

time and the right tools, the team could have tested these solutions and 

incorporated them into the final design.   
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PROJECT DESCRIPTION AND EXPLANATION 

Creating a tail section and a wing that balance lift and weight, thrust and drag, 

and has zero pitching moments is important because the lift and weight must be 

balanced so that the aircraft will keep in a steady and level flight.  When the lift 

and weight are not balanced the aircraft will not be able to fly since the downward 

force of weight is larger than the upward force of lift.  Likewise, when the thrust 

and drag are balanced the aircraft can run more efficiently.  When the thrust and 

drag are not balanced the pilot must apply a larger amount of engine power to 

overcome the drag, this makes the aircraft less fuel-efficient.  It is also important 

to have minimum pitching moments because uncontrolled pitching causes 

surface shock which will induce the aircraft to require more power to run and also 

causes additional external noise. 

 

PROJECT GOALS, OBJECTIVES, AND 

CONSTAINTS 

For the state challenge the Hutch Innovators took into account many variables 

that will affect the efficiency of the final design.  Variables the team considered 

includes; airfoil designs, supercritical versus laminar airfoils, supercritical/laminar 

versus symmetrical airfoils, angle of attack, angle of the vertical stabilizer, angle 

of the horizontal stabilizer, and type of tail section (ex: ñVò, ñXò, etc.) The goal of 

testing these constraints is to optimize the efficiency of the aircraft. 

 

Likewise, for the national challenge, the team took into account variables that 

would affect the wing designôs optimization such as; wingspan, taper, angle of 

sweep, width, slant, and different airfoils.  Different variables effected different 

types of results, which the team had to figure out and assess. 
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APPROACH 

The Hutch Innovators considered all the possible tail sections that we could 

create and narrowed it down to a few selections.  The team decided to create a 

section that is a hybrid of the ñVò and ñTò tail sections.  This was chosen because 

part of this challenge is to be innovative and thus it was decided to test a section 

that the team developed.  When researching the team noted that both the óVô and 

óTô tail sections are widely used.  The team figured that a combination of these 

two tail sections would be efficient.  The team then needed to test different 

airfoils to optimize the tail section.  It was determined that a laminar airfoil, which 

has its maximum thickness at the middle camber line, should be used for the 

horizontal stabilizer.  The team knew that the vertical stabilizer must be a 

symmetrical airfoil to ensure that the aircraft does not yaw to one side or the 

other.  The team realizes that the horizontal stabilizer of the tail section could be 

extended to span the entire length of the óVô part to further stabilize the aircraft 

because it is possible that the current design could be structurally unsound due 

to possible twisting caused by the horizontal section. 

 

For the second part of the challenge the team brainstormed possible wing 

designs and tested them with the different variables such as airfoils and angle of 

sweep.  The team decided to test three airfoils, all supercritical or laminar, for the 

wing design and chose the Boeing Commercial Airfoil Company Airfoil J.  

Afterwards the team tested the wingspan and width then moved onto to testing 

the taper ratio.  Because of the teamôs uniquely designed tail section, Mark Beyer 

wrote a special program as part of the Cessna Analysis Program for the team.  

This program aided the team in the sizing, taper, and other areas of the planeôs 

design. 

 

THE DESIGN PROCESS 

 
 
 

Problem Statement: The problem is to design a tail section and wing optimized for minimum drag 
when cruising 400 knots at an altitude of 37,000 feet. 

 
 
 

  
Product Design: The Hutch Innovators decided to create a tail section that is a hybrid of the common 
ñVò and ñTò tail sections.  The corresponding wing was chosen to optimize the entire plane design. 
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Investigation & Researché 
 
Question and Answer:                                                                                                                 

¶ What are common designs for tail sections? 
o Common designs found are the V, T, X, Y, and H tail sections  

¶ How does the team run the needed programs? 
o Watch training videos  

¶ Who should the team have as a mentor? 
o Mentors chosen are Robert Monson and Matt Orris with Lockheed Martin, Arlyn 

DeBruyckere at the Hutchinson High School, and Alan Koll and Michael King at 3M.  

¶ How does the team design a tail section in Pro E? 
o Import coordinates of airfoils and use sweep protrusions to create the tail section.  

¶ Which airfoils should the team use? 
o The team chose five possible airfoils for the horizontal airfoil of the tail piece and nine for 

the vertical airfoil of the tail piece.  The horizontal are supercritical or laminar and the 
vertical are symmetrical to prevent yawing. For the wing the team chose three different 
airfoils to test, one of these is a supercritical airfoil while the other two are laminar 
airfoils.  

¶ What equations does the team need to complete this challenge? 
o The team mostly used the provided spreadsheets to calculate all the needed 

information.  The team also used trigonometry to find the angle of attack.  

¶ How will the team communicate? 
o The team decided it was easiest to communicate by email.  

¶ How will the team move ideas and designs from computer to computer? 
o The team decided the easiest and most efficient way to transfer anything from computer 

to computer was to use jump drives.   

¶ How often will the team meet? 
o The team decided that meeting in the mornings would be the best time in order to avoid 

many after school conflicts.  Many team members also had class time with Coach Daryl 
Lundin to work on the challenge.  

 

 

© TCNJ & PTC 

Stakeholdersé 
Identify the major stakeholders in the design and briefly explain what would satisfy each one. 
 
Stakeholder What this person/group looks for in a successful design      
1: Designers- the designers of the tail section would have set a new benchmark in flight. 
2: Builders- builders would be making a tail section that will sell very well and satisfy many people. 
3: Airlines- they would be able to save millions of dollars in fuel, which has become so costly. 
4: Travelers- it would satisfy ticket buyers because the planeôs efficiency would save the air lines 
money, meaning cheaper tickets.  
5: Plane owners- from small plane owners to big, they would all be happy with the performance of this 
tail section. 

 

 

Design Brief:  The goal of this challenge is to create a tail section of an aircraft that balances drag 

and thrust as well as lift and weight while flying 400 knots at 37,000 feet.  Constraints used were; the 

aircraft must be able to rotate to 12 degrees for takeoff and landing, the center of gravity must be 

between 15% and 30% MAC, cruising altitude of 37,000 feet, and a standard atmosphere pressure of 

3.0893 lbs/in². 
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Tail: Initial Design Sketchesé 
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To be innovative the team chose the hybrid of the typical V and T tailpieces in 

favor of the T, V, H, X, and Y tail sections after considering each.  The team then 

decided to put a supercritical or laminar airfoil on the horizontal ñTò stabilizer of 

the tail and a symmetrical airfoil on the vertical ñVò stabilizer of the tail to prevent 

yawing. 

 
 
 
 
 
 
 
 
 
 

Tail: Initial Design Sketchesé 

 

Tail: Detail Sketchesé 
Symmetrical Airfoil 

 
 
 
Laminar 
Airfoil
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Tail: Refine Your Design Sketché 
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Tail: Refine Your Design 
Sketché

 
 
 

 
 
 

 
The Gull Wing 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Wing: Initial Design Sketchesé 
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Wing: Initial Design Sketchesé 

 

Wing: Refine Your Design Sketché 
 

 


















































