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The product of historical research and late-night engineering, the Pi-42 is a jet fighter for a new age.  Incorporating high maneuverability, long range, stealth, and the ability to fly out of debris-filled war zones, the Pi-42 appeals to an international market.  The Pi-42 is a fly-by-wire machine capable of the most advanced maneuvers today.

Design Process: How We Got Our Numbers

We surveyed the international arena when we began our design and found that there was a call for a fighter with the following characteristics:

· 2 Pilots,  2 Engines

· Top Speed of Mach 2.0

· 10,000 lb ordinance capability

· Range of 1,500 miles with 45 minutes of reserve

· Take off and landing over a 35 foot obstacle: 6,000 feet

From historical data, we culled the following estimates for various critical specifications:

· Gross Weight:
40,000 lb

· Payload:
10,000 lb

· Wing Area:
320 sq. ft.

· Aspect Ratio:
3.2

· Top Speed:
Mach 2.3

· Cruise Speed:
~Mach 1.0
This configuration, very close to that of the F16, seemed a good design until we examined the design’s range– a mere 750 miles, less than half of our target.  At that point, we upped our weight estimate to provide for additional fuel and reexamined our historical sample.  We found that most of the planes that could even handle the range we needed used external fuel tanks, and that most of the planes could fly 1,500 miles and back only on non-combat missions.  Some of the planes in our sample, like the Dassault Rafale, the F-18 Hornet and the Eurofighter, we found were simply not designed to fly long distances.  We selected the Su27, Su30, and the F-15 to be our primary models for designing our plane due to their similarity to our range and performance requirements.

After adjusting our weight, we found that we had crossed a “magical” empty weight estimation border of having a thrust to weight ratio less than 0.9.  Because T/W was less than 0.9, our structural weight estimates went down dramatically, and our range increased dramatically.  We realize that an actual estimate of our weight is infeasible due to lack of structural engineers in our group, so we simply note this odd artifact here.  Below the “magical” gross weight, our range is approximately 3500 miles, and above the “magical” gross weight 5300 miles.  Even the lower estimate overcomes our requirement of 3000 miles and 45 minutes of reserve.  At our selected cruise speed of Mach 0.8, 45 minutes is equivalent to 400 miles.  At the higher range, our radius of flight comes to 2450 miles with 45 minutes of reserve.

The next major hurdle in our design was take-off and landing distances.  Whereas the take-off distance was no problem, our landing distance was a source of major headaches.  Our historical data department only had a landing distance chart for commercial airliners (see Shevell, fig. 15.35) and told us to use the dashed line.  Extrapolating, we found that our stall speed of 200+ knots was far above what was required for a landing on a 6,000 foot runway.

At that point, we tried to reduce landing distance by decreasing our VSTALL.  This can be done by reducing the sweep angle, increasing the aspect ratio, increasing the wing area, and/or decreasing the landing weight. We calculated the landing weight as the gross weight minus the weight of our missiles (1,764 lbs) minus 6/7 of our fuel weight (14,500 lb).  We chose 6/7 figuring that after a long patrol, we would have gone perhaps 3000 of our 3500 mile capacity.  Decreasing the gross weight would quickly affect our range by squeezing out precious pounds of fuel.  On the other hand, increasing sweep angle and aspect ratio were possibilities. Soon, though, we saw the problems.  The wings would have a higher coefficient of lift and proportionally less normal drag, yes, but wave drag becomes a serious issue once a plane’s components get near the mach cone created by the plane’s nose.  In addition, with severe maneuvers as fighters often make, a wing with a long moment arm can be bad, as can be the associated phenomenon of flapping.  Thus, we decided to keep the aspect ratio and sweep angles to a decent compromise – 3.5 and 40 degrees, respectively.  The only knob left to turn seemed to be wing area.  Increasing wing area, while shortening our landing distance, also decreased our maximum mach number.  Trying to keep the top speed at Mach 2.0, the highest wing area allowed was 560 ft.2, which is our final wing area.  Our final stall speed at landing is 133 knots.

While exploring the problem of landing distance, we looked at replacing our engines with two F100-PW-229’s.  In doing so, we could get our numbers much closer to target, but at a cost of having 820 heavy square feet of area – something that no other modern fighter comes close to, and something that means taking maneuverability away from the pilot.  Our final numbers unfortunately leave the Pi-42 with a landing distance of 7250 feet – unacceptable for our customers.  Our solution is to add drag chutes and take advantage of powerful airbrakes and fully deflectable canards.  This, we hope, will suffice to reduce our landing distance to an acceptable level.

Plane Features

The PI-42 possesses several unusual features, as well as nonstandard implementations of existent design ideas. Chiefs among these are the engine air intakes, the canards, the ruddervators, and the low speed flight equipment. 


The engine we chose was the Eurojet EJ-200 turbojet engine. Its primary usage at present is on the Eurofighter. We chose this engine because of its high thrust to weight ratio, its efficiency, and its small size and weight. The EJ-200 is a relatively new powerplant, taking advantage of numerous advances in the field of materials engineering to produce an exceptionally efficient, lightweight powerplant. In the testing of the EuroJet, it has proven itself to be highly reliable and easy to maintain.  It is also more than adequate for our thrust and weight requirements, and in our view is a better choice for our aircraft than say the larger F-100-PW-129.


A major hazard in ground operations of turbojet aircraft is the ingestion of debris into the engines. This can cause major damage and necessitate costly, time-consuming repairs. To minimize this risk, the Pi-42 is equipped not only with standard air intakes mounted below the fuselage, but also an auxiliary set of intakes on the top surface of the wings. The aircraft can use these intakes individually or simultaneously. As such, on rough airstrips or areas where groundborn debris are likely, the aircraft can close the main inlets and rely solely on the auxiliary inlets. This has the added benefit of minimizing the risk to ground crew on the flight line. All in all, we feel that this design feature will add significantly to the durability and usability of the aircraft, and serve to keep the maintenance cost of the aircraft reasonable over the lifetime of the airframe.


The aircraft is also equipped with a canard, which increases maneuverability in flight and makes the aircraft more stall resistant. Maneuverability is increased further by making the canards fully deflectable, contributing a large control surface and making possible extreme maneuvers. In the design of our aircraft, we found that landing distance was longer than the stated design requirements. To combat this, the canards can be moved to a vertical orientation on landing, acting as large speed brakes. Though the total effect of this on landing distance could not be calculated, we feel that this will decrease the landing distance significantly. 


One of the most prominent design features of the Pi-42 is the “Ruddervator”. A combination rudder and elevator, the ruddervator combines the functions of both into one control surface. The YF-23 test aircraft has proven the efficacy of this configuration, showing not only that it is possible, but that it has many advantages over traditional rudder/elevator. Chief among these is the inherent stealthiness of the design. The single control surface minimizes the radar cross section of the aircraft, making it harder to detect and track. The ruddervator also contributes to the simplicity of the design. With half the rear control surfaces of a standard aircraft, the plane needs only half the hydraulic system. This makes the plane easier and cheaper to maintain. It also makes the aircraft lighter, due to the decreased complexity. The ruddervators are fully articulated, which provides a large surface area when maneuvering. The end result is the ability to perform radical direction changes, making the aircraft able to outmaneuver other aircraft. This is a significant advantage in a dogfight, making the aircraft much more likely to come out on top in combat.


To combat our landing distance dilemma, we made numerous changes to the design, including the addition of a large airbrake, slats, flaps, and a dragchute. The airbrake is mounted on the dorsal surface, behind the canopy. It is activated on landing, and provides a large aerobraking surface. In tandem with the fully deflected canards, this system should serve to shorten the stopping distance dramatically. The final design also includes leading edge slats and trailing edge flaps on the wings. This should lower the stall speed greatly, allowing a slower landing speed, as well as allowing the aircraft to rotate for takeoff at a lower speed. While adding some complexity to the airframe, this design feature significantly improves the versatility of the aircraft by increasing the number of airfields that the aircraft can fly into and out of. Finally, the final design incorporates a large dragchute, deployed from a canister mounted between the engine nacelles on the rear of the airframe. This feature is virtually standard on fighter aircraft, and for a minimal increase in complexity, weight, and cost, drastically reduces the stopping distance of the aircraft. These features together should easily bring our landing distance on par with other fighter aircraft.

Works Consulted:

“Aircraft Images Archive.” Web Page. URL: http://www.cs.uu.nl/pub/AIRCRAFT-IMAGES/
“Annual Technology Review.” Aviation Week & Space Technology Jan. 12 (1998): 30-123.

Boston Gliders Web Page. URL: http://gliders.com/

Defence Data Ltd. EuroFighter Typhoon Propulsion Web Page.  URL: http://eurofighter-typhoon.com/main/propuls.htm

Jackson, Paul Ed. Jane’s All the World’s Aircraft 88th Ed. London: Butler & Tanner, 1997.

Shevell, Richard S. Fundamentals of Flight 2nd Ed. New Jersey: Prentice Hall, 1989.

Stinton, Darrol. The Anatomy of an Airplane 2nd Ed. Oxford: AIAA, 1998.

1

