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Executive Summary 

 Horizon Aerospace presents the Horizon One as a solution to the 2005-2006 

AIAA Undergraduate Team Aircraft Design Competition Request for Proposal (RFP) for 

a Homeland Defense Interceptor (HDI).  With the recent terrorist activity in the United 

States, the need for a low cost, low weight and simple aircraft is imperative.  Many of the 

aircraft already in service are far too large, or will reach the end of their service life 

within the next ten years. 

 The primary requests listed in the RFP are for low cost, low weight and 

simplicity.  The maximum fly away cost given for the HDI in the RFP was listed as 15 

million dollars per aircraft.  The flyaway cost for the Horizon One came in well under 

that value, at only 8.9 million dollars.  Secondly, the homeland defense interceptor is 

required to have a low weight.  Again the Horizon One meets this requirement, with an 

empty weight of 30,070 pounds.  Finally, the RFP calls for a simple design.  Taking this 

requirement into consideration, Horizon Aerospace designed an aircraft that was fairly 

traditional and simple.  Maintenance and repairs will be easy since workers will already 

be familiar with aircraft of similar design. 

 The RFP also lists several mission requirements that the Horizon One must be 

able to perform.  It was the opinion of Horizon Aerospace, that the four hour loiter and 

Mach 2.2 requirements were the most difficult to overcome.  In order to achieve both 

requirements, the aircraft must be able to store enough fuel and provide enough thrust to 

meet the speed requirement.  The Horizon One meets the loiter requirement in the RFP 

by utilizing four internal fuel tanks, one in each wing and two in the fuselage.  It is also 

capable of producing more than enough thrust by utilizing two GE F-414 engines.   
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  The Horizon One is a traditional twin engine fighter constructed of both 

traditional and composite materials.  It is simple enough in its design and components to 

be easily maintained, yet it does not sacrifice performance or requirements.   Leonardo da 

Vinci once said, “Simplicity is the ultimate sophistication” and Horizon Aerospace thinks 

that the Horizon One lives up to this statement.



Jiten Patel
Text Box
iv
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1. Introduction 

 Horizon Aerospace is pleased to present our concept, the Horizon One, for a high 

speed homeland defense interceptor (HDI) for the 2005 – 2006 AIAA undergraduate 

competition.  After the recent events of 9-11, there is an increased need for protection 

against terrorism in the United States.  Most of the aircraft currently in the Navy and Air 

Force fleets will reach the end of their service lives in the next decade and a half and are 

too large and too pricey to be used for this purpose.  A new high performance aircraft is 

now needed to fill this role. 

 Aside from having high speed performance capabilities, the concept is also 

required to be low cost, low weight and simple in its design.  In fact, the RFP lists a 

maximum flyaway cost of only 15 million dollars per aircraft.  The AIAA RFP presents 

three distinct missions that the concept must be able to perform.  The first mission is a 

defensive counter-air (DCA) patrol mission and the second is a point defense interception 

mission.  In addition to these two missions, the concept must also be able to complete an 

intercept/escort mission.   
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2. The RFP 

 As stated in the introduction, the RFP presents three distinct mission 

requirements.  The primary mission is a defensive counter-air (DCA) patrol mission 

(which includes a four hour loiter, dash at maximum speed and combat phase) and is the 

most difficult mission that the aircraft will be required to perform.  Once the 

requirements for this mission are satisfied, the rest of the missions should be easy to 

execute.  The secondary mission is a point defense intercept mission which includes a 

dash and combat phase, but presents no difficult loiter requirements.  The aircraft is also 

designed to perform an intercept/escort mission. 

 

2.1 Mission Requirements 

The defensive counter-air patrol mission, seen in Figure 2.1, is divided into 

thirteen legs as described in the RFP:   

1.  Take-off and acceleration allowance (computed at sea level). 

a. Fuel allowance for warm-up 

b. Fuel to accelerate to climb speed at maximum thrust  

2.  Accelerate to climb speed 

3. Cruise to subsonic optimum cruise altitude 

4. Cruise out 300 nm at optimum speed and altitude 

5. Combat air patrol 4 hours at best loiter speed and 35,000 ft 

6. Accelerate to supersonic speed 

7. Dash 100 nm at maximum speed at 35,000 ft  

8. Combat allowance: 
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Fuel required to perform the following maneuvers at 35,000 ft with 

maximum thrust and fuel flow: 

a. One sustained 360º turn (Ps = 0) at Mach = 1.2 

b. One sustained 360º turn (Ps = 0) at Mach = 0.9 

 9. Expend all weapons. 

10. Climb/accelerate to optimum speed and altitude 

11. Cruise back 400 nm at optimum speed and altitude 

12. Descend to sea level  

13. Reserves: fuel for 30 minutes at sea level at speed for maximum endurance 

 
Figure 2.1:  Defensive Counter-Air Patrol Mission 

The secondary mission legs, seen in Figure 2.2, include: 

1. Take-off and acceleration allowance (computed at sea level) 

a. Fuel allowance for warm-up 

b. Fuel to accelerate to climb speed at maximum thrust  

2. Accelerate to climb speed. 

3. Climb from sea level to 35,000 ft  
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4. Accelerate to maximum speed 

5. Dash 200 nm at maximum speed at 35,000 ft 

6. Combat allowance: 

Fuel required to perform the following maneuvers at 35,000 ft with 

maximum thrust and fuel flow. 

a. One sustained 360º turn (Ps = 0) at Mach = 1.2 

b. One sustained 360º turn (Ps = 0) at Mach = 0.9 

7.  Expend all weapons. 

8. Climb/accelerate to optimum speed and altitude 

9. Cruise back 200 nm at optimum speed and altitude 

10. Descend to sea level  

11. Reserves: fuel for 30 minutes at sea level at speed for maximum endurance 

 
Figure 2.2:  Point Defense Intercept Mission 

The intercept/escort mission, Figure 2.3 below, consists of: 

1. Take-off and acceleration allowance (computed at sea level) 

a. Fuel allowance for warm-up 
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b. Fuel to accelerate to climb speed at maximum thrust  

2. Accelerate to climb speed. 

3. Climb from sea level to 35,000 ft  

4. Accelerate to maximum speed. 

5. Dash out at maximum speed at 35,000 ft 

6. Escort for 300 nm at minimum practical airspeed. Retain all weapons. 

7. Climb/accelerate to optimum speed and altitude 

8. Cruise back at optimum speed and altitude 

9. Descend to sea level  

10. Reserves: fuel for 30 minutes at sea level at speed for maximum endurance 

 
Figure 2.3:  Intercept/ Escort Mission 

In addition to these mission requirements, the RFP also presents the following minimum 

performance requirements and constraints: 
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Table 2.1:  RFP Minimum Performance Requirements 

Criteria Requirement 
Mission Performance: 
Intercept Mission Radius 200 nm 
DCA Mission CAP endurance at 300 nm radius 4 hrs 
Performance Maneuver Weight 

Maximum Mach Number at 35,000 ft 
 
Mach 2.2 
 

1-g Specific Excess Power– Military Thrust 
      0.9M/Sea Level 
      0.9M/15,000 ft 

 
200 ft/sec 
50 ft/sec 

1-g Specific Excess Power– Maximum Thrust 
      0.9M/Sea Level 
      0.9M/15,000 ft 

 
700 ft/sec 
400 ft/sec 

5-g Specific Excess Power– Maximum Thrust 
      0.9M/Sea Level 
      0.9M/15,000 ft 

 
300 ft/sec 
50 ft/sec 

Sustained Load Factor– Maximum Thrust 
      0.9M/15,000 ft 

 
5.0 g’s 

Maximum Instantaneous Turn Rate at 35,000 ft 18.0 deg/s 
 

 

2.2 Problem Drivers in the RFP 

After careful analysis of the RFP, several problem drivers arose.  In order of 

importance, the problem drivers are as follows: 

1.  Loiter 

 2.  Fuel Efficiency 

 3.  Speed 

 4. Range and Endurance 

 5.  Cost 

 6.  Maneuverability 

 7.  Weight 

 8.  Fuel Storage 
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Loiter time was determined to be the most significant problem driver because it will 

be very difficult to chose a wing geometry that allows the plane to achieve a four hour 

loiter, but also go supersonic.  Aside from the geometry, the loiter requirement will also 

effect the cost and the weight of the aircraft.  The technology used to allow the aircraft to 

meet these requirements should not cause a drastic increase in cost and weight.   

Going hand in hand with the loiter driver is the fuel efficiency.  In order for the 

aircraft to loiter for four hours, the propulsion system should be very fuel efficient.  

Speed is also an important problem driver in this project because the aircraft is required 

to perform certain parts of the missions at a speed of Mach 2.2.  The speed and the loiter 

requirements will be the two most difficult to achieve, due to the fact that each 

requirements dictates two very different wing geometries.  It will be important to 

determine an aircraft geometry that is a good compromise between both requirements. 

Range and endurance also play a role in this project because the primary mission requires 

the aircraft to loiter for four hours and to cruise for various distances.   

The RFP gives a cost per aircraft of only 15 million dollars.  In comparison to 

aircraft today, this cost is very low.  For example, the unit cost of an F-14 is 38 million 

dollars and the F-18 is 39.5 million dollars.  Considering that these aren’t even the most 

technologically advanced aircraft in use today, achieving a cost of 15 million dollars per 

aircraft is going to be very challenging.   

Maneuverability is also important because the RFP lists a specific maximum 

instantaneous turn rate requirement at 35,000 ft of 18 deg/sec.  Although there is no 

specific weight requirement, the RFP does state that the aircraft should be as lightweight 

as possible.  The fuel required for the loiter will most likely be the largest factor in the 
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weight of the aircraft.  Going back to the fuel efficiency driver, the less fuel that the 

aircraft requires, the lighter it will be.   Finally, fuel storage comes in to play.  To loiter 

for four hours, the aircraft will have to carry a significant amount of fuel and finding 

places to store the fuel will become a problem.  Since the RFP states that the aircraft 

should be relatively small, creative solutions on where to store the fuel will have to be 

found.  

 

2.3 Comparison to Current Aircraft 

 After deliberation and research, it was determined that there is no aircraft in 

production today that is able to achieve all of the requirements set forth in the RFP.  

There are aircraft that are small and lightweight, such as the F-5 with a maximum takeoff 

weight of 20,677 pounds, but this aircraft does not come close to meeting the stringent 

performance requirements.  The F-18 was also studied, but its maximum speed at level 

flight in altitudes of 36,089 ft is only Mach 1.6 to Mach 1.7.  It is also entirely too 

expensive, with the F/A-18C having a flyaway cost of $39.5 million and the price per 

aircraft of the E/F model being close to 60 million dollars.  The F-14 is one aircraft that 

can achieve both loiter and speed but its maximum mach number falls slightly short of 

our requirement at only Mach 2.1.  This aircraft is also too heavy with a maximum 

takeoff weight of 72,900 pounds and too expensive with a cost per aircraft of $38 million.  

Since there is no one aircraft to serve as a guideline in this project, the group will have to 

take different aspects from different planes and blend them together to form one unique 

concept that will be able to achieve all of the mission requirements set forth in the RFP. 
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3.  Conceptual Designs 

3.1 Unmanned Vs. Manned 

 The advances in recent technology have resulted in new unmanned combat aerial 

vehicles (UCAVs). These unmanned combat vehicles have proven to be effective for 

their naturally stealthy look and their effectiveness to precisely deliver the payloads. The 

RFP has provided us with the option of designing either a manned or unmanned combat 

vehicle. Currently, there are two major unmanned combat aerial vehicles under 

development.  As shown in Table 3.1, they are both subsonic and ground attack vehicles. 

The RFP requires a maximum speed of Mach 2.2, well outside the region of currently 

developing UCAVs. Today’s UCAVs are generally smaller and thus subject to small 

payloads and fuel weight. This restricts their range and lethality.  Mission 1 as listed in 

the RFP requires carrying a payload over 1300 lbs and additional fuel weight for 4 hrs of 

loitering.  It also requires a speed exceeding Mach 2. Taking these requirements into 

consideration, the final design can not result in a small UCAV and will have the same 

complexity as a large manned aircraft. As shown in table below, the survivability rates of 

the UCAV are lower then the manned aircraft. 

 

 
 
 
 
 
 
 
 
UCAVs are limited by their programming and may not be able to adapt to their changing 

battlefield environment. Thus, considering the high speed mission and sharp versatility 

UAV Mishaps Aircraft Mishaps 
Predator- 32* F-16   -3 
Pioneer - 334* General Aviation - 1 
Hunter -55* Regional Commuter -0.1 
*Much less then 100,000 Flight 
hours Large Airliners - 0.01 

Table 3.1: Class A Mishap Rates per 100,000 Flight Hours (Department of Defense). 
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requirement, an aircraft manned by a trained pilot with excellent judgment is far more 

lethal than an unmanned aircraft. 

 

3.2 Concept 1 

The first concept design utilizes a highly swept wing configuration to achieve the 

benefits of a delta wing aircraft.  While the delta wing shape benefits supersonic flight, 

subsonic cruise profits from the high span and aft wing sweep.  These characteristics 

reduce drag and lift per span.  The compact design of the engines and fuselage create less 

wetted area. 

 This aircraft is estimated to be the largest and heaviest of the initial concepts.  

This weight is propelled by two engines to create massive amounts of thrust.  The engines 

are located beneath the fuselage and are partially enclosed in it.  This location provides 

access to the engines for maintenance and removal.  To support this aircraft on ground, a 

three point landing system was selected, which is standard for most similar military 

applications. 

 This design has two vertical stabilizers for stability and maneuverability.  The 

horizontal stabilizers are added for pitch stability and control.   
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Figure 3.1:  Three View Drawing of Concept 1 

 

3.3 Concept 2 

The second concept is based on the F-16.  It has a similar wing shape and aircraft 

configuration for a balance of speed, agility, and endurance.  The preliminary aircraft is 

small and light for low drag.  Area ruling is applied to additionally reduce drag.  The 

horizontal and vertical tails are similar to the F-16.  This concept also features leading 

edge extensions which are used to create vortex flow that delays flow separation.  The tip 

angle of attack was made lower than the root angle of attack so that the aileron control 

surface can still be used when the inboard portion of the wing stalls. 
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The engines are mounted in the fuselage for a compact design.  The intakes are 

located under the wings for free stream flow even at high angles of attack.  This compact 

design not only reduces drag, but also simplifies moments and reduces wetted area. 

 

Figure 3.2:  Three View Drawing of Concept 2 

 

3.4 Concept 3 

The third concept’s main feature is its variable sweep wings.  The variable sweep 

design is excellent for both supersonic requirements and subsonic loiter.  This concept is 

similar to an F-14, which is also used as a defense interceptor.  There are many pros in 

using variable sweep wings.  The first is the flexibility that this configuration allows.  

Instead of only being designed to fulfill one type of mission, an aircraft with variable 

sweep wings could be used for several different missions.  Variable sweep wings also 
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give an advantage in takeoff distance and provide a good load carrying capability.  

Variable sweep wings are ideal for aircraft that fly at a wide range of speeds, similar to 

the concept that will be fulfilling the RFP requirements.  The engines are located beneath 

the wings and not fully attached to the fuselage.  This feature is ideal for removal and 

maintenance of the engines. 

 

Figure 3.3:  Three View Drawing of Concept 3 

 

3.5 Pros and Cons of Each Concept 

 After discussion and deliberation, pros and cons were determined for each of the 

concepts to help the team in compiling the concept selection matrix and ultimately 

choosing a final concept.  These pros and cons can be seen below in Table 3.2. 
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Table 3.2:  Pros and Cons for Initial Concepts 

Concept Pros Cons 

1 - Compact design for   
   decreased drag 
- Wide wing span for loiter 
- Single vertical tail causes less 
   drag 
- Size less than modern   
   fighters  
- High fuel storage capability 
 

- Primarily designed for high speed leading 
   to high fuel consumption in loiter 
- Too stable at high speeds 

2 - Simple 
- Once you find optimum  
   sweep, it will make other  
   aspects of analysis simpler 
- Area rule to minimize wave  
   drag 
- Leading edge extension on a  
   wing to create vortex flow   
   that delays the flow    
   separation 
- Low weight 
- Best CLmax values 
 

- Weight and cost of two engines 
- May not be able to get optimum sweep to  
   achieve optimum speed for all mission  
   requirements 
 

3 - Variable sweep 
- Highly maneuverable 
- Small size 
- Individual elevators for  
   higher roll rate 
- Desired L/Dmax 

- Weight and cost of using variable sweep  
   wings 
- Structures issues with putting weapons on 
   the wings 
 

 

3.6 Selection Chart 

Table 3.3 shows a comparison of the three concepts, from which one preferred 

concept was selected.  The categories in Table 3.3 were given a weighting factor from 1 

to 9, with 9 being the most important.  The most important categories were selected to be 

weight, cost, size and L/Dmax. Each concept was ranked with a value of 1-9 for each 

category, again with 9 as the best performer. These rankings were based on analysis of 
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the concepts and consideration of the technologies used in each concept. From this 

ranking method, concept 2 proved to be the preferred concept. 

Table 3.3:  Selection Chart to Determine Final Concept 

Selection Criteria Weight Concept 1 Concept 2 Concept 3 
Size (Length) 9 7 9 5 
Weight 9 5 9 7 
Cost 9 7 9 5 
L/Dmax 9 5 7 9 
CLmax (Take Off) 7 7 9 5 
CLmax (Landing) 7 7 9 5 
CLmax (Turn Rate) 7 7 9 5 
Sweep 5 7 5 9 
Fuel Storage Capability 7 9 7 5 
Total Score   461 569 419 

 

 

3.7 Presentation of Final Concept 

 Based upon the table above, Concept 2 (now named Horizon One) proved to be 

the best concept.  This concept is traditional in its looks, but has a wide range of abilities.  

Although this concept is classical in its design, it gets the job done.   The group is excited 

to use this concept and we think that it will prove to be the best aircraft to meet the RFP 

requirements.  Detailed sizing and constraint analysis for the Horizon One can be seen in 

the performance chapter, section 7.1. 



Jiten Patel
Text Box
16
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4.  Aerodynamics 

 The RFP defines several different constraints that are important from an 

aerodynamics point of view for the Homeland Defense Interceptor. The aircraft must 

achieve a maximum Mach number of 2.2 at an altitude of 35,000 feet, the aircraft must 

loiter for four hours at subsonic speeds and the aircraft must make an 18°/sec 

instantaneous turn. By looking at these constraints, detailed wave drag analysis was 

performed while taking area rule under consideration. Also, the sweep angle must be 

chosen such that it meets the loiter constraint while meeting the supersonic Mach number 

constraint. The two most important constraints from an aerodynamic point of view are 

achievement of supersonic Mach number and the ability to loiter for 4 hours. Thus, 

design efforts were directed towards efficient wing design and streamlining the fuselage 

to reduce the wave drag. 

 

4.1 Airfoil Selection 

 The airfoil selection process was based on looking at already existing aircraft that 

closely met the RFP requirements, most importantly the critical Mach number 

requirement and critical performance requirements. The aircraft must travel at supersonic 

speed; therefore to reduce the wave drag, the airfoil thickness must be small. The aircraft 

must also loiter for four hours, thus the airfoil must be thick enough to generate enough 

lift during that four hour period. 

 Airfoils used in different fighter aircraft that meet the RFP requirements are given 

in Table 4.1. 
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Table4.1: Airfoil section and characteristics (Ref 4.1) 
 

Aircraft Airfoil Clα Clmax t/c 
Stall 
AOA 

F-15 64A006.6 6.711 1.058 6.60% 11 
F-18 65A005 5.985 0.719 5% 8 
N/A 64A204 5.813 0.876 4% 8 
N/A 64A005 6.864 0.959 5% 10 
N/A 65A006 6.214 0.796 6% 9 
N/A 65A007 6.405 0.893 7% 10 

 

The lift coefficient variation with angle of attack (seen in Figure 4.1) and stall 

characteristics are computed using Designfoil software. The software does not have very 

good approximation beyond the stall region, but the lift variation with angle of attack is 

computed very accurately near the stall region. 

 
 

Figure 4.1: Lift coefficient variation with angle of attack (Ref 4.2)    



_____________________________________________________Horizon Aerospace 
 

19 

        
  Figure 4.2: 65A006 airfoil section 

 
 
 Using the lift coefficient and stall angle of attack data for different airfoil from 

Table 4.1, the airfoil selected for the Homeland Defense Interceptor is an NACA 65A006 

(seen in Figure 4.2).   This airfoil is symmetric with a thickness to chord ratio of 6% and 

location of minimum pressure at 0.5c. NACA 64A006.6 has the highest maximum lift 

coefficient and stall angle of attack but the thickness to chord ratio is 7%, which will lead 

to high wave drag at supersonic speeds. The NACA 65A005 has a 5% thickness to chord 

ratio but it has the lowest maximum lift coefficient, causing it not to be an efficient airfoil 

during subsonic speeds. Therefore, the NACA 65A006 has characteristics in between 

both the NACA 64A006.6 and the NACA 65A005, and it will be efficient in both of the 

constraint regions. 
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4.2 Sweep analysis 

 The RFP requires the aircraft to go supersonic and loiter for 4 hour; therefore an 

appropriate sweep angle must be chosen to meet these requirements. To reduce the shock 

wave formation on the airfoil, the critical Mach number must be high.  A lower thickness 

to chord ratio gives a higher critical Mach number. Figure 4.3 shows the critical Mach 

number variation with sweep and thickness to chord ratio. 

 
Figure 4.3: Critical Mach number variation with thickness to chord ratio and sweep 

angle 
 

 The sweep angle chosen for Homeland Defense Interceptor is 45°. The 

corresponding critical Mach number from Figure 4.3 is 0.845 at a thickness to chord ratio 

of 0.06. Figure 4.4 shows the wing planform for homeland defense interceptor. 
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Figure 4.4: Shows the wing planform for homeland defense interceptor. 

 

 

4.3 Drag 

4.3.1 Wave Drag 

 The drag is one of the most important aerodynamic parameters for this aircraft. 

The aircraft constraints require the drag to be low enough such that the aircraft achieves 

supersonic speed i.e. a Mach number of 2.2. Wave drag analysis is performed on the 

entire configuration of the airplane.  Harris wave drag code was used to get the wave drag 

coefficient at supersonic speeds. The wave drag coefficient variation with Mach number 

is given in Figure 4.5.   
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Figure 4.5: Wave drag coefficient variation with Mach number 

 

 
Figure 4.6: Drag over dynamic pressure (D/Q) variation with theta. 
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The optimum area distribution for the entire airplane configuration is given in Figure 4.7 

below and the optimum 3-D fuselage configuration for low wave drag is shown in Figure 

4.8. 

 

Figure 4.7: Cross-sectional area distribution 

 
Figure 4.8: Optimum 3-D fuselage configuration for low wave drag 
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4.3.2 Skin Friction Drag 

 The skin friction drag was computed for the entire configuration using a friction 

code. The geometric parameters used in the friction code are given in the table below: 

 

Table 4.2 Geometric parameters used in the friction code 
 

Components Swet Lref 
t/c or 

d/l 
Wing 1038 3.6 0.06 

Fuselage 1071 54.25 0.11023 
Horizontal Tail 139.2 3.35 0.06 

Vertical Tail 134.4 2.65 0.06 
 

 
Figure 4.9:  CD0 variation with Mach number at sea-level. 

 

4.3.3 Induced Drag 

 The induced drag is computed using following equation: 

CDi =
CL2

π∗AR∗e                                                         (1) 
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The Oswald efficiency factor is estimated using the LIDRAG code for a span loading 

given at a particular condition. The span loading is computed using tornado code. 

Elliptical span loading is assumed to reduce the induced drag. The Oswald efficiency 

factor is estimated to be 0.90. The induced drag is computed at takeoff, landing, cruise 

and for an aircraft traveling at a Mach number of 2.2. Table 4.3 shows the drag 

coefficient at different flight conditions: 

Table 4.3: Drag coefficient values at different flight conditions 
 

Drag Coefficient Cd0 Cdi Cdw 
Takeoff 0.013907 0.2178 0 
Landing 0.015279 0.2304 0 

Cruise (30000 ft) 0.012592 0.01259 0 
M = 2.2 (35000 ft) 0.0088116 0.000495 0.010598 

 
 

4.3.4 Total Drag 

 The total drag is computed at the different flight conditions shown in Table 4.4. 

The total drag at takeoff, landing, cruise and Mach 2.2 is given below: 

Table 4.4: Overall drag at different flight conditions 
 

Total Drag Computation   

Condition 
Mach 

number D (lb) 
Takeoff 0.15 9119.6269 
Landing 0.25 3728.0761 
Cruise 0.68 4063.153 
M = 2.2 2.2 19345.5782 

 
The contribution of drag coefficient at different flight condition is given by following pie 

charts:  
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 Figure 4.10: Drag coefficient contribution at different flight conditions. 

The overall drag coefficient variation with Mach number is given below: 

 
Figure 4.11: Drag coefficient variation with Mach number at sea-level 
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Figure 4.12: Shows the supersonic drag polar at M = 2.2. 

 
Figure 4.13: Shows the subsonic drag polar at M = 0.845 (Loiter) 
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4.4 High Lift Surfaces 

 To generate lift during takeoff and landing, leading edge flaps and trailing edge 

flaps are deflected appropriately. Table 4.5 shows the aircraft configuration and 

aerodynamics characteristics used during takeoff and landing. Figure 4.14 shows the 

slope of lift coefficient at different leading edge deflection values with variation to Mach 

number. Figure 4.15 shows the lift coefficient variation with angle of attack at different 

flap deflection values. The change in lift coefficient at different flap deflections is 

computed using tornado subsonic code. 

Table 4.5: Shows the aerodynamics characteristics during takeoff, landing and turn 
 

High Lift Devices Takeoff Landing 18 deg/s Turn 
Angle of Attack (deg) 15.3 15.3 15 

Leading edge Flap Deflection (deg) 10 20 49.76 
Trailing edge Flap Deflection (deg) 30 40 30.00 

V  (ft/s) 254.13 157.80 916.75 
CL 1.4037 1.4437 2.0 
L/D 6.08 5.88 N/A 
CD 0.2317 0.2457 N/A 

 

 
 

Schematic 4.1: Shows the schematic of trailing edge plain flap (Ref 4.3) 
 

 
Schematic 4.2: Shows the schematic of leading edge flap (Ref 4.3)                                                 
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Figure 4.14: Leading edge flap slop variation with Mach number (Ref 4.3) 

 

 

Figure 4.15: CL variation with flap deflection 

 
4.5 Wing Characteristics 

 The twist distribution for the homeland defense interceptor is computed by taking 

the root twist angle to be 5 degrees and the tip twist angle to be -3 degrees. The twist 

angles were determined by looking at already existing aircraft that met the mission 
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structural requirements. The span load distribution is also computed using the trapezoidal 

wing equation with elliptical span loading. The geometric properties of the wing, 

horizontal and vertical tail are given in Table 4.6. 

 
Figure 4.16: Twist distribution   

 
                                          

 
Figure 4.17: Span load distribution at cruise 
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Table 4.6: Geometric characteristics of the different lifting surfaces 
 

Lifting Surfaces Wing 
Horizontal 

Tail Vertical Tail 
Span 40.5 20.5 8/tail 
Area 512 137.25 84.26 

Aspect Ratio 3.2 3.06 1.52 
Root Chord 20.25 10.9 8.5 
Tip Chord 5.47 2.33 1.67 

Taper Ratio 0.27 0.21 0.20 
Mean Aerodynamic Chord, MAC 14.28 7.67 5.75 

Xloc, MAC 21.85 52.1 N/A 
Yloc,MAC 8.19 8.02 N/A 

Leading Edge Sweep 45 47.5 47.5 
Quarter Chord Sweep 56.98 60 67.44 

 
 

4.6 Aerodynamics Conclusions 

 Looking at the constraints, the fixed wing homeland defense interceptor fulfills all 

the mission requirements. The aircraft has enough thrust at 35,000 feet to overcome drag 

at Mach number of 2.2. The aircraft also has enough thrust to overcome drag at takeoff 

and landing. Furthermore, the aircraft generated enough lift using its lifting surfaces and 

high lift devices to attain shorter takeoff and landing distances. The turn rate constraint is 

also met by a given amount of lift coefficient generated by the high lift devices. 

 

5.  Propulsion 

5.1 Project Drivers 

The AIAA RFP requires a broad range of speeds and altitudes at which the 

Homeland Defense Interceptor must operate.  Its max speed is to be a Mach number of 

2.2 at optimum altitude.  It must also loiter for four hours at 35,000 feet at a Mach 

number of approximately 0.9.  This requires the engine to not only have high thrust 
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capability but also a low subsonic SFC so a huge amount of fuel is not needed to meet the 

loiter requirement.  While this is a requirement from only one mission, if the concept 

meets the performance required in this mission the remaining two missions will also be 

met with little or no other modifications to the design of the engine or its components 

assuming all supersonic dashes are relatively short.  The RFP also requires that the 

engine used for the Homeland Defense Interceptor be an already existing and available 

engine technology or one that will be available in the near future.   

 

5.2 Engine Specifications  

Before deciding which engine model was going to be used many existing engines 

were examined.  Some of the engines considered were the GE F101, F110, and the F136.  

The F110 is the current engine used in the F-14, F-15, and F-16.  The F136 is the engine 

used by the JSF.  While most of these engines would probably not meet the missions set 

forth by the RFP it would also be very difficult to get engine data to perform any sort of 

calculations.  To perform preliminary analysis the GE F-414 turbojet engine was used in 

mission planning.  This is the engine core used in the F/A-18 E/F Super Hornet.  The 

engine deck was provided by the AIAA Request for Proposal for the 2005/06 

Undergraduate Design Competition.  The engine deck included flight speed, altitude, 

uninstalled thrust, fuel flow, and power settings.  There are ten power settings for the 

non-afterburning configuration and five power settings for afterburning.  The engine has 

a maximum diameter of 35”, a length of 154”, 3 fan stages, and 7 compressor stages.  It 

contains one high pressure turbine and one low pressure turbine.  There is an overall 

pressure ratio of 30 and a bypass ratio of 0.29 
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There was also a decision to be made about whether to use one or two engines.  

While it will be very expensive to outfit each HDI with two engines, it was decided that 

two engines were going to be used for the concept to be submitted for response to the 

RFP for optimum performance at both design and off design points.  

 

5.3 Preliminary Analysis 

ACSYNT, a mission planning program was used to examine the performance of 

the concept with these engines.  The program accepted all the parameters given in the 

engine deck excluding the power setting.  It also required a corrected installed thrust 

which accounted for losses associated with the installation of inlets and nozzles.   

 

5.4 Preliminary Inlet and Nozzle Considerations 

When the inlet and nozzles are installed there will be a loss of total pressure 

causing the net thrust to decrease.  There is an approach for accounting for these losses in 

Dan Raymer’s Aircraft Design text however this produced unrealistic answers using the 

uninstalled thrust values from the RFP.  The equations for this approach appeared to be 

derived from empirical results in experiment and could not simply be applied to the 

engine core being examined.  Initially a loss of 10% thrust was used for supersonic flight 

and 5% for subsonic flight for preliminary analysis. These numbers were obtained from 

an AIAA report on Analysis of effects of inlet losses on performance of axial-flow type 

turbojet engines (Ref 5.1).   

The possible inlets considered to get the air down to an acceptable speed for the 

engine were spikes and ramps.  These both provide for the necessary shocks.  While the 
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inlet has not been designed at preliminary stages, a spike was determined to be useful for 

Mach numbers over 2.5.  The drag and possible unnecessary spillage associated with a 

spike is too high for a flight Mach number of 2.2.  The preferred geometry concept is a 

variable geometry ramp.  This option will provide the necessary 2-3 shock system to slow 

the supersonic flow down to a uniform subsonic flow that will be accepted by the engine.  

However, there are tradeoffs for the money and room needed to install the necessary 

actuator to move the ramp back and forth to be considered and in this case was not 

feasible seeing that the HDI will only operate for any amount of time at one supersonic 

speed.  The associated drag and losses associated for the acceleration up to this dash 

speed will not be worth the money to fix them assuming the time in between the sound 

barrier and the design supersonic Mach number is relatively short. 

 

5.5 Inlet system design  

 When first approaching what design of inlet will best suit the engines given the 

three missions stated by the RFP a decision of what type of shock system will be used.  

While it has already been decided that the geometry of the inlet shall be fixed there are 

many types of compression techniques to get airflow to a state acceptable to the engine.   

The first and ultimately the one chosen for this engine and set of missions is an external 

compression system as shown in the figure below. 

 

                        

Figure 5.1: External Compression System Schematic. (Ref 5.2) 
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This is the preferred approach for flight speeds under M=2.5.  Another system 

would be a mixed compression system which is normally only suited for flight speeds 

greater than Mach 2.5 so was not considered.  The specific type of inlet chosen will be a 

wing-shielded design shown below.    

                                

 

Figure 5.2 Wing-Shielded Configuration 

A side mounted configuration was chosen because of enhanced performance in 

the positive angle of attack region by way of fuselage shielding even during yawed flight 

on the wind side engine.  Not only was the performance of inlet was examined, but flow 

fields at the entrance to fan are also a very important component.  This is the flow at the 

entrance to the engine must not have any non-uniformities such as total pressure and 

temperature.  These non-uniformities can be encountered from the firing of ordinance or 

steam from catapult launches (Ref 5.2).   

The impact of inlet installation will involve the net thrust available to each engine 

component operating lines, cycle flow adjustments, and engine control modes.  Other 

issues considered when examining flow phenomena are inlet buzz and shock and 

boundary layer interactions which further complicate the design of the inlet.  Using an 
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external compression should have a pressure recovery more than 95% at the design Mach 

number and higher recoveries as Mach number is decreased.   

 

5.5.1 Inlet system sizing 

 The first area of consideration when determining the size of the inlet is the capture 

area.  This is defined as the area corresponding to the vertical distance between cowl lip 

and ramp point and the fixed width of the inlet.  Looking at it from the front would 

produce a rectangular cross-section.  Other areas to consider are bleeding air and 

bypassing air.  In this case the engine core has a required bypass ratio of 0.29.  From 

continuity the following equation must be satisfied: 

BypassBleeedInletEngine oooo AAAA −−=   (1) 

where, 
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 The other area contributions in Equation (1) are determined with Equation (2) 

with the appropriate airflow in place of
Engine

W
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δ
θ .  After the inlet is designed and 

tested the distortion and recovery characteristics must be checked against the desired 

operational values.  If the inlet mass flow is too high then the inlet area must be 

increased.  On the other hand if the minimum flow rate is less than the sub critical 
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stability limit the inlet should be decreased in area or engine airflow redesigned higher.  

This would also eliminate inlet buzz.   

 Spillage drag is established over the range of operating MACH numbers, MFR’s, 

and incidence angles.  Spillage drag would be zero at an MFR=1.  Most likely this critical 

inlet limit will not be reached with this inlet geometry.  While airflow to the engine and 

cycle matching for optimum thrust or SFC establish inlet characteristics, spillage drag is 

examined to optimized installed performance.  The total inlet drag can be attributed to the 

friction and pressure drag of the upper and lower cowl and the side plates.   A basic        

drawing of a typical GE engine installed is shown below.     

                        

Figure 5.3: Drawing of inlets and engine 

 Equation 3 was used to calculate the inlet area.  This equation was used to 

calculate A/A* at the inlet face where the design Mach number is 2.2 and at the engine 

face where the Mach number is 0.4.  Once these two values were found they were divided 
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into each other to eliminate the critical area and the ratio of inlet area to engine face area 

was found to be 1.26 giving an inlet area of 8.42 ft2.  
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5.6 Exhaust System 

To design the nozzle a convergent-divergent nozzle was used to accelerate the 

flow out of the engine with a design Mach number of 2.2.  The exhaust was taken to be 

perfectly expanded so that the back pressure was equal to that of the surrounding 

atmosphere.  With this condition the throat area was found as well as the exit area and 

Mach number.  Since this is a perfectly expanded case the critical area is equal to the 

throat area.  The throat area was found to be 4.202 ft2.  From this an exit Mach number 

was found to be 2.87 and the exit area was found to be 15.719 ft2. 

 

5.7 Final Design 

 Two F-414 engines will be used in this design.  Table 5.1 shows the final 

dimensions and characteristics of the selected engines. 

Table 5.1: Final Engine Characteristics 

SLST 21138 lbs 
SFC        1.5 

Diameter 35" 
Weight 3000 lbs  
Length 154" 

Inlet Area   8.425 ft2 

Exit Area  15.719 ft2 
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5.8 Engine Removal 
 
 To minimize time and effort required to maintain each aircraft engine, the engine 

pods must be easily removable.  The design for this aircraft is a bottom removal 

configuration needing only a lifting cart to move lower and move the engine.  This 

configuration was chosen over a rear removal configuration because of it lower the 

chance of the engine damaging other components of the aircraft during removal.  Figure 

5.4 displays the removal of the engine.  Figure 5.5 is a view of the flaps rotated down to 

allow the engines to be removed. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 5.4:  The Engine Removal Diagram 
 

 
 
 
 
 
 
 
 
 
 
 

Figure 5.5:  View from the rear of the aircraft 



_____________________________________________________Horizon Aerospace 
 

40 

6.  Stability and Control 

6.1 Method of Analysis 

 There are four flight conditions chosen to perform stability and control analysis 

on the Horizon One in accordance with the requirements of mission 1: Loiter (LR), a 

360º turn at Mach 1.2 (TR1), a 360º turn at Mach 0.9 (TR2), Maximum Mach (MM), and 

Low Speed (LS).  The longitudinal and lateral derivatives were obtained using Digital 

DATCOM and Tornado, a Vortex Lattice Program. The design and analysis of the 

stability augmentation system (SAS) was done using the methods described in Nelson 

(Ref 6.1). The dynamic stability and SAS were analyzed using a program written in 

Matlab and Simulink. The lateral derivatives of the Horizon One at supersonic speeds 

were unobtainable using Digital DATCOM and Tornado. The lateral derivatives at 

supersonic speeds can be obtained using Computational Fluid Analysis programs (CFD). 

 

6.2 Static Stability 

The required static margin as listed in RFP is ±10 %.  The Horizon One is 

selected to have marginal stability. The static margin with fixed CG location and moving 

aerodynamic center with changing Mach number is shown in Figure 6.1. The relaxed 

static margin was chosen due to the benefits of lower trim drag and higher 

maneuverability at transonic and supersonic speeds. The location of the aerodynamic 

center of the Horizon One was estimated using the methods described in the Digital 

DATCOM. 
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Figure 6.1: Static Margin with fixed center of gravity with varying Mach Number. 

 

The negative static margin resulted in the unfavorable open loop longitudinal 

dynamics. The appropriate MIL specifications for longitudinal dynamic characteristics of 

the Horizon One were met by employing SAS. The Horizon One employs a digital fly-

by-wire system to meet the performance requirement and to improve ride quality.  The 

RFP requires the static of margin to be with in ±10 %. Figure 6.1 shows that the static 

margin is nearly 15% at supersonic speed.   

 

6.3 Control Surface Concept Selection and Sizing 

 The Horizon One deflects an all moving horizontal tail symmetrically to generate 

pitching moment. The all moving horizontal tail is found to be necessary to generate 

pitching moment in transonic and supersonic regions. The Horizon One is equipped with 
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flaperons which act as flaps when deflected symmetrically during take off and landing, 

and act as aileron when deflected asymmetrically to generate the rolling moment. The 

yawing moment on the Horizon One is generated by symmetrically deflecting the rudders 

on the twin vertical tails. The symmetric deflection of flaperons and asymmetric 

deflection of the rudder on the twin vertical tail produces a speed break system. 

 The horizontal tail was sized to meet the take off rotation requirement. The  
 
rotation requirement is based on take off distance and take off speed of Mach 2.4.  
 

 
 

Figure 6.2 The time to rotate 15 degrees about landing gear at various elevator deflection 
angles 
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6.4 Open Loop Dynamic Stability Characteristics  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6.3: The poles of the longitudinal aircraft dynamics axes at two Mach numbers at 

10,000 ft. 
 

 The root locus diagram in Figure 6.3 shows that the longitudinal dynamics have 

an unstable mode at Mach 0.5. The time to the half amplitude for the unstable mode is 

0.16 seconds. This mode is highly unstable and is uncontrollable by the pilot. This mode 

is stabilized by negative feedback of angle of attack. The angle of attack feedback 

stabilizes the mode but does not meet the flying qualities, thus additional damping is 

added to the dynamics by utilizing pitch rate feedback. This allows placing the poles of 

the short period dynamics at desired locations thus meeting the handling qualities. Also, 

M =0.5, Unstable Pole

M =0.5, Stable 

M =2.2, Stable Complex Conjugant Poles – too stable
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the aircraft has highly damped modes at Mach 2.2 therefore positive feedback of alpha is 

provided to meet the appropriate MIL SPEC. 

 

6.4.1 Longitudinal SAS 

 The elevator control law for the Horizon One was designed to stabilize the aircraft 

at low speeds and improve dynamic characteristics at high speeds. The pole placement 

method as described in Nelson (Ref 6.1) was used to meet the short period characteristics 

of the aircraft as described in appropriate MIL specifications. The general layout of the 

longitudinal SAS is shown in Figure 6.4. The gains for the elevator control laws are 

shown in Table 6.1. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 6.4: The Longitudinal Stability Augmentation System. 
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Table 6.1: The Longitudinal Stability Augmentation System Gain Schedule. 
 
 

 (LS) 
M =0.5 

4 hr- LR 
M= 0.85 

(TR1) 
M = 0.9 

(TR2) 
M = 1.2 

(MM) 
M =2.2 

SP-ζ 
SP-ωn 

0.76 
2.758 rad/s 

0.76 
2.75 rad/s 

0.76 
2.75 rad/s 

0.76 
2.75 rad/s 

0.76 
2.75 rad/s 

Kα -0.4650 -0.1502 -0.0933 0.2760 0.4249 

Kθ -0.0504 -0.0099 -0.0082 -0.0056 -0.0028 

Kq -0.1180 -0.0292 -0.0241 -0.0097 -0.0028 

 
 

6.4.2 The Redundant Pitch SAS 

 The Horizon One is equipped with redundant pitch SAS incase of multiple sensor 

failures of alpha. The main longitudinal SAS requires the feedback of the alpha and pitch 

rate sensors which makes the aircraft vulnerable to the sensor failure. The back up pitch 

SAS system comes online if it detects multiple alpha sensor failure scenarios. The pitch 

back feedback redundancy gain is added to the system to overall increase the feedback 

gain to stabilize the aircraft over the entire flight region but can not meet handling 

qualities. The redundant pitch SAS allows the pilot to safely land the Horizon One. The 

redundant pitch SAS operates on independent rate gyro. 
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6.4.3 Lateral SAS 

 The lateral SAS includes the control laws for the aileron and rudder. The lateral 

SAS is utilizes angular rates measurements from the gyros to stabilize the Dutch roll 

modes of the aircraft. The controls laws for the supersonic flight condition can be 

obtained since lateral derivatives were not available. The schematic for the lateral SAS is 

shown in Figure 6.5.  The lateral flying qualities are met by meeting the Cooper Harper 

flying qualities rating. 

 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 6.5: Lateral Stability Augmentation System. 

The closed loop lateral dynamic characteristics of the Horizon One are shown in Table 

6.2. 
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Table 6.2: The Lateral Flying Qualities 

 

 

 

 

 

 

6.5 Banking Performance 

 The roll performance requirements for air to air combat are satisfied according to 

MID STD 1797.  The performance requirement requires the bank angle to increase 90 

degrees in one second thus requiring high aileron authority. The aileron had inherited 

high authority due to low roll damping and large size. But, this resulted in high time 

 

 

 

 

 

 

 

 

 

 

Figure 6.6:  Aileron Response 
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constant for the roll mode. Thus, a switch was placed in control system which activated 

feedback gain when there was no pilot input and deactivated when there was a pilot input 

to allow high aileron authority. The required gain schedule for roll performance 

requirement and Dutch roll damping are shown in Table 6.3. 

 

Table 6.3: Lateral Stability Augmentation System Gain Schedule 
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7. Performance 

7.1 Constraint Analysis 

 Constraint analysis is the method to analyze the weight, thrust, and wing area at the 

same time to get the optimum performance during specific mission conditions. The thrust to 

weight and wing loading plot were analyzed to obtain the design point. The take-off, landing, 

stall and cruise constraints are plotted for thrust to weight and wing loading. The following 

constraints are used to obtain the design point: 

• The maximum Mach number of 2.2 must be satisfied. 

• The structure should withstand the load factor of +7 and -3. 

• The maximum instantaneous turn rate of 18 degree per second must be satisfied. 

• The aircraft must clear 50 feet obstacle during takeoff. 

• The aircraft must sustain the 360 degree turn at Mach 1.2. 

 

7.1.1 Theory 

 The constraint analysis theory is derived using energy balance using specific excess 

power. 

W
DT

W
PP

P reqava
s

)][(][ −
=

−
=  

       (1) 

Other relationships used to analyze the constraints on the aircraft are the static rate of climb. 

The equation for static rate of climb is:                                  

W
VDT

dt
dh

static
])[(][ −

=        

 (2) 
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A more general relationship for specific excess power is given as: 

))((][)][(][
dt
dV

g
V

dt
dh

W
DT

W
PP

P reqavai
s +=

−
=

−
=  

(3) 

 The specific excess power relationship shows the excess engine power can be used to 

increase the aircraft’s potential energy (climb) or its kinetic energy (speed). The power 

required is the power needed to cruise at a straight and level condition, to overcome drag and 

to go fast enough to give enough lift to equal the weight. If engine is capable of producing 

more power than the power required, that power can be used to make the aircraft accelerate 

to a faster speed or to climb to a higher altitude or, to give the aircraft more maneuverability. 

 Using equations (1) (2) and (3) the following equation can be derived, which is in 

terms of the constraint parameters T/W and W/S. 

dt
dV

g
V

dt
dhV

W
DV

W
T

++= )()(  

 

                                                                                      (4) 

The general drag relationship is used to get the lift coefficient in the constraint analysis 

equation. The drag relationship is given as: 

 

SVKCCD LD
22

0 2
1)( ρ+=         

 (5) 
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 Using the drag equation and substituting in equation (4), more general form of the 

equation is derived for thrust to weight and wing loading. The general form of the equation is 

given as: 

dt
dV

gdt
dh

VS
W

q
Kn

SW
qC

W
T D 1)1())((

/
)( 2

0 +++=  

2
2
1 Vq ρ=   

qS
nW

qS
LCL ==  

 (6) 

Equation (4) is a very general performance equation that can deal with changes in both speed 

and altitude and changes are the function of the thrust to weight T/W and wing loading W/S. 

 

7.1.2 Calculations and Analysis 

7.1.2.1 Straight and Level cruise Constraint 

 Using the general form of the constraint equation (6), the straight and level flight 

constraint is derived. The following condition for straight and level flight is used to simplify 

equation (6): 

For Straight and Level flight, n = 1 and: 

0=
dt
dh  

0=
dt
dV  

 

The following equation can be used for straight and level constraint: 
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The drag coefficient is estimated to be 0.02, Mach number = 2.2 and dynamic pressure is 

computed using velocity and density at 35000 feet. 

 

7.1.2.2 Stall Constraint 

 The stall constraint is computed using the maximum lift coefficient and velocity at 

stall. The maximum lift coefficient is estimated to be 2.0 for our fighter aircraft. The velocity 

at the stall condition is estimated using CLmax. The constraint equation for stall condition in 

terms of wing loading is: 

max
2

2
1

Lstall CV
S

W ρ=                                                                                       

(8) 

7.1.2.3 Climb Constraint 

 The climb constraint is derived using equation (6) with constant velocity. Using 

constant velocity, the following equation is derived:                            

dt
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q
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                                                                                                        (9) 

The climb rate is estimated to be: 

min
50000 ft

dt
dh

=  
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7.1.2.4 Takeoff Constraint 

 The takeoff constraint equation is derived using the takeoff distance equation, which 

depends on the drag coefficient to ground friction drag. 

]ln[)
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1( 2
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=       
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TgA         
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 (10) 

Using equation (10), the following equation is used to compute the takeoff constraint: 

W
TCTOP

S
W

LTOσ)(=  

sl

alt

ρ
ρσ =  

                                                                (11) 

The takeoff parameter is estimated using a given chart for takeoff parameter and takeoff 

distance. 

 

7.1.3 Results and Discussion 

 A Matlab subroutine was used to compute the constraint analysis, which uses 

constraint theory and derived equations to plot the thrust to weight and wing loading graphs. 
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The subroutine requires the user to input the wing span, wing area, Mach number and weight. 

Using the subroutine for the Horizon One, the following constraint graph is generated for all 

the above mentioned constraints. 
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Figure7.1:  Constraint analysis plot. The design point is at T/W = 1.25 and W/S = 95 

 A thrust to weight ratio of 0.6 and below is not feasible because it does not meet the 

climb requirement.  A wing loading of below 30.4 lb/ft2 is not possible because of the stall 

constraint.  When sizing the wing, it had to be made certain that the stall wing loading was 

low enough to achieve the 18°/sec turn rate constraint.  The large wing area of 519 ft2 is used 

to achieve this along with creating a large area for fuel to be stored during the 4 hour loiter. 
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7.2 Maximum Mach number requirement 

 The AIAA RFP requires that the HDI be able to accelerate to M = 2.2 at 35000 ft. To 

accomplish this, thrust must overcome drag at the prescribed altitude.  With the power plants 

selected on this aircraft, the thrust at 35000 ft is 27691.20 lbs. This must be greater than the 

drag at the given altitude determined from the equation (Ref 7.1): 

 

                               2
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0
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Figure 7.2 shows the comparison of the thrust to drag  
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Figure 7.2: Thrust to Drag Comparison for Max Mach number constraint 
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 There is a large margin between the thrust and drag lines at the M = 2.2 and at an 

altitude of 35000ft. The thrust is greater than the drag of 19395.6 lbs at this altitude.  This is 

well away from the transonic region where drag has a sharp increase so the aircraft is capable 

of achieving the required speed. 

 

7.3 Maximum Thrust Specific Excess Power Envelope 

 The RFP requests a 1-g and 5-g specific excess power envelopes for our aircraft along 

with the more specific requirements seen in Attachment 4 of the RFP.  At maximum thrust, 

the aircraft must have a 1-g specific excess power of 700 ft/s at sea level and Mach 0.9 and 

400 ft/s at 15000 ft and the same speed.  At 5-g S.E.P, the numbers decrease to 300 ft/s at sea 

level and Mach 0.9 and 50 ft/s at 15000 ft and the same speed. The 1-g specific excess power 

contour plot of the design at 50% internal fuel is shown in Figure 7.3.  This design’s 1-g 

specific excess power is shown to be 500 ft/s at sea level and greater than 400 ft/s at 15000 ft 

while traveling Mach 0.9. The 15000 ft requirement is met while the sea level specific excess 

power is not.  This figure is created from data provided by ACYSNT, and at this time, the 

engine deck is not functioning properly.  The default engine deck of a TF-30 is being used 

explaining the missing requirement. 
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Figure 7.3: 1 – g Specific Excess Power Envelope 

 

The 5-g specific excess power contour plot of the design is shown in Figure 7.4.   
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5-G Specific Excess Power Envelope
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Figure 7.4: 5-g Specific Excess Power Envelope 

 

7.4 Max Thrust Sustained Load factor 

The RFP also requires a maximum thrust sustained load factor envelope to see if the 

design is capable of performing the requirements of Attachment 4. At maximum thrust, the 

aircraft must be able to sustain a load factor of 5.0 g’s at Mach 0.9 and at an altitude of 15000 

ft. The sustained load factor envelope at 50% internal fuel is shown in Figure 7.5.  The 

orange line represents the envelope at 15000 ft, and at Mach 0.9, the sustained load factor is 

5.0 g’s.  This meets the RFP requirement. 
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Figure 7.5:  Maximum Thrust Sustained Load Factor Envelope at 50% internal fuel weight 
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Table 7.1: A comparison of the RFP requirements to our design’s capabilities 

  Minimum Requirement Value Our Ability 

  1-g Specific Excess Power –     

  Military Thrust 

• 0.9 M / Sea Level 

• 0.9 M / 15,000 ft 

 

 

200 ft/s 

50   ft/s 

 

 

539.0 ft/s 

324.5 ft/s 

  1-g Specific Excess Power –  

  Maximum Thrust 

• 0.9 M / Sea Level 

• 0.9 M / 15,000 ft 

 

 

700 ft/s 

400 ft/s 

 

 

1051 ft/s 

727   ft/s 

  5-g Specific Excess Power –  

  Maximum Thrust 

• 0.9 M / Sea Level 

• 0.9 M / 15,000 ft 

 

300 ft/s 

 

50   ft/s 

 

400 ft/s 

 

300 ft/s 

  Sustained Load Factor – Max  

  Thrust 

• 0.9 M / 15,000 ft 

 

 

5.0 g’s 

 

 

5.0 g’s 

 

 

7.5 Instantaneous Turn Rate Requirement 

 The AIAA RFP requires the Homeland Defense Interceptor be able to generate an 

18°/sec instantaneous turn rate at 35000 ft.  This is one of the more difficult constraints to 

meet and a key driver in the sizing of the design. The instantaneous turn rate is a function of 

velocity and load factor. This instantaneous turn rate also helps to size the wing because it 

also depends on the wing loading and maximum lift coefficient.  The equations explaining 

these are seen below (Ref 7.2): 
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Originally the aircraft was designed with a load factor of 7 and a CLmax of 1.35.  This 

combination led to a velocity 710 ft/s at 18°/sec. Originally, the wing did not create enough 

lift at this speed.  The structural properties of the wing were changed to be able to withstand 

a load factor of 9 g’s.  Also the aerodynamics of the wing were changed to be able to achieve 

a CLmax of 2.0 by using high lift devices such as leading and trailing edge flaps.  With these 

new properties, the speed in the turn increases to 916.75 ft/s.  This also gives a reasonable 

value for wing loading of 69 lb/ft2.  Figure 7.6 shows how the aircraft meets the requirement. 
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Figure 7.6:  Instantaneous Turn Rate requirement met at a load factor of 9 and CLmax = 2 

 

 The drag is much greater than thrust developed at 35000 ft; therefore the aircraft 

would not be able to maintain a constant altitude and speed in the 18°/sec turn while 

performing the maneuver.  It becomes a descending turn which is not a problem because the 

RFP requires the 18°/sec turn only be instantaneous. 

 

7.6 Mission Analysis 

 Preliminary mission analysis for each mission can be seen in Tables 7.2 through 7.4 

below.  The primary focus of this analysis was determining how much fuel was consumed 

during each mission leg, in particular the fuel consumed during loiter in the defense counter-

air patrol mission. All mission analysis was performed using ACSYNT. 
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Table 7.2:  Mission analysis for Defense Counter-Air Patrol Mission 

 
 

Table 7.3: Mission Analysis for Point Defense Intercept Mission 
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Table 7.4:  Mission Analysis for Intercept/Escort Mission 

 
 

8.  Materials and Structures 

8.1 Materials 

When choosing materials for this type of aircraft, one must consider many different 

factors.  First and foremost, cost of the material plays a major role in the selection process.  

The RFP requires a low cost aircraft, and with an aircraft as large as ours, the team could not 

afford to cover the aircraft completely with pricey composites or titanium.  Therefore, 

composites and titanium are used sparingly in locations such as control surfaces or engine 

connections.  Weight also plays a large role in the selection process, so the team chose 

lightweight aluminums for the structural components as well as an aluminum composite for 

the skin of the fuselage and the tail.  A new material, Ferrium® S53 was chosen for the 

landing gear, due to its unique ability to resist wear and tear while maximizing strength and 

toughness (Ref 8.1). 

 Aluminum has always been a popular material in aircraft construction due to its 

resistance to corrosion and its ability to be easily machined with a wide variety of surface 
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finishes (Ref 8.2).  Aluminum’s strength also increases at lower temperatures, making it a 

perfect material to use for aerospace applications due to the low temperatures at which most 

aircraft operate (Ref 8.2).  Aluminum also comes with a low price tag, which made it 

attractive to our group.  Knowing that our aircraft was going to be large, we needed to find a 

material that would satisfy all of our needs, but be low cost.  AL7075-T6 was chosen for the 

wing skin.  AL 7075-T6 was first introduced in the industry in 1943 and has been used in 

most aircraft ever since (Ref 8.3).  The bulkheads are to be constructed of AL 2024-T3 and 

an aluminum-lithium alloy (AL 2091) was chosen for the majority of the structural 

components.  Aluminum-lithium was chosen for the structure with weight in mind.  These 

alloys were first developed as a low weight material to replace existing aluminum alloys (Ref 

8.4).  Just because the material is low weight, does not mean it lacks in fatigue strength or 

toughness.  In fact, Al-Li alloys have fairly low densities, good fatigue strength and 

toughness, a high elastic modulus, and excellent fatigue crack growth resistance, making this 

an excellent choice for structural applications (Ref 8.4). 

 Glare was chosen to cover the entire fuselage, as well as the horizontal and vertical 

tails.  This fairly new material is made up of alternating layers of aluminum and glass and 

epoxy adhesive (Ref 8.5).  The main advantage of Glare is its weight, a main reason why it 

was chosen for our aircraft.  Glare can weight anywhere form 15 to 30 percent less than AL 

2024-T3, and since it is used to cover the entire fuselage, it greatly reduces the total weight 

of our aircraft (Ref 8.5).  Weight isn’t the only thing that this material has going for it.  Glare 

also boasts fire resistance, increased impact performance, and decreased crack propagation 

and corrosion.  It can also be repaired just as easily as regular aluminum alloys (Ref 8.5).  

The only slight drawback is its cost; however, it is only slightly more expensive than 
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standard aluminum alloys and about the same price as advanced aluminum composites (Ref 

8.5). 

 When it comes to composites, most aircraft use some sort of a carbon fiber composite 

for control surface applications.  Our group chose a carbon fiber/epoxy for all of the control 

surfaces on the aircraft.  Carbon fiber composites have proven to be very effective in 

resisting high fatigue and corrosion, making them perfect for control surfaces that experience 

high loading.  

 Ti-6Al-4V was chosen for all of the engine connectors due to its ability to resist high 

temperatures and corrosion.  Ti-6Al-4V is an alpha-beta titanium alloy, the most commonly 

used titanium alloy in the aerospace industry.  Titanium is also very low weight, another plus 

for our team. 

 A new material, Ferrium® S53 was chosen for the landing gear structure. Developed 

by QuesTek Innovations, LLC, Ferrium® S53 is a high strength steel with material 

properties similar to conventional high strength steels, but with a much higher resistance to 

corrosion (Ref 8.1).  This resistance to corrosion makes it ideal for use in landing gear 

applications, an area where high fatigue and high loadings are very common.  

 A basic material properties for each material discussed above can be seen below in 

Table 8-1.  This table lists density, ultimate tensile strength, ultimate yield strength, and 

elastic modulus for each material.  Limited data was available for newer materials, such as 

Ferrium® S53 and Glare.  The location of each material is listed in Table 8.2 and shown 

visually in Figure 8.1.   
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Table 8.1:  Material Properties 

 AL 
2024-T3 AL 2091 AL 

7075-T6 

Carbon 
Fiber 
Epoxy 

Ferrium® 
S53 GLARE Ti-6Al-

4V 

Density 
(lb/in3) 0.1 0.0932 0.102 0.0567 0.2883 0.09 0.16 

Tensile 
Strength, 
Ultimate 
(psi) 

65000 62400 76000 117481 - - 138000 

Tensile 
Strength, 
Yield 
(psi) 

45000 47900 67000 29008* 225000 - 128000 

E (ksi) 10600 10900 10400 2480* - 12900 16500 
 

* The values for the carbon fiber epoxy are the flexural yield strength and the flexural 

modulus 

 

Limited data was found for GLARE and Ferrium ® S53 due to the fact that they are fairly 

new materials and material data is not readily available for them. 

 

Table 8.2:  Material Placement 

 

 

 

 

 

 

 

Material Location 

AL 2024-T3 Bulkheads 

AL 2091 Wing spars, ribs, tail structure 

AL 7075-T6 Wing skin 

Carbon Fiber Epoxy All control surfaces 

Ferrium® S53 Landing gear 

GLARE Fuselage skin, horizontal and vertical tail skin 

Ti-6Al-4V All engine connections 
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Figure 8.1:  Material Placement 

 

8.2 Structures 

8.2.1 V-n Diagram 
 
 The V-n diagram for the chosen concept is shown in Figure 8.2.  The ultimate loads 

stated by the RFP were +7/-3 g’s and were divided by a factor of safety of 1.5 to get the limit 

load factors for the structural flight envelope.  The analysis used sea level equivalent airspeed 

so that the flight envelope could be assessed at any altitude.  The cruise speed was taken to 

be 949 m/s.  The dive speed was then assumed to be 3 times the cruise speed which equated 

to a speed of 2847 m/s.  The positive and negative maneuvering lines were based on a 
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Cznmax= 1.40 and Cznmin= -.52.   The gust lines, which are shown in red, are based on the 

standard gust velocities of 66 ft/s for max gust, 50 ft/s for cruise gust, and 25 ft/s for dive 

gust.  These gusts lie do not limit the maneuvering diagram  

 

Figure 8.2: V-n diagram showing load factor as a function of airspeed. 
 

8.2.2 Fuselage Structure 
 
 The fuselage will be supported by a system of frames, longerons, stringers, and 

pressure bulkheads.   The pressure bulkheads will enclose the cockpit and also support the 

nose and main landing gear.  Stringers will be placed 12” apart around the cross-section of 

the fuselage.  Frames will be spaced 24” apart except in areas that carry large loads such as at 

wing spars, tail spars, landing gear housing, and engine mounts.  A diagram of the fuselage 

structural concept is shown below in Figure 8.3. 
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Figure 8.3: Fuselage support structure 

 
8.2.3 Wing Structure 
 
 To carry the loads in the wing there will be a system of spars and ribs.  Due to a low 

aspect ratio wing there will a larger number of spars than ribs which is also the current trend 

in American fighter aircraft.  There will be 8 spars spaced every 7% of the chord until 56% to 

allow room for actuators.  There will also be five ribs.  These ribs will not only provide 

support for aerodynamic loads but also a place to mount weapons.  These ribs will provide 

the needed support when missiles are being fired.  Figure 8.4 shows a diagram of the wing 

support structure.     
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Figure 8.4: Wing support structure 

 
 
8.3 Landing Gear 

 The nose and main landing gear of the Horizon One are modeled after those of the F-

16.  The idea behind the design was to keep it as simple as possible.  The nose gear, shown in 

Figure 8.5, is a double wheel design.  

 

Figure 8.5: Nose Gear 

 The nose gear retracts backwards and rotates 90 degrees during take-off to fit horizontally 

within the wheel bay.  The main gear, shown in Figure 8.6 retract forward into wheel bays.   
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Figure 8.6: Main Gear 

Both the nose and main gear are operated using hydraulics.  A pneumatic blow-down back-

up system is also included in the event of a hydraulic system failure.  Landing gear 

specifications can be found in Table 8.3 below.  Calculations were made using steps found in 

Currey’s Aircraft Landing Gear Design: Principles and Practices (Ref. 8.6). 

 

Table 8.3: Landing Gear Specifications 

Max Static Main Gear Load (per strut) 26397 lbs.
Max Static Nose Gear Load 10232 lbs.
Min Static Nose Gear Load 5204 lbs.
Max Braking Nose Gear Load 16282 lbs.
Tail Scrape Angle 15.3 degrees
 
Tire specifications are found in Table 8.4 below. 

Table 8.4: Tire Specifications 

 Main Gear Nose Gear
Wheels per strut 1 2
Tire Size (in.) 19.0 X 23 18 X 5.5
Tire Pressure (psi) 70 215
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9.  Systems 

9.1 The Cockpit Layout 

 The cockpit layout must account for comfort of the pilot, ability for the pilot to safely 

enter and exit on ground and during ejection, and minimize space usage to allow more room 

for systems, fuel and other items.  The designed cockpit layout is presented in Figure 9.1 

below. 

 

Figure 9.1: The Cockpit Layout 

This concept was designed to encompass the Air Force cockpit clearance dimensions 

specified in Nathan Kirschbaum (Ref 9.1).  The downward nose clearance angle is 14°, and 

the blind spot is 7° giving ample view for the pilot.  The canopy opening gives the pilot 28 

inches of opening where only 20 inches is required.  Specifically, the canopy opening is an 

aft hinged configuration, that angles back an estimated 55°. 
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9.2 The Cockpit Instrument Panel 

 The instrument panel for this aircraft was adapted from the F 16 configuration.  This 

is first and most recognizable by the two large multiple function displays on either side of the 

center most console.  A third, smaller multiple function display screen is added adjacent to 

the integrated control panel for the pilot’s use.  These multiple function displays allow the 

pilot to see information most needed by the pilot. 

 The center of the instrument panel includes the basic instruments for flight.  The 

airspeed indicator, altimeter, vertical direction and horizontal situation indicators headline the 

center.  The rate of climb and angle of attack indicators also appear here.  In addition, the 

warning lights are located just below the integrated control panel.  These warning lights are 

the most serious warning indicators.  Therefore, they are placed directly in front of the pilot 

for clear view. 

 Another key feature of this design is the extra movement room surrounding the 

control stick.  It is clear that the pilot must have ample room to maneuver the stick during 

flight.  This was a key factor in the instrument panel design. 

 A full diagram of the aircraft instrument panel follows in Figure 9.2.
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Figure 9.2: The Instrument Panel 
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The following list gives the number and name of each portion of the instrument panel as 
seen above in Figure 9.2.   
 

1. HUD 
2. Integrated Control Panel 
3. Warning Lights 
4. Airspeed Indicator 
5. Altimeter 
6. Angle of Attack Indicator 
7. Altitude Direction Indicator 
8. Rate of Climb Indicator 
9. Horizontal Situation Indicator 
10. Instrument Mode Panel 
11. Fuel Quality Selector 
12. Armament Control Panel 
13. Data Entry Display 
14. Fuel Flow Indicator 
15. G Force Indicator 
16. Compass 
17. Multiple Function Display 
18. Multiple Function Display 
19. Rudder Pedal 
20. Rudder Pedal 
21. Multiple Function Display 
22. Radar Display 
23. Threat Warning Panel 
24. Engine RPM Indicator 
25. Fuel Quantity Indicator 
26. Nozzle Position Indicator 
27. Fan Inlet Temperature Indicator 
28. Landing Gear Panel 
29. Landing Gear Controls 
30. Fuel Control 
31. Ignition Panel 
32. Speed Brake 

33. Throttle Stick 
34. Electronic Panel 
35. Manuel Pitch Override 
36. Radio Control Panel 
37. Emergency Power Panel 
38. Audio Panel 
39. Canopy Jettison 
40. Chaff Flare Panel 
41. Manuel Canopy Control 
42. Exterior Lighting 
43. Aux. Comm. Panel 
44. Flight Control Panel 
45. Manuel Trim Control 
48. Oil Pressure Indicator 
49. Emergency Power Display 
50. Fault Display 
51. Hydraulic Pressure Display 
52. Caution Panel 
53. Cabin Pressure Indicator 
54. Oxygen Quantity Indicator 
55. Analog Clock 
56. Sensor Power Management Panel 
57. HUD Control Panel 
58. Interior Lighting Panel 
59. Air Condition Panel 
60. Data Transfer unit 
61. Oxygen Regulator Panel 
62. Avionics Power Panel 
63. Anti Ice / Antenna Selector Panel 
64. Oxygen 
65. Test Control Panel 
66. Control Stick
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10.  Weights 

 The final weight components, for the first mission, and eventually the take off 

weight for the Horizon One have been made using the ACSYNT program based on a 

compilation of several methods by Sanders, Langley and the Air Force (Ref 10.1) The 

Horizon One has a gross takeoff weight of 62,489 lbs. The empty weight of the Horizon 

One was calculated to be 30,070 lbs. These weights and other components of the vehicle 

are given in Table 10.1. The center of gravity of the Horizon One will change throughout 

the mission as fuel is burned and as weapons are deployed. The flight control system 

along with the fuel computer system will be programmed to account for this fuel burn 

and for the weapons deployment and adjust the control surface movement as well as the 

placement of the fuel throughout the plane to keep it within limits.  
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Table 10.1:  Weights Breakdown 

 

Component Pounds Kilograms Percent Slope 
Tech 

Factor Fixed 
       
Airframe Structure 13190 5983 21.11   No 
Wing 2931 1329 4.69 1.44 0.89 No 
Fuselage 5324 2415 8.52 1.06 1 No 
Horizontal Tail   (low) 521 236 0.83 0.82 0.85 No 
Vertical Tail 524 237 0.84 1.93 0.85 No 
Nacelles 1038 471 1.66 6.89 1 No 
Landing Gear 2854 1294 4.57 0.99 1 No 
       
Propulsion System 7886 3577 12.62   No 
Engines   (2) 6614 3000 10.58 1.15 0.8 No 
Fuel System 1272 577 2.04 1.26 1 No 
       
Fixed Equipment 8993 4079 14.39  1 No 
Hyd. & Pneumatic 1039 471 1.66 1.51  No 
Electrical 1544 700 2.47 1.37  No 
Avionics 3010 1365 4.82 1.15  No 
Instrumentation 336 152 0.54 0.76  No 
De-ice & Air Cond. 601 272 0.96 1.14  No 
Auxiliary Gear 362 164 0.58   No 
Furnish & Eqpt. 229 104 0.37 0.35  No 
Flight Controls 1872 849 3 1.11  No 
       
Empty Weight 30070 13640 48.12    
       
Operating Items 300 136 0.48   No 
Flight Crew       (1) 200 91 0.32   Yes 
Crew Baggage and 
Provisions 0 0 0   No 
Unusable Fuel and Oil 100 45 0.16   No 
       
Operating Weight 
Empty 30370 13776 48.6    
       
Fuel 29900 13563 47.85    
       
Payload 2219 1007 3.55   No 
Armament 608 276 0.97   Yes 
Ammunition 575 261 0.92   Yes 
Missiles 1036 470 1.66   Yes 
Bombs 0 0 0   No 
External Tanks 0 0 0   No 
Adv Weapons 1 0 0 0   No 
Adv Weapons 2 0 0 0   No 
 -------- ------- ------    
Calculated Weight 62489 28345 100   No 
Estimated  Weight 62489 28345     
Percent Error   0    
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11.  Cost 

11.1 Flyaway Cost 

 The total flyaway cost for this aircraft was estimated to be the cost of the 

government furnished equipment, the cost of the engines, and the cost of the airframe 

itself.  The prices for the government furnished equipment were listed in the RFP.  To 

determine the engine cost, the group did extensive research both online and by contacting 

people in industry.  Getting an exact number for the cost of a particular engine proved to 

be very difficult.  Therefore the group made an estimate of $3 million per engine based 

on prices of other engines and suggestions from people working in industry. 

 The cost of the airframe was determined by finding the weight of each portion of 

the airframe and then multiplying that weight (in pounds) by a given cost per pound for 

each material, as listed below in Table 11.1.  Although an exact price for GLARE was 

not found, it was known that GLARE was only “slightly more expensive than standard 

aluminum”, so a price of  $11.00/pound was used.  The price for Ferrium ® S53 was also 

not known but a good estimate was determined to be $2.00/lb, slightly higher than the 

cost of standard steel. Although calculating the actual cost of a particular airframe is 

slightly more involved, the group felt like this method gave a very good estimate of the 

price.   
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Table 11.1:  Cost of each material used 

Material Cost ($/lb) 
AL 2024-T3 1.50
AL 2091 9.00
AL 7075-T6 5.37
Carbon Fiber Epoxy 162.50
Ferrium® S53 2.00
GLARE 11.00
Ti-6Al-4V 228.38

 

 The Horizon One is a fairly classic fighter design.  However, the aircraft is very 

large in order to hold enough fuel to perform the primary mission listed in the RFP.  

Knowing that the aircraft was going to be very big, the group chose to use more standard 

materials, such as aluminum, in order to keep the price of the aircraft below the $15 

million requirement.  Composites were used when appropriate, for control surfaces and 

for the fuselage and tail skins, but the group steered away from designing a plane 

constructed totally out of composites due to the cost.  As shown in Table 11.1, the cost of 

a basic carbon/ fiber epoxy composite is $162.50/lb as compared to the price of AL 7075-

T6 which is only $5.37/lb.  If the airframe were to be made entirely out of composites, 

using a cost of $162.50/lb, the total airframe cost would amount to $2,143,700.00! 

 Table 11.3 below shows the breakdown of costs for the aircraft.  The majority of 

the cost comes from using two engines, instead of just one.  The total flyaway cost for the 

Horizon One was $8,912,496.41.  A visual breakdown of the cost can be seen in the pie 

chart in Figure 11.1 below. 
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 Table 11.2 below gives flyaway costs for current military fighter aircraft.  Each 

aircraft has a flyaway cost of well above the 15 million dollars listed in the RFP.   

Table 11.2:  Flyaway costs for current aircraft 

Aircraft 
Flyaway Cost (In millions of US 

Dollars) 

F-14 38 

F-15 43 

F-16 C/D 26.9 

F-22 102.8 

F-35 (Air force version) 28 

 

 

Figure 11.1:  Breakdown of Flyaway Cost 

 

 

 

 

 

Breakdown of Flyaway Cost

2,510,000.00

6,000,000.00 

323,564.91
Government Furnished
Equipment
Propulsion 

Airframe
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Table 11.3:  Total Flyaway Cost Breakdown 

Government Furnished Equipment 
Avionics  
Base Suite 290,000.00 
ECM Equipment 500,000.00 
Flight and Propulsion Control  
Vehicle Management System 200,000.00 
Fire Control Systems  
IRSTS 300,000.00 
Active Array Radar 1,000,000.00 
Systems and Equipment  
Electrical System 50,000.00 
Auxiliary Power Unit (APU) 50,000.00 
Ejection Seat 100,000.00 
OBOGS 10,000.00 

OBIGGS 10,000.00 

Total: 2,510,000.00 

  

Propulsion  

2 GE F-414 Turbojet Engines 6,000,000.00 

Total: 6,000,000.00 

  

Airframe  
Wing 15,739.47 
Fuselage 53,564.00 
Horizontal Tail 84,662.50 
Vertical Tail 5,764.00 
Landing Gear 5,708.00 
Engine Structure 237,058.44 
Total: 402,496.41 
   
Total Flyaway Cost 8,912,496.41 
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12.  Conclusion 

 Horizon Aerospace is proud to submit the Horizon One for consideration in the 

2005-2006 AIAA undergraduate design competition.  The Horizon One met or exceeded 

each one of the requirements listed in the RFP.  Evidence of this statement can be seen 

below in Table 12.1, comparing the RFP requirement and the Horizon One’s capabilities.   

Table 12.1:  Major RFP Requirements 

  Minimum Requirement Value Our Ability 
  Max Mach # at 35,000 ft 2.2 2.2 
  1-g Specific Excess Power –  
  Military Thrust 

• 0.9 M / Sea Level 
• 0.9 M / 15,000 ft 

 
200 ft/s 
50   ft/s 

 
539.0 ft/s 
324.5 ft/s 

  1-g Specific Excess Power –  
  Maximum Thrust 

• 0.9 M / Sea Level 
• 0.9 M / 15,000 ft 

 
700 ft/s 
400 ft/s 

 
1051 ft/s 
727   ft/s 

  5-g Specific Excess Power –  
  Maximum Thrust 

• 0.9 M / Sea Level 
• 0.9 M / 15,000 ft 

 
300 ft/s 
50   ft/s 

 
400 ft/s 
300 ft/s 

  Sustained Load Factor – Max  
  Thrust 

• 0.9 M / 15,000 ft 

 
5.0 g’s 

 
5.0 g’s 

  Max Instantaneous Turn Rate at  
  35,000 ft 18.0 deg/sec 18 deg/sec 

  Intercept Mission Radius 200 nm >200 nm 

  DCA Mission CAP endurance at  
  200 nm radius 4 hrs 4 hrs 

  Limit Load Factors +7 and -3 g’s +7 and -3 g’s 

  Dynamic Pressure to Withstand 2.133 psf 2.133 psf 

  Factor of Safety 1.5 1.5 

  Subsonic Longitudinal Static  
  Margin 10%  ≤ SM ≤ -10% -10% 

  Flyaway Cost $15,000,000.00 $8,912,496,41 
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