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MISSION PROFILE 
Mission Fuel (gal)

1,2 Startup/taxi, 
Takeoff 1840

3 Climb 1724

4 Cruise 1512

5 Descend /

6 Dash (knots) 1071

7 Combat (10 min) 779

8 Dash (500 knots) 397

9 Climb 308

10 Cruise 132

11 Descend /

12,13 Loiter (20 min) & 
Land 69

Required Fuel Remaining 33.11



MISSION PROFILE 
Mission Fuel (gal)

1,2 Start up/Taxi, 
Takeoff 3640

3 Climb 3530

4 Cruise 935

5 Descend /

6,7 Loiter (20 min) 
& Land 847

Required Fuel Remaining 14.7

Mission Configuration: Three 
external, 600 gallon, fuel tanks



AIRCRAFT COMPARISON

Details Sukhoi SU - 25 Fairchild Republic A-10 Spectre 

Weight (lbs) 31,645 51,000 49,780

Wing Span (ft) 47.1 57.6 60.8

Wing Area (ft2) 324 506 632

Ceiling (ft) 23,000 45,000 45,000

Maximum Speed (kts) 540 381 522

Maximum Thrust (lbf) 19,840 18,130 30,000



WING SIZING

Properties Values

T/W 0.63

W/S (lb/ft2) 75

b (ft) 61

Sref (ft2) 632



AIRCRAFT 3-VIEW







STRUCTURAL LAYOUT 



WING STRUCTURE

• Three Spars converging to tip.
• Ribs located over stores.
• Material to be determined.



WING LOADING
Lifting load at zero degrees AOA 500 MPH

Average Lift Average Lift per Wing Total Lift of Wing

12.8 4651.8 9303.7

Lifting load at 5 degrees AOA 500 MPH

Average Lift Average Lift per Wing Total Lift of Wing

52.5 19203 38406.1
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MASS PROPERTIES

Aircraft C.G. X (ft) Y (ft) Z (ft)
% MAC 
Chord

Weight Empty 39.9 0.02 6.3 16.1

Weight Empty + crew 39.8 0.02 6.3 14.8

Empty + Crew + Fuel 39.3 0.02 6.1 9.9
Empty + Crew + Fuel + 

Payload 39.5 0.01 5.7 11.4

Empty + Crew + Payload 39.9 0.02 5.8 15.9

Total Aircraft Weight (lbs) 49826.3

Aircraft Moments of Inertia

Ixx
(slug*ft2)

Iyy
(slug*ft2)

Izz
(slug*ft2)

Izx
(slug*ft2)

1.8E7 1.0E7 7.2E6 -3.0E4



AERODYNAMICS LIFT CURVES
Aerodynamics Data

Wing Airfoil NACA 63-210

Tail Airfoil NACA 0009

Flaps Fowler Flaps

Taper ratio 0.35

Wing LE Sweep 20o

CLbreak 1.033

CLMax 1.24

CLbreak Flaps 1.5

CLMax Flaps 1.9

Flap span 40% Half Span

Flap area 0.619*Sref



DRAG POLARS

Configuration CD0
CC .0225

WCR .0229

WCB .0277



CD0 VS MACH

Mcritical = 0.79



CD0 VS MACH - BREAKDOWN



PERFORMANCE SUMMARY



PERFORMANCE SUMMARY

Engine Data

T/W 0.63

Static Thrust (lbs) 30,000

Length of Engines (ft) 12.64

Inlet Diameter (ft) 2.89

Total Diameter (ft) 4.45

Rate of Climb 300 ft/min 100 ft/min

Operational 45,000 Met

Service 45,000 Met



TAKEOFF AND LANDING ANALYSIS

Landing Analysis

Weight [lbs] Requirement [ft] Distance [ft]

49,000 2500 2300

34000 2500 2024

24000 2500 1762

Takeoff at WTO
Segments Required [ft] Distance [ft]

Ground Run 2500 1537

Rotation / 453

Transition / 196

Total / 2216



DIMENSIONLESS STABILITY DERIVATIVES 

Lateral Non-dimensional Derivatives

Cy Cl Cn

β -0.65 -0.11 0.19

p^ -0.04 -0.58 0.07

r^ 0.57 0.29 -0.54

β_dot^ 0.00 0.00 0.00

Longitudinal Non-dimensional Derivatives

Cx Cz (-CL) Cm

u^ 0.05 -0.61 -6.56

α^ 0.41 -5.70 -1.10

q^ 0.00 -7.80 -2.12

α_dot^ 0.00 -1.07 -5.37

Longitudinal Dimensional Derivatives (Etkin 4.4)

X Z M

u 6.2 -202 -9.3E-3

w 51.7 -718 -393

q 0 -5.5E3 -1.7E-4

w_dot^ 0 -1.1 -62.6

Lateral Dimensional Derivatives (Etkin 4.5)

Y L N

v -82.5 -806 2.3

p -145 -1.34E5 1.67E4

r 2.2E3 6.85E4 -1.26E5

A Matrix (Longitudinal)

4.7E-3 0.04 0 -32.2

-0.15 -0.54 673.7 0

-5E-4 -2.1E-5 -3.4E-3 0

0 0 1 0

B Matrix:(Lateral)

-0.06 -0.11 -676.7 32.2

-3.5E-5 -6E-3 3E-3 0

-2E-7 3.5E-3 -0.03 0

0 1 0 0



STABILITY AND CONTROL RESULTS 

Characteristic Eqn Coefficients (Longitudinal Matrix)

A B C D E

1.00 0.54 0.02 -0.003 -0.01

A Matrix

R 0.003

E>0? UNSTABLE

R>0? STABLE

Characteristic Eqn Coefficients (Lateral Matrix)

A B C D E

1.00 0.09 0.002 0.003 3E-5

B Matrix

R -1E-6

E>0? STABLE

R>0? UNSTABLE



STABILITY AND CONTROL RESULTS
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Mode n Ω ωn ζ T(s) t (s) N τR(s)

1 (Phugoid) -0.11 0.26 STABLE 0.27 0.40 25.08 6.36 0.25

2 (Short Period) -0.55 0 STABLE 0.55 1.00 n/a 1.26 0

1 (Spiral) -0.03 STABLE 0.03 1.00 n/a 23.82 n/a

2 (Rolling 
Convergence)

-0.13 UNSTABLE 0.13 1.00 n/a 5.40 n/a 7.79

3 (Dutch Roll) -0.17 0.08 UNSTABLE 0.09 -0.35 74.29 22.29 0.30



REQUIREMENTS SUMMARY
CAS ID Requirement Required Achieved

1 Max Speed 0.85 0.85

2 Operational Ceiling [ft] 40,000 45000

3 Takeoff Ground Run [ft] <2500 1537

4 Landing Ground Run [ft] <2500 2282

5 OEI Total Takeoff Distance [ft] x 5,336

6 OEI Rudder Deflection [degrees] ≤20 7.80

7 Cnβ >0 0.22

8 Clβ <0 -0.32

9 Cmα <0 -0.41

10 Short Period Damping Ratio 0.35-1.30 1.00

11 Phugoid Damping Ratio >0.04 0.40

12 Dutch Roll Damping Ratio >0.02 -0.35

13 Dutch Roll Undamped Natural Frequency >0.40 0.09

14 Roll-mode Time [sec] <1.00 7.79

15 Spiral Time to Double Amplitude [sec] >12 23.82

16 Structural Load Factor (+) 7.50g 7.50g

17 Structural Load Factor (-) (-3g) (-3g)

18 Max Sustained Normal Load Factor in Level g Turn 5 5

19 Remaining Fuel CAS Mission [gallons] 33.11 68.63

20 Remaining Fuel Ferry Mission [gallons] 14.71 847



LIFE CYCLE COSTS

*Adjusted for USD Jan 2017

Category DT&E Cost Production Cost
Engines $115M $1,7B 

Avionics $3M $74.5M

Airframe Engineering $909M $609M 

Manufacturing Labor $449.9M $2.8B 

Material and Equipment $88.4M $1B 

Tooling $437.7M $563M 

Quality Control $59.2M $444.7M

Development Support $208.8M n/a

Flight Test & Operations $185M n/a

Sub Total $ 2.4B $7.3B

Total $9.77B

AVG MIL AIRCRAFT SU-25 A-10 A-X A-X

Units N/A >1000 713 855 200

Unit Cost [USD] 25.6M 14.6M 18.8M 11.4M 48.8M



Questions?

QUESTIONS?


