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Notes on Generated Codes and Plots
Any suitable code may be used (like Excel, MatLab, other coding language). The original code must be turned in with the homework.

Notes on Previous Work
Include write-ups and technical work from previous assignments. Correct any mistakes made in the new report to be turned in. Note that if an error is flagged in an earlier report and it is not corrected in a later report, twice the number of points will come off. 
1. Introduction: RAIDER Choice - Update this chapter from earlier reports correcting any/all mistakes.   
2. Background Research (state-of-the-art (SOTA))


Update this chapter from earlier reports correcting any/all mistakes.   
3. Benchmark Round Description & Salient Characteristics

Update this chapter from earlier reports correcting any/all mistakes.   
4. Benchmark Round Performance without Wings or Fins

For the chosen round, determine and list its performance numbers. For the following, get all relevant geometries listed in Fleeman to estimate aerodynamic characteristics (lengths, diameters, nose geometries fin spans etc.).
	
	Benchmark

	RAIDER LR GMLRS Replacement
	GMLRS Range considering same altitude ~ sea level

	RAIDER AIM 9 Replacement
	AIM-9 M, X range, altitudes of engagement, time of flight

	RAIDER AIM 120 Replacement
	AIM-120 A, B, C, range, altitudes of engagement, time of flight

	RAIDER Boeing NAMMO 105mm
	Conventional 105mm artillery shell range, apogee, time of flight 

	RAIDER Boeing NAMMO 155mm
	Boeing/NAMMO 155mm ramjet shell & 

Conventional 155mm artillery shell range, apogee, time of flight

	.410 BASS
	5.56, 7.62, 30-06, .410 slug, .50 cal against RHA, Type 3 & Type 4 Body armor

.410 BASS -- add to background data, establishing trend lines and analytical models for caliber, muzzle velocity, range and depth of armor penetration against both body armor and RHA. Consider 0° obliquity for now. 


4.1 Relate D/CD with Dynamic Pressure

Examine Fig. 2.2 in Fleeman. Regenerate this figure using the equation shown and present the results. Assuming CD for your round is 0.45, plot Drag generated at Mach 1.5, 2, and 3 for your round at SL, 10,000 ft, 20,000 ft, 30,000 ft in a standard atmosphere. 

4.2 Relate Body First Bending Mode Frequency

Examine Fig. 2.4 in Fleeman. Regenerate this figure using the equation shown and present the results. Make a reasonable assumption for the wall thicknesses and material types used. 

4.3 Relate CDo of the Body

Examine Fig. 2.7 in Fleeman. Regenerate this figure using the equation shown and present the results. Note that subsonic, transonic and supersonic Mach ranges are needed in both the coast and power conditions. For this figure, make the same assumptions as Fleeman.
4.4 Relate CDobodywave of the Benchmark Missile

Examine Fig. 2.8 in Fleeman. Regenerate this figure using the equation shown and present the results. Note that only supersonic Mach range is needed. For this figure, sweep through the same nose fineness ratios as Fleeman: 0.5, 1, 2, 5. 


Regenerate this figure, showing the results for your baseline weapon system. For Boeing/NAMMO projectiles, assume a tangent ogive of the same form factor. 

4.5 Determine Boattail Effect

Examine Fig. 2.10 and 2.11 in Fleeman. Measure the amount of boattail on your reference munition. Using Fig. 2.11 as guidance, plot your estimated CDo trend assuming the nose section is a 3 caliber tangent ogive (as shown in Fleeman). Using the relationships shown in Section 4.4 above, adjust the CDo trend to match the type of nose of your benchmark round. 
4.6 Relate Body Normal Force Coefficient to Aspect Ratio

Examine Fig. 2.12 in Fleeman. Regenerate this chart using aspect ratios of 1, 2, and 3. 
4.7 Relate Body Lift-to-Drag Ratio with Aspect Ratio, Fineness Ratio and Angle of Attack

Examine Fig. 2.13 in Fleeman. Regenerate this chart using the four conditions listed, to arrive at the same trendlines he shows. Using your benchmark munition, plot its L/D trend on the same chart. 

4.8 Relate Body Lift-to-Drag Ratio with Dynamic Pressure

Examine Fig. 2.14 in Fleeman. Regenerate this chart using the two assumptions of aspect ratios of 1 and 2. Assuming that ½ of your fuel is consumed in your baseline munition (thereby emulating mid-course weight): 

i. Determine and plot the lift coefficient, CL required to stay airborne at Mach 1.5, 2, 3, and 4 at altitudes of SL, 10,000 ft, 20,000 ft and 30,000 ft. Plot CL on the vertical axis, Mach number on the horizontal axis and four altitudes lines on this plot. 
ii. Assume that the angle of attack will be small (<15°), therefore CN ~ CL. Use the relations determined to generate Fig. 2.12 to solve for angle of attack required for sustained, 1-g flight. Plot a on the vertical axis, Mach number on the horizontal axis and four altitudes lines on this plot, assuming a ½ fuel load.

iii. Assume that the angle of attack will be small (<15°), therefore CN ~ CL. Use the relations determined to generate Fig. 2.13 to solve for L/D for sustained, 1-g flight. Plot L/D on the vertical axis, Mach number on the horizontal axis and four altitudes lines on this plot, assuming a ½ fuel load.

4.9 L/D Comparisons

Examine Fig. 2.15 in Fleeman. Determine the planform area/body volume^(2/3) for your baseline weapon. Scan Fig. 2.15 and place the best L/D number of your baseline weapon on that chart. Contemplate the L/D figures that you arrived at for your baseline weapon system. 
5. Body Aerodynamic Center Prediction


Read Section 2.10 and examine Fig. 2.18 in Fleeman. Regenerate this figure using the equation shown and present the results. Make the same assumptions as made by Fleeman. Then determine your baseline munition’s geometric parameters needed to find the aerodynamic center. Plot your baseline missile’s a.c. location trend with alpha on top of Figure 2.18. 

6. Flare Stabilizer Effects

Read Section 2.11 in Fleeman. Add a 10 deg. half angle flare to your baseline munition. Use the equations put forth in Section 2.11 to arrive at an estimate for a.c. location of you munition with angle of attack. Replot Figure 2.18 with your munition sporting the 10° half-angle flare at the base. 
7. Normal Force Prediction for Surfaces


Read Section 2.12 – 2.14 and examine Fig. 2.18 in Fleeman. If your munition has no wing, add a notional wing of your chosen geometry. If you munition has no tail, add a notional tail of your chosen geometry. If you need guidance, examine an AIM-120 for reference. Assume a wing and tail with no more span than 2x the body hydraulic diameter. Determine the needed geometric characteristics for the wing and tail to regenerate Figure 2.25. Make the same assumptions as made by Fleeman to regenerate Figure 2.25 and present that chart considering both Slender Wing Theory and Linear Wing Theory. Analyze your chosen wing and tail. Overlay your wing and tail on the same chart. 


Examine Figure 2.26 and the conditions necessary to generate Figure 2.26. Regenerate Fig. 2.26 using those assumptions. For your baseline munition using the assumptions above regarding notional surfaces, analyze your  baseline munition at the same Mach, deflection and angle of attack range and replot this data over the data of Fig. 2.26. 


For your munition, assuming the wing is deflected 5 deg upwards, tail 2 deg. downwards, using the CN equation on p. 69, regenerate Fig. 2.26, but counting instead on the vertical axis the total Normal Force coefficient. 

8. Aerodynamic Center Prediction for Planar Surfaces


Read Section 2.15 in Fleeman. Examine Fig. 2.27. Code the equations necessary to generate Fig. 2.27 and regenerate the figure. Using your notional (or actual) baseline wing and tail surface information, plot the trends of XAC/CMAC for each surface on top of the data already presented in Fig. 2.27. 
9. Hinge Moment Prediction


Read Section 2.16 in Fleeman. Examine Fig. 2.28. Code the equations necessary to generate Fig. 2.28 and regenerate the figure. Using your notional (or actual) baseline wing and tail surface information, plot the trends of Hinge Moment, HM in in-lbf for each surface on top of the data already presented in Fig. 2.28. 

10. Conclusions and Recommendations
10.1 Conclusions

 
  Draw conclusions about your baseline weapon system’s overall performance, lift-to-drag ratio. Include information from all sections in this document including the ones from previous homework assignments. 
10.2 Recommendations

Make any real (emphasis added) recommendations about the benchmark weapon system, analysis or modifications that could be made. 
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