Problem Definition
In recent years, climate change has increased the frequency of disaster events
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The Humanitarian Response Airplane Fleet project aims to design a globally M |Ch ael S U h Disaster Airport
distributed fleet of aircraft capable of rapidly delivering essential supplies—such Zone

as medical kits, fresh water, and nonperishable food—to areas affected by
natural disasters including floods, fires, earthquakes, and tornadoes.

Step 1: Wing Design (NACA 2415) Step 2: Fuselage Design

Step 3: High Lift Device (Flap)

Enter values in all yellow shaded cells. Fly to Disaster Zone: Unload Payload: giflzoé R%ﬁu;rgggl'\’.eit) '}r_iime (FAA Regulation 14
Leveraging existing municipal and rural airfields near disaster-prone regions, | WigDesiprSprendhest ___ 6.1675 Hours 10 Minutes 3 91:1059):10 Hours
nput parameters: ight Condition = = = - .
the fleet wil utize a twin-engine aircraft with short takeoff and landing (STOL) M= ™=se—oe "o N Ourfuselage is designed to include [l 7 T pemeameed. |
Aspect Ratio: 12.30 Airspeed= 201|fps Select units here = 201 fps = . = . . . .
Capab”mes to Operate eff|C|ent|y in constrained environments. Each aircraft will Taper Ratio (seeTapgrsheet): 0.500 Std. Temp___ 465.18 551, SUﬁ|C|ent room in the COCkat for the 3 Quarter'cho'rd sweep (degrees) = 0 Wing CL_aI;?ha (per rad)= 5.1917421 6.1675 Hours 10 Minutes 2.42 Minutes
. . . . VQV“art:r chord sweep: 62'22 dfegrees ’;mb'e“”emp( F) PR ?'51 F Enrter airfoil cl_alpha (per degree): 0.106 Kb(out)-Kb(in)= 0.56
ing Span 19| ft ensi . slug/cu. Ft . .
be crewed by a captain, first officer, and load master, and designed to carry VingSpon P crewmembers, and a large enough Bl st [ .f:i')f‘ [lo), P11 1bz):) -
. . . . Tio Chord 3.70| ft viscosity 3.43E-07|slug/ft/sec emi-span traction inboard = v nter nterpoiate rigures 1Ua, b, C 7 = i = 7
1,500 Ibs of palletized cargo along with onboard loading equipment for . SR ey ey cargo bay to accommodate the two o T = To validate the functionality of this fleet of aircraft for
autonomous operations. With a mission radius of 800 miles, cruising altitudes e | Eh e T s pallets and store the pallet jack. e - fulfilling the mission, we built a schedule for response to a
T E . nter Kb at outboard end(Figure 9): : . . . .
between 10,000—15,000 ft, and an operational ceiling of 30,000 ft, the aircraft [ Zacronmoee o o decion e e 20 Single slotied Flap hypothetical disaster. We set the goal of landing a flight at
. . . . . Root Rn = 6.482E+06 ) . Flapped area ratio = 0.507093| K= 0.97 . .
must also reserve fuel for loitering and return flights. This fleet will serve as a oy rom Cashest] | _ 1635 The fuselage design includes a cargo || «eemm- 852 |Eterfoacional ord irarnsiation: 0.05 the disaster zone once every 30 minutes.
. - . - . . . (clax)root = (from CLmaxsheet) 1.700 . .
vital logistical backbone for first responders, ensuring timely and reliable S e ramp for easy loading and unloading of Enter alpha_delta (Figure 8): 0.42 To do this, we used the times listed in the figure above,
- . . . . iy Airplane Ly = 1.334 Acl= 0.9349 . .
delivery of life-saving resources to isolated or displaced communities. prommee the plane. — = and assumed the worst-case scenario of a disaster at the
Aileron area/Wing area 0.06 max ~ * .
(see Sa$ sheet) = i
Conceptual Design Process Overview susff| | maximum range from our base. We also assumed that
e B ] 0.00615 refueling and reloading could be conducted at the same
Semispan racfonatinboard | 00 33 475t rom wingeenter - : time. Using these, we built a full schedule chart.
Table of Parameters Conceptual Design Results end of aileron ACD, = 0.0107
Parameter Value Range and/or Source . . .
Clean Maximum Lift Coefficient (1.4 Acceptable range: 1.2 - 1.4 (Ch. 7 Appendix D) BRI Value - - Wlth th IS SCh ed u |e, we dete rmi ned th at a ﬂeet Of 44
Fiap ACL (Wheo) 042 [Typieforsneslored Taps (Ch 7 Appndi )| Takeoff Gross Weigh 9451 Ib Step 4: Wing-Fuselage Integration Step 5: Empennage Design (NACA 0012) aircraft is sufficient to meet this worst-case scenario.
lap ACDo (Takeo I ical for single-slotted flaps (Ch. endix : : = OrLE = C C
Flap ACDo (Takeoff) 0.01 ;l)"}(l)p135 i 1; (eClot;A de('CD)7;\§P D) Empty Weight 5390 1b St 6 P I _ S t I t t. — Emzt.en:\:g.le ll)eSIg\r/\ Spreadsheet | — Emzc:en:\:g;e ll)eSIg: Spreadsheet | Add |t|0na”y, to com ply Wlth FAA reg u Iatlons regard | ng crew
) -0. 2 ). ppeu X - 0. 2 n nter Oor norizontal or or vertical talis: . . nier Oor norizontal or Oor vertical tails: . . . . .
Landing Gear ACDo 0.02 suggested starting point Fuel \Velght 1621 1b e p - ro p u s I O n ys e m n eg ra Io n TS (Seelz:::tpza)rameterS: = Vertlcal Tall Fr e T In:UttZa)rameters: 15 Horlzontal Tall fI Ig ht a nd reSt tl me y We d ete rm I n ed th at 66 3-me m be r
Eap iii‘“:‘fff ZZZ :Vp%cai i iij Eaps ;21 :f’":g Wing Span 632 ft T 0287 nitial estimate e i g A B i ot crews are required to operate the aircraft continuously
ap o (Landing d ypical for single-slotted flaps (Ch. 7 Appendix . = = |'n BEA:NSGTE): = ing Area (sq ft): it ] ] i
Round-out Load Factor 12 1.2 is most common (Ch. 9 pg 2) Chord Length 5.54 ft Ste p 7 ] La n d in g G ea r & Wh eel Des ! g n I\aS::crte:a(tsi::ft): 1185(5) i See Sheet 4 for vertical or Z:i;:crte:a(tsi:'ft): 1307'?) - See Sheet 4 for vertical or In th Is s ce n a r o .
. . . . 2 Taper Ratio: 0.740 sheet 5 for horizontal aper Ra io:. ; . sheet 5 for horizonta
I;mp;ll%r}zfﬁfcgnzn Frict 275 I;ea.soj:bl;fs:jpno:(Ch' 7Appenslm ]:) 7 Wing Area 378.04 ft FS,=17.338 ! =1.108in Vo= 113.16mph Qquter chord sweep: 35.00 °f typical values chquteRr cthord sweep: 255.33 : " t:niiial Calues “ . . . .
OoeI11Icient oI braxk ricuon ) 1Ca 4A-voon avement (L1. Span 13.34
- gA; - SfUMf : ooty i ook | — — —— e ¥, — 5mgh o ___ L i __ ] Aircraft (Side View) with Cargo Ramp Deployed
an 1'nu roach Stall Margin ' - - o g koo Tip Chord 7.56] ft Tio Chord 2.41| f
(fraction) 0.3 FAA regulation Specific Power Required 0.0817-0.094 Hp/lb = 9.8387 P =4020.2011b .. = 2.075 inc} :j: ‘éi”g e ep— 32.22 f Lep; s 17;19 =
Landing Approach Flight Path 6w = 15.09° P =247.4111b s,, = 1.95 inches : el MAC: 3.75|ft
: . . . : i Distance from root to MAC: 6.34|f = 3 ALL LlNEAR DIMENSIONS IN FEET
Angle (degrees) G FARsRilaon thht Time 12 hr 20 min e, =6.012 P =4543.081b (ss) , 8 inches Dis:ance from verttetx to AC: 6.99 f: E:zz:z: ::Z: :/Z(:ttetxot'c\)/lié 2;: :
Takeoff Distance (Xto) 2250 ft Eﬂses ;ﬂfﬂl; PFIO:Cf:Pe'Clj)COa;l:lf S Giovwth Factor 3873 = 54678 — (S) — Actual L_V/Wing Sp:: : ;:rvs‘la: ir:ne: 0.281 0.088|After integrating the tail with your GAD update th- "~ "~ L_H/Wing Mg‘(;:’ator = 4.354 1.157|After integrating the tail with your GAD update th 28.4
Takeoff and Landing Altitude 0 to 5000 ft |calculations Risk Assessment Moderate 5 = 37.303° P =5678.851b d_ =267 inches ?:::teg)area/vertical tail area:(see 0.3 Elavator area/horizontal stab area: 0 1 40403
. is a good starting poin h emispan fraction at outboard end o (see sheet 7) .
Oswald Efﬁciency (e) 0.8 ?OZ?\;l?l.Seflc(xf:;;rgﬁ RPESERg st EEoi Engine Name Allison 250-B17 track = 11.312 ft ds“‘m” = 2.52 inches fudde’: frast kouthanidend of il 13.34|ft from root Semispan fraction at outboard end of £ T
- ince the loads are all less than ounds, we can use table o find the maximum emispan fraction atinboard end of Eevatar :
8.6 - 12.3 (Ch. 7 Appendix D); High AR preferred || Specific Fuel Consumption 0.657 §1ﬂatiotrr11 prlesgures. F(l)IrI tam?a:c w?t%g?)grpfoun?jétion, the max}m?:mzaﬁl-gwt/atﬁledtitrz pressure is fuddeFr, ot i hiod fefrom oot Semispan fraction at inboard end of 0.100 1.39)f from:root
Aspect Ratio (AR) 12.3 for better aerodynamics 50-70 PSI. Hinge Line percent chord: 66.16 :'_eVatir — —
: : - D). Rated Power 400 HP Lo e e : R 1—r ==
Clean Zero Lift Drag Coefficient 0.0218 - 0.0323 (Ch. 7 Appendix D); chose the r =
o _ oI e N |sarii) BP9 -
(CDo) — 0.0218 : lower end of the range Kitspeed 201 fps Nose Gear: 7-6____Main Gear: 6.5-10__Tire Type: Il : o “ % I} PALLET I ";’;455,4”
Critical Altitude 10,000 Notes The nose gear and main gear are set such that there is little to no safety factor, but the plane = = = | i :I I e =
1500(cargo) + 690(crew + luggage) + 257(cargo Specific Power in Takeoff, Landing, and Operational m! Z?l};g??gﬁgeafopa'ﬁé’?fti'klho?f";?h”ngﬁﬁ{JS.bTehhénge?f Tk Tet'éis?gﬁidg?o?rﬁfﬁeﬁ'?ﬁfd " F ! nal AI rc raft D rawin gs e =
Payload Weight 24471bs  |handling equipment) Cieling vs Wing Loading wheels directly under the engine bays to allow us to retract them with no interference to the 10.59
fuselage. *
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s / Step 8: Mass Properties
The first step in our process was to . |
i i 2008 ' Wing Assembly with Engines, Fuel Tanks, Wing Spars
Com_e 2P with a conceptual desn_gn _Of 5004 ¢ Longitudinal CG Migration with d_wing =-120 in 9 y 9 g=p
our airplane, and to define the mission | 68.19
more ca refu”y. The tableS above and 0.02 FUSELAGE FOOTPR|NT\ o ‘ ' E’\ /ﬁgpé\&fgggmhﬁému
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This phase of the project led us to 6000.0 £mor = — = &1 | BIMERSIBNG NEEET [ T o ™
choose a high-wing regional turboprop |... 0000 o
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aircraft to design in full. Iy L] ey . | = e _ £ (ges
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Vertical CG Migration = ' ~
«— Width — 12000.0 g
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Side Qe 10000.0
11137755VLV X 1 Layer of / > Fueled 1 7.290
_g il Bottles arranged 9000.0
=) e in 2 rows, with 7 / —2.41
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| | | . Aircraft (Front View) With Cargo Bay Visible
We chose to include commercially available - Blot Area Vertical Stabilizer
I 2000
water jugs, emergency food cases, and supply L ' ‘ - ' * ~ ‘ ‘
0.00 5.00 1000 1500 2000 2500 3000 3500 4000

bags, grouped in packages providing 14
person-days of support per package, based on
researched figures for the relative quantities
needed of each type of supply. These
packages are packed onto pallets by stacking
the packages. 10 of these packages fit within

- the allotted cargo weight, on 2 pallets; 13
additional jugs of water can be stocked
separately without exceeding the designed
cargo weight. A pallet jack is included to
facilitate loading and unloading.

In order to center the CG over the 32% MAC
location as well as achieve a CG excursion
percentage in the typical range of Regional

Turboprops, the Wing was moved forward by

10 ft, and the fuel tank was reduced in size and
moved back aft of the wing.
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