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An Experimental Pusher Flying Wing
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EXPERIMENTAL PUSHER mm WING bv



'he "flying wing" idea is as old as aviation itself 1 ent advantages of the configuration but lacked the Even the early experimenters realized the appar-



knowledge and materials necessary for success. Raoui Hoffman's All-Wing design of 1934 illustrated in the December issue of the EXPERIMENTER was one adaptation of the idea to the lightplane field. In recenl years we have had such efforts as the Horten and Fauvel gliders, the Northrop series, Backstrom's "Plank"



and others. In this article I'd like to discuss the possible advantages of this design solution and draw a comparison between it and the conventional approach. The The drag coefficient for the fuselage will be accompanying three-view drawing and the artist's im(based on wing surface): pression by George Collinge which appeared on the cover of the January issue of SPORT AVIATION outConventional — Crjf = 1.159 = .0102 lines one possible solution of the flying wing applica114 tion to light aircraft. P. F. W. — — — CDf = 1.034 = .0090 There are advantages to this design which can 114 be demonstrated easily without too much calculation, TAIL SURFACES such as reduced weight and reduced number of parts to manufacture. The weight reduction will result On the conventional airplane the following values in a general performance improvement, and as an exwill be found: ample the increase in the V-max will be calculated. Horizontal Tail — Sh = 18.0 sq. ft. The comparison will be made between a conventional Vertical tail — Sv = 9.7 sq. ft. two-place, side by side airplane and a pushsr flying Total tail area — 27.7 sq. ft. wing (P.F.W.), both using the same wing area and the same power. In previous calculations the tail drag coefficient Due to the elimination of the horizontal tail and based on the wing area was found to be: part of the fuselage, a 50 Ib. weight saving can be CDt = 0.0024 estimated. Thus our first comparison table will apDue to the elimination of the horizontal tail and pear as follows: a slight increase in the vertical tail area, the P. F. W. Conventional P. F. W. tail area is estimated to be 15 sq. ft. Then the drag coGross weight 1200 Ibs. 1150 Ibs. efficient can be calculated thusly: Wing area 114 sq. ft. 114 sq. ft. C nt = 0.0024 x 15 = 0.0013 Engine 85 hp 85 hp 27.7 Airfoil



NACA 632615 NACA 632615



Calculating the parasitic drag coefficient for each design reveals an interesting comparison: FUSELAGE



Tabulating the equivalent flat follows: Conventional Skin friction & irregularities 0.315 sq.ft. Canopy 0.114 s q . f t . Engine installation 0.730 sq.ft.



Total area SPORT AVIATION



1.159 sq.ft.



plate area as P. F. W.



0.190 sq.ft. 0.114 sq.ft. 0.730 sq.ft. 1.034 sq.ft.



WING Due to the possibility of obtaining a complete laminar flow over the entire wing because of the absence of the turbulent propeller slipstream, the fol-



lowing considerations can be made: On the conventional airplane, 30% of the wing area is subjected to turbulent flow, while on the P. F. W. the 100% wing area can be considered as laminar. On page 29 of NACA Report No. 824, Fig. 35, it is stated that the effect of the propeller slipstream turbulence increases the section drag coefficient by 50%. The values shown are for a 66(2 x 15) — 018 Continued on page 29 21



Ultra-Light of Canada . . . from page 22



Experimental Pusher . . . from page 21



counting for all changes which set up a system of weight and will permit rapid calculation C. G. location for any loading



airfoil, and the Cdo is increased from .0040 for the undisturbed airfoil to Cdo = .0060 (mean value) for the disturbed airfoil. Then, on page 169 of the same report, the following is given relative to the airfoil considered in this comparison (NACA 682615): C do = .0103 @ RN = 6.000.000 & standard roughness and for the disturbed airfoil we can calculate:



may occur. He should balance control which of the A. U. W. and conditions.



PROCEDURE FOR OBTAINING A FLIGHT PERMIT a. From the DSAR, the applicant should obtain: Form AC-5-79 - Application for flight permit ULA Form AC-5-80 - Weight report ULA Form AC-5-81 - Climb test report ULA b. When the aircraft is nearing completion, an application for registration should be filed with the DSAR. c. When the registration mark has been allocated and the aircraft is ready for flight, forms AC-5-79 and AC-5-80 should be submitted to the DSAR. If these are satisfactory, the DSAR will issue a flight permit specifying the restrictions which will apply. d. When the Climb Test requirements and the Flight Test requirements have been complied • with, the owner may apply for modification of the initial operating restrictions.



LANDING GEAR CHANGES A flight permit is valid for any type of landing gear; wheels, skis or floats. ' '



ENGINE CHANGES



. A change in the make or model of the engine will invalidate a flight permit. Such change will be



Cdo = .0103 + (.0103 X 50) = .0154



Then the wing parasitic drag coefficient for the conventional airplane will be: .70 x .0103 = .0079 .30 x .0154 = .0046 Cdo = .0125 Thus the total parasitic drag coefficients for each airplane can be compared as follows:



Fuselage Tail surfaces Wing



Conventional P.F.W. .0102 .0090 .0024 .0013 .0125 .0103



Total Parasitic Drag .0251 .0206 Assuming that both airplanes will have the same



tapered wing with an aspect ratio of 7, then the induced drag coefficient can be calculated. The wing and fuselage efficiency is found to be: e = .83. Then: CL2 CL2 C Di = —————— = —————— = 0.0548 C L 2 r xex AR r x .83 x7 The total drag coefficient for each airplane will be: Conventional - CD = .0251 + .0548 CL2



considered to constitute a new design and will be treated accordingly except in a few cases where the P. F. W. - - - C D = .0206 + .0548 C L 2 initial flight test requirements may be waived and The maximum speeds can be estimated for each the flight experience requirements reduced to 25 airplane: hours. Conventional - V max = 147 mph In conclusion I wish to point out that under this P. F. W. - - - V max = 157 mph new regulation the owner of an ultra-light aircraft The lift coefficient for these speeds is determined is under no obligation to comply with the standard by the following formula: of construction and maintenance required for an airW/S craft having a normal Certificate of Airworthiness. CL = ——————— where W/S = wing loading There is no formal obligation to use aircraft quality 0.00256 V2 material, to have the structure of the aircraft inspectCalculation of the lift coefficient is as follows: ed, and to have the regular maintenance checks per1200/114 Conventional - C T = —————————— = .187 formed even though these points are recommended. Even in the case where the normal Certificate of .00256 x 1472 Airworthiness type of inspection is performed, the 1150/114 Department of Transport does not intend to keep P. F. W. - - - - CT = = .159 record. For these reasons an aircraft which has oper.00256 x 1572 ated under an Ultra-Light Aircraft flight permit Continued on page 30 cannot be granted a normal Certificate of Airworthiness. There is no restriction as to the type of engine one may use - adapted motorcycle or car engines or aircraft engines are equally acceptable. This new regulation makes it possible to build and operate any type of light aircraft of new design for: performance or from available plans. It is up to the builders and ruggedness pilots to use care and judgement, as this new regulation is based on confidence in exercising discrestability tion. £ easy to fly f u l l y aerobatic
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includes



• TWO types fuselage and tail



surfaces . . . metal . . . o r tube and stringer construction. 29



imum speed can be determined with the following formula: 375 x HPmax x rj V'max r — D 375 X 85 X .80



Conventional Vmax = ————————————— — 148 mph 173



P. F. W. - - - Vmax —



375 x85 x .78



158



= 156.5 mph



The obtained values check out with the previously estimated, so the improvement in maximum speed is then determined: V - 157 — 148 = 9 mph v max = — and in percentage:



Another Toilwind



9



'max ( % ) =



Shaping Up



148



X 100 = 6.1%



The improvement obtained is not fantastic, but



the airplane designer knows that any performance



improvement in modern airplanes is built up through the summation of many small contributing factors. The pusher flying wing configuration would seem to offer many advantages which will result in improved performance. Certainly it merits close study and furto get it out. The photos don't reveal how Gene in- ther experimentation. tends to move his airplane out without tearing down It must be emphasized that this design proposal the house, but we feel sure he has planned it is presented as an idea and needs further evaluation. well. Gene is president of the Atlanta, Ga., ChapThe question has been raised regarding the problem ter. of weight and balance on an aircraft of this type, since the CG travel of tailess aircraft is very limited. Possibly this can be improved by moving the passengers Pusher . . . from page 29 nearer to the CG. Additional study and analysis of The value of the total drag coefficient for each this and other problems would be necessary before the final configuration could be arrived at, but since airairplane will be: Conventional - C D = .0251 + .0548 x .1872 = .0270 planes of this type have been built and flown successfully, it should be possible to evolve a suitable P. F. W. - - - - CD = .0206 + .0548 X 7151)2 = .0219 solution. The value of the drag can be calculated with the SPECIFICATIONS following formula: Eugene \V. Slade, 105 Worthington Drive, Marietta, Ga., is making progress on his Wittman Tailwind. The accompanying photos show Gene at work in his basement and a close-up of his airplane "on the gear". Reminds you of the story about the man who built a boat in his house and then had to knock a wall out



W



D Conventional - D =



P. F. W. - - - - D =



1200



.187/.0270 1150 .159/.0219



.,



>:



= 173 Ibs.



PERFORMANCE = 158 Ibs.



The propeller efficiency for a tractor installation can be estimated as: ^ = .80, while for the pusher type it will be slightly smaller say: rj = -78. Then the maxSKYHOPPER PLANS
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SALVAY-STARK AIRCRAFT CO. S296 Poppy Way



Wingspan . . . . . . . . . . . . . . . . . . . . . . . . 336 in. Length . . . . . . . . . . . . . . . . . . . . . . . . . . 200 in. Height . . . . . . . . . . . . . . . . . . . . . . . . . . . 96 in. Width (wing folded) . . . . . . . . . . . . . . . . 96 in. Weight . . . . . . . . . . . . . . . . . . . . . . . . . . 1150 Ib. Wing Area . . . . . . . . . . . . . . . . . . . 114 sq. ft. Engine . . . Continental . . . . . . . . . . . . C-85 hp



Bueno Pork, Calif.



Maximum Speed . . . . . . . . . . . . . . . . 156 mph Cruising Speed . . . . . . . . . . . . . . . . . . . 138 mph Stalling Speed . . . . . . . . . . . . . . . . . . . . 50 mph Rate of Climb @ S. L. . . . . . . . . 900 ft. /min. Service Ceiling . . . . . . . . . . . . . . . . 16,500 ft.



Range . . . . . . . . . . . . . . . . . . . . . . . . . 560 miles
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Airport MILWAUKEE 18, WIS.
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