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Rauol J. Hoffman



The question of the effect of the slipstream of the propel-



ler on the performance of the airplane



becomes increasingly



important as the ratio of the wing area affected by the propeller stream to the total area is getting larger and larger. This increase of influence of the airswept area is largely due to the tapering of the wing, the use of multimotored drives and the



reduction of the aspect ratio of the wing. In order to visualize the influencing factor and the interaction of the slipstream with the airflow over the wing, we bring



a few sketches showing the airflow past an airfoil and through a propeller. Fig. 1 shows the velocity gradients of the air around an airfoil at low angle and Fig. 2 at



high angle, the decrease and increase of velocities noted on the curves. They make it quite evident that increasing the velocity



over the upper surface will increase the lift. Fig. 3 shows the velocity increase of the air passing through a propeller. This increase is the



turbulent region the efficiency naturally will increase.



The propeller in order to give momentum to the air backwards must give a certain tangetial motion to the same air column, which will result in a helical



motion of the air. This helical motion is plotted in Fig. 4 for a



certain propeller at three-quarters of its diameter. The helical motion is the rea-



son for offsetting the rudder and for having a different span loading on the left and right wing



when a single tractor propeller is used (see Fig. 5). It would be simple to equalize



the flow by changing the entering edge, as shown in Fig. 6 or by guiding the airflow with vanes. Giving the vanes suffici-



ent reverse curvature they could be applied to helicopter to remove the torque created by a single lift-propeller. There is always a dividing line present (Fig. 7) between



the upper and lower airflow which changes according to the angle of attack and the blunter the nose is, the easier the shift-



slipstream which gives us the required thrust. We notice an outer zero line past which we find a small region of reverse



ing is; therefore, for low speed



flow; the inner zero line passes through the 25 percent of the diameter, past which we find a



the propeller and wing when



turbulent center region. Placing a body (fuselage) into this



ratios a sharper leading edge should be used.



To retain the efficiencies of



placed in close proximity, their original airflow characteristics should not be altered. We know



that



the



propeller



produces



changes in velocities and placed in the vicinity of the wing will



change its lift. The lift is increased if the propeller is placed above the



wing but it will add extra drag due to the supports for the motor. Placing the motorhousing below the wing will result in minimum drag increase, which



will be offset by the reduction of the lift due to the slipstream. The combination of all efficiencies concerned, the efficiency of the propeller, the added drag, and the increase of lift can be grouped into a net efficiency. This net efficiency is plotted in Fig. 8 for high angle and in Fig.



9 for low angle; combining the two test results we find that



lines for the airflow past a wing. The correlation of airflow of propeller and wing combination, different for various wing sections and propeller pitch ratios, will help you to explain some of



the poor performances of some of the designs, to grasp the trend in latest improvements, and will b3 of great aid in putting the final touch to your own airplane. Very interesting experiments on these effects were performed several years ago by the Engineering Division of U. S. Army Air Corps with a full size plane. Pressure zones were plotted out for the ship under all conceivable positions, including powerdives and 90-degree banks.



In all cases, the results were



the best average position will be



practically in agreement with



30 percent of the chord length ahead of the wing.



the facts as stated here, and it is therefore of the greatest importance to consider this factor



Viewing the lower part of the efficiency lines closer we find



they coincide with the dividing



seriously before completing a design. H
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