






[image: PDFHALL.COM]






Menu





	 maison
	 Ajouter le document
	 Signe
	 Créer un compte







































Personal Skunk Works

a wireframe or, in CFD-speak, a. "mesh." Figure 1 shows a mesh of a typical wing. .... of oil droplets into account, it is likely that the center of the windshield would. 

















 Télécharger le PDF 






 2MB taille
 2 téléchargements
 332 vues






 commentaire





 Report
























TECHNICAL FEATURE



Personal Skunk Works:



a Wind Tunnel in a PC BY PETER GARRISON



Anyone who's interested in designing airplanes wishes at one time or another for a wind tunnel. The wind tunnel has always been the most positive way of testing airplane designs. Even flight test, though it provides the last word in performance measurement, produces less of the kind of clean, controlled, precise data that designers want. But there is now an alternative to the wind tunnel: the computer. It has the advantages of low cost, high speed, and much greater ease and convenience of use. The question about computers in aerodynamic analysis has always been: How reliable are they? Now that so-called computational fluid dynamics (CPD for short) has been in increasingly routine use for a couple of decades, we know the answer: Programs that analyze flow using the basic equations of fluid mechanics can match many wind tunnel results extremely well. They have the advantage over wind tunnels of allowing you to examine small design details in great detail. Some of these programs are extremely sophisticated and require hours of supercomputer time for a single case; others are simpler and are suitable for use on small computers. The smaller, simpler class of programs are generally called "panel 36 FEBRUARY 1996



flow over bodies they first break up the surfaces of the bodies into many small panels. Several of them exist; probably the best known is VSAERO, produced by Analytical Methods of Redmond, Washington. Less well-known is the public-domain PMARC (Panel Method Ames Research Center), which was de-



n't afford the top-ofthe-line VSAERO. The fruit of our labors, which we started shipping in March, 1995, is called Personal Skunk Works, or PSW for short. PSW runs on any IBM-style computer with a 386 or better main processor, at least 8 megabytes of RAM, and Windows. 386 machines must have a math coprocessor, which is built into 486s and Pentiums. PSW consists of three programs. The first is LOFTSMAN, which I began writing in the mid-80's under the name of FLOFT; it is used for designing the airplane in the first place and then for converting its shape into digital form for CPD processing. The second is a new, faster, and more easily usable version of NASA's PMARC. We call it CMARC (pro-



veloped by NASA on the basis of an early and limited version of VSAERO. PMARC's basic capabilities are similar to VSAERO's, but its documentation is inferior and it lacks aids for preparing the input data file and compressing the voluminous numerical output into an intelligible form. PMARC also does not lend itself to the most popular type of desktop computer, the IBM compatible. In 1994 I teamed up with David Pinella, an Ohio aeronautical Engineer and pilot whom I'd met online, to produce a CPD package for designers who could-



nounced SEE-mark), because it is written in the C programming language rather than PMARC's FORTRAN. It ingests the file containing the digital description of the airplane, masticates it for anywhere from a few seconds to several hours, and yields a mountainous tally of pressures and velocities. Structural loads, stability characteristics, and some (but not all) components of drag are included in, or readily obtained from, CM ARC's output. The third element in the package is Dave Pinella's CMARC/PMARC post-



Figure 1. Wing mesh for analysis.



methods," because in order to analyze



Figure 2. Pressures on a tapered wing with no washout.



Figure 3. The same wing with four degrees of twist.



processor, POSTMARC, which converts the numerical output into easily-understood pictorial form. It is



here that the thousands of inscrutable numbers become vivid and intuitively comprehensible images. The model for analysis consists basically of a series of cross-sections at intervals chosen by the user. When points on successive sections are connected by longitudinal lines, they form a wireframe or, in CFD-speak, a "mesh." Figure 1 shows a mesh of a typical wing. The mesh shown is of medium density, with 600 panels. For bilaterally symmetrical bodies like this only one side needs to be meshed; CMARC automatically supplies the other. LOFTSMAN creates this mesh with a single command. CMARC performs the aerodynamic analysis of this model in less than two



minutes on a Pentium 90. The analysis includes several "time steps" which predict the shape of the downwash sheet and the rollup of the tip vortex. The results are converted into a pictorial form in which colors correspond to numerical values. The colors of the full spectrum of light are often used, with red representing low pressures and violet high ones. The range of values to be displayed can be adjusted, depending on the subtlety of detail desired. Usually the values to be mapped are



in normalized or coefficient form. This means that they have to be multiplied by the dynamic pressure of the airstream to give actual values. For instance, the dynamic pressure of air at 100 mph is 25 pounds per square foot. If CMARC reports that at a certain



panel the pressure coefficient is -.2, then at 100 mph the actual pressure on



that panel would be is -.2 x 25, or -5 pounds per square foot. At 200 mph it would be four times greater, or -20 psf. You can also instruct CMARC to report absolute pressures, but normalized ones are generally more versatile and easier to work with. The most commonly seen display is of pressure, but velocity, Mach number, and boundary layer characteristics can also be color-mapped. In this article I'll refer to pressure for the sake of simplicity. The range of pressures encountered is from around +1.0, that is the full dynamic pressure of the airstream, to -6 or lower at the leading edges of wings and slotted flaps; but the usual range in a map of a complete model is from -.3 to +.3 or so. A simple example of how PS W can be applied to design problems is the configuring of a wing. We begin by SPORT AVIATION 37



Figure 4. The pressure difference resulting from the washout.



Figure 5. An untwisted rectangular wing.



selecting an airfoil section (or two) and having LOFTSMAN create a mesh file for a generic wing of unit chord and span. Once we have the properly formatted CMARC input file, we can adjust chord, span, twist, taper and sweep by simply by changing a few numbers. Let's say we want to start with a tapered wing with an aspect ratio of about 6, a taper ratio of .5, NACA 65212 airfoils at both ends, and no twist. Figure 2 shows a "spectrum plot" of the wing. It's easy to see where the lift (red) is. But a careful examination reveals why tapered wings have poor



stalling characteristics unless they're twisted; the red low-pressure area is largest, in relation to the chord, between about mid-semispan and about two-thirds semispan, so that's where the stall will begin. 38 FEBRUARY 1996



Figure 3 shows the effect of adding four degrees of washout. The difference may not be obvious at first, but the suction peak is flatter and has been shifted inboard. The change can be seen better by using POSTMARC's ability to display the difference in pressure distributions between two



These general characteristics of wings are no secret, but they were originally documented through laborious trial and error and countless wind-tunnel tests. PSW makes them immediately obvious, and allows you to test many different combinations of taper, twist, airfoil section and sweep



region on the outer portion of the wing panel in Figure 4 indicates the location and magnitude of the pressure increase, or reduction in suction, due to washout. This wing would be helped even more by using a less severe taper ratio and selecting a more cambered airfoil



simple wing panel, wings of more complicated twist and taper, or of completely nonlinear shape, can be analyzed just as easily. PSW gives insight into other aspects of pressure distribution that are not so well understood as the stalling characteristics of wings. For example, suppose you wanted to know where to put an air outlet, for example for a cowling or for a cabin. You would want it to be at a location where the outside pressure is low, in order to profit from



similarly-meshed models. The violet



section for the tip. For comparison,



however, look at an untwisted rectangular wing (Figure 5). It has the greatest suction at the center, and naturally stalls from there outward.



in a couple of hours. Although this is a



some extraction effect. Many people would think that by the same token that the pressure is high at the front and you scoop up your ram air there, the back end of the airplane would be a natural place to exhaust air. Figure 6 shows a pressure map of a homebuilt that I'm working on. Keeping in mind that red represents low pressure, we see right away that the back end is not promising. Pressure rises on converging surfaces. The best place to vent cabin air turns out to be above the forward portion of the wing or at the top of the canopy, just aft of the windshield arch. The best place to vent engine cooling air is on top of the cowling near the front, where suction increases as speed decreases, providing a natural cowl-flap effect. Figure 7 shows the cowling at the climbing angle of attack, and Figure 8 shows the actual location of the cooling air vents on my cowling; an inner ramp, not yet installed, will confine the outlet area to the front edges of the openings. (This arrangement of course requires updraft



cooling.) By the same token, the top center of the cowling just ahead of the w i n d s h i e l d appears to be a better (higher-pressure) location for a NACA air scoop than the often-used one on the fuselage side. (But top-surface outlets and inlets on the same airplane may not be such a good idea!) One often-voiced objection to placing vents in this location is that in case of a severe engine oil leak, the windshield might get covered with oil. PSW can also predict the paths of streaml i n e s both on the surface and at a distance from it, however. Figure 9 shows that streamlines originating at the cowling vents veer outboard at the windshield. In this display, the color of the streamline corresponds to velocity, and reveals the deceleration of flow to half the freestream velocity at the base of the windshield and its re-acceleration across the bulge of the canopy. Even taking some inertial separation of oil droplets into account, it is likely that the center of the windshield would remain clear enough for a safe landing.



An alternative approach to visualizing surface How is the digital equivalent of tuft testing. Figure 10 shows the orientation of surface flows over the nose at an angle of attack of six degrees. The color of arrows represents their velocity, with 1.0, a medium blue, being the velocity of the free stream. In addition to surface flows, CMARC will predict velocities and pressure at any point in the space surrounding the airplane, and will trace the paths of streamlines at a distance from the surface.



Each run of this 2557-panel model of my homebuilt takes about 100 minutes on a Pentium 90. To avoid tying up the computer all day, PSW allows you to set up "batch files" that run during the night, repeatedly processing the input file while varying parameters and storing the results in separate files. To know pressures is to know loads. CMARC's output includes various coefficients for each chordwise strip of the wing's surface between mesh lines. Since we know the width and chord of



Figure 6. General pressure distribution on the author's homebuilt—red is low, violet is high. SPORT AVIATION 39



Figure 7. Cowling pressures during climb. Note the low pressure on the front upper surface.



_



Streamline number = 8,20, Vm File: C



Figure 9. Streamlines in cruise. Note the divergence at the windshield. 40 FEBRUARY 1996



the usual modifiedelliptical approximation of spanwise lift distribution, since it's sensitive to the effect of washout; also, the lifting effect of the fuselage can be distinguished from that of the wing, so that the wing is not designed for loads that it actually doesn't carry. Thus, CMARC provides all the information needed for an accurate, rather than rule-of-thumb, loads analysis. CMARC provides drag in addition to lift information, but it is incomplete. CMARC arrives at its estimate of drag by adding up the pressure vectors for all panels. This socalled "pressure drag" is actually only one component of the total drag, Figure 8. Cooling air outlets are placed to take advantage of however; there is the natural pressure distribution. also viscous or skinfriction drag, as well as separation or these strips, we can multiply the strip "base" drag. CMARC, which obtains its area by the pressure coefficient and the pressures on the as- sumption that all dynamic pressure to obtain the actual flows are attached and frictionless, igforces and moments on the strip. For nores the other components of total example, a strip may have a 43.7-inch drag, and so its pressure drag coeffiaverage chord and a width of 8.34 cients should not be mistaken for total inches. Its area is therefore 2.53 parasite drag coefficients. They are not square feet. At 150 mph IAS, say, the entirely useless, however, because the dynamic pressure is about 58.34 lb/sq variations of pressure drag with changes ft. If the normal force coefficient is in shape do affect the total drag. .203, the unit loading is .203 x 58.34, CMARC also analyzes conditions or 11.84 lb/sq ft. The loading on this along streamlines in the boundary strip is therefore 2.53 x 11.84, or layer, using empirical formulas that are 29.97 pounds. By the same token, rib based on a combination of theory and loads and load distributions can be experiment. Characteristics like obtained from the chordwise panel- boundary-layer thickness, friction coby-panel listing of coefficients. Figure efficient, and laminar transition point 11 shows a typical computed chord- can be color-encoded into the streamwise pressure distribution, together lines display, and points of flow with the pressures measured in wind separation indicated. This information tunnel tests for comparison. is particular useful for analyzing interStripwise loadings are added up to ference effects, for instance in the wing get shears and bending moments. root area, and for estimating the extent The approach is more accurate than of laminar flow over wings and body.



Because CMARC predicts the variation of surface pressures with angle of attack, it can be used to compute static longitudinal stability margins and even roll rates. For longitudinal stability a couple of techniques are available. The simpler of them calls for running two or more analyses of the airplane at different angles of attack to obtain the rate of change of pitching moment in terms of the lift coefficient. This value, multiplied by the mean aerodynamic chord and referred to the C of G, gives the static margin. Another approach mimics flight test. By running a three cases with different elevator deflections and different angles of attack, you can determine the elevator angles required to trim for different angles of attack. From here it is a short computational step to the neutral point. CMARC allows you to analyze the model in rotating as well as straightline motion. You can specify rates of pitch, roll, and yaw, and even oscillatory motions. This facility allows you to find roll rate by a method analogous to that for determining elevator angles to trim. The ailerons are set to their maximum deflection, and cases are analyzed at two or three roll rates in the vicinity of the estimated maximum. The results provide a line or curve of rolling moment versus roll rate. From this you obtain the roll rate at which the net rolling moment (that is, the sum of the roll-driving effect of the ailerons and the roll-damping effect of the rest of the airplane) is zero. This is the maximum roll rate. Another application of the method of deflecting surfaces is used for assessing the control power available to flare with full flaps. In this case, the flap is modelled in its deflected position. Again, three cases are analyzed with different elevator deflections and angles of attack to interpolate the point at which the net pitching moment is zero. CMARC allows introducing a ground plane to mimic the effect of the runway under a landing airplane. CMARC's input file is constructed in such a way that moveable components are modelled separately, and can be positioned as needed for different analyses. Thus, for example, once the surface geometry of a flap has been defined in one position, the flap can be set in different positions by changing a few elements in the input file, rather SPORT AVIATION 41



Velocity magnitude, Time state = I File: C:\PSW\M2-6.BIN



I Figure 10. A digital tuft test at six degrees deck angle.



than by redefining the entire surface.



the most difficult questions involved in



a novice into an expert. The proverbial



design tool that helps answer many of



having it does not magically transform



Garbage In, Garbage Out, applies in



Personal Skunk Works is a versatile



designing airplanes. Nevertheless,



-1.0 -



First Law of computer science, spades to CMARC. The user must know something about aerodynamics to start with in order to make sense of



CM ARC's output and to understand its limitations, and practice is needed to develop the ability to separate a good input and output from bad. Results



should always be spot-checked against



solutions from other methods and against rational expectations. The process is reciprocal, however: PSW



teaches its user a great deal about practical aerodynamics in general, as



0.2



0.4



0.6



0.8



1.0



Chord Figure 11. Predicted airfoil pressure distribution compares well with wind tunnel measurements 42 FEBRUARY 1996



well as about particular designs. PSW costs $2,500. Its component parts are available separately. Demo versions of all three programs, together with sample input files, can be downloaded free of charge from our web page at http://www.iac.net/~aerol. A set of demonstration disks is $30. If you would like more information, you can contact me by e-mail at [email protected], or by mail at 1613 Altivo Way, Los Angeles, CA 90026. +
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