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  Ackeret’s transformation,  509   

  Active Aeroelastic Wing project,  732 – 733   

  Adiabatic flow,  441 – 443  

 equation for supersonic wind tunnel,  443 – 444  

 one-dimensional,  442 – 443   

  Adiabatic-flow relations for a perfect gas,  456   

  Aerodynamic coefficients,  134  

 induced drag factor and lift-curve slope parameter 

for,  371 – 372  

 monoplane equation for,  367 – 371   

  Aerodynamic design philosophy,  789 – 790   

  Aerodynamic forces acting on an airplane,  34   

  Aerodynamic forces and moments, 

characterization of 

 aircraft parasite drag,  263 – 270  

 boundary-layer transition,  256 – 259  

 drag coefficient,  252 – 254  

 effects of compressibility,  476 – 479  

 general comments,  227 – 230  

 lift coefficient,  244 – 248  

 local skin friction,  254 – 255  

 long bubble separation,  248  

 Mach number, effects of,  257  

 moment coefficient,  250 – 252  

 parameters governing,  230 – 231  

 pressure force acting on vehicle surface,  244 – 245  

 pressure gradient, effects of,  257  

 resultant force component,  245  

 Reynolds number,  245 ,  248 ,  256  

 shock/shock interactions,  482 – 484  

 shock-wave boundary-layer interaction, 

 480 – 482  

 short bubble separation,  248  

 surface roughness, effects of,  257 ,  259 – 262  

 surface temperature, effects of,  257  

 two-dimensional lift-curve slope,  245   

  Aerodynamic interaction,  639 – 642   

  Aerodynamics 

 and aircraft performance,  8  

 energy-maneuverability technique,  2 – 6  

 fluid dynamics,  9 – 26  

 Hillaker–Boyd meeting,  8  

 need to study,  1 – 2  

 specific excess power,  6 – 8   

  Aerodynamic twist,  360   

  Aft swept wings (ASW),  541 – 542 ,  758   

  Ailerons,  27   

  Airbus A 380 ,  543   

  Air combat, Boelcke’s rules,  5   

  Aircraft performance,  8   

  Aircraft testing, approach to,  62 – 63   

  Airfoil 

 aerodynamic center of thin,  235  

 in aerodynamics,  235 – 236  

 boundary-layer separation,  235  

 center of leading-edge radius,  233  

 characteristics,  235 – 236  

 chord line,  233 – 234  

 contour wave drag approaches,  526  

 F- 104 ,  560 – 561  

 GA(W)- 1 ,  721 – 722  

 geometric angle of attack,  234  

 geometry parameters,  231 – 236  

 leading-edge radius,  233 – 234  

 Mach number   for,  61  

 maximum lift coefficient,  234  

 maximum thickness,  234 – 235  

 mean camber line,  234  

 mid-chord region,  235  

 NACA geometry nomenclature,  232 – 233  

 optimum thickness,  234  

 Reynolds number for,  62  

 supercritical,  526 – 527  

 supersonic,  570 ,  590 – 591  

 supersonic flow around,  454  

 thickness distribution,  234 – 235  

 trailing-edge angle,  235  

 transonic flow across unswept,  517 – 525  

 viscous boundary layer,  64   

  Airfoil, finite-span model 

 cambered,  306 – 316  

 circulation,  296 – 298  

 flow around a two-dimensional,  295  

 high-lift,  321 – 327  

 laminar-flow,  317 – 321  

 lift,  296 – 298  

 in military aircrafts,  334 – 336  

 multi-element sections,  327 – 334  

 starting vortex,  296 – 298  

 symmetric,  301 – 306  

 thin-airfoil theory,  298 – 301   

  Airplane, description of,  26 – 27   

  Airplane efficiency factor,  283   

  Angles of attack 

 delta wings,  409  

 flow fields for aircraft at high,  422 – 424  

 fuselage at high,  418 – 422   

  Anhedral angle,  238   

  Arrow wings,  595 – 598   

  Aspect ratio,  237  

 of a delta wing,  242   

  ASSET program,  490   

  Asymmetric loads on fuselage,  418 – 422   

  Asymmetric vortex shedding,  419 – 422   

  Average chord,  237  

Axial force, 228

Axisymmetric flow, 149–152  
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 section lift coefficient,  308  

 theoretical aerodynamic coefficients,  311 – 312  

 thickness ratio,  314  

 vorticity distribution,  306 – 308  

 zero lift angle of attack,  313 ,  317   

  Canards,  411   

  Cauchy-Riemann equations,  114  

 for cylindrical coordinates,  115   

  Chance-Vought F-8H Crusader,  714   

  Characteristic, defined,  455   

  Circulation 

 aerodynamics perspective,  101  

 around a closed curve,  119  

 defined,  99  

 for elementary closed curves,  100  

 flow around a cylinder with,  139 – 144  

 for a potential vortex,  119   

  Circulation control wing (CCW) concept,  725 – 727   

  Closed fluid line,  103   

  Closure problem,  198   

  Coanda effect,  723   

  Coefficient of viscosity,  14 – 15   

  Collocation method,  359   

  Commercial airliner, components of modern,  26   

  Compressibility corrections,  512 – 513   

  Compressible flow, 66 

 adiabatic,  441 – 443  

 boundary-layer interactions,  480 – 482  

 characteristics,  454 – 457  

 continuity equation,  455  

 for converging–diverging nozzle,  451 – 454  

 isentropic flow,  445 – 451 ,  455  

  n  -momentum equation,  455  

 scaling/correction processes,  494 – 495  

 shock/shock interactions,  482 – 484  

 shock-wave boundary-layer interaction,  480 – 482  

 shock waves,  462 – 472  

  s  -momentum equation,  455  

 streamtubes of variable-area,  441 – 451  

 tests for flow fields,  486 – 492  

 thermodynamic concepts,  432 – 441  

 viscous boundary layer,  473 – 479   

  Computational fluid dynamics (CFD), 

 538 ,  776 – 777  

 and aerodynamic design philosophy,  

789 – 790  

 credibility,  783 – 785  

 Euler codes for,  779  

 flow fields for,  780 – 781  

 integration of data,  781 – 782  

 semiempirical methods for,  777 – 778  

 surface panel methods for,  778 – 779  

 two-layer flow models,  779 – 780   

  Concorde,  627 – 629   

  Configuration slenderness,  631   

  Conical-flow technique,  585 – 598  

 arrow wings,  595 – 598  

 delta wings,  595 – 598  

 rectangular wings,  586 – 590  

 supersonic flow transition,  585 – 596  

 swept wings,  591 – 595   

  B 
  B-52 aircraft 

 energy height,  4 – 5  

 total energy, calculation of,  4   

  Barotropic flow,  103 – 104   

  Base drag,  263 ,  636 – 638   

  Bernoulli’s equation,  74 – 75 ,  96 ,  128 ,  151 ,  431  

 calculations using,  93  

 calibrated airspeed (CAS),  94  

 to determine airspeed,  93 – 95  

 equivalent airspeed (EAS),  95  

 Euler’s equation,  91  

 free-stream dynamic pressure,  92  

 free-stream static pressure,  92  

 indicated airspeed (IAS),  94  

 for inviscid flows,  90 – 95  

 stagnation (or total) pressure,  92  

 true airspeed (TAS),  95   

  Biot-Savart law,  379 ,  382   

  Boattail,  638 – 639   

  Body-force potential,  103   

  Boeing  737 ,  713   

  Boeing  747 ,  543   

  Boelcke, Oswald,  2 ,  5   

  Boundary layer 

 shock wave interaction,  480 – 482 ,  491   

  Boundary-layer fences,  395  

 effect of,  397   

  Boundary-layer transition,  256 – 259  

 adverse pressure gradient,  192  

 in aerodynamics,  190  

 effects on wind-tunnel testing,  262 – 263  

 finite surface roughness,  192  

 idealized transition process,  191  

 for a NACA 23012 airfoil,  259  

 for NACA 0009 section,  257 ,  259  

 for NACA 66–009 section,  257 – 259  

 parameters for,  189 – 190  

 Reynolds number,  191  

 and stability theory,  192  

 two-dimensional T-S waves, form of,  192   

  Boundary-layer transition methodology for hypersonic 

flows,  702 – 706   

  Boyd, John R.,  5   

  Bubble separation,  248   

  Busemann’s second-order equation,  587 ,  589   

  Busemann’s theory for supersonic flows,  561  

 “biplane” airfoil system,  564 – 566  

 lift coefficient,  561 – 564  

 pitch moment coefficient,  561 – 564  

 wave-drag coefficient,  561 – 564    

  C 
  Cambered airfoil, finite-span model,  306 – 316  

 aerodynamic coefficients,  308 – 311  

 coordinate transformation,  306  

 effect of boundary layer separation,  316  

 lift coefficients,  313  

 maximum thickness,  313  

 moment coefficient,  313  
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 F- 16 ,  745 – 752 ,  755  

 F- 22 ,  764 – 767  

 F- 35 ,  767 – 770  

 F-105D,  752 – 753  

 features required for operational requirements,  758  

 flap systems,  716 – 719  

 fresh-boundary-layer effect,  723  

 high-lift configurations,  712 – 725  

 Kutta condition,  720 ,  722  

 laminar-flow control (LFC),  734 – 735  

 lift coefficient, increase in,  713 – 716  

 multi-element airfoils,  329 – 331 ,  719 – 723  

 off-the-surface pressure recovery effect,  723  

 pitch moments,  723  

 power-augmented lift,  723 – 725  

 SCAMP/F-16XL configurations,  754  

 slat effect,  723  

 for tactical military operations,  727 – 731  

 trailing-edge flaps,  713  

 upper-surface-blowing (USB) concept,  723  

 variable-area concepts,  713  

 variable-twist, variable-camber wings,  731 – 734  

 weapon carriage concepts,  752 – 757  

 wing area, increase in,  712 – 713  

 wing/canard, wing/tail, and tailless configurations, 

 758 – 763  

 winglets,  737 – 740  

 wing planform,  740 – 741  

 wingtip devices,  737 – 740   

  Diatomic gas,  435   

  Dihedral angle,  238   

  Dimensionless pressure coefficient,  128   

  Direct Simulation Monte Carlo (DSMC),  655   

  Displacement thickness,  203   

  Doppler effect,  439   

  Doublet flows,  116 – 117  

 axis of,  116  

 equipotential lines and streamlines for,  117  

 stream function for,  117  

 two-dimensional (line),  116  

 velocity components for,  116  

 velocity potential for an axisymmetric,  150   

  Downwash velocity,  348 – 351  

 downwash angle,  349 ,  353   

  Drag 

 acting on sharp cone,  678 – 682  

 aircraft parasite,  263 – 270  

 for an F-16 in steady, level, unacclerated flight,  284 – 286  

 base,  263  

 due-to-lift at subsonic speeds,  401 – 404  

 for F/A-18E,  789  

 for finite-span wing,  279 – 283  

 on a flat-plate airfoil,  53 – 55  

 force per unit span of cylinder,  140  

 form (or pressure),  263  

 induced,  263  

 interference,  263  

 parasite,  263  

 per unit span,  133  

 pressure (or form),  133  

 profile,  263  

  Conservative form of governing equations,  792 – 797   

  Constant-property flows,  46 – 52 ,  56   

  Control points,  145   

  Convair B- 58 ,  533   

  Converging–diverging nozzle 

 area-velocity relationship, at different Mach numbers, 

 452  

 compressible flow for,  451 – 454  

 effect of pressure ratio on,  452  

 Prandtl-Meyer,  454 – 461  

 supersonic conditions,  452 – 453  

 as a Venturri tube,  453   

  Conversation of mass,  36 – 40   

  Couette flow,  50 – 52  

 boundary conditions,  50  

 shear stress distribution,  51  

 between two parallel walls,  50 – 51  

 velocity profile for,  51  

 volumetric flow rate,  51   

  Critical Mach number,  506 ,  513 – 515   

  Critical pressure coefficient,  513 – 515   

  Curvefit formula,  214   

  C-17 wings, design of,  275 – 276    

  D 
  D’Alembert’s paradox,  133   

  Deflection angle,  465   

  Delta wings,  404 – 414  

 aerodynamic coefficients,  409  

 angles of attack,  409  

 canard configurations,  411 – 412  

 coiled vortex sheets, effect of,  404  

 conical-flow technique,  595 – 598  

 drag coefficient,  408 – 410  

 leading-edge vortices,  413  

 lift and the drag-due-to-lift characteristics,  406  

 lift coefficients,  407 – 408 ,  410  

 lift-curve slope,  408  

 location of vortices,  413  

 moment coefficient,  411  

 normal-force slope,  406  

 positive attributes of,  414  

 potential-flow lift constant with planform 

parameters,  406  

 separation points,  407  

 spanwise outflow,  404  

 at subsonic speeds,  404  

 with supersonic leading and trailing edges,  582  

 total lift coefficient,  406  

 vortex breakdown and,  413 – 414  

 vortex-lift constant with planform parameters,  407  

 vortex trajectory,  404 – 405   

  Design of aircraft 

 camber-changing flaps,  723 – 724  

 circulation control wing (CCW) concept,  725 – 727  

 circulation effect,  723  

 drag reduction concepts,  731 – 741  

 dumping effect,  723  

 EA-6B,  742 – 745  

 F- 15 ,  763  
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 specific excess power, calculation of,  6  

 total energy, calculation of,  4   

  Fighter pilots,  2   

  FIRE program,  491   

  Flat-plate boundary layer, integral equations for a 

 application,  208 – 211  

 drag coefficient,  207  

 for incompressible flow,  205  

 Karman-Schoenherr relation,  209  

 momentum thickness for an incompressible 

flow,  207  

 Prandtl-Schlichting relation,  209  

 Reynolds number,  191  

 Schultz-Grunow relation,  209  

 streamlines,  207   

  Flight-test programs,  490 – 492 ,  788 – 789   

  Flow fields 

 scaling/correction processes,  494 – 495  

 tests for,  486 – 492  

 wind-tunnel simulation of supersonic missile, 

 492 – 494   

  Flow separation,  130   

  Fluid dynamics,  9 – 26  

 around geometrically similar configurations,  57  

 Bernoulli’s equation,  74 – 75  

 compressible flows,  66  

 constant-property flows,  46 – 56  

 conversation of mass,  36 – 40  

 Couette flow,  50 – 52  

 dimensionless boundary-condition 

values,  58  

 energy equations for,  68 – 75  

 fluid, definition,  9  

 fluid as continuum,  9 – 10  

 free-stream boundary conditions,  57 – 58  

 fully developed flow,  47  

 integral equations to a flow problem,  52  

 linear momentum, conservation of,  40 – 46  

 Mach number  (M)  for,  59 – 63  

 Poiseuille flow,  46 – 50  

 principles for a nonaccelerating, hydrostatic, 

or shear-free, flow,  21  

 Reynolds number (Re) for,  59 – 63  

 thermodynamics, first law of,  66 – 67  

 types of fluid,  9   

  Fluid properties 

 density,  12 – 13  

 hydrostatic stress condition,  9  

 kinematic viscosity,  15 – 17  

 pressure,  10 – 11  

 speed of sound,  17 ,  23  

 standard atmospheric pressure at sea level,  11 ,  18 – 20 , 

 22 – 26  

 static medium,  17 – 22 ,  35  

 temperature,  10  

 viscosity,  14 – 17   

  Force coefficient,  135   

  Forced vortex (rotational vortex),  120 – 121   

  Forward swept wing (FSW),  758   

  Forward swept wings (FSW),  540 – 543   

  Fowler flap,  713 ,  721   

 skin-friction,  133 ,  263  

 sources of aircraft,  264  

 at transonic and supersonic speeds,  527 – 528  

 trim,  263  

 wave,  263   

  Drag bucket,  257   

  Drag coefficient,  55  

 for an incompressible flow,  354  

 flat-plate boundary layer,  207  

 induced,  353 – 354  

 for a NACA 23012 airfoil,  259  

 per unit span for a cylinder,  133  

 for a smooth sphere,  152  

 for a sphere,  152  

 of a sphere,  668 – 669  

 for various shapes and flows,  137  

 vortex,  353 – 354   

  Drag divergence Mach number,  516 – 517   

  Drag-divergence Mach number,  537   

  Drag force 

 induced downwash velocity,  350   

  ‘Drooped’ leading edge,  374   

  Dynamic pressure,  53, 92, 461    

  E 
  Earth’s mean atmospheric temperature,  22   

  Eddy viscosity,  202 – 204  

 for boundary layer,  204  

 for the inner region,  203  

 use of,  202   

  Elementary flow functions,  113 – 126   

  Elevators,  27   

  Elliptic circulation distribution,  351 – 355   

  Elliptic lift distribution,  355 – 356   

  Energy equations for fluid dynamics,  68 – 75  

 application of the integral form of,  74  

 Bernoulli’s equation,  74 – 75  

 flow work,  72 – 73  

 integral form of,  71  

 internal energy (u e ),  71  

 kinetic energy  (ke),   71  

 potential energy  (pe),   71  

 shaft work,  73  

 viscous work,  73   

  Energy height,  4 – 6   

  Energy-maneuverability technique,  2 – 6   

  Entropy change for a reversible process,  436 – 437   

  Equation of state,  12   

  Equipotential lines for inviscid flows,  109 – 111   

  Equivalent airspeed (EAS),  95  

 as a function of altitude,  95   

  Euler’s equation,  89 ,  91 ,  103 ,  442 ,  553  

 for an irrotational flow with no body forces,  451    

  F 
  Falkner-Skan equation,  174   

  F-5 fighter 

 applications of area rule,  535 – 536  

Drag (continued)
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  High-speed civil transport (HSCT),  629 – 630   

  Holloman High Speed Test Track (HHSTT),  788   

  Horseshoe vortex,  347   

  Hydrostatic stress condition,  9   

  HYFLEX vehicle,  491   

  Hypersonic cruiser,  697 – 700   

  Hypersonic flows 

 aerodynamic heating,  691 – 697  

 basic assumption,  650  

 boundary-layer transition methodology for, 

 702 – 706  

 characteristics,  650  

 computational fluid dynamic (CFD) data,  700 – 702  

 entropy layers,  653  

 flight-test data for,  700 – 702  

 ground-test data for,  700 – 702  

 high temperature effects,  654  

 lift/drag, high configurations for,  682 – 690  

 low-density flows,  655  

 modified Newtonian flow,  665 – 682  

 Newtonian flow model for,  657 – 660  

 shock layers,  652  

 slender configurations,  651  

 small-density-ratio assumption,  650  

 stagnation-region flow-field properties,  660 – 665  

 trajectories for Reynolds numbers,  651  

 viscous-inviscid interactions,  653 – 654  

 waveriders,  682 – 690   

  Hyper-X Launch Vehicle (HXLV) stack,  489   

  Hyper-X program,  489    

  I 
  Immelman, Max,  2   

  Incompressible, two dimensional flow 

 in Cartesian coordinates,  107  

 stream function ( c ),  107 – 109 ,  149   

  Incompressible flow, wings of finite span 

 aerodynamic load distribution,  343  

 delta wings,  404 – 414  

 factors affecting drag due-to-lift at subsonic speeds, 

 401 – 404  

 flow fields at high angles of attack,  422 – 424  

 formation of a wing-tip vortex,  344  

 fuselage at high angles of attack,  418 – 422  

 general comments,  342 – 344  

 leading-edge extensions,  414 – 418  

 lifting-line theory for unswept wings,  346 – 375  

 panel methods, estimation using,  375 – 379  

 spanwise lift distribution,  343 – 344  

 streamwise vortices,  342  

 three-dimensional flow field around a wing,  343  

 unmanned air vehicles (UAV),  424 – 426  

 vortex lattice methods, estimation using,  379 – 401  

 vortex system,  345 – 346   

  Induced drag,  263   

  Integral equations to a flow problem,  52   

  Integral form of continuity equation,  54 – 55   

  Integral form of the energy equation,  71   

  Interference drag,  263   

  Free-stream flow,  145  

 dynamic pressure,  92  

 Mach number,  59 ,  283 ,  512  

 Reynolds number,  59 – 60  

 speed of sound,  58  

 static pressure,  92  

 velocity,  57   

  Free vortex (irrotational vortex),  119 ,  121   

  Full potential equation,  507   

  Fully developed flow,  47   

  Fuselage,  27  

 asymmetric loads on,  418 – 422  

 at high angles of attack,  418 – 422  

 method for subsonic aircraft drag,  267 – 269  

 and transonic flow,  540   

  F-16XL aircraft,  736    

  G 
  Gage pressure,  11   

  Galilean transformation,  35, 465   

  Gates Learjet Model 28/ 29 ,  737   

  Geometric twist,  238 – 239   

  Göthert’s transformation,  509 – 512   

  Gradient operator,  21   

  Green’s lemma,  100   

  Ground-based test programs,  785 – 787   

  Ground-based tests,  486 – 489   

  Ground-fixed coordinate system,  35   

  Gulfstream Aerospace,  630    

  H 
  Heat-transfer coefficient,  217 ,  219   

  Heat-transfer rate,  220 – 221  

 in terms of Stanton number,  219  

 for a turbulent boundary layer,  219 – 220   

  High-lift airfoil, finite-span model,  321 – 327  

 Boeing  777 ,  333  

 boundary condition,  323  

 chord distribution,  329 – 330  

 development of,  326  

 flap system,  326  

 Krueger flap,  330  

 Kutta condition,  321  

 lift coefficients,  324 – 325  

 Mach numbers,  328  

 maximum lift efficiency,  330  

 in military aircrafts,  334 – 336  

 multi-element sections,  327 – 334  

 NACA GA(W)-1 series,  325 ,  327  

 point of separation, formula for,  321  

 pressure distributions,  323 – 324  

 science,  321  

 thickness distribution,  329 – 330  

 trailing edge systems,  334  

 two-dimensional multi-element flow issues,  329  

 upper-surface acceleration region, shape of,  321 – 322  

 velocity distribution,  321 – 322   

  High-speed aircraft designs,  631 – 634   
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  Kinematic viscosity,  15 ,  202  

 in English units,  16 – 17   

  Kinetic energy, rate of change of,  7   

  Kinetic theory of gases,  435   

  Knudsen number,  670   

  Krueger flap,  330   

  Kutta condition,  720 ,  722   

  Kutta-Joukowski theorem,  141   

  Kutta- Joukowski theorem for steady flow,  302 ,  346 ,  350 , 

 352 ,  358    

  L 
  Laitone’s rule,  512   

  Laminar boundary layer, incompressible 

 Blasius solution,  172 ,  175  

 boundary conditions,  173  

 boundary-layer separation,  178  

 boundary layer thickness,  178  

 dimensionless coordinate,  172 – 173  

 dimensionless skin-friction coefficient,  177  

 drag coefficient,  180  

 Falkner-Skan equation,  173 – 181  

 on a flat plate,  179  

 momentum thickness for,  179 – 180  

 Reynolds number,  177 ,  180  

 shock wave, interaction with,  481  

 skin-friction drag coefficient for,  180 – 181  

 stream function,  172  

 transformed shear function,  176 – 177  

 velocity profiles,  171   

  Laminar-flow airfoil, finite-span model,  317 – 321  

 Blasius laminar skin-friction relation,  317  

 drag characteristics,  318  

 fluid dynamic characteristics,  319 – 320  

 for micro UAVs,  319  

 NACA developed,  317 – 319  

 P-51 aircraft,  318 – 319  

 Prandtl turbulent skin-friction relation,  317  

 for radio-controlled sailplanes,  320  

 Reynolds numbers,  319  

 uses,  320  

 in wind tunnel,  317  

 and wind-tunnel testing,  320   

  Laminar-flow section,  257   

  Laplace’s equation,  105 ,  112 ,  509   

  Leading-edge extensions (LEXs),  414 – 418  

 for F-18C,  417  

 for F-5E,  418  

 impact on maximum angle of attack and maximum lift, 

 418  

 Reynolds number,  415 – 416   

  Leading-edge suction force,  303 ,  406  

 Reynolds number,  402 – 404  

 at supersonic speeds,  401 – 402   

  Lennard-Jones model for the potential energy,  15   

  L’Hospital’s rule,  302   

  Lift,  146  

 coefficient per unit span of cylinder,  141  

 for F/A-18E,  789  

 force per unit span of cylinder,  140  

  Intermittency factor,  204   

  Inviscid flows,  14 ,  89 – 90  

 across symmetric airfoil,  303  

 around cylinders,  128 – 130  

 axisymmetric,  149 – 152  

 Bernoulli’s equation for,  90 – 95  

 boundary conditions,  105  

 circulation,  99 – 101  

 doublet,  116 – 117  

 elementary flow functions,  113 – 126  

 equipotential lines for,  109 – 111  

 Euler equations for,  89  

 Euler’s equation for a steady,  456  

 incompressible,  149 – 152  

 irrotational,  102 – 103 ,  105  

 Kelvin’s theorem for,  103 – 104  

 lift ,   130 – 139  

 momentum equation,  442  

 momentum equation for,  103  

 multielement airfoils,  331  

 potential vortex,  117 – 120  

 pressure coefficient for,  96 – 99  

 source density distribution,  144 – 148  

 source or sink,  114 – 115  

 stream function  ,  107 – 109 ,  118  

 superposition of,  112  

 two-dimensional flows,  107 – 109  

 uniform,  113 – 114  

 velocity field,  126 – 128  

 vortex theorems,  120 – 121   

  Irrotational flow,  102 – 103  

 appropriate transformation,  509 – 510  

 condition,  105  

 line integral,  102  

 with no body forces, Euler’s equation,  451  

 velocity,  104  

 velocity field,  102  

 velocity potential,  102  

 velocity potential relations,  105   

  Isentropic flow 

 across a shock wave,  450  

 choked flow,  449  

 mass-flow rate,  447  

 one-dimensional steady,  446 ,  448 – 449 ,  801 – 802  

 relations for low Mach numbers,  446 ,  450  

 stagnation density,  445  

 stagnation pressure,  445 – 446  

 streamtubes of variable-area,  441 – 451    

  J 
   Jane’s All the World’s Aircraft,   238   

  Jet engines, supersonic conditions for,  453   

  Joint Strike Fighter (JSF) Program,  767–769    

  K 
  Karman-Tsien rule,  512   

  Kelvin’s theorem,  103 – 104  

 implications of,  104   

  Kelvin’s theorem for a frictionless flow,  296 – 297   
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 calculation,  60  

 critical,  513 – 515  

 drag divergence,  516 – 517  

 dynamic pressure in terms of,  462  

 for fluids,  59 – 63 ,  90  

 regimes and characteristics for an airfoil,  61  

 shock waves,  468 – 470  

 for static pressure variation across the boundary layer,  65  

 subsonic leading-edge normal,  582  

 at supercritical,  526  

 in wind-tunnel facilities,  487   

  Mach wave,  463   

  Maxwell’s theory,  116   

  Mean aerodynamic chord (mac),  238   

  Mean camber line,  234   

  Military aircraft,  334 – 336   

  Mixing length concept,  202 – 204   

  MK-82 bombs,  754   

  Modified Reynolds analogy,  219   

  Momentum efflux,  54   

  Momentum influx, integral,  52   

  Momentum shape factor,  214   

  Monatomic gas,  435   

  Monoplane equation,  362  

 for aerodynamic coefficients for a wing,  367 – 371   

  Multielement airfoils, aerodynamic characteristics of, 

 330 – 331 ,  719 – 723  

 chord distribution,  329 – 330  

 confluent boundary layer,  331  

 flow models,  332  

 inviscid, potential flow,  331  

 maximum lift efficiency,  330  

 Navier-Stokes and Euler codes,  333 – 334  

 thickness distribution,  329 – 330  

 two-dimensional multi-element flow issues,  329  

 viscous effects,  331 – 332   

  Multi-Role Fighter (MRF),  752   

  MX-1626,  533    

  N 
  Nacelle,  27   

  NASA flight testing centres,  488 – 489   

  National Aerospace Plane (NASP),  702 ,  704   

  Navier-Stoke equations,  46   

  Navier-Stoke flow solver,  544 – 545   

  Navier-Stokes equations,  198 ,  578 ,  642 ,  655 ,  781   

  Newtonian flow model for hypersonic flows,  657 – 660  

 modified,  665 – 682   

  Newton’s Law,  6   

  Non-linear flow,  525 – 526   

  Northrop Grumman F-5E aircraft,  631   

  Nusselt number 

 defined,  219   

  Nusselt number for turbulent flow,  220    

  O 
  Open test-section wind tunnel, flow in an,  97 – 99   

  Oswald efficiency factor,  see  Airplane efficiency factor  

  Over-expanded nozzle,  254    

 per unit span of cylinder for pressure,  131  

 per unit span on NACA 23012 airfoil section,  249   

  Lift coefficient 

 aerodynamic forces and moments,  244 – 248  

 NACA 2412 airfoil,  314  

 NACA 23012 airfoil section,  247  

 for thin-airfoil theory,  314 – 315   

  Lift/drag ratio,  283–287, 716–719   

  Lifting-line theory for unswept wings,  346 – 375  

 aspect ratio, effect of,  354  

 birds fly in formation,  399 – 401  

 bound-vortex system at any spanwise location,  346  

 comments,  373 – 375  

 coordinate transformation,  352  

 downwash angle,  353  

 downwash velocity,  348 – 351  

 drag coefficient for induced component,  353  

 ‘drooped’ leading edge,  374  

 effective angle of attack,  349 – 350  

 effective lift of section of interest,  350  

 elliptic circulation distribution,  351 – 355  

 horseshoe vortex,  347  

 induced drag coefficient,  353 – 354  

 Kutta-Joukowski theorem,  346  

 lift coefficient for wing,  353  

 lifting line, defined,  346  

 lift on wing,  362  

 method of Rasmussen and Smith,  373  

 Prandtl lifting-line theory (PLLT),  347  

 spanwise circulation distribution,  357 – 362  

 spanwise lift distribution,  346  

 starting vortex,  347  

 streamwise vorticity filaments,  347  

 total vortex (or induced) drag for wing,  353  

 trailing-vortex system,  346 – 347  

 trailing vortices,  348 – 351  

 vortex drag,  350 – 351  

 vortex drag coefficient,  353 – 354  

 vortex-induced drag,  362 – 367   

  Linear theory,  594 ,  642  

 basic assumption,  553  

 change in pressure,  553  

 drag force,  556 – 557  

 lift coefficient,  558 – 560  

 lift force,  555 – 556  

 pitch moment,  558  

 pitch moment coefficient,  558 – 560  

 pressure coefficients,  553 – 554  

 pressure on airfoil surface,  553  

 wave-drag coefficient,  558 – 560   

  Lombardi, Vince,  26   

  Long bubble separation,  248    

  M 
  Mach cone,  439 – 440 ,  611   

  Mach forecone,  611 – 612   

  Mach number independence principle,  651   

  Mach-number/lift-coefficient flight,  526   

  Mach number  (M),   431 ,  492 – 493 ,  802 – 805  

 area-velocity relationship,  452  

www.cambridge.org/9781009098625
www.cambridge.org


Cambridge University Press & Assessment
978-1-009-09862-5 — Aerodynamics for Engineers: 6th Edition
John J. Bertin , Russell M. Cummings
Index
More Information

www.cambridge.org© in this web service Cambridge University Press & Assessment

822    Index

  Q 
  Quiet Spike,  630   

  Quonset hut,  137 – 139    

  R 
  Rate of climb (ROC),  7   

  Ratio of specific heats,  435   

  Rayleigh pitot formula,  666   

  Real vortex,  121 – 123   

  Reattachment shock,  481   

  Recovery temperature,  476   

  Reentry F flight,  492   

  Reusable launch vehicle (RLV),  488   

  Reynolds analogy,  476   

  Reynolds’ analogy,  681   

  Reynolds averaging,  195   

  Reynolds number,  492 – 493  

 unmanned air vehicles (UAV),  424  

 in wind-tunnel facilities,  487   

  Reynolds number for fluids,  59 – 63 ,  65 ,  128 – 130 ,  135  

 based on momentum thickness,  204  

 based on the momentum thickness,  214  

 boundary-layer equations,  63 – 65  

 calculation,  60 – 61  

 drag coefficient,  134  

 of drag coefficient for a smooth sphere,  152  

 flow regions,  63  

 inviscid flows,  130  

 regimes and characteristics for an airfoil,  62   

  Reynolds stress,  203 ,  see  Turbulent shear stress  

  Reynolds stress tensor,  198   

  Root chord,  237   

  Rudder,  27    

  S 
  Schlieren photography system,  474 – 475   

  Section coefficient,  135   

  Section lift coefficient,  359  

 for a cylinder,  132   

  Separation bubble,  130 ,  248   

  Shaft work,  73   

  Shaped Sonic Boom Demonstration (SSBD) Program,  630   

  Sharp cone 

 aerodynamic coefficients for,  672 – 678  

 drag acting on,  678 – 682   

  Shear stress,  14  

 at wall for a boundary layer,  216   

  Shock capturing,  792   

  Shock-expansion technique for supersonic flows,  566 – 572  

 lift coefficient,  566 – 569  

 pitch moment coefficient,  566 – 569  

 wave-drag coefficient,  566 – 569   

  Shock/shock interactions,  482 – 484  

 type I,  484 – 485  

 type IV,  485 – 486   

  Shock waves,  462 – 472  

 angle,  470  

 bow,  466  

  P 
  Panel methods for swept wings,  375 – 379  

 aerodynamic coefficients,  377 – 378  

 basic concept,  375  

 boundary conditions,  376 – 377  

 computer codes used,  377  

 Dirichlet boundary conditions,  376 – 377  

 equivalency between vorticity distributions and doublet 

distributions,  377  

 incompressible pressure coefficient,  376  

 Neumann boundary conditions,  376  

 set of control points,  377  

 strength parameters,  375   

  Parabolized Navier-Stokes (PNS) equations,  781   

  Parasite drag,  263   

  Parasite drag coefficient,  713 ,  716   

  PARD Area-Rule Design,  534   

  Pegasus™,  781   

  Perfect gas,  12, 59, 432 ,  441 ,  650   

  Pitch moment coefficient,  621 ,  676  

 Busemann’s theory for supersonic flows,  561 – 564  

 linear theory,  558 – 560  

 shock-expansion technique for supersonic flows, 

 566 – 569  

 symmetric airfoil, finite-span model,  304   

  Pohlhausen values,  218   

  Poiseuille flow,  46 – 50  

 shear stress distribution,  49   

  Potential flow,  see  Irrotational flow  

  Potential flow theory,  142 – 144   

  Potential vortex,  117 – 121  

 circulation for a,  119  

 equipotential lines and streamlines for,  118   

  Prandtl formula,  209   

  Prandtl–Glauert correction,  512 – 513 ,  515   

  Prandtl–Glauert equation,  509   

  Prandtl–Glauert formula,  511 – 512   

  Prandtl lifting-line theory (PLLT),  347   

  Prandtl–Meyer expansion fan,  481   

  Prandtl–Meyer function,  456   

  Prandtl–Meyer relations,  552  

 in aerodynamic coefficients for a thin airfoil, 

 459 – 461  

 Mach number and Mach angle as a function of, 

 457 – 458   

  Prandtl number,  217 ,  219   

  Prandtl-Schlichting turbulent skin-friction relation, 

 210   

  Pressure coefficient,  96 – 99  

 in an open test-section wind tunnel,  97 – 99  

 at the stagnation point,  96  

 variations,  96   

  Pressure distribution 

 for a flat-plate delta wing planform,  613 – 618  

 high-lift airfoil, finite-span model,  323 – 324  

 singularity-distribution method,  608 – 622  

 for a swept-wing/fuselage configuration,  546 – 547   

  Pressure (or form) drag,  133   

  PRIME program,  490   

  Profile drag,  263   

  Pylon,  27    
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 local lift per unit span,  359  

  N  -resultant linear equations,  358  

 parameters in equation,  360   

  Spanwise flow on swept wing,  395 ,  625   

  Specific enthalpy,  434   

  Specific excess power,  6 – 8  

 and accerelation,  6  

 application to change energy height,  7 – 8   

  Specific heat 

 at constant pressure,  434  

 at constant volume,  433   

  Specific internal energy,  432   

  Speed brakes,  27   

  Speed of sound,  17 ,  23 ,  438 – 441 ,  507   

  Stability theory,  192 ,  257   

  Stagnation points,  128   

  Stagnation temperature,  442 ,  476   

  Standard atmosphere 

 atmospheric layers in,  23  

 defined,  22  

 in English units,  24 – 26  

 U.S.,  18 – 20 ,  798 – 800   

  Standard atmospheric pressure at sea level,  11   

  Stanton number,  219  

 definition,  216 – 217  

 for laminar flow over a flat plate,  219   

  Starting vortex,  347   

  Static fluid medium,  17 – 22 ,  35   

  Static pressure,  128   

  Steady, two-dimensional, incompressible flow, 

 167 – 170   

  Stokes’s theorem,  100 – 102 ,  119   

  Strake/wing configurations 

 benefits,  414  

 vortex model for,  414 – 415   

  Stream function  ,  107 – 109 ,  118  

 for an incompressible, two dimensional flow,  107 – 109 , 

 149  

 for doublet flows,  117  

 for elementary flows,  118  

 significance of,  108  

 for a uniform flow,  113  

 velocity components for a two-dimensional flow, 

 108 – 109   

  Streamlines 

 boundary layer on a flat plate,  207  

 and equipotential lines,  109 – 111  

 in a two-dimensional flow,  107 – 108  

 for a uniform flow,  114   

  Subsonic aircraft drag, approaches to determining 

 basic,  263 – 264  

 fuselage method,  267 – 269  

 sources of aircraft drag,  264  

 total,  269 – 270  

 wing method,  264 – 267  

 zero-lift drag coefficient,  264 ,  270   

  Subsonic drag-due-to-lift parameter,  403   

  Subsonic flow,  439   

  Subsonic flow, compressible,  506 – 517  

 corrections,  512 – 513  

 critical Mach number,  513 – 515  

 curved,  463  

 difference between normal and oblique,  467 – 468  

 downstream properties,  466  

 energy,  464  

 features influencing,  526  

 flow across a normal,  464  

 flow downstream of,  463  

 flow upstream of,  463  

 formation of,  462  

 interactions between impinging and bow,  491  

 Mach number,  468 – 470  

 normal component of momentum,  464  

 oblique,  463 – 465  

 pressure coefficient,  469 – 470  

 properties,  463  

 relation with deflection angle,  465 – 466  

 semivertex angle,  471  

 strong,  465  

 sweepback principle,  465  

 tangential component of momentum,  464  

 transonic aircraft,  546  

 upstream Mach number,  469 – 470  

  vs  Mach wave,  463  

 weak,  465 ,  469   

  Short bubble separation,  248   

  Short takeoff and landing (STOL) airplane,  724   

  Similar solutions,  174   

  Simpson’s rule,  399   

  Singularity-distribution method,  598 – 625  

 camber distribution,  622 – 625  

 centerline or wingtip grid element weighting factor, 

 621 – 622  

 design lift-coefficient factor,  623  

 drag coefficient at cruise lift coefficient,  624  

 leading-edge field-point-element weighting factor, 

 621  

 lifting pressure distribution,  609 – 611  

 pressure distribution,  608 – 622  

 suction parameter,  622  

 supersonic wing for given cruise conditions,  624 – 625  

 trailing-edge field-point-element weighting factor, 

 621   

  Skin-friction coefficient,  217 ,  219  

 experimental,  478 – 479  

 for a flat plate,  216  

 for a turbulent boundary layer,  479 – 480   

  Skin-friction drag,  133   

  Slender body theory for aircraft design,  634 – 636   

  Sonic boom, reduction strategy for,  630 – 631   

  Source density distribution,  144 – 148  

 application of,  146 – 148   

  Source or sink flow,  114 – 115  

 flow field,  123 – 126  

 two-dimensional (planar),  114   

  Space Shuttle Orbiter,  411 ,  444 – 445 ,  642 – 643 ,  682   

  Space Shuttle Thermal Protection System (TPS),  491   

  Spalding-Chi correlation,  479   

  Spanwise circulation distribution for unswept wings,  346 , 

 348 ,  357 – 362  

 equivalent lift-curve slope,  360  

 induced angle of attack, equation for,  360 – 362  
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  T 
  Taper ratio,  237 – 238   

  Taylor’s series expansion,  20   

  Thermal conductivity of air,  217 – 218   

  Thermodynamics 

 adiabatic process,  436  

 entropy,  436 – 437  

 first law of,  434  

 isentropic process,  437 ,  440  

 perfect-gas law,  433 ,  435 ,  441  

 reversibility,  435 – 437  

 second law of,  435 – 438  

 specific heats,  432 – 435  

 speed of sound,  438 – 441   

  Thin-airfoil theory,  298 – 301   

  Time-rate-of-change of the energy height,  see  specific 

excess power  

  Tip chord,  237   

  Total energy, calculation of,  3 – 4  

 of B-52 aircraft,  4  

 of F-5 fighter,  4   

  Trailing vortex system,  401   

  TranAir program,  544   

  Transformed stream function,  218   

  Transition-promoting phenomena,  192   

  Transonic aircraft,  543 – 548  

 boundary conditions for wing,  546  

 Euler and Navier-Stokes equations for three-

dimensional flows,  547 ,  792 – 797  

 flow-field solutions,  547  

 multi-disciplinary design optimization (MDO) methods, 

 544 – 545  

 pressure distributions for a swept-wing/fuselage 

configuration,  546 – 547  

 problem of grid generation,  548  

 shock waves,  546  

 sweep angles,  546  

 transonic equations,  545   

  Transonic flow,  517 – 525  

 for a B-1B,  523  

 lift coefficients for Schlieren technique,  522  

 for Mach numbers differences,  517 – 520 ,  524  

 over a NACA 0012 airfoil,  520 – 522  

 for Reynolds number differences,  520  

 Schlieren photographs, findings from,  517 – 519  

 section lift coefficient,  520  

 shock wave at the trailing edge,  518  

 shock-wave/boundarylayer interaction,  520  

 unswept airfoils, past,  517 – 525   

  Transonic flows,  506   

  Transonic speeds 

 aft swept wings (ASW),  541 – 542  

 forward swept wings (FSW),  540 – 543  

 fuselage changes and,  540  

 second-order area-rule considerations,  538 – 540  

 Whitcomb’s area rule,  532 – 533  

 wing–body interactions,  529 – 537   

  Trim drag,  263   

  True airspeed (TAS),  95   

  Turbulent boundary layer, incompressible 

 in aerodynamics,  193 – 194  

 drag divergence Mach number,  516 – 517  

 Göthert’s transformation,  509 – 512  

 lift-curve slope with Mach number,  511  

 linearized theory for,  507 – 509  

 pressure coefficient for,  510   

  Superposition of inviscid flows,  112  

 boundary conditions,  112   

  Supersonic aircraft, design considerations,  625 – 627  

 inboard shock separation,  625 ,  627  

 leading-edge shock,  626  

 trailing-edge shock separation,  626 – 627   

  Supersonic airfoils,  552   

  Supersonic Cruise and Maneuver Program (SCAMP), 

 754   

  Supersonic flow 

 aircraft, example,  590 – 591  

 arrow wings,  582  

 boundary conditions,  583 – 584  

 comments,  579 – 580  

 conical-flow technique,  585 – 598  

 delta wings,  582  

 governing equations,  583 – 584  

 leading edge,  581  

 lift/drag polar for,  579  

 linear nature, impact of,  584  

 perturbation potential,  583 – 584  

 singularity-distribution method for,  598 – 625  

 skin-friction drag,  579  

 solution methods for equation,  585  

 trailing edge,  581  

 wing of arbitrary planform in,  581   

  Supersonic flow,  439 ,  518 – 519 ,  552  

 stagnation point of a vehicle in,  464  

 at zero angle of attack,  471 – 473   

  Supersonic Mach number,  588   

  Supersonic transport (SST),  525 ,  627 – 629   

  Sutherland’s equation,  14 – 15 ,  23   

  Sweep angle,  238   

  Sweepback principle,  465   

  Swept wings 

 aft (ASW),  541 – 542  

 area rule,  529 – 537  

 conical-flow technique,  591 – 595  

 forward,  540 – 543  

 second-order area-rule considerations,  538 – 540  

 supersonic flow over,  527 – 543  

 at transonic speeds,  527 – 543  

 weighting functions and,  540  

 wing–body interactions,  529 – 537  

 X-29 configuration,  542 – 543   

  Symmetric airfoil, finite-span model 

 coordinate transformation,  301 – 303  

 Kutta condition,  302  

 leading-edge suction force,  303  

 lift-generating circulation of an element,  304  

 pitch moment coefficient,  304  

 quarter chord,  304  

 section lift coefficient,  303  

 section moment coefficient,  304  

 theoretical aerodynamic coefficients,  305 – 306    

Subsonic flow, compressible (continued)
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 eddy viscosity,  202 – 204  

 flat plates (walls),  204 – 215  

 heat-transfer rate,  219 – 221  

 incompressible flows,  171 – 189  

 laminar boundary layer,  171 – 189  

 mixing length concept,  202 – 204  

 modified Reynolds analogy,  219  

 Reynolds analogy,  216 – 217  

 steady, two-dimensional, incompressible flow,  167 – 170  

 thermal boundary layer,  215 – 221  

 turbulent flow, incompressible,  193 – 202   

  Viscous work,  73   

  Volume of space, concept of,  9   

  Vortex filaments, statements about,  120 – 121   

  Vortex lattice method (VLM) for incompressible flow, 

 378 – 389  

 for aerodynamic coefficients for a swept wing,  389 – 395  

 airplane drag direction,  396  

 application of,  389  

 boundary conditions,  386 – 387  

 control points,  381 – 382  

 downwash velocity,  382  

 induced incidence, numerical form for,  399  

 influence coefficients,  380  

 magnitude of induced velocity,  382  

 relations for planar wings,  387 – 389  

 section lift coefficient for panel,  395  

 spanwise lift distribution,  398  

 symmetric load distribution,  398  

 tangency requirement,  388  

 velocity induced by a vortex filament,  382 – 386  

 vortex circulation strengths,  381   

  Vortex system, incompressible flow, wings of finite span 

 load distribution and, relation,  345  

 Prandtl’s approach,  345 – 346  

 trailing vortex system, impact of,  345   

  Vortex theorems,  120 – 121   

  Vortex theorems of Helmholtz,  348   

  Vorticity,  106 – 107  

 in cylindrical coordinates in two dimensions,  120    

  W 
  Wakelike flows, axial-flow component of,  422   

  Wall-friction velocity,  200 ,  203   

  Wave drag,  263 ,  525 ,  577 ,  594  

 reduction by design,  526 – 527   

  Whitcomb’s area rule,  532 – 533   

  Wind tunnel testing,  55 – 56  

 high-speed drag variations in,  514   

  Wing area,  236   

  Wing-geometry parameters,  236 – 242  

 anhedral angle,  238  

 aspect ratio,  237  

 average chord,  237  

 Boeing Airborne Traversing Probe,  255 – 256  

 dihedral angle,  238  

 geometric twist,  238 – 239  

 incidence angle,  238  

 mean aerodynamic chord (mac),  238  

 root chord,  237  

 algebraic turbulence models,  198  

 and boundary-layer separation,  193  

 direct numerical simulations (DNS) model,  197 – 199  

 for a flat plate,  199 – 202  

 large-eddy simulations (LES) model,  197 – 199  

 momentum equation for,  195 – 197  

 RANS-LES hybrid model,  199  

 Reynolds-averaged Navier-Stokes (RANS) model, 

 197 – 199  

 Reynolds averaging,  195  

 Reynolds shear stress,  199  

 skin-friction drag,  193  

 Spalart-Allmaras model,  198  

 time-averaged flux of momentum per unit time,  197  

 time-averaged value of velocity,  195  

 time-varying velocity,  194  

 turbulence kinetic energy ( k ),  198  

 turbulent inertia,  197  

 turbulent modeling, approaches,  197 – 199  

 turbulent shear stress,  197  

 turbulent skin-friction drag,  202  

 zero-equation models,  198   

  Turbulent shear stress,  170 ,  197   

  Two-dimensional flows,  107 – 109   

  Two-dimensional source flow,  114  

 equipotential lines and streamlines for,  115  

 flow rate for,  116    

  U 
  Under-expanded nozzle,  254   

  Uniform flows,  113 – 114  

 Cartesian coordinate system,  113  

 flow field formed from,  123 – 126  

 stream function ( c ),  113  

 streamlines,  114  

 velocity potential,  126   

  Unmanned air vehicles (UAV), wings of,  424 – 426   

  Upper-surface-blowing (USB) concept,  723   

  U.S. standard atmosphere,  18 – 20 ,  798 – 800    

  V 
  Van Driest damping parameter,  203   

  Vehicle-fixed coordinate system,  36   

  Velocity 

 boundary conditions,  105  

 rate of change of,  7  

 wall-friction,  200   

  Velocity-defect law,  200   

  Velocity field 

 constant-density potential flow,  112  

 irrotational flow,  102   

  Velocity potential 

 for an axisymmetric doublet flows,  150  

 relation with irrotational flow,  105  

 for a vortex,  117   

  Velocity potential equation,  507   

  Viscous boundary layers 

 boundary conditions for,  170 – 171  

 boundary-layer transition,  189 – 192  
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  X 
  X-51A Waverider,  690 – 691   

  X-31 highly maneuverable aircraft,  412   

  X-15 program,  655 – 656    

  Y 
  YC-14 AMST (Advanced Medium STOL Transport), 

 723    

  Z 
  Zero-lift angle of attack,  326 ,  704   

  Zero-lift drag coefficient,  516   

  Zero-pressure-gradient (flat-plate) boundary layers, 

 199      

 for the Space Shuttle Orbiter,  243 – 244  

 sweep angle,  238  

 taper ratio,  237 – 238  

 tip chord,  237  

 wing area,  236  

 wing span,  237   

  Wings of finite span 

 of C- 17 ,  275 – 276  

 drag,  279 – 283  

 drag due to lift,  283  

 of F-16C,  277 – 279  

 lift-curve slope,  274 – 275  

 lift/drag ratio,  283 – 284  

 wave drag,  283  

 zero-lift drag,  282 – 283   

  Wing span,  237    

Wing-geometry parameters (continued)
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