Subject Index

A

Across quantity, 8, 59

Adaptability, 476, 484

Adhesive joints, 464—466

Agglomeration of dust particles, 402

Aggregation, 177

Airplane wing, 34

Airport design, 470

Air wheel, 65

Algorithm, 135, 161, 232, 235

Animal design, 62, 271, 473

Animal species, 485

Animal tissue, 3

Apples and oranges, 86

Area moment of inertia, 412, 419

Area-point flow, 149-156; see Point-area flow

Art, dying, 256

Arterial dendrites, 370

Asymmetry, 153, 155-158, 228

Atlanta airport, 470

Attack, thermal, 424444

Axiom of uniform (maximal) stresses,
411

B

Bacterial colonies, 442, 472

Bejan number, 92, 339, 367

Bénard convection, 133, 186, 271

Bending, 411466

Bernoulli equation, 7, 11, 16

Bifurcation, 124-133, 195-197, 265;
see Pairing

Biologically inspired tree designs, 161

Biology, 482

Biomimetics, 377, 469

Biot number, 21, 38

Blade cooling, 369-371

Blood flow, 378, 379

Body shapes, 352

Borda formula, 3, 4

Boundary layer, 24, 217, 226, 231, 234

Brake, 56, 65

Branches of trees, 449-452, 461, 462

Branching, 178-202

Buckling, 462464

Building blocks, 332, 376
Buildings, 15, 16

Bulbous front, 35

Bulk thermal conductivity, 204, 205

C

Canopy shape, 446452

Cantilever beams, 411-416

Carnot, Sadi, 487, 488

Cavities, 208, 416424

Chance, 3

Chimney flow, 30

City sizes, 457

Civilization, 487, 488

Climate, 467-490

Closed systems, 4651

Cluster, 479

Coefficient of performance, 50

Colburn analogy, 27, 28

Colebrook relation, 11

Combined-cycle power plant, 69

Compactness, 215, 484

Complexity, xiii, 3, 132, 177, 229, 232, 233,
269, 271,274, 312, 318-325

Components, 52-55; see Organs

Compressor, 53-55

Computational time, 148

Computing, 377, 481

Concentration profiles, 390-392

Concrete, 424-444

Concrete, reinforced, 384

Conduction, 20-24, 171-214

Configuration, xiii, 3, 24

Constants, 495, 496

Constraints, 333, 494

Constructal design, 2, 6, 218, 224, 227, 269,
371, 442, 467-490

Constructal law, xiii, 2, 135, 235, 442, 453,
454, 457, 462, 467-490

Constructal locomotion, 62; see Locomotion

Constructal packing principle, 231
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Constructal theory, 208, 235, 332, 371, 377, Diminishing returns, 244, 250
467-490 Disaster scenario, 460
Constructal view of electrokinetic transfer, Disc, 257-274
396-405 Disciplines, 6
Constructing nature, 377, 469 Discovery, 370
Construction, 144 Distributed energy systems, 473-482
Contractions, 11 Distributed friction losses, 7—11
Convection, 24-31, 257-274 Distribution
Conversion factors, 496-498 hot water, 295-325
Cooling, 211, 212, 215-248, 339, 364-371 insulation, 298-300, 308
Copying nature, 377, 469 pipe radius, 297, 298, 308
Corals, 442, 472 Diversity, 238
Cost, 148 Doubling, 307-313
Counterflow, 276, 279, 284, 334-342 Drag
Cracks, 343, 462, 472 coefficients, 19
Crossflow, 238-241 entropy generation, 58
Cross sections, 75-78 force, 18, 19
Cycle, 48 reduction, 96
Cylinders in crossflow, 238-241 Drawing, xiii, 1, 2, 5, 43, 60, 79, 153
Droplets, 107, 241-244
D Duct cross-sections, 75-78
Damping, 462 Duct size, 119-122
Darcy flow, 374, 461 Dust aggregates, 472
Decentralization, 481
Decontamination, 403 E
Deformable enclosures, 416 Earth, 486-488
Degrees of freedom, 113 Economies of scale, 275, 481
Deltas, 485 Eddy formation, 271, 470-473
Demography, 457 Education, as flow systems, 487
Dendritic, 2, 111-170, 370; see also Effectiveness, 281
Tree-shaped flow Efficiency, 50, 53, 476
convection, 257-274 Efficiency, packing, 244
crystals, 442 Eiffel Tower, 448, 449, 452
heat exchangers, 274-294 Elastic behavior, 425, 426
solidification, 402 Electrical sources, 398
Dendritic solidification, 470-473 Electricity, 481
Density, 215, 221, 224, 232 Electrodes, 403—405
Density of transport, 275 Electrodiffusion, 472
Design, 329, 330, 476, 483 Electrokinetic mass transfer, 381-408
Design as science, xiii, 1, 370, 470 Electronics cooling, 81-96, 111-170, 215-248,
Designedness, xiii, 468 339, 370
Designed porous medium, 95, 99, 331 Element, 216
Design in nature, 2 Elemental volume, 173-177, 202, 212,
Destruction of useful energy, 61; see 250-257
Imperfection Empirical facts, 488
Diagonal channels, 362, 363 Energetic consumption, 12; see Exergy
Dichotomy, 146, 153, 276; see Pairing destruction
Diffuser, 53-55 Energy, 467-490
Diffusion, 138, 162, 242, 382 Energy change, 47, 48

Dimensionless groups, 499 Energy future, 473



Engine + brake model, 56, 486-488

Engineering, 482

Enlargements, 11

Enthalpy, 51

Entrance length, 8, 27

Entropic skin geometry, 162

Entropy change, 50

Entropy generation, 44, 51, 57, 58

Entropy generation minimization, 487

Environment, 474, 486

Equilibrium, 462

Equilibrium flow structure, 77, 136, 200, 250,
332

Equipartition of time, 405

Euler equation, 494

Euler-Poisson equation, 495

Evaporation, 442

Evolution, 411, 416, 454, 468, 473, 481, 487

Evolution of configuration, 60, 98, 99

Evolutionary flow access, 161, 206-208

Evolutionary principle, 2

Exergy destruction, 12

Expander, 53-55

External flow, 18-20

External size, 3

Extremes, 81-84

F

Fermat, 101, 102

Fibonacci sequence, 458

Fick’s law, 382

Fin efficiency, 21

Fins, 21, 37, 38

First-law efficiency, 50

Fittings, 11

Flow and strength, 423, 424

Flow friction, entropy generation, 58
Flow from high to low, 55

Flow of stresses, 409, 410

Flow resistance, 6, 263, 273, 357
Flow systems, 1-42

Flow volume, 333

Fluid flow, 6-20, 277, 278

Fluid flow imperfection, 57, 58, 70
Fluid friction, 233, 234

Foot, 236

Forced convection, 89-99, 224-244
Forest, 453-458

Fork design, 168

Fourier law, 20

Subject Index 525

Fractal algorithm, 135-162, 232

Fractal-like trees, 161, 162

Free convection; see Natural convection

Freedom, 77, 82, 113, 153, 157, 469, 476;
see Performance versus freedom space

Freezer, 36

Friction, 44

Friction factor, 9, 28, 333

Fuel, 477, 479

Fuel cells, 370

Fuel requirement, 122

G
Gases, 513-516
Gas turbines, 369-371
Geography, 487, 488
Geometry, 2, 20, 73, 145, 275-277
Geophysics, 482
Gills, 82
Global, 81, 82

constraints, 74

performance, 75, 81, 218
Globalization, 467-490
Going with the flow, 43
Good ideas travel, 488
Goods, 2
Gouy-Stodola theorem, 52, 57
Grids of channels, xiii, 344-355
Ground water flow, 404
Growth, 177, 313-325

H
Head, 14
Heat current, 20, 44
Heat exchangers, 55, 69, 70, 274-294, 370
Heat flux, 24
Heating, 364-371, 477
Heating a wall, 211, 212
Heating from all sides, 436442
Heating from below, 432-436
Heat sinks, 370
Heat transfer, 278-283
Heat transfer coefficient, 21, 24, 25, 26, 28, 279
Heat transfer density, 215, 221, 224, 234, 235
Heat transfer imperfection, 56, 57, 70, 71
Heron of Alexandria, 101
Hess-Murray rule, 115, 277
conduction, 212, 213
generalized, 165, 166, 169
rectangular cross sections, 337
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Heterogeneity, 371
Hierarchy, xiii, 229-244, 488
Hill slope, 371

History, 487, 488

Hollow beam, 413, 460

Hot spot, 215, 216, 253, 365
Hot water, 477

Huber’s rule, 458

Human settlements, 457
Hydraulic diameter, 9
Hydrology, 161

I

I-beam, 414-416

Ideal gases, 516

Ideality, 44

Ideas, 487

Imperfection, 43-72, 158

Individuals, 313-325

Inert porous medium, 401

Infero-flux phenomenon, 404

Information, as flow systems, 2, 487

Inlets, 11

Inserts, 177, 178

Insulating wall, 416-424

Insulation, 3641, 297

Integral constraint, 494

Intermittence, xiii

Internal flow, 7-18

Internal size, 3

Intersection of asymptotes method, 81-96,
365-369

Invention, impact of 291

Tonic extraction, 393-395

Ionic transport, 384

Irreversibility, 44, 48

J
Joints, 464—466
Junction losses, 11, 161, 162

L

Lagrange multipliers, 114, 141, 188, 493,
494

Language, 488

Laptops, 377

Laws, 488

Leaching process, 394

Leaf design, 375, 376

Least imperfect possible, 43, 44

Length scale, 396

Leonardo da Vinci’s rule, 458

Lifetime, 435

Line-to-line trees, 330-342

Liquefaction, 481

Liquids, 508-513

Living tissues, 370

Local losses, 11-18, 336

Locomotion, 62, 71, 72, 119-122, 473

Loops, xiii, 136, 161, 162, 189-202, 282,
352

Loss coefficient, 11-13

Lost work, 52

M

Maldistribution, 275, 342

Mass conservation, 51

Mass transfer, 31, 381408, 442

Mass transfer density, 241-244

Matched asymptotic expansions, 94

Maximum allowable stresses, 409

Mean temperature, 26

Mean velocity, 26

Mechanical and flow structures combined,
409-466

Mechanical strength, 373, 419

Melting, 23

Membrane potential, 383

Memory, 323

Method of intersecting the asymptotes, 82-96,
365-399

Method of scale analysis, 491-493

Method of undetermined coefficients,
493, 494

Microchannels, 370

Microscales, 202-208

Migration, 387

Miniaturization, 1, 98, 144, 208, 215, 272

Minimal-lengths method, 104, 136-149, 164,
290

Minimum material, 409

Mixed convection, 95

Moody chart, 5

Morphing, 43, 81, 87, 133-136, 249, 469

Mud cracks, 472

Multiobjective configurations, 249-328,
409-466

Multiscale configurations, xiii, 146, 215-248,
275, 349, 352, 357, 371

Murray rule, 115; see Hess-Murray rule



N

Nanoscales, 202-208

Natural convection, 29-31, 82, 216-229,
235-238, 416424

Natural design, 329, 330

Natural porous materials, 371

Nature, 371

Near-equilibrium flow structures, 78

Nernst-Planck equation, 383, 405

Networks, 12, 473-482

Neutral line, 427

News, as flow systems, 487

Nonuniform distribution of scales, 229, 241,
330

Nonuniform flow structures, 275, 281

Nozzle, 53-55

Number of conduction heat transfer units, 260

Number of heat loss units, 297, 302

Number of heat transfer units, 281

Nusselt number, 25

(0]

Objective, 74, 82

Open systems, 51, 52

Operating point, 14, 15

Opportunity, 370

Optics, 101

Optimal distribution of imperfection, 6, 32, 43,
73-75, 95, 138, 206

Optimization in space, 403—405

Optimization in time, 401-403

Organizing, 478, 480

Organs, 60-62, 71, 72

Outlets, 11

P

Packaging, 82, 83, 89, 106, 119, 156, 215-248,
275

Pairing, 124-133, 265, 267, 307-313

Parallel channels, 334, 336, 364, 368

Pelton wheel, 34

Pencil and paper, 257

Penetration depths, 398

People, 2

Perfection, 44, 158

Performance, 5, 81, 144, 148, 483-485

Performance versus freedom space, 77,
133-136

Permeability, 444, 445, 461, 507

Phenomenon, physics, 1

Subject Index

Photovoltaic cells, 208, 370
Physics, 1, 371, 488

Pipe friction, 5

Plane-to-plane, 330-342
Plants, 442-458

Plastic zone, 427

Point-area flow, 149-156, 171-214
Point-circle tree flow, 123-133
Point-point flow, 73-78
Poiseuille constant, 9, 76, 333
Poiseuille flow, 7, 31, 277, 461
Population of drops, 241-244
Pore solution, 386

Porosity, 381, 507

Porous materials, 507

Porous medium, 95, 381-408
Power generation, 476

Prandt]l number, 25

Pressure drop, 273

Pressure drop number, 339
Properties, 499-516
Proportions, 112-119
Pumping power, 249, 250, 254, 263
Pumps, 14-16, 53-55
Purpose, 6

Q
Quadrupling, 136, 150, 301

R

Radial designs, 195-197, 258-264, 274
Radiation, 31

Random, 3

Rayleigh number, 30, 217

Reactive porous media, 400, 401

Red blood cells, 378, 379
Refrigerator, 36, 481

Reinforced concrete, 424-444
Religion, 488

Representative elementary volume, 382
Reservoir, 48

Resilience, xiii

Resistance, 6, 20, 74, 138

Resistance to thermal attack, 424444
Reversible, 48, 59

Revolution, 330

Reynolds number, 8, 19, 24

Rhythm, xiii

River basins, 472

River cannel cross-sections, 78—81
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River design, 35, 78-81, 161, 167, 168, 271, Strength, 373
371 Strength of concrete, 438
Robustness, xiii, 80, 81, 87, 136, 144, 229, 269, Stresses, as flow systems, 409, 410
312, 318-325, 332, 348, 369, 416 String design, 296
Roman Empire, 485 Survival, 483485
Root shape, 443-446, 461, 472 Sustainability, 467-490
Rough interfaces, 208 Svelteness number, 1-6, 74, 161, 287, 336,
Roughness, 5, 11 345,411, 483-485
Swarms, 82, 241
S Swimming, 108
Scale analysis, 366, 367, 381-386, 397, 404,
405, 491-493 T
Scaling up, 482, 483 Tapered beam, 413, 461
Science, 467-490 Technology evolution, 206-208, 294, 295,
Second law, 55, 468 467-490
Second-law efficiency, 50 Temperature reservoir, 48
Security, 467490 Terra cotta, 417
Self-cooling, 330 Territory, 483—-485
Self-healing materials, 330, 343-363 Thermal conductance, 87
Self-lubrication, 32-34 Thermal diffusion, 22; see Conduction
Shaping, 413-416, 460 Thermal resistance, 20, 24, 249, 250, 254, 259,
Shear stress, 8, 24 268, 281
Sheet, 284-286 Thermal sciences, 486
Shells, 21, 303 Thermodynamics, 4472
Shocks, 44 Thermodynamics of systems with
Shoe, 236 configuration, 467-470, 483488
Simple flow configurations, 73—-109 Thermoelastic damping, 462
Simplifications, 157, 256, 257 Thermo-fluid performance, 292
Single scale flow structures, 275 Thermoplastic behavior, 426
Sinks, 23 Thin shell, 303
Size, 60-62, 119-122; see Organs Through quantity, 8, 59
Slenderness, 79, 107-109, 447, see also Time direction, 468; see Constructal law
Boundary layer Time scales, 385, 393, 395400
Smallest scale, 126, 234, 235, 255, 272, Tipping point, 460
278 Tissues, 370
Smart materials, 330 Topology optimization, 161, 275, 313
Snowflakes, 442 Tower of Pisa, 460
Solidification, 23, 24, 402, 470-473 Transition, 133, 185, 207
Solids, 499-506 Transition time, 400
Solid structures, 161 Transport networks, 161
Sources of heat, 216-229 Tree counterflow on a square, 289, 290
Sources, 23 Tree leaf design, 375, 376
Spacings, 81-96, 216-248, 251 Trees, 442458
Stacking, 82, 83, 89, 106, 215-248 Tree-shaped, xiii, 38, 39, 111-214, 329, 330;
Stanton number, 28 see also Dendritic
Steel-reinforced concrete, 431-444 Tree-shaped insulated designs, 295-325
Stiffness, 419, 432 Trees matched canopy to canopy, 355-363
Straitjacket, 157 Trunk shape, 446452
Strangulation, 31, 32, 409, 410, 459 Trusses, 459

Strategies, 2, 3, 75, 136, 144-149 Turbines, 53-55, 369-371



Turbulence, 186, 271

Turbulent flow, 186, 271, 470-473
Two ways to flow, 470-473
Two-objective performance, 291-294

U

Unconventional, 241

Uniform distribution of flow strangulation, 32
Uniform flow structures, 275

Uniform stresses, 409

Urban design, 3, 133

A\

Valve, 11, 53-55

Variational calculus, 494, 495

Vascularization revolution, xiii, 1-6, 330,
369-371, 474

Subject Index

Vascularized materials, 329-380
Vegetation design, 442—458
Vehicle, 62, 71, 72, 119-122
Venous dendrites, 370

Void fraction, 258

W

Water supply, 13-16

Windmill blade, 34

Wing design, 34, 35, 108, 109
Work transfer, 44, 46

World Trade Center collapse, 424
Writing, 488

V4
Zipf distribution, predicted, 457
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