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Preface

Constructal Law, Design in Nature, and Complexity

This book is about the Constructal Law of design in nature and the state of the field
that is growing around this law of physics. It explores the unifying power of the
Constructal Law and its applications in all the domains of design generation and
evolution, from biology and geophysics to globalization, engineering,
sustainability, and security. This growing activity covers the board, from physics
and biology to social organization and technology evolution.

The Constructal Law has generated a worldwide movement toward design as
science, i.e., design as a physics phenomenon as captured in 1996 by the
Constructal Law: “For a finite-size flow system to persist in time (to live), its
configuration must evolve in such a way that it provides easier access to the
imposed (global) currents that flow through it.”

Life is movement and the persistent morphing of the configuration of this
movement. The Constructal Law identifies (a) life, design and evolution (changes
in configuration) as a physics phenomenon and (b) captures the time direction of
design generation and evolution. Reviews of this growing field are available in
refs. 1-7.

To place the Constructal Law and its field in the greater framework of scientific
inquiry, it is timely to review what we mean by design in nature and by other words
that refer to design in nature: complexity, networks, diversity, chance, turbulence,
etc. These words are old and numerous because the fascination with the surround-
ings has inspired human curiosity and creativity throughout history. Science is only
the latest and most powerful mental construct that came out of this natural human
tendency to understand and use the surroundings in order to move more easily,
farther, and more persistently in time through the surroundings.

Design has two meanings in English. The first is the noun, which means shape,
structure, configuration, pattern, drawing, figure, rhythm, motif, architecture, and
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many more words that represent the mental viewing of an image—black lines on a
background of a different color. Design in nature is about this. Science began with
images: geometry (the science of figures) and mechanics (the science of
contrivances made out of moving figures). We think, we create, and we speak in
terms of images. Design in nature is about this, the images. The very fact that these
images have names—river basin, lung, snowflake—means that we all know what
they are individually even though they all look like trees.

The second meaning is the verb “to design,” which is about the human activity of
creating images and contrivances that are useful. This verb refers strictly to what
people do on a design project, for example in engineering, where along with the
verb “to design” comes “the designer” as one or many. This second meaning is not
the object of this book or of any other application of the Constructal Law. Design in
nature is not about “to design” and “the designer.”

The Constructal Law is about predicting the design (the flow configuration) and
its evolution in time. The Constructal Law is about why geometry happens.
Constructal theory is the view that the Constructal Law is correct and reliable in
a predictive sense. The use of constructal theory to discover flow configurations that
offer greater access is constructal design.

Constructal theory and design are predictive, not descriptive. This is the big
difference between the Constructal Law and other views of design in nature.
Previous attempts to explain design in nature are based on empiricism: observing
first and explaining after. They are backward looking, descriptive, and at best
explanatory. They are not predictive theories even though some are called theories.
Examples are complexity theory, network theory, chaos theory, power laws (allo-
metric scaling rules), general models, and optimality statements (minimum, maxi-
mum, optimum).

The Constructal Law is not about optimality, destiny, or end design. It is about
the fact that the generation and evolution of design never ends. With the Constructal
Law we anticipate the evolving design and its direction in time. Complexity and
scaling rules are discovered, not observed. Complexity is finite (modest), and is part
of the description of the constructal design that emerges. If the flows are between
points and areas or volumes, the constructal designs that are discovered are tree-
shaped networks. The “networks” are discovered, not observed, and not postulated.
Networks, scaling rules, and complexity are part of the description of the world of
constructal design that emerges predictively from the Constructal Law.

Based on selected papers presented at the 2011 Constructal Law Conference in
Porto Alegre, Brazil, this book illustrates the life, vigor, and growth of the research
field that is stimulated today by the Constructal Law. The samples selected for
presentation cover the broad range of science, from physics and biology to technol-
ogy and human dynamics. The first part of the book is devoted to fundamentals and
how the Constructal Law can be used to predict design in nature, the generation of
design and the evolution of design. The second part takes the reader into the world
of applications, where the constructal configurations are placed in processes and



Preface vii

systems that are useful. Together, the constructal fundamentals and applications are
an invitation to new research with the Constructal Law, in new directions that so far
are waiting to be brought under the tent of “design as science,” which the
Constructal Law holds firmly.

Porto Alegre, RS, Brazil Luiz A.O. Rocha
Toulouse, France Sylvie Lorente
Durham, NC, USA Adrian Bejam
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Chapter 3
Leaf Shapes and Venation Patterns

A.H. Reis

3.1 Plant Leaves, Power Generation, and Distribution

Plant life is fuelled by solar radiation through photosynthesis, by processes in which
leaves act as power generators, main factories, and dispensers of organic
substances. Leaves store energy in organic compounds (mainly carbohydrates)
that are redistributed within the plant system, thus keeping all metabolic and
transport processes active and maintaining and developing plant structure. Water
availability is essential both for metabolic processes and for keeping the sap flowing
throughout the whole plant system.

Leaf shape and structure generation have been analyzed from various
perspectives, ranging from genetics [1] and auxin sources and signaling [2] to
transport of water and carbohydrates [3, 4]. Because leaves display such a startling
diversity of shapes and venation structures one hardly conceives that this fact might
be understood based on some basic principle.

In this chapter we present an analysis of the shape and venation structure
generation of leaves based on a new concept of the process by which water ascends
in trees, together with the assumption that plant flow structures have been optimized
in time (evolution) in order to “provide easier and easier access to the currents that
flow through them” (Constructal Law, Bejan, 1997) [5]. The Constructal Law has
been successfully applied to various natural (and engineered) systems (see [6-8])
and is seen more and more as a law of Nature that basically expresses the evolution
of flow architectures towards reduction of global resistances to internal flows under
the existing constraints.

AH. Reis

Department of Physics and Evora Geophysics Centre, University of Evora,
Rua Ramalho, 59, 7000-671 Evora, Portugal
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3.2 Driving Potential for Sap Flow in Plants

The process by which water ascends up to 100 m height in trees is not well
understood yet. Many modern plant physiologists accept Cohesion Theory [9] put
forward by Joly (1895) that states that water ascent in trees is achieved by the
tension created in the xylem vessels by the transpirational pull. This implies that
water flow is not disrupted anywhere and that water can stay liquid and stable under
negative pressures of order 0.1 MPa, and higher in the tallest trees. In addition to
the fact that water in such conditions would be in a metastable state, there is
considerable experimental evidence that Cohesion Theory is not tenable. In result,
Multi-force Theory [10] (1995} has been developed to account for a multiplicity of
factors such as osmotic pressure [11, 14], gel-supported water lift [12], electrical
double layers [13], and Marangoni-streaming [ 14]. However, it is not clear yet how
all these factors might work together (see [14]).

In the following we present a possible very simple mechanism which may
provide the adequate driving potential for water ascent in trees. The detailed
explanations of this mechanism as well as the experimental evidences that support
it are developed in another paper [15]. Here we just summarize its basic features.

The ground is usually electrically negative with respect to the nearby atmo-
sphere, leading to the existence of an electric field directed downwards. Therefore,
the ohmic component of the Maxwell current that flows between the ionosphere and
the Earth’s surface is composed of a downward flux of positive ions, together with
an upward flux of negative 1ons. We put forward the assumption that trees operate
as branches of this global circuit by carrying positive atmospheric ions to the
ground and absorbing negative ions from the soil. Among the positive ions that
are likely absorbed by the tree leaves is hydronium (H;0"), which results from
dissociation of water (2H,0 = OH™ + H3O0™"). On the other hand, the negative
hydroxide ions (OH ) that are absorbed in the roots namely in the form of plant
nutrients (e.g., KOH, Zns(CO3):(0H)s, Cuy(OH)eSO4, Cuz(OH),S0,, Ca(OH)s,
and CaMg(OH);) move upwards in plants, where combination with hydronium
ions generate liquid water. As the consequence of different concentrations of soluble
ions of all kinds, water and nutrients flow within the plant systems (sap flows).

Because plants have much less resistance to ohmic currents than the air, they
provide a preferential way for the OH™ + H;0" current to flow in the neighborhood
of the ground. In this way, the electric potential of leaves is very much close to that
of the ground than that of the nearby air, thus enhancing electric fields in the leaves’
vicinity. The electric fields are particularly intense in the vicinity of the leafl apex
and of the leal margin, where almost all hydronium ions are expected to be
absorbed. This aspect completes the picture put forward for water absorption and,
as a consequence, water intake by plants is proportional to the number of leaves
times the average length of leaf margins.

Recent work [16] supports the above idea and, namely, that by Koppan and
coworkers, [17] which refers “a remarkable correlation between electric potential
differences and the water potential of air™.



	Leaf shapes and venation patterns - Ch 3.pdf
	Constructal Lawand the Unifying Principleof Design
	Preface
	Contents
	Contributors




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




