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07 - balance principles


holzapfel ‘nonlinear solid mechanics‘ [2000], chapter 4, pages 131-179
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me338 - syllabus
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 homework 02


videofluoroscopic markers


itoh, bothe, swanson birchill, escobar kvitting, 

nguyen, langer,, rodriguez, criscione, ingels, miller


4d coordiantes from in vivo 
biplane videofluoroscopic 

marker images


surgically implanted 
epicardial markers and 
transmural bead set
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tsamis, bothe, kvitting, swanson, miller, kuhl [2011]


green lagrange strains


fiber strain


deformation gradient


deformation


how much does the heart contract?
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10 µm 

how much does the heart contract?


tsamis, bothe, kvitting, swanson, miller, kuhl [2011]


mean lateral-equatorial fiber strain


mean anterior-basal fiber strain




6
 homework 02

tsamis, cheng, nguyen, langer, miller, kuhl [2012]


deformation gradient


fiber stretch


volume changes


deformation


how much does the heart grow?
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how much does the heart grow?


tsamis, cheng, nguyen, langer, miller, kuhl [2012]
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• longitudinal growth by more than 10%

• radial thinning by more than 20%

• volume decrease by more than 15% 

• fiber lengthening by more than 5%


how much does the heart grow?


tsamis, cheng, nguyen, langer, miller, kuhl [2012]




07 - balance principles


potato         balance equations


isolate subset      from 
[1] 


isolation
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characterize influence of remaining body through 


isolation


phenomenological quantities - contact fluxes    ,    &
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07 - balance principles


characterize influence of remaining body through 


isolation


phenomenological quantities - contact fluxes    ,    &


define basic physical quantities - mass, linear and

angular momentum, energy
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[3] 


potato         balance equations


isolate subset      from 
[1] 




07 - balance principles


characterize influence of remaining body through 


isolate subset      from 


phenomenological quantities - contact fluxes    ,    &


define basic physical quantities - mass, linear and

angular momentum, energy


postulate balance of these quantities


[1] 


[2] 


[3] 


[4] 


potato         balance equations


isolation
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… balance quantity

… flux

… source

… production


general format


generic balance equation




07 - balance principles


• unlike open systems closed systems have a constant mass




• examples of open systems: 

    rocket propulsion and biological growth (me337)


balance of mass


• here: closed systems
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balance of mass


• mass is always constant and positive 


• changes in volume and density are related through


and
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balance of mass


material density is constant


mass is constant
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balance of mass


local balance of mass


global balance of mass
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balance of mass


… density

… no mass flux

… no mass source

… no mass production


continuity equation
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balance of (linear) momentum


surface force (flux) and volume force (source)


linear momentum density
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balance of (linear) momentum


local balance of linear momentum


global balance of linear momentum
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balance of (linear) momentum


… linear momentum density

… momentum flux - stress

… momentum source - force

… no momentum production


equilibrium equation
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compare


mass point
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balance of (internal) energy


local balance of internal energy


global balance of internal energy
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balance of (internal) energy


… internal energy density

… heat flux

… heat source

… no heat production


energy equation

internal mechanical power
 external thermal power



