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Englacial channels
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How fast do they close?



A simple 2D approach

main flow direction



A simple 2D approach



Viscoelastic simulations

COMice-ve

viscoelastic Maxwell material

Stokes

balance equation

constitutive relation kinematics

short-termlong-term

10.6Viscoelasticdeformationofice

Besideicebeinganon-Newtonianfluid,icealsoobeysthenatureof

asolid,suchastheformationofcracks.Consequently,iceisavis-

coelasticmaterial.Therearetwodifferentformsofviscoelasticmate-

rials:(i)Kelvin-Voigtmaterials,thatareviscoelasticsolidswithalong

termelasticbehaviourand(ii)Maxwellmaterials,viscoelasticfluidswith

alongtermviscousbehaviour.Withacombinationoffieldobservations

Figure51:

Viscoelasticrheologymodels:Maxwell

(two-element)fluid.

andsimulationsitwasfoundthaticeisaMaxwellmaterial,thushasan

instantaneouselasticcomponentandalongtermviscousresponseto

load.Thecorrespondingrheologicalmodelisaserialcombinationof

aviscousdamperelementandanelasticspring.Inconsequence,the

totalstrainisthesumoftheindividualstrains

✏=✏v+✏e(230)

with✏vtheviscousstrainand✏etheelasticstraincomponent.Incon-

trastthestressesareequalinbothcomponents

t=tv=te(231)

Heretv,tearetheviscousandelasticstresscomponents,respectively.

TheconstitutiverelationoftheMaxwellmaterialisgivenby

tD+
⌘

E
ṫ

D
=2⌘✏̇D(232)

InordertosolvetheMaxwellmaterialrelation,oneeitherneedsthe

viscousstrain-rateoftheelasticstrain.Tothisend,weintroduceme-

chanicalstatevariables,whicharecharacterisethestructuralproperties

ofthematerial.Inourcase,wefollowtheconceptofinternalvariables

thatrepresenttheinternalstructureofmaterialarisingfromdissipative

effects.Theinternalvariablescaptureindirectlythehistoryofdeforma-

tion.Internalvariablesarehiddentotheexternalobserver,incontrastto

externalvariables,thataremeasurablequantities.Oneexampleforan

internalvariableistheviscousstraininaMaxwellmaterialmodel,that

isthenanadditionalunknowninthefollowingequation:

µ(✏D−✏D
v)=⌘✏̇D

v(233)

inwhichµisoneoftheLameconstants.Thisequationisderivedfrom

tv=te.Thewholetrickisthatitisequivalenttosolvethetwoequa-

tionsEq.233andtD=2⌘✏̇D
v,insteadofsolvingEq.232.

Theequationsaboveonlyholdtrueforsmalldeformations,asforlarge

deformationsthetimederivativesneedtobeformulatedsuch,thatthey

areobjective,whichmakeslifebyfarmorecomplicated.Typicallythe

timederivativesarereplacedbysocalledOldroydrates,thesimplest

formofobjectivetimederivatives.

Thecharacteristictime⌧ofaMaxwellmaterial,thetimeuntilthere-

sponsehasdeclinedto1/e,isgivenby⌧=(2+2⌫)⌘/Edepends

stronglyontheviscosityofice-from30daysfor⌘=1015Pasto

8.4yearsfor⌘=1017PasassumingaYoungsmodulusof1GPaand
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Gully

Planet 2022-08-20



Gully

Simulation results fit observations perfectly!



Airborne data 79NG-EC



A polarimetric view

surface scattering
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Radargram – along flow direction



Radargram – along flow direction



Timeline

no lake lake filling



High resolution (satellite) imagery opens new possibilities for

benchmarking ice mechanical simulations!

Conclusions


