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Natural air convection: scope, objectives and theory

Large scale experimental setup and results

Field test site description and temperature distribution analysis

Numerical model of field test site




Scope: natural air convection in crushed rock and lightweight aggregates

Objectives:

» establish permeability for coarse materials;

» define critical temperature gradients for initiation of convection;
» observe materials performance under field conditions;

» validate air convection with a numerical model.
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Theory on natural air convection
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> convection
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gT - upward heat flow
gl - downward heat flow

I R < O™



=&— Schubert and Straus (1979)
o Combarnous and Bories (1975)
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Large scale experiments







Large scale experiments

Downward heat flow test (g!):
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Upward heat flow test (q!):
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SB Subbase material (20/120 mm):
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12

FP Frost protection material (40/120 mm):
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FG Foamglass material (10/60 mm):
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Field test site

6 road sections: 4 railway sections:
» 48m total length » 32m total length
» 6x8m each section » 6x8m each section
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Field test site

@ Road section with crushed rock material
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Rol Road section with crushed rock material
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Ro6 Road section with crushed rock material
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Ro6 Road section with crushed rock material

25 40

15 £
€10 20 ¢
& 10 8
=] e
= o
2 0
E 5 CRIY . é
SR RS Ro6: top of subbase ek, Ny - .- B e frNTsTN -~ TN 7 17 o

-10 ' _ _ Ro6: subbase/insulation interface N A ‘-_\\ g P \ '," '~_\\,-’ “ N 1 208

-15 L — =Ro6: bottom of insulation e % Y A \ W E 7 @

9 | =VI:subbase ‘e 1 30

VT insulation 4
25 s L L L N L L L . L . f . ' . L . ! . -40
0 20 40 60 80 100 120 140 160 180 200

Day of cooling period

Subbase: T_,=6.0 °C/m

Insulation layer: T,=4.5 °C/m

18 @ NTNU




Rayleigh number Apparent Rayleigh number
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Rol Road section with crushed rock material
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Ro6 Road section with crushed rock material
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Rol Road section with crushed rock material
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Laboratory: clear illustration of convective heat transfer

Field: a possible air convection in road construction materials

Model: shows air convcetion, however more validation is
necessary

% Overall: coarse materials (crushed rock and lightweigth
0 aggregates) can have natural air convcetion under small
temperture gradients
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Thank youl!
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