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Frost damage of highland roads




Awnings and other protection measures
for the permafrost
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Figure 32. Scenery of sunshine shield railway emba pmp ’ g -
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Figure 30. Scenery of air convetion railway embankment

Awnings along the
new Qinghai-Tibet
railway route

Big gravel to allow for
air ventilation of the
embankment

Figure 24. Scenery of thermal insulation embankment construction
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Model geometry for lab setup
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Equations |

Heat transfer:

pC‘Z—T+V-(—kVT):Q—pCu-VT

[

Gas flow (weakly compressible Navier-Stokes):

o V= [— pl +7(Vu+ (V)" )- [%’l . x](wy}

V-(pu)=0




Equations i

Heat capacity with melting:

C = Cct'ay + DQO

Implementation of phase change:

e _(T_T:m )2 'fﬂ_z
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Equations lll

Thermal parameters variation frozen/unfrozen:

Peigy = %(f)c!qyf * Pelogu )"‘ (pcmw Pc:avf) : -ar Ctan[b (T z, )]

Coay = ; (Cciayf T Cciaw) (Cciayu . Ccfayf )% ' arCtan[b:;; (T =T )]

K oty = ; (kc!ayf +k Iavu) (kcfa_w = kc!ayf )ﬁ : aICtan[bm (T = )]



Model parameters

Parameter Value Description

} - 1.60 [ W/ m/K] soil heat
conductivity
(unfrozen)

A 1.98[W/m/K] soil heat
conductivity
(frozen)

Potayen 1800 [kg/m”] soil density
{unfrozen)

Oriderur 1800 [kg/m’] soil density { frozen)

C i, 1266 [J/kg/K] soil heat capacity
{unfrozen)

C bt 9772 [Ikeg'K] soil heat capacity
{frozen)

ki 0.024] W/ m/K] air heat conductivity

varrho  {fair}

1169 kg/m]

air density

Coir 1005[1Vkag'K ] air heat capacity

n 17.2e-6[FPa s] air viscosity

T i 273.15 [K]- initial temperature

S[K]

Puo leS[Pa] air pressure

r 5 273.15[K] ice melting
temperature

b, 100 1/K] sharpness parameter
for phase change

o O 1[K] Gauss parameter for
phase change

by 10[1/s] sharpness parameter
for lamp on

b 10[1/s] sharpness parameter
for lamp off

AT = 10[K] air temperature
change

waterconternt | 0.12 water content of soil

[ 333e3[Vikg] ice melting heat

e watercontent¥ s0il melting heat
©_{mH20}

Fereming 238 W/ m/K] awmning thermal
conductivity

Perwning 2700[ke/m™] awning density

Cormeming G945 kK] awning heat
capacity

Kicranp 238[W/m/K] lamp heat
conductivity

Pramp 2700[kg/m™] lamp density

| 945 I kg K] lamp heat capacity

[ — 1.00 lamp emissivity

Ectory 0.75 soil emissivity

Cirwsings 0.80 awning top
emissivity

Ecrervingh 0.30 awning bottom

emissivity

Inflow velocity profile
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No awning - heated air

AT = +10K

u...=5cm/s

Mmax




Awning - heated air




Long term calculation: no awning
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Long term calculation: with awning
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Long term calculation - no awning
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Long term calculation - with awning

Time=1.7196e5 Suface: Temperstiure [K] Contour: Temperature [K]  Armow: Velooty Seid Mlaw: #06618  Max: 27315
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Results and conclusions

-Awnings along embankments have a strong
protection effect for the permafrost, keeping round
temperatures low.

- For the slow wind velocities used in our calculations
and laminar flow, there is very little influence of
changing air temperature on the depth of the frost

boundary.

-However this may may change when higher wind
velocities and turbulent flow occur. - till now we did
not succeed to calculate these cases because of
unresolved convergence problems!





