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Freezing of an excavation pit wall
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Common practice:

Decoupled calculations
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Advantages
- sealing and statically effective
¥ _GOK - applicable in almost all types of soil
\/ Freeze pipes

) ——— - always controllable

— S,

- —
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& - non-polluting
- almost completely reversible

Existing | intended :
tube /| widening Disadvantages

l : - costly
Dt - Heave during freezing

- high energy consumption

Micro-tunnel frost-body
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impervious layer

Advantages and disadvantages of the ground freezing method
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Direction of groundwater flow

@ GW-Flow =

Convective thermal impact

@ Delay of frost Erecze pipk @

propagation @ @Q
@ Hindrance of frost body/'O Frost body

—

closure possible
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GW-heat flow = 900W/m?2
at v=1,5m/d and T=13°

Effect of groundwater flow
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Temperature development during freezing phase
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@® Time-dependent temperature field = transient calculations

Features of thermal freezing simulations
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@® Thermal properties are temperature-dependent = nonlinear calculation

C, A

Freezing range

\ Heat capacity c(T)

— Thermal conductivity A(T)

v

frozen unfrozen
- - Temperature T
Ts l I
@® Release of latent heat during phase change
Features of thermal freezing simulations o
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@® Course of unfrozen water content = approximation

Specific surface
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In(w, )=0,2618 + 05519 - In(S, ) - 1449 - S, **** .In(T)

approximation l
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@ Frost front is a ,moving boundary* for the flow field

Temperatur
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@ Coupled calculations of heat transfer and groundwater flow necessary

Features of thermal freezing simulations
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Programm SHEMAT R

SHEMAT (Simulator for Heat and Mass Transport)

* solution of thermodynamical problems with finite difference method

Co(T) aT d <6T )\) c <6T y ) N
K —— = —— Xk | —— %k A: — k | —— % .
v ot ox \ax, 1) T vw Gyt Ve T

* modular structure — possibility of activation / deactivation
« originally: solution of geophysical problems (Prof. Clauser)

« advancement: moving boundary for groundwater flow (Prof. Clauser, Dr. Mottaghy, Dr. Rath)

w, [%]

» freezing“-modul (Dr. Baier)

— phase change model / unfrozen water content

— temperature dependent soil parameters A, c, k e \

— time-dependent boundary conditions
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Example: Freezing of a cross passage
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Geometry, elevation and freeze pipe arrangement
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Influence of GW-flow on freezing process
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50 days total freezing time -35.00

Freezing process for basic system (v = 0.75 m/d)
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Freezing process for basic system (v = 0.75 m/d)
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Basic system

Concentration in the upstream
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40 days total freezing time

Concentration in the upstream (v = 0.75 m/d)
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Additional pipes in upstream

Additional pipes in the upstream
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33 days

total freezing time -35.00

Additional pipes in the upstream (v = 0.75 m/d)
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Pre-cooling

''''''''''''''
.......
ooooo

.....
% %0 %%

24

i USP Sao Paulo Geotechnical Engineering
C' 27 de Setembro de 2013 Univ.- Prof. Dr.-Ing. Martin Ziegler




25 days

total freezing time

Pre-cooling (v =0.75 m/d)
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Pre-cooling of an excavation pit wall —=v =1,0 m/d

Energetische Einsparpotentiale beim Vereisungsverfahren — 2. AGS
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Further investigations:

Optimization of artificial ground freezing applications with respect to

* freezing time

« energy consumption

==) determination of refrigeration capacity
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Estimation of refrigeration capacity with actual construction projects

freezing phase
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=) gverage refrigeration capacity approx. 0,29 kW/m
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Estimation of refrigeration capacity with actual construction projects

operating phase
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=) gverage refrigeration capacity approx. 0,13 kW/m

=P 45 % of freezing phase .
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SHEMAT - ,,freezing“-module

simplified calculation approach for refrigeration capacity

- freeze-pipe temperature as Dirichlet boundary condition

* sum of heat flow
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SHEMAT - ,freezrefcap*“-module
 separate module for determining heat transfer processes inside the freeze-pipe

* detailed input parameters:
— radial & thermal conductivity of down pipe, riser pipe and borehole, freeze-pipe length

— pump, supply temperature, refrigerant
,freezrefcap“ »OHEMAT“

» coupling with ,.SHEMAT"

q [W/m?]

thermal resistances line source

Tsoil -K]

.......
.......
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SHEMAT - ,freezrefcap*“-module

A\

Ten(i)

Tein(i+1)

Teou(i)

Fouli+1

Q,

RHEINISCH-
WESTFALISCHE
TECHNISCHE
HOCHSCHULE
AACHEN

thermal resistances of freeze-pipe components
Router / Rinner

» conductive resistance

— depending on 7\'freeze-pipe component

* convective resistance
— depending on Olyefrigerant

— depending on Nu
==) input Q [m3/s] and Ty, [°C]

results:

 temperatur distribution in freeze-pipe (down/up)

— refrigeration capacity

* heat flow Q, to sall
— coupling with SHEMAT (q,) ¢
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Laboratory test of ETH Zurich
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simulation results
»freezrefcap® - v =0 m/d

2.0 —— measured data
simulation
Jfreezing”

= simulation
Sfreezrefcap”

freezing capacity [kW]
o B
o1 o

o
o

0 10 20 30 40
time [h]

=P clear difference between ,freezing“ and ,freezrefcap”

=P pad heat transfer due to the laminar flow
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simulation results
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simulation results
,freezrefcap* - v = 1,5 m/d

2.0 — measured data
simulation
L5 ,freezing"
= simulation
=, freezrefcap*
P
S 1.0
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00
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=) good representation of freezing prozess with ,freezing“- and ,freezrefcap“-module

=)  small underestimation of refrigeration capacity with ,freezing“-module

=) good representation of refrigeration capacity with ,freezrefcap“-module ¢
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@® Groundwater flow may not be neglected, particularly if barriers in the
underground create a nozzle effect, leading to an increased velocity
of the groundwater.

@ Realistic assessment of ground freezing subject to groundwater flow
requires numerical methods.

@ Considerable cost saving potentials can be achieved by flow-optimized
design and operating options

@ Realistic determination of refrigeration capacity allows an energetic
optimization including the operating phase

O
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Thank you for your attention!
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