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Scientific motivation:

Over the last years, the concrete technology has
progressed Iin order to improve the quality of its use

Analytical approach: S |
1. Motion of air bubbles in the viscous fluid is 4. The reinitialization method [2] could be applied

and mechanical performances. Despite the technical described by the momentum and mass ‘o th? conservation level Stit metrtmd S V\t/e”' Thg
development known in the concrete society, the conservation principles according to Navier- equi_lcl)_n r gm;ern_mg = Z drg_nspor a
aesthetic aspect remains poorly treated in the Stokes equations, with an additional force term reinitialization of ¢ Is in Egs 4 ana 5:

literature. Among the aesthetic problems, there is the representing the surface tension - (Eq. 1). 90 :

formation and dispersion of air bubbles (bugholes) ou I + V- {n(l -0 )} —V-nevo-n) =0 (4)
inside the concrete during the concreting process. An pigy tru Vu-— Vu,(Vu+vu')=p.g+f. (1) Ve

Important class of non-Newtonian materials (such as n=— (5)
fresh concrete) exhibits a yield stress which must be where: p (Kg/m?) is the density, u (m/s) is the VOl

exceeded before significant deformation occurs [1]. fluid velocity, « (Pa.s) is the dynamic viscosity,
The results show that the concrete density and yield g (m/s?) is the gravity and t (s) is the time .

stress have an influence on the air bubble motion. The | | |
more the concrete density increases, the more the air | |2. We considered the incompressible case (Eq. 2):

where: 7iIs a pseudo-time, n is the normal of the
Interface and ¢ Is the diffusion parameter to be

_ _ _ | chosen.
bubble motion will be constrained and vice versa.
., V-u=20
As a rule of thumb, there are 3 aesthetic disorders (2) 5. For the numerical simulation, COMSOL
related to the texture of .the concrete (fig_l). In this | |3, The level set method [2] was used in order to Multiphysics® 5,1 proposed this equation for
present work, we focus In the bugholes in concrete represent the behavior of the interface between describing transport and reinitialization:
o — two incompressible fluids in flow. The movement
NG e PtV R Siin . [T ' of the interface was followed by the convection 00 VO
. —+u- Vo =yV- (VD — @(1— @) — (6)
equation (Eq. 3): ot O=v (8 p-0(1-0) V|
o) . . .
| -4 | ; | T +u-Vp =0 (3) where: u (m/s) Is the fluid velocity, ¥ (m/s) and &
"(a) Gravel nest (b) on éy Cg";;ft;‘;";‘“‘;’ (©) Buggholes (m) are reinitialization parameters.
Fig 1. Aesthetic disorders in concrete surface. where ¢ Is the level set function.
Computational methods: Results: Case 1.

\\\\\\\\\\\\\\\\\\\\\\\\\\\\
L \{){ \\\\\\\\\\\\\\\\\\\\\\\\\\

VAV AVATAVAVATAVATANATAVATAY e, o i
KPP AYATAVAVATAVAY.AYA LT

\\\\\\\\\\\\\\\\\\\\\\\\\\\\\

a. APAVAYAVAVAVATAVAVAVAVAVAYAY, V)

R AT AV AT AT ATATATAPATATAVATATATA ATAN)
TV AVATATATAVATAY
; %
3 -
a
S Y

AYATLVAN L PAVAVATAVAYAYS w
FAVAYATAPATAY AYAY SPATAYAY
v AV

\\\\\\\\\\\\\\\\
\\\\\\\

Case 1: The interaction between one air bubble and
viscous fluid I1s considered,

Case 2: A set of air bubbles with a uniform space
distribution.
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Time: 3h 41 min
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Case 3: A set of air bubbles with random distribution.
Table 1. Materials properties
Yield stress (Pa) Density (Kg/m3) Viscosity (Pa.s) \
Y o

Air 0) 1,293 1,94*107

Water 0 1000 1,01*103

Cement Paste 10-100 [2] 1220-1900 [3] 0,01-1 [5]

Mortar 80-400 [2] 1620-1699 [4] 1-3 [5]

Concrete 500-1000 [2] 1700-2400 50-100 [5]
Geometry:. We used a cylindrical container of 1 cm In t=0,1min  t=0,2min  t=1 min t=0,1 min  t=0.2 min  t=1 min t=0.1 min  t=1min  t=1,5 min
diameter and 2 cm in height, with 5% volume of Fig. 3. Snapshots showing the rising bubbles with 1 and 6 bubbles

. - Table 2 . f ' le th h diff
bubbles having a surface tension of 0.049 N/m [6]. ble Spn?;‘lﬁa.i”a?iZ?Vbe?fpéiﬁ?_“g eren | > th ¢ behavior is:
n case 2, the ascent benavior Is: For case 3, the bubbles are in

The calculation was launched on ESTP cloud (16 - . : :
m random positions and have different
CPU and 4128 G of RAM). COMSOL (m/s) | Stokes (m/s) 1. Close to the surface, the air bubbles

lcm. | sizes inside the liquid.
Water 0,78 7,0409 tend to merge one to another and 1
Air Air Air rise
SE— ey Cement 0,0179 0,0134 5 t'h Addle d the air bubbl 1. The bubbles near the surface
b KON B AL L concrete’ b SR A : , :
s el raste oo o 1o b S P reach the top of the container and
e | [ASLE Qe Mortar 0.013 0,003 i el 2 Y 2% the other bubbles remain  static
SR | £ [R it o Concrete 0,0029 0,0003 the bubble is red 0 d regardless their volume.
) Gl . Inethu betlsrrne ltfe bbles do nop 2 After simulation, we can explain
(b“)m"r“ The rising velocity was measured In a ' interaect n%roris’e a(?\ 9 ijhe sive of the the formation of a rough surface
BN R boundary point of the bubble and was bubbles is red c;ed (00 and the presence of bubbles on
e compared with an analytical approach . . o . the surface (bugholes) (Fig 1c).
| N | | Stokes law) in Table 2 4. After simulation the fluid surface stays
Fig. 2. The geometry for rising bubbles of two-flow simulation (Stokes law) in Table 2. smooth
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