Our objective is: r---___,j> to highlight the role of the gravity (slip velocity) upon the hubble radial distribution in a tube, the mean liquid velocity and turbulence r---___,j> through experiments on bubbly flows with the same experimental facility in constrated gravity conditions: -in vertical upward, downward flows in laboratory -in microgravity conditions (without hubble slip velocity) r---___,j> explain sorne results through simple analytical models Present analysis focused on bubbles with size comparable to the turbulent length scales dB ~ lt and large range of ULdu*

-measurements of local void fraction , hubble velocities -determination of the hubble diameters distribution using a backward transformation of the measured chard length distributions (Kamp, 1996).

Hot film anemometry for:

-measurement of the axial mean and RMS velocity of the liquid Specifie data processing for phase discrimination

In microgravity conditions several parabolas required for each measurement point ( statistical convergence). Lance & Lapez de Bertodano, 1994;Chahed et al., 1999;Lucas et al. 2007, Hosokawa andTomiyama., 2009 .. . ) Lapez de Bertodano (1994) Chahed et al. (2002) [a ~
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Computation of the void fraction distribution in microgravity with a two-fluid model (Chahed, Colin, Masbernat, JFE, 2002) 0.1 r----~----------~~---.,

• data, Kamp et al {15)

. . . . . • When Ri*> 1, buoyancy effects dominate (modification of the log law, reduction of the turbulent shear stress) • The bubbly flow in upward and downward configuration displays two regions: a homogeneous core region and a wall region • Void fraction distribution can be calculated from a radial momentum balance, but the non linear term in the interfacial momentum transfer have to be taken into account to explain the void fraction distribution in microgravity.
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  Shape of the void fraction profile depends on the air and liquid flow ratesl hubble size, pipe size, ratio of the hubble size compared to turbulent length scales Vertical upward flow: mean velocity and turbulence 1.6 1.4 c=~~---....._~----~ 1.~ r 1 _~ . . . . . . . . . . . . . . . . ..;;;:Flattening of the mean velocity profiles, modification of the turbulence level, sometime increased but also decreased (Serizawa et al., 197 5) Enhancement or reduction of turbulence lev el compared to single-phase flow, depending on air and water flow rates and bubble i al P ition.r/ R [ -] ring probes (global void fraction) High speed video recording (1000 i/s) and image processing Local measurements in bubbly flows in a 40 mm diameter pipe Dual optical fibre probe for:

  through 32 capillary tubes of 0.3mm diameter at z=O • Maximum of void fraction near the wall • Axial evolution of the void fraction profiles partly due to bubble coalescence •Bubble coalescence dominant near the wall (high void fraction and high turbulence)

•••)

  Flattening of the mean velocity profiles •Bubble drift velocity 20 to 30 cm/s 0 ~------~~------~ •lncrease or decrease of turbulence in two-phase flow •RMS velocities of gas depend on the flow conditions 0 3 t D .D .D •o ~ .D D !i!!D ~ Slow development of the flow in the axial direction 1 decrease of turbulence in two-phase flow •RMS velocities of gas depend on the flow conditions 0 ~------------~~----------similar to single-phase flow In normal gravity, upward flow or downward flow : 2 regions in the flow: wall region and a reported in bubbly flows -determined from pressure drop: requires very good accuracy on void fraction measurements (Liu, IJMF 1997): (l-<a>)+ D 'tw = pLg(l-<a>)+ D pLu* -direct method as electrochemical method (Nakoryakov et al., 1999) -indirect methods: log law fitting (validity?) or extrapolation of the turbulent shear stress ( difficult not linear in hubble flow) Sorne correlations or models -'tJ'two =f(Re, <a>) by Herringe et Davis (1978) and Beyerlein et al., (1985) -Including void fraction distribution by Sato et al. ( 1981) or Marié ( 1987) Wall friction Wall shear stress is obtained from measurements of pressure drop and mean void fraction Run g }L le <a> u*o (<a> D Rt* =..:..........:. _ _ _ 4u? Wall friction in bubbly flow Marié et al. (1997): analysis of the turbulent bubbly boundary layer, estimation of u* approximated expression : u* === 1 + .!..(1-10.6 ~0 )Ri*.____.____.__ ............................ _ ___._____.__ .................................... In gravity-depend flows: departure from the log-law in the inertial region (Ul, U3, D3)the constant B<5.5 • Presence of an homogeneous region farther from the wall (flat velocity profile) . Eq. of the mixture Turbulent shear stress is calculated from the measurements of a -, • [dP ] r pLg fr 'dr' aUL -pL UL VL = dz + p Lg 2(1 -a) -(1 -a )r 0 ar -!-! L Tr Production rr* = -(1-a)u 'v auL __!!__ is smaller in up and dawn flows than in single-phase flow Turbulent kinetic energy of the liquid 1 ( 2 2 2) kL = 2 UL + VL + WL For very low void fractions kL is splitted into 2 contributions = kLs +kLB Shear-induced turbulence (steady axi-symetric flow):(Lopez deBertodano et al., 1994, Chahed et al., 2003) V~ dkLS l -pL 1 -a UL VL dr -pL 1 -a f LS +dr pL 1 -a -I dr = Ü on Eulerian two-fluid models

  (added mass, Chahed et a/1999) Void fraction distribution Classical analysis based on Eulerian two-fluid models ,2 aa (l )av'~ c (
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  r--~----~------------, o.oa • data, l<amp et al [t5] • Cw= 1. CL= 0, C'T""' (t35 .a_ 0.06 'ii .... C 12 "" o~ -~• c.;l= o.s-.~ C 12 = 1;-C 1 ~"" 2 0.04 -•--~::: -.... -. ... 0.02 0-----------~~----------~~--~ Without the turbulent term in the added mass force ja=O .025m/s With the turbulent terms in the added mass force Void fraction distribution ODE for the void fraction distribution can be integrated in the transition region between the core and the wall region, neglecting the interaction of the bubbles with the wall C 0 and Cg are 2 constantes depending on CL=0.288, CM 0.4a turbulent bubbly pipe flow are performed in normal and microgravity conditions with the same set-up • The wall shear stress in bubbly flow can be predicted versus Ri*d • From local measurements, the effect of gravity on the flow structure has been highlighted with a dimensionless number Ri* • When Ri* =0 (microgravity), the flow structure is similar to single-phase flow ( validity of the log law, linear shear stress)

  • European Community (Brite Euram project) More details in Colin, Fabre, Kamp, Journal Fluid Mech. 2012 doi:10.1017/jfm.2012.401 and experimental data available on line

(Lance & Bataille, 1991 Garnier et al., 2001) 

When Ri*> 1 the inertia region becomes smaller and the additive constant B decreases.

•The turbulent shear stress can be calculated from the streamwise momentum balance eq. Two regions exist in the flow: -a wall region where the log. Law is still valid. Even when Ri*> 1, kL can be estimated from a balance between its production and its dissipation. In this region a maximum value of the void fraction is obtained in upflow and this region is free ofbubble in downward flow -A core region where the wall is homogeneous and where the bubble induced turbulence dominates when Ri*d> 1. The production of shear induced turb. is negligible . Bubble slip velocity decreases near the wall: in agreement with numerical simulations of Adoua (2009)~increase in the drag coefficient for an ellipsoïdal hubble in a shear flow

Bubble slip velocity