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Bubble deformation based on a quasi-2D cor Methods of textu

Introduction

Numerical simulation 1s divided into two parts. First part is to get the velocity field around a bubble from a (2) Bubble deformation model g * Digital microscope
------ conduit flow model. Second part 1s to calculate bubble deformation in a obtained velocity field. . Bubble deformation is calculated along the streamline in a 4 9 (VHX-1000,Keyence)
(1) Conduit flow model . conduit flow. We used a bubble deformation model of * Magnitication %20
* The conduit flow model 1s based on a viscous-heating model of Barmin et al. (2004). - Ohashi et al. (2018), which calculates the shape of a Ad] ustable ., _.. . ater
«  We add a new effect of compressibility in a bubbly fluid region below the fragmentation surface. . single bubble in an arbitrary shear field. e e aans AN
. . . . . . . ! 4 ) 2 A
* Following this model, we also derived a Newtonian 1sothermal model and shear-thinning model due to 5 —» +  Single bubble in an infinite fluid =
bubble deformation. Choking Viscos-heating model (in the bubbly fluid region) N ’ * Arbitrary shear field :
Eaw Y Viscous-heating causes the reduction in viscosity. 2 2 DS N * Transient large deformation
Vi e, & | x : Thermal conductivity |\ J =
: e \ + _ '\ One dimension S - cy: Heat capacity T 3 o - DRI s A L e
7 3D image of tube pumi | Continuity equation . . . . U i TR ._ g o s 7 H 7 i
> Schemati shear e n  coni = KM ¥ [ Gaspartce dispersion 1 0 o 9 et Newtonian isothermal model S i EE R o s P i
(modified from Dingwell et al., 2016) g - ragmentation oy (rpw) + Py (pu) =0 p : Pressure Temperature is isothermal throughout the conduit. The conservation The illumi.naFion adapter ena.bles to 1lluminate the.surf.ac.e from the
Tilbe swmice i chemmsisimed by @lhoned Ry o E O N7 surface v t r T I\E/r']icr‘;ijtgensity equations of mass and momentum are the same as the viscous- 51dehs, ;labll'jllfymlg) t?e bO‘E}ldarclieS of bl;;)bl.e&dAfI} elélps()ld IS ﬁt?dﬂ?
_ _ > . | (=0 omentum equation é : Gass fraction heating model. each bubble. Deformation degree, D, 1s defined by axes of the
bubbles and 1s a common product of explosive silicic eruptions. § . e | B dp 10 ou T - Temperature : ellipsoid as follows. ’
This characteristic pumice is thought to record the shear fields = X 5 p(r,z) = p(z), dz _ror \or) P Nehan e Shear-thinning model due to bubble deformation p_2-¢ \“ D=1 Highly elongated
in a conduit. In previous works, it has been suggested that tube g O Two dimensions Energy equation The shear-thinning effect is also caused by bubble deformation.  a-+c D=0 Spherical
pumice can be generated either by pure or simple shear of a % o Bubbly fluid 1 Q (rpwe) + Q (pue) = —pdiv + @ ° 1 2 - 8_T Instead of solving the energy equation, this model uses the bulk a>b>c o
spherical vesicle (Dingwell et al., 2016). Pure shear may be L ° l ror " 9z "7 T "\ or ror or viscosity of bubbly tluid, 7, of Llewellin et al. (2002). Here, magma fragments that ascended m different paths are
, L | : : : : assumed to preserve the corresponding bubble textures in pumice
dominant beneath a fragmentation surface where the ascent : e iy (Bless g0 Diiguel) BRI, My Moo — N2 Ca £y Y clasts. In order to discuss the dynamics in a conduit, we define an
) ) ) . , B b _ 2 T, 7,00 — . 2 ’
velocity 1s steeply accelerated. Alternatively, simple shear may :}z=0 log 7, = —3.545 + 0.833 In(c) + 00T — 2156 i) N \ Wea 4 (@CQ)Q I average deformation degree, D, for each pumice clast:
be dominant near a conduit wall where strain is localized. r=R r=0 T —(195.7 4 32.251n(c)) 1 5 R, : Bubble radius S A P o —
: : : : : Conduit length L 4000 m Melt density p,, 2500 kg/m3 Nro = (1—¢) n,, . Melt viscosity — 141q 4 : Bubble area
MOSt previous studies .1I1t€I'pI'6t tlljbe pumice fOI‘.IIllIlg from Initial water content c 4.3 wt% Dunbar et al. {1989) Thermal conductivity x | 0.8 J/(m s K) Barmin et al. (2004) 5 y : Shear rate of simple shear D = A > : Summation of bubbles larger
simple shear deformation, assuming a parabolic velocity Initial magma temperature 7, 850°C Dunbar et al. (1989) Specific heat ¢, 1200 J/(kg K) Mryoo = (1= ¢)3 I": Surface tension v than 0.15 mm in a pumice clast
profile across a conduit. However, simple shear cannot explain
the observation that tube pumice is rare in plinian falls but Simulation results of Taupo Plinian fall (Di Discussic
frequent in 1gnimbrites (interpreted to have wider vents). S . . , o o ,

In this study, we calculate bubble deformation in a conduit Case 1: Newtonian isothermal model Case3: Viscous-heating model The ncrease of tube pumice 1n the ignimbrite event can be
flow of the 1.8 ka Taupo eruption, and compare them with || © The velocity profile across the conduit becomes parabolic. * The velocity profile becomes a plug shape due to the strong shear localization around the conduit wall. ascribed to the shallowing the transition from a parabolic
bubble textures measured from Taupo pumice clasts. « Highly elongated bubbles were produced mainly by simple shear. * The plug-like velocity protile is dominated by pure shear and accumulates less strain to elongate bubbles. to plug-like velocity profile. The shallowing is caused by

(a) o (b) (;:C))OO | - roo w000 Temperature distribution the wider conduit radius 1n the ignimbrite event.
. : - - : : 4000 (| - fom ! ‘ T ‘|,| - 3500 —— —
1.8 ka Tau 0 Eru thIl ool Z?:;sm- | :48: — '.\ o - e | Parameter Discharge rate | Conduit radius Shear rate (%‘) *
—LL el N | 3000 oo i 3000 | 3000 wzom o | [kg/s] [1/s]
The 1.8 ka eruption is the most recent large eruptive event | _ e \ Q izom | = o — | s JiE \ | Taupo plinian 2.5 X 108 33 4.2
E | - E E ——— 2=3994m| | =2000f | 92000 A\
from Taupo volcano, New Zealand. 150502 Stop B % 60 - = 2000 \\ 2000 = = v \ | 22000 // \ Taupo ignimbrite 5.0 X 1010 700 0.12
3 ‘ . 40 S PO , \ . B | \ 1500 [ AN . . .
Sampling Locations | = y_— \ | 1000] T oee— | 1000] \ 1000 /| | | | /,r 1‘\ * Shear rate next at the conduit wall just above the inlet
aupo Plinian = i Z———u —— \\'\‘\,‘ \ \\\ \ l 1000 | 5 _\‘
B s TSN \ 0 f .. i \ The shear rate in the Taupo i1gnimbrite eruption was
: Fitosossaa ¥ | ‘ | T 0 > 0 10 20 30 %0 o 10 0 05 1 *2.95 3296 3297 32.98 32.99 33 . -
U sua bt ootk o B s A 5o ° piMpal r [m] p (Mpa D [ | | et | smaller than the Taupo plinian eruption by an order of
B & T i _ , , o ) magnitude. Therefore, the conduit flow experienced a
Vent 3 (Unit5,6)~ -~ - - _ _ (a) The distribution of the vertical velocity across the conduit. ] Bubble shape distribution , , . = .
b (b) The pressure change along the conduit. Deformation degree . . . . Flux of bubble shapes at the fragmentation surface |_ | weak viscous-heating which suppressed the transition of
Vent't (Unit1,2,3)- -~ " Taupo Plinian (c) The vertical evolution of the bubble shape. The line color (see top right section) In the numerical simulations which showed ; | | | | the velocity profile.
(Unit’5) indicates the initial radial position at the conduit inlet. the parabolic velocity profiles (case 1 and 2), Case 3 Cade 2 Taupo pIi'niLan Taupo ignimbrite
oM Case 2: Shear-thinning model due to bubble deformation the calculated bubble shapes ar§ much more 08  Viscous-heating Shear-thinning due fto Plug flow Parabolic — Plug flow
FiB@siop TP Uit 6) * As with the case 1, the velocity profile becomes parabolic. elongated than those measured in the Taupo madel bubble deformation
—L s | | — plinian. On the other hand, the bubble shapes model \ & "5 Pure shear
Postulated vent locations are shown by red triangles after 150 —— v 4000 [ - 4000 e . . ) -'?0.6 i i 7 i
Smith and Houghton (1995). — e43m - calculated by the viscous-heating model, which | 3 \ |
. . . . . . z=1607 m "\ L . . . @ Case 1 Plug-like — -
* This eruption 1s characterized by various eruptive styles, - o assm|| 3000 % 3000 // showed the plug-like velocity profile, are in the | Q 6.4 Newtonian velocity
including three phreatomagmatic fall depo sits (units 1, 3, @ ol == _ / measured range. i _ - profile o
- | = X / . . M dD isothermal .
4), Hatepe plinian fall deposit (unit 2), Taupo plinian fall S 2000 \ 20001 z This result suggests that bubbles in the Taupo easure | "~ Around Around
V) P p p 9 p p > — TN \ | L. . . 0.2+ model - n the conduit center the conduit wall
deposit (unit 5), and Taupo Ignimbrite (unit 6). 50 i | o) \\ ool / | plinian event were deformed in the conduit ' \ Compression  Pure shear
 We collected pumice clasts with the diameter of 16-32 mm. ——“““----‘—-\__\__\}\ \ flow with the plug-like velocity profile, which _ Transiton ¥ *
100 clasts for unit 6, and 1000 clasts for unit 5. T 470\> o 0 - g was likely to be caused by intense viscous- g 0.8 ] &= o 4@ -
5 0 50 100 : . . .
* We measured the average bubble deformation degree (see r [m] P {Mpel bl heating around the conduit walls. f |
top right section) for each bubble and compared them with P e
. . . Parabolic  simple shear
the numerical simulations. TTTTT velocity
Unit We also calculate bubble deformation for the Taupo 1gnimbrite Vertical velocity profile Bubble shape evolution Flux of bubble shapes at the fragmentation surface ™~ profile I % i
. . . . . 150 ; : :
—— eruption, using the viscous-heating model. The mass flux is = - Viscous-heating
1 i o ) = . . . ——2=0m =0 °
Taupo Ignimbrite 6 5o increased from 2.5x10% to 5x101° kg/s, and the conduit radius 2775 m = model Measured D Conclusions
Taupo Plinian R o .. 21162 m 3000 —fradom 0.15 - , —_— ,
Rotongaio Phreatoplinian —-g— B s . is increased from 33 to 700 m. _ 18 - Cow| & AN / * The comparison of the natural bubble textures with the
\ - —- ° R ' The numerical s1mulat10n shows that the transition from a 5 - £ 2000 — 3 5 simulation results suggested that the velocity profile of
Hatepe Phreatoplinian 3 parabolic to plug-like velocity profile 1s shallowed to z= - o 5 S the plinian eruption was close to a plug-like shape.
Hatepe Plinian o 1000 m. This change leads to a higher proportion of the conduit —— [ — : 0.05 | » The reason why the ignimbrite eruption produced a
Initial ash - ' : experiencing parabolic flow compared to the pliman phase, anstio number of tube pumice was explained by shallowing
aier : : . 0l . . .
Eruptive products of the 1.8 ka Taupo eruptin (Smith and Houghton, 1995). resul.tlng n the large number Of hlghly elongated bllbbles (tUbe 0 Lo | 00 1 the transition depth at Wthh. the V610C1ty prOﬁle
DRE data are form Wilson and Walker (1985). Mass flux data from Houghton et al. (2010) pumlce) at the fragmentatlon Surface. Changed from parab()hc to plug_hke.




