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Shock-wave heating model

Gas Flow Precursor 
Dust Particle

• Gas flow heats/melts Dusts.

• Does it also deforms molten droplets?

Hood & Horanyi (1991, 1993)
Ruzmaikina & Ip (1994)
Iida et al. (2001)
Desch & Connolly (2002) 
Ciesla & Hood (2002)
HM et al. (2002) 
HM & TN (2005)          etc...



Deformation of Molten Droplets
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Figure 6.4: The shapes of the droplet exposed to the gas flow for various conditions
(Sekiya et al. 2003). Both axes are normalized by the radius of the unperturbed
spherical droplet r0. The gas flow comes from the left side of this panel. The numbers
in the panel indicate the values of Weber number, which is defined as We = pfmr0/γ,
where pfm is the ram pressure of the gas flow and γ is the surface tension.

pfmr0/γ is much smaller than 5.

In order to confirm the validity of the analytic solutions by Sekiya et al. (2003),

we can estimate the Weber number We acting on the molten silicate dust particles

in the post-shock region. The ram pressure, pfm, is given by Eq. (2.25). Here, we

estimate the ram pressure as pfm ! 4000 dyne cm−2 for high-density shock waves

(n1 ! 1014 cm−3) and pfm ! 1000 dyne cm−2 for low-density shock waves (n1 !
1011 cm−3). Assuming the unperturbed droplet radius r0 = 500 µm and the surface

tension γ = 400 dyne cm−2, the typical value of the Weber number for high-density

Sekiya et al. (2003)
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pfm : Ram Pressure

 ≃ 400 - 4000 dyne cm-2

: Droplet Radius

 ≃ 100 - 1000 µm

: Surface Tension

 ≃ 400 dyne cm-1

We = pfmr0/γ

We can be ≃ 1

We = 0.0We = 0.5We = 1.0



Deformation of Chondrules

コンドリュールの3次元形状

Part II: 融解ダストの流体力学
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Figure 4.1: Chondrule shapes approximated as three-axial ellipsoids with the axial
radii of A, B, and C (A≥B≥C) (Tsuchiyama et al. 2003). Two axial ratios B/A
and C/B which both are unity indicate a perfect sphere. The shapes with B/A∼1
and C/B<1 is oblate shapes, and the shapes with B/A<1 and C/B∼1 is prolate
shapes. It is found that chondrules can be classified into two groups in the shapes,
group-A and -B. Chondrule textural types are also indicated.
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Figure 1.5: Chondrule shapes approximated as three-axial ellipsoids with the axial
radii of A, B, and C (A≥B≥C) (Tsuchiyama et al. 2003). Two axial ratios B/A
and C/B which both are unity indicate a perfect sphere. The shapes with B/A∼1
and C/B<1 is oblate shapes, and the shapes with B/A<1 and C/B∼1 is prolate
shapes. It is found that chondrules can be classified into two groups in the shapes,
group-A and -B. Chondrule textural types are also indicated.
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Aim of This Work
In gas flow, droplets must deform!

If they re-solidify keeping the deformation, 
it would result into deformed chondrules.

We analyze the droplet shapes in gas flow. Gas Flow Precursor 
Dust Particle

The point of our study is Droplet Rotation.
100 CHAPTER 6. CHONDRULE SHAPES

before melting after melting

gas flow
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Figure 6.5: Rotating droplets in the shock-wave heating model. In the post-shock
region, the precursor dust particles are not thought to be a perfect sphere. The
asymmetrical shapes would induce the rotation in the gas flow (left figure). After
melting, the rotation would continue until the droplet cools to re-solidify because
the stopping time scale of the rotation due to the friction with the ambient gas is
longer than the cooling time scale of the molten droplets. Notice that the rotation
axis is perpendicular to the direction of the gas flow.

that the precursor dust particle obtains.

In the shock-wave hating model, the situation that the molten droplets are

rapidly rotating in the high-velocity gas flow can be considered. The analysis by

Sekiya et al. (2003) did not take into account the effects of rotation, so their analytic

solutions are axis-symmetrical. However, the situation in Fig. 6.5 would produce

the three-dimensional structures in the droplet shape, which are no longer the axis-

symmetrical because the rotational axis is perpendicular to the direction of the gas

flow. Moreover, although Sekiya et al. (2003) solved the hydrodynamical equations

assuming the steady states, it is not clear that some steady state can be established

in the situations. Therefore, we need to perform the non-linear, time-dependent,

three-dimensional hydrodynamic simulations in order to analyze the hydrodynam-

ics of rapidly rotating droplet exposed to the gas flow.

Precursors would be irregular shapes.

They would begin to rotate in gas flow.

Rotation axis must be perpendicular to gas flow!
(gas flow = x-axis, rotation axis = z-axis, another = y-axis)



rapid rotation
Can not be applied

Our simple analysis 
assumes small relatively 
small deformation.

Effect of Rotation
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Diversity of Droplet Shapes

Droplet shapes change 
from oblate to prolate 
as rotation gets rapid!
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Comparison with Chondrules

Group-As are similar to 
rotating droplets with 
various angular velocities.

How about Group-Bs...? 

Droplet shapes change 
from oblate to prolate 
as rotation gets rapid!



Hydrodynamic Simulations

Gas Flow

We develop 3D hydrodynamic simulation code.
HM & TN, submitted to Icarus
HM & TN, in prep.

Rapidly rotating droplets 
result into largely 
deformed Prolate shapes

similar to
Group-B chondrules



SummaryComparison with Chondrules

Group-As are similar to 
rotating droples with 
various angular velocities.

How about Group-Bs...? 

Droplet shapes change 
from oblate to prolate 
as rotation gets rapid!

rapid rotation
(by hydrodynamical 

simulation)

If droplets re-solidify in gas flow, 
the shapes must deform!

We analyzed 3D shapes of 
droplets which rotate rapidly.

Group-A: similar to the droplet 
shapes which rotate with various 
angular velocities.

Group-B: rapidly rotating droplets 
(by hydrodynamical simulation)

Next issue:
 - Do droplets really re-solidify keeping the deformed shapes?

We are planing to analyze viscous droplets 
by our hydrodynamic code.


