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Problem Definition
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Turbulent Spectrum

- Different regions of the
spectrum,

- Available models: breakup
only occurs in the inertial
subrange,

 Lack of modeling strategies
for other subranges!
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Formulation of a Breakup Rate Model

O, = Frequency of interaction X Ef ficiency of interaction
@ (do,A) P(do,2)

w(dy, A1) = number density of eddies X volume of droplet X life time of eddies
lel VYb Tv/l

P(dy, A) = —max Xinterfacial » Xdisruptive
energy stress

Xinterfacial - @vailable energy exceeds the interfacial energy

energy
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Entire spectrum vs. Inertial subrange

« Approximating the eddy velocity using the second-order
structure function:

Kolmogorov for inertial subrange:

([6v]*)(A) = € x (eD)?/?

Davidson for entire spectrum:

2 _ 4 (> . sin(kA) . cos(xAd)
([8v1) () =3 [, EGo) |1 - 3 {T552 + =22 | di




CHALMERS

Entire spectrum vs. Inertial = 1 i
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Upgrading the breakup model

dy =500 pm

- Turbulent eddy velocity, S
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« Comparing interaction frequency

using two formulations
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Upgrading the breakup model (cont.)

« Updated model should work for both the inertial subrange
and outside this region.

« Example 1. Inertial subrange (Direct measurements)

Phases Droplet BI’IZ);.&J
(continuous- diameter P Operational conditions Turbulent details
. rate P
dispersed) [m] [Mm3s]
a[Nm™] pglkgm™] pg[Pas] e[m?s73] 85
Water-Dodecane 5x10 0.24 k [m2s?] 0.087
(Andersson and 7x10*4 1.0 L[m] 3.02x103
Andersson, 2006) 9x104 3.1 0.053 750.0 0.0015 n [m] 1.86x10°
’ 1x103 4.9 Ar [m] 3.21x104

Re, [—] 889.35
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Example 1. Inertial subrange
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« Drop diameters within the
Inertial subrange.

Number density, (#/m’ m) 1

1
i
|
I
I
I
it

(O8]
T
T

10'“_. A
10° 10"
Eddy length scale, & (m)

I
I
I
|
1
|
I
Id.m: 1.0 mu
|
I
I
0

« Similar predictions for both
models (no surprise!).

Specific breakup rate, (1/s)

[ ] Measurements by Andersson & Andersson (2(]()6)

= Updated model

« The updated model works for _
the inertial subrange. L T s Aniensen o0y
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Example 2. Entire spectrum

* Direct measurements of breakup rates:

Phases Droplet Bri);ﬁijp
(continuous-  diameter rate Operational conditions  Turbulent details
dispersed) [ m] Mm3s1]
o [Nm™] pglkgm™3] pg[Pas] e[m?s~3] 200.0
1x10*4 0.0 k [m%s?] 0.4
2x104 25.47 L[m] 0.0013
Water'R‘?‘lpeseed 3x104 35.78 n[m]  8.43x10%
oi Ax104 12632 0.020 920.0 0.0699 apm]  1.42x10%

5x104 214.29 Re, [—] 796.81
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Example 2. Entire spectrum
(cont.)

A unigue data point outside
the inertial subrange.

The updated model starts to
show improvements toward
the dissipation subrange.

The updated model works

outside the inertial subrange.
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Upgrading other breakup models

—— Coulaloglou and Tavlarides —@— Luo and Svendsen
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Upgrading other breakup models (cont.)

lOOOk ——-- "Extended Coulaloglouand Tavlarides T ]
« Model extension depending on | I Curn o~ J
. L [ ] Mcasur:,mf:n‘ by Asharetal. (2017) ,/’ i
model formulation, 800
- Higher predictive capabilities £ so;
toward dissipation subrange, 3 |
‘E 400

- Extension of breakup kernels:
when the droplet diameters are
not limited to the inertial _ _
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Concluding Remarks

 Importance of entire turbulent spectrum for modeling fluid
particles breakup.

« A more realistic representation of turbulent structures
(numbers, velocity, and inertial subrange).

 Validated model confirms the benefits of the entire turbulent
spectrum for breakup formulation.



