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1. INTRODUCTION

> Pool Scrubbing Process and Mechanisms

3.BOUNDARY CONDITIONS

Inlet Turbulent Boundary Conditions 1. Calculate the Reynolds Number:

po = PUL _ UL
U v
2. Calculate the Turbulent Intensity:

T; = 0.16Re~1/8

* Pool scrubbing is commonly used to retain aerosol particles

* Despite its importance, there is no direct method to estimate the

* The scrubbing process involves injection and swarm zones, each with different mechanisms inlet turbulent boundary conditions for bubble column

* The disintegration of large globules in the injection zone affecting the retention efficiency

.2>Turbulence Modeling Challenges in Pool Scrubbing

« Turbulence is a key factor affecting bubble breakup, and thus retention efficiency

* The Standard Pipe Flow Approach (PFA) based on mixing length

: : , : : 3. Calculate the Turbulent Kinetic Energy:
scale and turbulent intensity for fully-developed pipe flow is widely -

3 2
kin =5 (UT})
4. Calculate the Inlet Energy Dissipation:

used (see the right-hand side)

» Both shear- and bubble-induced turbulence need to be considered - For the three cases ( Q =30,60,90 Iom) from Yoshida et al.

Q Objectives

experiment, PFA provides following inlet conditions s K3/
€in = u 7

* Evaluate two typical turbulence models (mixtureKEpsilon and kOmegaSSTIT) for pool scrubbing

experiments

Case

Lc [m]

Re [-]

L [m]

CTi[-]

CT; [%]

kin [mZ/SZ]

€in [m2/53]

Vi [mZ/ s]

Vol [mZ/S]

#1

0.01

4215.36

0.0007

0.0564

5.64%

1.934E-01

1.996E+01

1.686E-04

#2

0.01

8424.11

0.0007

0.0517

5.17%

6.495E-01

1.229E+02

3.090E-04

0.01

12639.47

0.0007

0.0491

4.91%

1.321E+00

3.564E+02

4.407E-04

1.511E-05

L
5. Calculate the Eddy Viscosity:

2
kin

* Discuss the importance of turbulence boundary conditions for bubble column simulations il #3

€in

Propose an approach for proper estimation of inlet turbulent boundary conditions * Considering the fact that laminar inlet conditions should be more suitable for bubble columns, a new
'y F JF J 7177 'r",’:'”" ',)‘\""' , “V
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approach by constraining the inlet eddy viscosity to be the order of molecular kinematic viscosity

(Molecular Viscosity Approach - MVA) is proposed

2. METHODOLOGY

Experiment and Simulation Tool

Case

L. [m]

Re [-]

Lm [m]

CTi[-]

CT; [%]

kin [mZ/SZ]

€in [m2/53]

Vi [mZ/S]

Vol [mZ/S]

#1

0.01

4215.36

0.0007

0.0051

0.51%

1.583E-03

1.478E-02

1.526E-05

#2

0.01

8424.11

0.0007

0.0027

0.27%

1.772E-03

1.751E-02

1.614E-05

0.01

12639.47

0.0007

0.0019

0.19%

1.975E-03

2.061E-02

1.704E-05

1.511E-05

L., L, is the characteristic and

mixing length scale, respectively

« Two pool scrubbing experiments by Abe et al. [1] and Yoshida et al. [2] are #3

used for the investigation

» Both facilities injected air at atmospheric pressure into stagnant water and

measured several parameters at various depths in a rectangular column with a

4. RESULTS
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« Abe et al. [1] used a single nozzle having 6 mm in diameter, while in Yoshida
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et al. [2] it has 10 mm in diameter
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* The multiphaseEulerFoam solver in OpenFOAM V10, which is a solver for a
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* Results indicate that both the void fraction and gas velocity dissipate toward downstream
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* Figure 3 displays the plots of the velocity vectors for both air and water. Despite the water is initially

1.0

0.8 -

0.6 -

Mean Void Fraction [-]
Mean Gas Velocity [m/s]
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* The water velocity vector plot shows that recirculation flow, crucial for pool scrubbing in the swarm
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Figure 4. Turbulent Intensity Effect — Yoshida et al. Experiment (Case #1)

Mean Void Fraction [-]
Mean Gas Velocity [m/s]

Time: 20.0 seconds Time: 20.0 seconds Time: 20.0 seconds Time: 20.0 seconds Elevation: 900 mm Elevation: 800 mm [ J 0.4

—KEpsilonMicure & — KEpsilonixtu ve | kmblean

Time: 20.0 seconds
!' =5 el = = kOmegaSST 18 . £ |- = kOmegaSST | khlean water|

! i i!*!fﬁ
i
i 14Af
n xﬁ' i i

0.2

0.0 e OO OO

. . o ol NI | [ I W o' o' o0’
-0.20 -0.15 -0.10 -0.05 0.00 0.05 0.10 0.15 0.20 0.25 -0. -0.20 -0.15 -0.10 -0.05 0.00 0.05 0.10 0.15 0.20 0.25
Width [m] Width [m]
Elevation: 100 mm Elevation: 100 mm

city [m/s]

1.6

Mean Air Velo

1.4 -

1.2

1.0

2
01 2 N
1. ~
% N
0 1 L f 1 h 1 1 00
0.20 -0.15 -0.10 -0.05 0.00 005 0.10 0.15 0.20 0.25

Width [m]
Elevation: 500 mm

005 0.00 0 0.8 |-
Width [m]
Elevation: 500 mm

Width [m]

Elevation: 500 mm 0.6 |-

Mean Void Fraction [-]
Mean Gas Velocity [m/s]

0.4 -

0.2

0.0 ko ° e
-0.25 -0.20 -0.15 -0.10 -0.05 0.00 005 0.10 0.15 020 025

Width [m]

1
-0.20 -0.15 -0.10 -0.05 0.00 0.05 0.10 0.15 0.20 0.25
Width [m]

Mean Air Velocity [m/s]

Figure 6. Flow Variables Comparison — Abe et al. Experiment (Q = 8.5 Ilpm)
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Figure 3. Air and Water Velocity Vector Plots for Yoshida et al. [2]

affect turbulence parameters

]

Figure 2. Void Fraction and Gas Velocity Results for Yoshida et al. [2]

 Figure 5: mixtureKEpsilon and kOmegaSSTIT differ in

ean Air Velocity [m/s

Turbulence Modelling
flow and turbulence parameters

* The paper compares mixtureKEpsilon [3] and kOmegaSSTIT [4] turbulence modeling approaches,

including the effect of Bubble Induced Turbulence (BIT)

“=== * Figure 6: The Abe et al. case is generally well predicted
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Figure 5. Turbulence Model Comparison — Yoshida et al. Experiment

by both turbulence models because of low injection rate
1. mixtureKEpsilon model

d(Pmkm)
ot

Um-—siT "/ .
+ V- (pmUnkn) =V

(UMOL + ) Vkm] + Prm — Pmém + Sk,m

Ok

5. CONCLUSIONS

™ Inlet turbulent boundary conditions have a significant effect

9(PmeEmM)
ot

+V- (memgm) =V Hm=SIT

[ € €
UmoL + ng + = (Clpk,m — Czpmgm) + CS = Sk,m
| km m

&

* The velocity fluctuations induced by liquid displacement due to the relative velocity and the liquid

. : , , , * If the inlet Reynolds bubble number is in the laminar or transitional range, the inlet turbulent
eddies which may be formed behind the bubbles is added in the source term Sy ,,, [5]

ker 4/3 U, |?
S.=C,|(1+C a
£ et & D ( D ) g Db

¢ boundary conditions can be estimated by assuming nut ~ nu
km —

* If the inlet Reynolds bubble number is in the turbulent range, the inlet boundary conditions can be
2. kOmegaSSTIT model

d(a;p; k
( LaptL L) + V- (apurky) =V- (“L (H?wl +

estimated by assuming nut > nu; the resulting turbulent intensity is similar to that of pipe flow

turb
Ur

Ok

)VkL>+aL(Pk_pLC,ukLwL) + S[ aTurbuIence model has an effect on flow and turbulence parameters

* kOmegaSSTIT predicts higher turbulent kinetic energy and lower turbulent viscosity than

d(aLpLwy) T PL Vk Vo,
+ V- (apppuwy) =V - ay [ wl® + =— |V, | +a; Cop—g Pr — Copprwi | + (1 — F)2a,p, ————+ S
dat Ow ML Ow2WL,

mixtureKEpsilon

Q Future Work

* The turbulent range of the inlet Reynolds bubble number necessitates further analysis

« The BIT source terms, S¥ and S§ calculated according to a model derived from DNS of bubble column [6]

3p,acC Sk d
it 2 SE=0.3C,—~, witht = ——
4 dB T |uG — uLl

; * The effect of turbulence model and boundary conditions on bubble size change should be
« The source term in the w-equation is derived from the relation between k, € and w

Wy,
W — SS__sk
L C ks L™, ot

Sk = min(0.18Re%23,1.0) lug —u,|?

investigated, e.g. by means of the Interfacial Area Transport Equation (IATE) or Population Balance
Model (PBM)
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