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double-rushton turbine stirred tank bioreactor. Materials Today: Proceedings, 43, 51-57.

A2 BOOK CHAPTER
1. Agarwal, A., and Prakash, A. (2018). Comparative study of boundary conditions in LBM
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Applications (pp. 241-251). Springer, Singapore.

A3 CONFERENCE PROCEEDINGS
1. Agarwal, A., and Prakash , A. (2018). LBM-LES Simulation of Flow Past a Square Cylinder

Confined in a Duct using GPU Parallel Computing. In FMFP-2018, IIT Bombay conference
proceeding
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Appendix B: Grid Independence Study

B1 TURBULENT FLOWOVER BLUFF BODY
To demonstrate the effect of different grid sizes on the benchmark case of turbulent flow

over a bluff body. The simulations are carried out using the D3Q19 discrete velocity model of LBM
on two different grid sizes: 800×200×120 and 1000×200×200. The results for mean streamwise
velocity, RMS streamwise velocity fluctuations, and Reynolds shear stress are presented.

As shown in Figures B1 and B2, the results obtained from a finemesh of 1000×200×200 for
themean streamwise velocity near the downstream face of the cylinder agreewith the experimental
results ofNakagawa et al. [1999] and the simulation results of Kim et al. [2004] better than the results
obtained from a grid size of 800× 200× 120. The same is discussed in the explanation of Figure
4.3, that finer mesh is expected to produce more accurate results near the downstream face of the
cylinder.

Other results also show a similar pattern. The profiles of RMS streamwise velocity
fluctuations and Reynolds shear stress (see Figure B3 and B4) show that near the downstream
face of the cylinder, results obtained from fine mesh are in better agreement, but far from the
downstream face of the cylinder, grid size has a negligible impact.

Figure B1 : Centerline distribution of mean streamwise velocity at different grid size (red plus : 1000×
200× 200, green asterisk : 800× 200× 120, open triangle : Kim et al. [2004], filled square:
Nakagawa et al. [1999]).

B2 FLUID FLOW SIMULATION IN STIRRED TANK REACTOR
The preliminary results for axial profiles of phase-averaged radial velocity at different

radial locations for Case 1 (i.e. parallel flow) for both baffles and without baffles are shown in
Figure B5. The results depicted approximately similar results for 1503 and 2003 grid size and are in
good agreement with the experimental data. However, the coarser grid size 1003 under-predicted
the results.
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Figure B2 : Profiles ofmean streamwise velocity at different grid size (red plus : 1000×200×200, green
asterisk : 800× 200× 120, open triangle : Kim et al. [2004], filled square: Nakagawa et al.
[1999]) : (a) x∗/d = 1.0, (b) x∗/d = 3.5, (c) x∗/d = 6.0, (d) x∗/d = 8.5.
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Figure B3 : Profiles of RMS streamwise velocity fluctuations at different grid size (red plus : 1000 ×
200× 200, green asterisk : 800× 200× 120, open triangle : Kim et al. [2004], filled square:
Nakagawa et al. [1999]) : (a) x∗/d = 1.0, (b) x∗/d = 3.5, (c) x∗/d = 6.0, (d) x∗/d = 8.5.
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Figure B4 : Profiles of Reynolds shear stress at different grid size (red plus : 1000× 200× 200, green
asterisk : 800× 200× 120, open triangle : Kim et al. [2004], filled square: Nakagawa et al.
[1999]) : (a) x∗/d = 1.0, (b) x∗/d = 3.5, (c) x∗/d = 6.0, (d) x∗/d = 8.5.
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Figure B5 : Comparison of axial profiles of phase-averaged radial velocity at different radial locations for
Case 1 at different grid sizes a) with baffles, and b) without baffles.
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