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Introduction

Many bioprocesses depend on oxygen, and its low aqueous solubility makes bubble behavior o
crucial to understand. This behavior is affected by factors such as tlow rate, power input,

and viscosity. Numerous correlations for oxygen mass transfer and bubble size have been

established over decades. However, these models typically rely on reactor-averaged O 1
measures and therefore fail to provide insights into local hydrodynamic gradients. 2 o
Bubble size significantly influences oxygen mass transfer £] , an essential parameter for

oxygen dependent bioprocess. Therefore, obtaining the optimum bubble size possible is
essential. Dividing the parameter £] # into liquid film diffusion, £J , and the specific intertfacial
area, a4, can help understand the bubble size effect on the system.

Shadowscope: Raw 1mages

The nline shadowscope enables local gas bubble size examination.

The endoscope consists of a ShadowStrobe LED, providing LED back
illumination and a lens performing long-distance telecentric optic connected
to a high-speed camera. The endoscope’s field of view 1s 146 mm by 117 mm
by 40 mm (width by height by depth). For the experimental setup, 1000

images were captured with a 10 Hz trigger rate (10 frames per second).

Image processing

Bubbles are detected based on a pixel-level mask, by the use of

a manually trained YOLOv11x segmentation model. From which their shape A B
is classified and their three-dimension geometry 1s reconstructed. o S — R — S —
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From the three-dimensional geometry construction, the
individual gas bubbles volume and specific interfacial area are defined. T Ry
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