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Introduction 

Shaking flasks are widely used as the
screening and the pre-fermentation in
biochemical process. There are many
shaking methods for liquid mixing in
flasks, e.g. rotary, reciprocal, figure-eight
and up-down motions. Although shaking
vessels were widely used in laboratories
and factories, they were operated with the
experience. The purpose of this study is to
find the optimum operating condition of
the figure-eight shaking, and to find the
better shaking method by comparison
with the reciprocal shaking and the rotary
shaking. 
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 (a)Figure-eight motion (b)Reciprocal motion (c)Rotary motion
 

Fig.1 Three motions of shaking vessel 
 

 

 
Experimental Result 

(1) Flow pattern 
 The change in the flow patterns of the
figure-eight shaking was the same as that
of the reciprocal shaking. When the
shaking frequency was lower than Ntr1, the
flow pattern took the progressive wave
type. As the shaking frequency increased,
a chaotic flow pattern was generated to
change the flow direction. When the
shaking frequency was larger than Ntr2, the
steady rotational flow was generated.
Finally, when the frequency was larger
than Ntr3, the rotational flow disappeared.
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 Fig.2 Flow patterns of the figure-eight shaking 
 

(2)Solid-Liquid Mass transfer coefficient 
kL of the rotary shaking increased with increasing the

rotational frequency, while kL of the reciprocal shaking
and the figure-eight shaking did not increase simply
with increasing the shaking frequency.  

(3)Gas-Liquid Mass transfer coefficient 
KLa of the rotary shaking monotonously increased

with increasing in the shaking frequency, while KLa of
the reciprocal shaking and the figure-eight shaking did
not increase with increasing the shaking frequency,
because the power consumption did not monotonously
increase with increasing the shaking frequency. 

 

 

 

 

 

 

Fig.4 Gas-liquid mass transfer  
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Fig.3 Solid-liquid mass transfer  
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