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Exercise 20 

1. Estimate the Bodenstein number in a fixed-bed reactor of length 𝐿 = 0.1 𝑚 and internal 

diameter 𝑑𝑡 = 5 𝑚𝑚 filled with spherical particles of diameter 𝑑𝑝 = 0.3 𝑚𝑚 at a space-time 

of liquid reaction mixture of  𝜏 = 60 𝑠. The bed void fraction is  𝜀 = 0.4. Transport 

properties: 𝐷𝑚 = 10−9 𝑚2𝑠−1, 𝜈 = 10−6 𝑚2𝑠−1. Can the residence time distribution in the 

reactor be qualified as plug-flow? 
 

2. What would be the Bodenstein number if the reactor had not been filled with particles? 

 

Solution 

1. 𝑄 = 𝑢 𝑆 =
𝑉  𝜀

𝜏
=

𝐿 𝑆  𝜀

𝜏
→ 𝑢 =

𝐿 𝜀

𝜏
= 6.67 ∙ 10−4 𝑚/𝑠 (empty-bed velocity) 

𝑅𝑒𝑝 =
𝑢 ∙ 𝑑𝑝

𝜈
= 0.18 

𝑃𝑒𝑎𝑥 =
0.2+0.011∙𝑅𝑒𝑝

0.48

𝜀
= 0.51  

𝐵𝑜 = 𝑃𝑒𝑎𝑥

𝐿

𝑑𝑝
= 𝟏𝟕𝟏 > 100 → plug flow 

 

2. 𝑢 =
𝐿

𝜏
= 1.67 ∙ 10−3 𝑚/𝑠  

𝑅𝑒 =
𝑢 ∙ 𝑑𝑡

𝜈
= 8 → stratified flow 

Taylor-Aris:  𝐵𝑜 ≅ 192
𝐷𝑚

𝑑𝑡
2

𝐿

𝑢
= 𝟎. 𝟓 → very far from plug flow!  


