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Exercise 13 

Based on the conditions used to carry out an exothermic reaction in a pilot single-orifice baffle COBR, 

propose a design for an industrial reactor capable of processing 25 times the pilot feed rate. 

Neglect the baffle volume (low baffles thickness). 

Pilot COBR data:  

Reactor length 𝐿𝑅 3 𝑚 

Baffle spacing 𝐿 0.045 𝑚 

Reactor inner diameter 𝑑 0.025 𝑚 

Baffle orifice diameter  𝑑𝑜 0.01 𝑚 
Feed flowrate 𝐹 1.2 ∙ 10−5 𝑚3 ∙ 𝑠−1 
Frequency 𝑓 1.6 𝐻𝑧 

Center-to-peak 
amplitude 

𝑥𝑜 5 ∙ 10−3𝑚 

 

Physical properties of reaction mixture 

 𝜌 = 840 𝑘𝑔 𝑚−3 

 𝜇 = 5 ∙ 10−3 𝑃𝑎 ∙ 𝑠 

 𝜆 = 0.137 𝑊𝑚−1𝐾−1 

 𝑐𝑝 = 2150 𝐽 𝑘𝑔−1𝐾−1 

Solution 

1. Pilot-plant key factors 

 𝑑𝑒 = 𝑑 (Single orifice) 

 
𝑳

𝒅
= 𝟏. 𝟖 (In the optimum range 1.5-1.8) 

 𝜶 = (
𝑑𝑜

𝑑
)

2
= 𝟎. 𝟏𝟔  

 𝑺𝒕𝒓 =
𝑑

4 𝜋 𝑥𝑜
= 𝟎. 𝟒𝟎 (Slightly below optimal range 0.6-1.7) 

 𝑅𝑒𝑛 =
𝜌 𝑢 𝑑

𝜇
= 103 

 𝑅𝑒𝑜 =
2 𝜋 𝑓 𝑥𝑜 𝜌 𝑑

𝜇
= 211 

 𝝍 =
𝑅𝑒𝑜

𝑅𝑒𝑛
= 𝟐. 𝟏 (In the optimal range 2-4) 

 
𝑷

𝑽
=

2𝜌𝑁𝑏

3𝜋𝐶𝐷
2 (

1−𝛼2

𝛼2 ) 𝑥𝑜
3(2𝜋𝑓)3 = 𝟑𝟗 𝑾/𝒎𝟑 assuming 𝐶𝐷 = 0.7 

(𝑥𝑜 𝑎𝑛𝑑 𝑓 are in the validity range of the equation 5<𝑥𝑜 < 30 mm and 0.5<𝑓 < 2 Hz) 

 𝝉 =
𝑉𝑝𝑖𝑙

𝐹𝑝𝑖𝑙
= 𝟏𝟐𝟑 𝒔 
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𝑁𝑢 =
ℎ𝑑

𝜆
= 0.0035𝑅𝑒𝑛

1.3𝑃𝑟1/3 + 0.3 [
𝑅𝑒𝑜

2.2

(𝑅𝑒𝑛+800)1.25] (Assume valid for the current COBR geometry) 

𝑁𝑢𝑝𝑖𝑙 = 14 (Within validity range 100 < 𝑅𝑒𝑛 < 1200 and 0 < 𝑅𝑒𝑜 < 800) 

 ℎ𝑝𝑖𝑙 = 77 𝑊𝑚−2𝐾−1  

 (
𝐴

𝑉
)

𝑝𝑖𝑙
= 160 

 (𝒉
𝑨

𝑽
)

𝒑𝒊𝒍
= 𝟏. 𝟐 ∙ 𝟏𝟎𝟒 𝑾𝒎−𝟑𝑲−𝟏 

 

2. Scaleup 

Factors to be kept constant:  𝝉,
𝑳

𝒅
, 𝜶, 𝑺𝒕𝒓, 𝝍 

Factors that must be at least as high as in the pilot: 
𝑷

𝑽
, 𝒉

𝑨

𝑽
  

 𝐹𝑝𝑟𝑜𝑑 = 25 𝐹𝑝𝑖𝑙  

 𝜏𝑝𝑟𝑜𝑑 = 𝜏𝑝𝑖𝑙  

 𝑉𝑝𝑟𝑜𝑑 = 25 𝑉𝑝𝑖𝑙 

 
𝐿𝑝𝑟𝑜𝑑

𝑑𝑝𝑟𝑜𝑑
=

𝐿𝑝𝑖𝑙

𝑑𝑝𝑖𝑙
    ,   𝐿𝑅,𝑝𝑟𝑜𝑑𝑑𝑝𝑟𝑜𝑑

2 = 25 𝐿𝑅,𝑝𝑖𝑙𝑑𝑝𝑖𝑙
2  

From the two latter equations and assuming geometrical similarity  
𝐿𝑅,𝑝𝑟𝑜𝑑

𝑑𝑝𝑟𝑜𝑑
=

𝐿𝑅,𝑝𝑖𝑙

𝑑𝑝𝑖𝑙
 , one obtains: 

 → 𝒅𝒑𝒓𝒐𝒅 = 𝑑𝑝𝑖𝑙 √25
3

= 𝟎. 𝟎𝟕𝟑 𝒎  and  𝑳𝑹,𝒑𝒓𝒐𝒅 = 𝟖. 𝟖 𝒎 

→ 𝑳𝒑𝒓𝒐𝒅 =
𝐿𝑝𝑖𝑙

𝑑𝑝𝑖𝑙
𝒅𝒑𝒓𝒐𝒅 = 𝟎. 𝟏𝟑𝟐 𝒎 

Note: other relationships between 
𝐿𝑅,𝑝𝑟𝑜𝑑

𝑑𝑝𝑟𝑜𝑑
  and  

𝐿𝑅,𝑝𝑖𝑙

𝑑𝑝𝑖𝑙
 can be used. For instance, a reduction of the 

aspect ratio upon scaleup (
𝐿𝑅,𝑝𝑟𝑜𝑑

𝑑𝑝𝑟𝑜𝑑
<

𝐿𝑅,𝑝𝑖𝑙

𝑑𝑝𝑖𝑙
)  would yield a smaller reactor length. In any case, the 

impacts on (ℎ
𝐴

𝑉
) ,(

𝑷

𝑽
) and possibly other variables (𝑘𝐿𝑎, e𝑡𝑐 𝑑𝑒𝑝𝑒𝑛𝑑𝑖𝑛𝑔 𝑜𝑛 𝑡ℎ𝑒 𝑡𝑦𝑝𝑒 𝑜𝑓 𝑝𝑟𝑜𝑐𝑒𝑠𝑠) 

will have to be verified for each geometry. 

 𝛼𝑝𝑟𝑜𝑑 = 𝛼𝑝𝑖𝑙 = 0.16 → 𝒅𝒐,𝒑𝒓𝒐𝒅 = 𝑑𝑝𝑟𝑜𝑑√0.16 = 𝟎. 𝟎𝟐𝟗 𝒎 

Using 𝒇𝒑𝒓𝒐𝒅 = 𝟏. 𝟔 𝑯𝒛  and  𝒙𝒐,𝒑𝒓𝒐𝒅 = 𝟎. 𝟎𝟏𝟒 𝒎: 

 𝑅𝑒𝑛,𝑝𝑟𝑜𝑑 = 878 

 𝑅𝑒𝑜,𝑝𝑟𝑜𝑑 = 1728 

 𝝍𝒑𝒓𝒐𝒅 = 𝟐. 𝟎 (In the right range 2-4 to minimize axial dispersion) 

 𝑺𝒕𝒓𝒑𝒓𝒐𝒅 = 𝟎. 𝟒𝟐 (Slightly below desired range 0.6-1.7 but close to pilot value)  
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 (
𝑷

𝑽
)

𝒑𝒓𝒐𝒅
= 𝟐𝟗𝟑 𝑾/𝒎𝟑 (Significantly higher than pilot value → process performance expected to be 

at least as high as in the pilot reactor) 

 𝑁𝑢𝑝𝑟𝑜𝑑 = 471 (But correlation used outside of its validity range 100 < 𝑅𝑒𝑛 < 1200 and 0 < 𝑅𝑒𝑜 < 

800) 

 ℎ𝑝𝑟𝑜𝑑 = 8.8 ∙ 102 𝑊𝑚−2𝐾−1  

 (
𝐴

𝑉
)

𝑝𝑟𝑜𝑑
= 55 

 (ℎ
𝐴

𝑉
)

𝑝𝑟𝑜𝑑
= 4.8 ∙ 104 𝑊𝑚−3𝐾−1 (Larger than pilot value but correlation for 𝑁𝑢 used outside its 

validity range!) 

Note: higher ∆𝑇 can be used if (ℎ
𝐴

𝑉
)

𝑝𝑟𝑜𝑑
 < (ℎ

𝐴

𝑉
)

𝑝𝑖𝑙
 


