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Exercise 23 

A second order quasi-instantaneous reaction  𝐴1 + 𝐴2 → 𝑃  is carried out in a microreactor. Multi-

point injection of reactant 𝐴2 is required to reduce the hot spot.  

 

Data 

Mean heat capacity of reaction mixture 𝑐𝑝 = 1700 𝐽 𝑘𝑔−1𝐾−1 

Density of reaction mixture 𝜌 = 1142 𝑘𝑔 𝑚−3 

Reaction enthalpy ∆𝐻𝑟 = −120 𝑘𝐽 𝑚𝑜𝑙−1 

Inlet concentrations 𝑐1,0 = 𝑐2,0 = 1.56 𝑘𝑚𝑜𝑙 𝑚−3 

Total inlet flowrates 𝑉̇10 = 𝑉̇20 = 0.9 ∙ 10−7 𝑚3 𝑠−1 

Number of injection points for reactant 𝐴2 = 6 

Equal flow partition of reactant 𝐴2 

Microchannel diameter 𝑑 = 150 ∙ 10−6𝑚 

Overall volumetric heat transfer coefficient : 𝑈𝑣 = 5 ∙ 106 𝑊𝑚−3𝐾−1 

Cooling temperature and inlet flow temperatures 𝑇𝑐 = 𝑇𝑖𝑛𝑗 = 𝑇0 = 50°𝐶 

 

Questions 

 Calculate the adiabatic temperature rise at each injection point assuming 𝑡𝑟𝑥 ≪ 𝑡ℎ𝑒𝑎𝑡 and 

𝑡𝑟𝑥 ≪ 𝑡𝑚𝑥 

 For each segment, calculate the length required to remove 50% of the reaction heat. 

 

Solution 

For 𝑗 = 1 𝑡𝑜 6: 

𝛥𝑇𝑎𝑑,𝑗 =
(𝑛̇2,0 𝑁⁄ )(−𝛥𝐻𝑟)

(𝜌𝑉̇𝑗)𝑐𝑝

 

Where  𝑛̇2,0 = 𝑉̇20 ∙ 𝑐2,0 

And  𝑉̇𝑗 = 𝑉̇1,0 + 𝑗
𝑉̇2,0

𝑁
 

 

𝑇𝑖𝑛,1 = 𝑇0 + 𝛥𝑇𝑎𝑑,1 

𝑇𝑖𝑛,𝑗 =
𝑉̇𝑗−1

𝑉̇𝑗

𝑇𝑜𝑢𝑡,𝑗−1 +
𝑉̇2,0 𝑁⁄

𝑉̇𝑗

𝑇0 + 𝛥𝑇𝑎𝑑,𝑗 
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Where 𝑇𝑜𝑢𝑡,𝑗−1(50% ℎ𝑒𝑎𝑡 𝑟𝑒𝑚𝑜𝑣𝑎𝑙) = 𝑇𝑐 + 0.5(𝑇𝑖𝑛,𝑗−1 − 𝑇𝑐) 

𝐿𝑗 = 𝑢𝑗

𝜌𝑐𝑝

𝑈𝑉
𝑙𝑛 (

𝑇𝑖𝑛,𝑗 − 𝑇𝑐

𝑇𝑜𝑢𝑡,𝑗 − 𝑇𝑐
) 

With 𝑢𝑗 =
𝑉̇𝑗

𝜋
𝑑2

4

 

j 𝑽̇𝒋 (m
3/s) 𝒖𝒋 (m/s) 𝜟𝑻𝒂𝒅,𝒋 (K) 𝑻𝒊𝒏,𝟏 (°C) 𝑻𝒐𝒖𝒕,𝟏(𝟓𝟎%) (°C) 𝝉𝒋 (s) 𝑳𝒋 (m) 

1 1.05∙ 10−7 5.9 13.8 63.8 56.9 0.27 1.6 

2 1.20 ∙ 10−7 6.8 12.1 68.1 59.0 0.27 1.8 

3 1.35 ∙ 10−7 7.6 10.7 68.7 59.4 0.27 2.1 

4 1.50 ∙ 10−7 8.5 9.6 68.1 59.0 0.27 2.3 

5 1.65 ∙ 10−7 9.3 8.8 67.0 58.5 0.27 2.5 

6 1.80 ∙ 10−7 10.2 8.0 65.8 57.9 0.27 2.7 
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