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𝑢 = 𝑓(𝑒)

𝑢 𝑡 = 𝐾𝑝𝑒 𝑡 + 𝐾𝑖 න
0

𝑡

𝑒 𝜏 𝑑𝜏 +𝐾𝑑

𝑑𝑒 𝑡

𝑑𝑡
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𝜌 − 𝛽
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𝑛 +  𝜆𝑖𝑐𝑖

8

𝑖=1
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𝑖

𝛼𝑖 𝑇𝑖 − 𝑇𝑖,𝑜
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𝑦 (𝑡) = 𝐶 𝑥 (𝑡) + 𝐷 𝑢 (𝑡) 

𝑥 (𝑡) = 𝑒𝐴 𝑡𝑥 0 =  
 𝐴 𝑡 

𝑘

𝑘!

+∞

𝑘=0

𝑥 0 = 𝑑𝑖𝑎𝑔 𝑒𝑠1𝑡 , 𝑒𝑠2𝑡 , … , 𝑒𝑠𝑛 𝑡 𝑥 0 

𝑅𝑒 𝑠𝑖 < 0, 𝑖 = 1, 2, … , 𝑛 

𝑥  (𝑡) = 𝐴 𝑥 (𝑡) + 𝐵 𝑢 (𝑡) 

𝑅𝑒 𝑠𝑖 < 0, 𝑖 = 1, 2, … , 𝑛 
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Cammi, A., Di Marcello, V., Guerrieri, C., Luzzi, L., 2011a. Transfer Function Modeling of Zero-Power Dynamics of Circulating Fuel Reactors. 

Journal of Engineering for Gas Turbines and Power 133 (5), 052916_1–8.

𝑑𝑛 𝑡

𝑑𝑡
=

𝜌 − 𝛽

Λ
𝑛 𝑡 +  𝜆𝑖𝑐𝑖 𝑡

𝑑𝑐𝑖 𝑡

𝑑𝑡
= −𝜆𝑖𝑐𝑖 𝑡 +

𝛽𝑖

Λ
𝑛 𝑡 −

𝟏

𝝉𝒄
𝒄𝒊 𝒕 +

𝟏

𝝉𝒄
𝒄𝒊 𝒕 − 𝝉𝒆𝒄 𝒆−𝝀𝒊𝝉𝒆𝒄

𝜌0 = 𝛽 −  
𝛽𝑖𝜆𝑖

𝜆𝑖 +
1 − 𝑒−𝜆𝑖𝜏𝑒𝑐

𝜏𝑐

𝛽
𝛽



25 Stefano Lorenzi

Guerrieri, C., Cammi, A., Luzzi, L., 2013. An approach to the MSR dynamics and stability analysis. Progress in Nuclear Energy 67, 56–73.
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What happens if we add temperature feedbacks?

Guerrieri, C., Cammi, A., Luzzi, L., 2013. An approach to the MSR dynamics and stability analysis. Progress in Nuclear Energy 67, 56–73.

MSFR
Doppler effect: negative  -2 pcm/K
Density effect: strong negative -5 pcm/K

MSBR
Salt temperature effect: -3 pcm/K
Graphite effect: 2.3 pcm/K     0.6 pcm/K

𝛴𝐹 𝑇𝐹 =
𝒅𝑭

𝒅𝑭,𝟎
Σ𝐹,0 + 𝐴 ∙ 𝑙𝑛

𝑇𝐹

𝑇𝐹,0
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Guerrieri, C., Cammi, A., Luzzi, L., 2013. An approach to the MSR dynamics and stability analysis. Progress in Nuclear Energy 67, 56–73.

𝑦 (𝑡) = 𝐶 𝑥 (𝑡) + 𝐷 𝑢 (𝑡) 

𝑥  (𝑡) = 𝐴 𝑥 (𝑡) + 𝐵 𝑢 (𝑡) 
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Guerrieri, C., Cammi, A., Luzzi, L., 2014. A preliminary approach to the MSFR control issues. Annals of Nuclear Energy 64, 472–484.
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𝑔𝑗𝑖 = 𝐺𝑗𝑖 (0) =
𝛿𝑦𝑗𝑂𝐿

𝛿𝑢𝑖
 

ℎ𝑗𝑖 =
𝛿𝑦𝑗𝐶𝐿

𝛿𝑢𝑖
 

𝜆𝑗𝑖 =
𝑔𝑗𝑖

ℎ𝑗𝑖
 

 

  

𝜆𝑗𝑖 ~1 

𝜆𝑗𝑖 ~0 

𝜆𝑗𝑖 < 0 

✓
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𝑢 𝑡 = 𝐾𝑝𝑒 𝑡 + 𝐾𝑖 න
0
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𝑒 𝜏 𝑑𝜏 +𝐾𝑑

𝑑𝑒 𝑡
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𝑢 𝑡 = 𝐾𝑝𝑒 𝑡 + 𝐾𝑖 න
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𝑢 𝑡 = 𝐾𝑝𝑒 𝑡 + 𝐾𝑖 න
0

𝑡

𝑒 𝜏 𝑑𝜏 +𝐾𝑑
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