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UCapacity and Capacitance: 

1. Liquid Capacitance 

𝑄𝑄 = 𝐴𝐴
𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑       

𝐴𝐴𝐴𝐴𝐴𝐴 = 𝑄𝑄𝑄𝑄𝑄𝑄 = 𝑑𝑑𝑑𝑑 

𝐴𝐴 =
𝑣𝑣
𝐻𝐻          , 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 =

𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐
ℎ𝑖𝑖𝑖𝑖𝑖𝑖ℎ𝑡𝑡  

 𝐶𝐶𝐸𝐸
𝑑𝑑𝑑𝑑(𝑡𝑡)
𝑑𝑑𝑑𝑑

 = 𝐼𝐼(𝑡𝑡), 𝐶𝐶𝐸𝐸𝑑𝑑𝑑𝑑 = 𝐼𝐼𝐼𝐼𝐼𝐼 = 𝑑𝑑𝑑𝑑, 𝐶𝐶𝐸𝐸 =
𝑞𝑞
𝑣𝑣 

UDischarge of Capacitance through resistance : 

Mass flow rate  in –mass flow out =rate of  accumulation 

0 − 𝜌𝜌
𝐻𝐻′(𝑡𝑡)
𝑅𝑅 = 𝜌𝜌𝜌𝜌

𝑑𝑑𝐻𝐻′(𝑡𝑡)
𝑑𝑑𝑑𝑑       (1) 

𝑅𝑅𝑅𝑅
𝑑𝑑𝐻𝐻′(𝑡𝑡)
𝑑𝑑𝑑𝑑

 +  𝐻𝐻′(𝑡𝑡) = 0        (2) 

𝜏𝜏
𝑑𝑑𝐻𝐻′(𝑡𝑡)
𝑑𝑑𝑑𝑑

 +  𝐻𝐻′(𝑡𝑡) = 0     

Laplace transform of unsteady state 

𝜏𝜏𝑠𝑠𝑠𝑠′(𝑠𝑠) − 𝜏𝜏𝐻𝐻𝑜𝑜 + 𝐻𝐻′(𝑠𝑠) = 0     

𝐻𝐻(𝑠𝑠) =
𝐻𝐻𝑜𝑜

𝑠𝑠 + 1
𝜏𝜏

 

𝐻𝐻′(𝑡𝑡) = 𝐻𝐻𝑜𝑜𝑒𝑒−𝑡𝑡 𝜏𝜏⁄  

t=0        𝐻𝐻(𝑡𝑡) = 𝐻𝐻𝑜𝑜 initial level 

t→0        𝐻𝐻(𝑡𝑡) = 0    empty at t=tRD 

UDischarge of Capacitance through the positive displacement pump  

t<0  :the pump is turn off t=0  
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QRO 

Fig.17 Discharge of Capacitance through the positive displacement pump    

      

unsteady state mass balance: 

0 − 𝜌𝜌𝜌𝜌 = 𝜌𝜌𝜌𝜌
𝑑𝑑𝑑𝑑(𝑡𝑡)
𝑑𝑑𝑑𝑑

 

𝐴𝐴
𝑑𝑑𝑑𝑑(𝑡𝑡)
𝑑𝑑𝑑𝑑 = 𝑄𝑄 

𝐴𝐴𝑠𝑠𝑠𝑠′(𝑠𝑠) − 𝐴𝐴𝐻𝐻𝑜𝑜 =
−𝑄𝑄
𝑠𝑠    

 𝐴𝐴𝐴𝐴′(𝑜𝑜) = 𝐻𝐻𝑜𝑜   

𝐻𝐻(𝑠𝑠) =
𝐻𝐻𝑜𝑜

𝑠𝑠 −
𝑄𝑄
𝐴𝐴  

1
𝑠𝑠2 

𝐻𝐻(𝑡𝑡) = 𝐻𝐻𝑜𝑜 −
𝑄𝑄
𝐴𝐴  𝑡𝑡 

t=0        𝐻𝐻(𝑡𝑡) = 𝐻𝐻𝑜𝑜  

t=tRDR empty 𝐻𝐻(𝑡𝑡) = 0 
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0 = 𝐻𝐻𝑜𝑜 −
𝑄𝑄𝑜𝑜

𝐴𝐴 𝑡𝑡𝐷𝐷  

𝑡𝑡𝐷𝐷 =
𝐴𝐴𝐻𝐻𝑜𝑜

𝑄𝑄𝑜𝑜  

UThermal Capacitance (energy storge ): 

Steady state heat balance: 

𝑞𝑞𝑜𝑜 − 0 = 𝑀𝑀𝐶𝐶𝑝𝑝
𝑑𝑑𝜃𝜃𝑜𝑜

𝑑𝑑𝑑𝑑 = 0        (1) 

𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 ℎ𝑒𝑒𝑒𝑒𝑒𝑒 𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏 

𝑞𝑞′(𝑡𝑡) − 0 = 𝑀𝑀𝐶𝐶𝑝𝑝
𝑑𝑑𝜃𝜃′(𝑡𝑡)
𝑑𝑑𝑑𝑑

= 0        (2) 

Subtract eq.(1) from(2) 

𝑞𝑞(𝑡𝑡) − 0 = 𝑀𝑀𝐶𝐶𝑝𝑝
𝑑𝑑𝑑𝑑(𝑡𝑡)
𝑑𝑑𝑑𝑑

 

  𝑞𝑞(𝑡𝑡) = 𝑀𝑀𝐶𝐶𝑝𝑝
𝑑𝑑𝑑𝑑(𝑡𝑡)
𝑑𝑑𝑑𝑑

 

Laplace transform: 

𝑞𝑞(𝑠𝑠) = 𝑀𝑀𝐶𝐶𝑝𝑝𝑠𝑠𝑠𝑠(𝑠𝑠) → 𝐺𝐺(𝑠𝑠) =
𝜃𝜃(𝑠𝑠)
𝑞𝑞(𝑠𝑠) =

1
𝑀𝑀𝐶𝐶𝑝𝑝𝑠𝑠

 

𝐶𝐶 = 𝑀𝑀𝐶𝐶𝑝𝑝   𝑡𝑡ℎ𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 

𝜃𝜃(𝑡𝑡) = ʆ−1 𝑞𝑞
𝑠𝑠 .

1
𝑀𝑀𝐶𝐶𝑝𝑝𝑠𝑠

=
𝑞𝑞

𝑀𝑀𝐶𝐶𝑝𝑝
𝑡𝑡 

 

 


