
Calculation Sheet for Steady State Equilibrium 

between Collector Cells 

 

The calculations shown below were produced by Google AI. 

 

Question: 

a 100 feet long tube with 3 feet diameter has a gas at 1 

atmosphere pressure. It is connected by a valve to another 

tube of same dimensions but at 0.5 atmosphere pressure. 

What is the resultant pressure in both tubes. How much time 

does it take to achieve the stable state? Please show all 

formula and calculations? 

 

Answer: 

 

1. Resultant Pressure Calculation 

    (Note: This calculation is 7th grade physics; but it was left as  

     is as a demonstration of Google AI reasoning capabilities). 

Assuming the process is isothermal (constant temperature) and 

the gas behaves ideally, we can use the Ideal Gas Law to 

determine the final equilibrium pressure. 

Formulas: 

• Ideal Gas Law: PV = nRT 

• Conservation of Mass (Total Moles):  

ntotal = n1 + n2 

 

Variables: 

• V: Volume of one tube (since both tubes have the identical 

dimensions, V1 = V2 = V 

• P1 = 1.0 atm (Initial pressure of Tube 1) 



• P2 = 0.5 atm (Initial pressure of Tube 2) 

• Pf: Resultant equilibrium pressure 

• R: Universal gas constant 

• T: Absolute temperature 

 

Calculation: 

1. Express initial moles of gas in each tube: 

n1=P1V/RT, n2 = P2V/RT 

2. Express the final state when the valve is open and the 

total volume becomes 2V: 

ntotal = Pf (2V) / RT 

3. Substitute n1 and n2 into the conservation equation: 

P1V /RT + P2V / RT = Pf (2V) /RT 

4. Cancel out V, R, and T from both sides: 

P1 + P2 = 2Pf  

Pf = P1 + P2 / 2 

5. Plug in the given values: 

Pf = 1.0 atm + 0.5  atm / 2 = 0.75 atm  

 



2. Time to Achieve a Stable State 

 

 

 

 



 

 

Question (continued…..): 

suggest a suitable valve diameter, and valve discharge 

coefficient. The Gas is cooled vehicle exhaust, mostly carbon 

dioxide. 

 



 

 



 

 



 

 



 

 

Question (continued…..): 

 

what if the tubes are 3300 feet long with 12 feet diameter? 

How much time does it take to achieve equilibrium state? 

 

 

 



 

 

 

 

 

 

 



Question (continued…..): 

 

how much volume of carbon dioxide would have moved from 

the first tube at 1 atmosphere pressure into the second at 0.5 

atmosphere pressure? 

 

 

 



 

 

 

 

 

 


