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ENSC 283 Week # 8, Tutorial # 5 – First Law Analysis 
  
 
Problem 1: A tank of 0.1 ݉ଷ volume is connected to a high-pressure air 
line; both line and tank are initially at a uniform temperature of 20Ԩ. The 
initial tank gage pressure is 100 ݇ܲܽ. The absolute line pressure is 2.0 ܽܲܯ; 
the line is large enough so that its temperature and pressure may assumed 
constant. The tank temperature is monitored by a fast-response 
thermocouple. At the instant after the valve is opened, the tank temperature 
rises at the rate of 0.05Ԩ/ݏ. Determine the instantaneous flow rate of air 
into the tank if heat transfer is neglected. 
 

 
 
Solution 
 
Step 1: Write out what you are required to solve for (this is so you don’t 
forget to answer everything the question is asking for) 
 
Find: 

– ሶ݉ , the instantaneous flow rate of air into the tank 
 
Step 2: Prepare a data table  
 

Data Value Unit 

 ௧௔௡௞ 0.1 ݉ଷߴ

 ܽܲ݇ ௧௔௡௞ ሺ݃ܽ݃݁ሻ 100݌

ܶ 20 Ԩ 

ሶ݉  0.05 Ԩ/ݏ 

௧௔௡௞ߴ ൌ 0.1 ݉ଷ  
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Step 3: State your assumptions (you may have to add to your list of 
assumptions as you proceed in the problem) 
 
Assumptions: 

1) ሶܳ ൌ 0 
2) ሶܹ ௦ ൌ 0 
3) ሶܹ జ ൌ 0 
4) ሶܹ ௢௧௛௘௥ ൌ 0 
5) Velocities in line and tank are small 
6) Neglect potential energy 
7) Properties uniform in tank 
8) Ideal gas, ݌ ൌ ොݑ݀,ܴܶߩ ൌ ܿజ݀ܶ 
 
 

Step 4: Calculations  
 
The control volume is shown in the figure. Applying the energy equation to 
the CV, we get: 
 

ሶܳ െ ሶܹ௦ െ ሶܹజ െ ሶܹ ௢௧௛௘௥ ൌ
߲
ݐ߲

ቌ න ݁ ߩ
஼௏

ቍߴ݀ ൅ නሺ݁ ൅ ሻ߭݌ ߩ
஼ௌ

ሺࢂ ·  ܣሻ݀࢔

(Eq1)

 
The left hand side of the above equation is zero, see the assumptions. The 
total energy can be written as: 

     

݁ ൌ ොݑ ൅
ܸଶ

2
൅ ݖ݃ ൌ ොݑ  

(Eq2)

 
Applying the assumptions and substituting Eq2 into Eq1, we obtain: 
 

߲
ݐ߲

ቌ න ߩ ො௧௔௡௞ݑ
஼௏

ቍߴ݀ ൅ ሺݑො ൅ ሻܣܸߩሻ௟௜௡௘ሺെ߭݌ ൌ 0 

(Eq3)

 
This expresses the fact the gain in energy of the tank is due to influx of fluid 
energy (in the form of enthalpy ݄ ൌ ොݑ ൅  from the line. We are interested (߭݌
in the initial instant, when ܶ is uniform at 20Ԩ, so ݑො௧௔௡௞ ൌ ො௟௜௡௘ݑ ൌ ොݑ , the 
internal energy at ܶ; also, ߭݌௟௜௡௘ ൌ ܴܶ, and 
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߲
ݐ߲

ቌ න ߩ ොݑ
஼௏

ቍߴ݀ ൅ ሺݑො ൅ ܴܶሻሺെܣܸߩሻ ൌ 0 

(Eq4)

 
Since tank properties are uniform, ߲ ⁄ݐ߲  may be replaced by ݀ ⁄ݐ݀ , and 
 

݀
ݐ݀

ሺݑොܯሻ ൌ ሺݑො ൅ ܴܶሻ ሶ݉  
(Eq5)

 
where ܯ is the instantaneous mass in the tank and ሶ݉ ൌ  is the mass ܣܸߩ
flow rate. This equation can be written as: 
 

ොݑ
ܯ݀
ݐ݀

൅ ܯ
ොݑ݀
ݐ݀

ൌ ොݑ ሶ݉ ൅ ܴܶ ሶ݉  
(Eq6)

 
The term ݀ܯ ⁄ݐ݀  may be evaluated from continuity: 
  

߲
ݐ߲

ቌ න ߩ
஼௏

ቍߴ݀ ൅ න ߩ
஼ௌ

ሺࢂ · ܣሻ݀࢔ ൌ 0 

(Eq7)

 
ܯ݀
ݐ݀

൅ ሺെܣܸߩሻ ൌ 0 ݎ݋
ܯ݀
ݐ݀

ൌ ሶ݉  
(Eq8)

 
Substituting in Eq6 gives  
 

ොݑ ሶ݉ ൅ జܿܯ
݀ܶ
ݐ݀

ൌ ොݑ ሶ݉ ൅ ܴܶ ሶ݉  
(Eq9)

or 
 

ሶ݉ ൌ
జܿܯ

݀ܶ
ݐ݀

ܴܶ
ൌ

௧௔௡௞ܿజߴ௧௔௡௞ߩ
݀ܶ
ݐ݀

ܴܶ
 

(Eq10)

 
At ݐ ൌ ௧௔௡௞݌ ,0 ൌ 100 ݇ܲܽ ሺ݃ܽ݃݁ሻ, and 
 

௧௔௡௞ߩ ൌ
௧௔௡௞݌

ܴܶ
ൌ ሺ1 ൅ 1.0135ሻ10ହ ܰ

݉ଶ ൈ
݇݃. ܭ

287 ܰ. ݉
ൈ

1
ܭ 293.15

ൌ 2.393 ݇݃/݉ଷ

(Eq11)
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Substituting into Eq10, we obtain 
 

ሶ݉ ൌ ൬2.393 
݇݃
݉ଷ൰ ሺ0.1 ݉ଷሻ ൬717

ܰ. ݉
݇݃. ܭ

൰ ൬0.05
ܭ
ݏ

൰ ൬
݇݃. ܭ

287 ܰ. ݉
൰  

ൈ ൬
1

ܭ 293.15
൰ ൬

1000 ݃
݇݃

൰ ൌ ૙. ૚૙૛  ࢙/ࢍ

 

(Eq12)

 
 
 


