Air (a diatomic ideal gas) at 27.0°C and atmospheric pressure is drawn into a bicycle pump that has a cylinder with an inner diameter of 2.50 cm and length 50.0 cm. The down stroke adiabatically compresses the air, which reaches a gauge pressure of 800 kPa before entering the tire (Fig. P21.26). Determine 

(a) The volume of the compressed air and 

(b) The temperature of the compressed air.

(c) What If? The pump is made of steel and has an inner wall that is 2.00 mm thick. Assume that 4.00 cm of the cylinder’s length is allowed to come to thermal equilibrium with the air. What will be the increase in wall temperature? 
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SOLUTION 
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50%102 m

The quantity of air we find from PV, =nRT,

Py (1013x10° Pa)(245%107 m?)
“RL, (8314 J/mol K)(300 K)

7=9.97%10 mol

n

101.3 kPa+800 kPa =9013 kPa

Adiabatic compression: P,
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The work put into the gas in compressing it is A, =nCy AT

W=(097x10 mel) (8314 J/mol- K)(560-300) K
W=597




Now imagine this energy being shared with the inner wall as the gas is held at constant volume. The pump wall has outer diameter 25.0 mm + 2 00 mm + 2 00 mm = 29.0 mm, and volume
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53.9 [=nCy AT +meAT

3.97=(0.07 102 mul)fmu T/mal-K)(T; ~300 K)

+(53.3x107 kg (448 J/kg K)(T; - 300 K)

53.91=(0207 J/K+239 T/K)(T; —300K)
T;-300K= 224K




