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The modified Team-based learning (TBL) process
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Materials Thermodynamics TBL Problem Set 1

1. When 1 kg of Ar is heated from 400K to S00K either by process I (constant volume) or process II

(constant pressure)

(a) Draw the P - V diagram for the two processes.

(b) Calculate AU, q, w, and AH for process 1.

(c) Calculate AU, q, w, and AH for process II.

(Take Ar as a monatomic gas, MW : 40 g/mole , Cp=2.5R,Cv=1.5RJ/K,R=8.314J/K)

2. The standard reaction enthalpy for the combustion of carbon,

is C(s) + Oz(g) = COxy), 1s -94 kcal .

The standard reaction enthalpy for the combustion of hydrogen,

i1s H2 (g) + 0.5 O2—H200), 1s -68.3 kcal .

The standard reaction enthalpy for the combustion of methane,

is CHy(g)y+202(g)—=CO2(¢)t2H20q) , is -212.8 keal .

Calculate the standard enthalpy of generation of methane (kJ/mole).
3. Calculate the final temperature when a monatomic gas at 200K and 34 I/mole is compressed

adiabatically and reversibly until the volume is 3.5 I/mole. (Cv = 1.5R, Cp =2.5R, R =8.314 J/K)
4. A monatomic ideal gas at 200K has a volume of 20 liters at a pressure of 10 atm.

Calculate.

a. The final volume of the system

b. The work done by the system

c. The heat entering or leaving the system

d. The change in the internal energy

e. The change in the enthalpy when the gas undergoes

1. A reversible isothermal compression to a pressure of 15 atm

ii. A reversible adiabatic compression to a pressure of 15 atm. The constant-volume molar heat capacity

of the gas, Cv, has the value 1.5 R.

5. Ten moles of ideal gas, in the initial state P;= 10 atm, T1= 300K, are taken round the following cycle:
a. A reversible change of state along a straight line path on the P-V diagram to the state P =1 atm, T =
300K,

b. A reversible isobaric compression to V = 24.6 liters, and

c. A reversible constant volume process to P = 10 atm.

How much work is done on or by the system during the cycle? Is this work done on the system or by the
system?

6. One mole of an ideal gas at 25°C and 1 atm undergoes the following reversibly conducted cycle:

a. An isothermal expansion to 0.5 atm, followed by
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b. An isobaric expansion to 100°C, followed by

c. An isothermal compression to 1 atm, followed by

d. An isobaric compression to 25°C.

The system then undergoes the following reversible cyclic process.

a. An isobaric expansion to 100°C, followed by

b. A decrease in pressure at constant volume to the pressure P atm, followed by

c. An isobaric compression at P atm to 24.5 liters, followed by

d. An increase in pressure at constant volume to 1 atm.

Calculate the value of P which makes the work done on the gas during the first cycle equal to the work
done by the gas during the second cycle.

(a)Please prove P1Vi'= P,V,>'= PV'=constant at adiabatic process

(b)Please prove Cp — Cv = P-(%) = R for ideal gas
P

. An ideal monatomic gas occupies volume 10~ m? at temperature 3 K and pressure 10° Pa. It undergoes

the following cycle: The temperature is raised to 300 K at constant volume; the gas is then expanded
adiabatically till the temperature is 3 K, followed by isothermal compression to the original volume.
Calculate the work done, the heat transfer, and the change in the internal energy during this cycle. Note
the specific heat at constant volume (Cv) for an ideal monatomic gas is 1.5R, where R is gas constant
and equal to 8.314 J/mole K.

When 1 cal of heat is given to 1g of water at 14.5°C, the temperature rises to 15.5°C calculate the molar
heat capacity of water at 25°C. (1 cal =4.18J, H2O= 18 g/mole)

The internal energy (U) of a certain gas, with molecular weight of 85 g/mole is given by U=3.11T+D.
Where U is internal energy in kJ/kg, T is temperature in Kelvin, and D is a constant.

a) If 1 kg of the gas is heated in a constant volume container from 20 °C to 455 °C. Calculate AU.

b) Calculate the amount of work done with container and heat flow into the container.
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