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(1)The 1st law of thermodynamics for flow processes:
QE_&=2M [f} +—l-)—"2—+gz}+é -ZM [/J +i‘2+gz ]—W
dt T e T2 T e

(2)heat capacity for air (-50~25 °C ), Cp¥1.0035 kl/kg - k

(11%)— ~ The rate of heat transfer to the surroundings from a person at rest is about 400 kJ per
hour. Suppose that the ventilation system( % 3 % #t) fails in an auditorium(i% %)
containing 2000 people.

(a )How much does the internal energy of the air in the auditorium increase

during the first 20 minutes after the ventilation system fails?(4%)

(b)Considering the auditorium and all the people as a system, and assuming no heat
transfer to the surroundings, how much does the internal energy of the system
change?(4%) How do you explain the fact that the temperature of the air
increases?(3%)

(10%)= ~ A small, high-speed turbine operating on compressed air produces 0.1 kW. The inlet
and exit conditions are 400 kPa, 25 °C and 100 kPa, -50 °C , respectively. Assuming
the velocities to be low, find the required mass flow rate of air.

(15%)= - A Carnot cycle heat engine receives 500 kJ from a reservoir at 500 °C , and rejects heat
at25°C. '

(a)Show the cycle on a T-S diagram, considering the working fluid as the system.(3%)

(b)Calculate the work and efficiency of the cycle.(6%)

(c) Calculate the change in entropy of the high-temperature and low-temperature
reservoirs.(6%)
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& ~ Propane is oxidized into CO, and H,0 in an isothermal, constant pressure combustion reactor.
Please derive the reactor volume as a function of conversion, Xpropane. Assume the ideal gas
law.

Initial conditions: Py = | atm, Nyropane = 0.1, noy = 0.5, npy= 0.4, V = 10 liter. (5%)

% ~ When a reaction is one and half order inside a cylindrical tube reactor, please predict and
explain in detail which one in the following two cases:
(a) a plug flow inside the tube, and
(b) a laminar flow inside the tube,
has a higher conversion, if the reaction temperature, reactor  volume, reactor pressure, and
total inlet flow rate are all maintained the same in both cases. (6%)

+ ~ If a complex reaction, A + 2B — C + 4D, is first order with respect to A in the temperature
range between 100°C and 350°C, and is second order with respect to B in the temperature
range between 350°C and 500°C. Please explain what may cause such a change. Isit

possible that the reaction mechanism is changed into a new one when the temperature is raised
from 200°C to 425°C? (6%)




