ORDRE DES INGENIEURS DU QUEBEC
SESSION DE NOVEMBRE 2011

Toute documentation permise
Calculatrices : modeles autorisés seulement
Durée de ’examen : 3 heures

Total : 20 pts

04-CHIM-A1 BILAN DES TRANSFORMATION ET THERMODYNAMIQUE

(5pts) 1.

(3pts) 2.

CHIMIQUE

Change of state

Water initially at 1 MPa and 500 °C is confined in a cylinder-piston system as
illustrated in the figure. The mass of the piston and the atmospheric pressure

are such that the piston floats when the pressure is 500 kPa. There are two
stoppers in the cylinder, the lower one corresponding to Vi, = 1 m° and the upper
one at Ve = 3 m’. The system is then cooled to 100°C by rejecting heat to the
surroundings at 20 °C.

a) Determine the final state of the water (pressure and volume).
b) Calculate the total entropy variation generated by the process.
¢) Ona PVT diagram sketch the process.

d) Calculate the work done by the system (kJ).

Maximum work done by a heat engine

A heat engine as illustrated in the figure receives heat from a heat exchanger fed
by an air flow of 5 kg/min at 125 kPa and 1500 K that goes through cooling at
constant pressure and exits at 500 K. The ambient is at 298 K and 100 kPa.



(4pts) 3.

(4pts) 4.

I
Ajr ——

a) Determine the heat transfer rate to the heat engine (kW).
b) Determine how much power the engine can deliver (kW). Give the required
hypotheses.

Air cooling unit

An air cooling unit receives outside ambient air at 35 °C, 100 kPa and 90 %
relative humidity. The air is first cooled to a low temperature 7> to condense
water that leaves the unit at T5. The air stream s then heated and leaves the unit at -
20 °C, 100 kPa, 30 % relative humidity and with a volume flow rate of 0.01m’/s.

a) Sketch this process.

b) What is the mass flow rate of water that has to be removed from the unit
(kg/min)?

¢) What is the heat transfer rate required (kW)?

Vaporization of argon

2 kg/s of liquid argon at 135 K are vaporized at constant pressure. Then, the vapor
is compressed under steady-state conditions to a final pressure of 25 MPa and
temperature of 240 K. The variations of the kinetic and potential energies and the
heat losses to the surroundings can be neglected.

Using the generalized diagram supplied, determine:

a) The pressure at which the vaporization is done.
b) The power required for the compression (kW).

Properties of argon: 7. =150.8K
P.=4.87 MPa
Z.=10.291
R =0.208 kl/kg.K
Cpo= 0.52 kJ/kg.K




(4pts) 5. Oxidation of chromium

Chromium can be oxidized by water vapor along the following equation:

2Cr(s)+3H,0(g) = Cr,0, (s)+3H,(g)
and the Gibbs standard energy of reaction is approximately given by the equation:

AGY(¥/mol)=—4.08x10° +119.6xT, T[=]K

a) What is the value of the equilibrium constant at 7= 1500 K?

b) What is the maximum partial pressure of the water vapor at Py, = 1
atm, for which the chromium can be heated to 1500 K without
oxidation?

c) What is the heat reaction? Is the oxidation of chromium by water

vapor exothermic or endothermic?

d) How would the reactidn equjiibriuin be affected by increasing the
pressure to 2 atm? to 200 atm ? Explain briefly.
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Psychrometric chart- SI units
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