ORDRE DES INGENIEURS DU QUEBEC
MAY 2011 SESSION

Open-book examination
Calculators: only authorized models
Duration: 3 hours

Total : 20 pts

04-CHEM-A1 PROCESSS BALANCES AND CHEMICAL THERMODYNAMICS

4 pts) 1. Heat pump

A heat pump is used to heat a house in winter and then is reversed in summer to
cool. The inside temperature should be 20 °C in winter and 25 °C in summer. The
heat transfer rate (loss or gain) is estimated to be 2400 ki/h per degree
temperature difference between the inside and outside.

a) If the outside winter temperature is 0°C, what is the minimum power of the
heat pump?

b) For the same power as obtained in a), what is the maximum outside summer
temperature for which the house can be maintained at 25 °C?

{(4pts) 2. Air humidification

36.2 kg/s of air are fed to an insulated reservoir at 1= 36.5 °C and @ = 0.0084 kg
H;O/kg dry air and the air at the exit has a relative humidity, ¢ = 90 %. The
reservoir is at 100 kPa and a third line #3 sprays water at 80 °C and 100 kPa as
shown in the figure.




For steady-state conditions, obtain the outlet specific humidity, @, the mass flow rate of
the required water and the air outlet temperature 73

(4pts) 3. Volume of mixing

The density at 25 °C and 1 atm of a binary solution (ethanol(;) and formamide),
p1 vs. mole fraction of ethanol (x;), is reported in the following figure. The
molecular weights are M,=46 g/mol and M, = 45 g/mol.

1.00 | o .

0.95 ]

g, g/mL

0.90 + ° ]

0.85 [ ]

0.80 ]

0.75 L L r L ] 1 1 1 L ] N 1, X L 1 I 1 2 I 1

0.0 0.2 0.4 0.6 0.8 1.0

X4

Density of a binary solution, ethanol, and formamide), at 25°C and 1 atm.

For the preparation of 1 kg/s of a solution containing 0.75 mol ethanol (xy =0.75),

a) Calculate the required flow rates of ethanol and of formamide, mL/s.

El

b) What is the volume of mixing, Av, [:] mL/mol of that solution at 25 °C and
1 atm?

¢) What is the value of the partial molar volume of ethand) in that solution, ¥, ?



(4pts) 4.

{(4pts) 5.

Azeotrope

At 50 °C, the binary solution of 1,4-dioxane (1) and water (2) exhibits an
azeotrope at x; =0.554 and P = 22.3 kPa. At that temperature, the vapor pressures

are: R =15.6kPaand B =12.4kPa .

a) Determine the activity coeffcients for both components at the azeotrope.
Indicate clearly the required hypotheses.

b) Determine the parameters for the two-constant van Laar equation.

Reduction reaction

The reduction of tungsten oxide by hydrogen proceeds as shown in the following
equilibrium :

WO, (5)+2H, (g) =2 W(s) + 2H,0(g)

The equilibrium constant for this reaction at 1 atm is given in the following
figure, as In K vs. 1/7.
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Equilibrium constant for the reduction of tungsten oxide

a) For 7= 900 °C, determine at equilibrium the ratio of the partial pressures,
B0/ By, - Indicate clearly the required hypotheses.

b} Determine, using this figure and an appropriate relationship, the standard heat
of reaction, J/mol. Is it an exothermic or endothermic reaction?
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Psychrometric chart — ST units. Reprinted with permission of Carrier Corporation



