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ORDRE DES INGÉNIEURS DU QUÉBEC 
 

NOVEMBER 2020 SESSION 
 
 
Open-book examination 
Calculators : only authorized models 
Duration : 3 hours 
 

 
 

16-MC-B1 
Environmental control in buildings 

 
Problem #1 (40 %) 
 
The diagram shows a VAV (Variable Air Volume) air-conditioning system.   
 

 
 
For the design conditions (the peak of system), the specifications are as follows: 
 
 zones temperature and relative humidity  tZ1,Z2,Z3 = 25°C    = 40 to 60% 
 supply air temperature      ts = t3 =17°C 
 exterior air state     te = t8 = 35°C  twb = 24°C 
 minimum exterior air flow rate   25% of design fan air flow rate  
 air temperature increasing across the supply fan    tv = 1°C 
 air temperature increasing across the return fan    negligible 
 air temperature increasing across the plenum      tfp = 2°C 
 latent and sensible heat gains for each zone for design conditions (the peak of system): 
 

 qsens,Z1 = 15 kW     qlat,Z1 = 8.8 kW 
 qsens,Z2 = 12 kW    qlat,Z2 = 2.93 kW 
 qsens,Z3 = 23.5 kW   qlat,Z3 = 7.32 kW  
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Part A  without heat recovery exchanger (15%) 
 
Locate the key air states (points shown in system diagram) on the psychrometric chart and determine 
the dry bulb temperature and relative humidity of each point. Determine also: 
 
A-1 Zones air flow rates and design fan air flow rate; 
A-2 Zones temperature and humidity ratio; 
A-3 Cooling coil capacity (without heat recovery exchanger). 
 
Part B (15%) 
 
The rotary sensible wheel is used as heat recovery exchanger with    ε = 0.7 
 
Summer period  Locate the key air states (points shown in system diagram) on the 
psychrometric chart using the data and results from Part A. 
 
B-1 Determine the new cooling coil capacity.  
 
Winter period   with the specifications as follows: 
 

 Zone and fan air flow rates are equal to 50% of the air flow rates determined in Part A  
 Exterior air state     te = t8 = -15°C  w8= 0.0004 kg/kgdry air 
 Zone air states   tZ1,Z2,Z3 = 23oC  φ = 30% wZ1,Z2,Z3 = 0.0052 kg/kgdry air 
 Supply air state   t3 ≥ 18oC  w3 = wZ1,Z2,Z3 

 
Locate the key air states specific for winter period on the psychrometric chart and determine: 
 
B-2 the preheating coil capacity, if applicable, to avoid a condensation in the rotary sensible wheel;  
B-3 heating coil capacity; 
B-4 steam rate injected by humidifier. 
 
Part C (10%) 
 
The rotary enthalpy wheel is used as heat recovery exchanger with    ε = 0.8 
 
Summer period  Locate the key air states (points shown in system diagram) on the 
psychrometric chart using the data and results from Part A. 
 
C-1 Determine the new cooling coil capacity. 
 
Winter period   with the specifications from Part B : 
 
Locate the key air states specific for winter period on the psychrometric chart and determine: 
 
C-2 the preheating coil capacity, if applicable, to avoid a condensation in the rotary enthalpy wheel; 
C-3 heating coil capacity. 
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Problem # 2 (15 %) 
 
The monthly electricity bills for the years 2017 and 2018 are presented in the attached table (gas 
is used for heating and domestic hot water). The cooling of the building in the period “April – 
October” is provided by a centrifugal refrigeration chiller. Therefore, the average electricity 
consumption for the months January - March and November - December is considered as basic 
electricity consumption.  
 
The electricity consumption in 2018 is lower than in 2017. This reduction in consumption is 
partially due to the installation of the new Low-E coating and energy efficient windows. 
 
It is also to take into account that the cooling degree-days (above 18 oC) for the years 2017 and 
2018 are respectively 250 and 220. Assuming that the other heat gains in the building are the same 
in 2017 and 2018, determine: 
 

a) the annual (April – October) chiller energy consumptions for the years 2017 and 2018 (5%); 
b) how this decrease in energy consumption is impacted (in kWh) by: 

i. the installation of new windows (5%) and 
ii. the weather conditions (degree days) (5%). 

 
 

Month Electricity consumption (kWh)
 2017 2018 

January 237 446 236 480
February 224 668 235 690
March 240 913 238 540
April 255 581 248 592
Mai 279 834 272 564
Juin 293 023 283 020
July 323 095 311 560
August 309 988 289 988
September 281 676 274 776
October 260 238 256 238
November 231 550 232 550
December 234 389 233 389
Total 3 172 401 3 113 387

 
Problem #3 (20 %) 
 
The fan-coil conditioner system serves an entire building.  Primary air made up of outdoor air, 
required to maintain air quality, is supplied to fan-coils by a constant volume air system as 
illustrated in figure below. The coil energy recovery loop with two glycol-air coils is used to preheat 
the outdoor air.  At a given moment, the data acquisition system shows the results illustrated in 
figure.  Assume that the effectiveness of heat exchanger #1 is ε = 64%. Determine: 
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a) The heat recovery serving to preheat the outdoor air (in kW) (5 %); 
b) Air temperature leaving the heat exchanger #2 (5 %); 
c) Effectiveness of heat exchanger #2 (5 %); 
d) Effectiveness of the coil energy recovery loop with two glycol-air coils (5 %). 
 
Assume that: 
Specific heat of glycol cp = 3.2 kJ/kgoC 
Air density   ρ = 1.2 kg/m3 
Specific heat of air  cp = 1.0 kJ/kgoC 
 
Problem # 4 (25 %) 
 
The refrigeration system includes two evaporators and two condensers operating with R-507A as 
refrigerant. The heat exchange between two loops (LT and MT) allows the sub-cooling of the R-
507A liquid at the outlet of the LT loop condenser.  
The following specifications are presented in the attached figure: cooling capacity of evaporators and 
condensers, evaporation and condensation temperatures and specific states of R-507A in LT and MT 
loops. The compressors used in the cycle are isentropic. The pressure drop of R-507A in the 
evaporators, condensers and sub-cooling exchanger are negligible.  
 
Show the refrigeration cycle on the attached p-h diagram (5%) and determine: 
 

a) The R-507A mass flow rates ( LTm


, MTm5


, MTm6


, MTm1


) in kg/s (6%); 

b) The compressor power inputs in kW (4%); 
c) The COP (coefficient of performance) of proposed refrigeration system (4%); 
 
Assume that the exchanger for sub-cooling is cancelled, so the liquid in the 3LT state enters the 
expansion valve of the LT loop. Therefore, two loops (LT and MT) are changed to become two 
separate LT and MT systems. The evaporator capacities in these new systems are the same as 
before this modification. Determine: 
 
d) The new compressor power inputs in the LT and MT systems and new total COP of these two 
systems  (6%). 
 

V = 5 m3/s

V = 5 m3/s
T = 22 oC

mglycol = 2.3 kg/s

T = -10 oC

Tglycol = 10.8 oC

Exchanger # 1

Exchanger # 2

To fan-coils
Outdoor air

Coil energy recovery loop
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