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ORDRE DES INGÉNIEURS DU QUÉBEC 
 

MAI 2020 SESSION 
 

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

 
16-MC-B1 

Environmental control in buildings 

 

Problem # 1 (30%) 

 

The figure 1 shows a VAV (Variable Air Volume) air conditioning system.   

 

 
 

For the design conditions (the peak of a building load), the specifications are as follows: 

 

• Zones temperature       t Z,A = t Z,B = t Z,C = 25°C   

• Zones relative humidity      = 40 à 60% 

• Supply air temperature       t2 =14°C  

• Exterior air conditions        tdb = 35°C      twb= 26°C 

• Exterior air flow rate (state E)     20% of fan air flow rate 

• Temperature rise across the supply fan      tVA = 2°C 

• Temperature rise across the return fan     tVR = 1°C 

• Heat gains across the plenum       12 kW 

• Zones air flow rate and zones latent heat gains are as follows :  

 

o QZ,A = 1.5 m3/s      qlatent, Z,A = 5.85 kW 

o QZ,B = 1.0 m3/s     qlatent, Z,B = 7.5   kW 

o QZ,C = 2.5 m3/s     qlatent, Z,C = 10.5 kW  
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Locate the key air states on the psychrometric chart (points 1 to 8, ZA, ZB, and ZC) (10%) and present the 

table (6%) with the temperature and humidity ratio of each point.  Determine: 

 

a) Humidity ratio of supply air (state 2) (2%); 

b) Cooling coil capacity (4%); 

c) Bypass cooling coil factor (3%). 

 

If the rotary sensible wheel is used as the heat recovery exchanger, determine and locate on the psychrometric 

chart the new air states Erecovery, 8recovery and 1recovery and find: 

 

d) New cooling coil capacity (5%). 

 

Use the conditions of the standard air :  = 1.2 kg/m3    cp = 1.005 kJ/kg oC  and latent heat of vaporization ifg 

= 2500 kJ/kg 

 

Problem # 2 (15%) 

 

For a building located in Montreal the specifications are as follows: 

 

Number of floors        10  

Floor height         3.5 m 

Floor area          85 m * 50 m 

Windows area        50% of exterior walls area 

Wall thermal resistance      R15 (RSI=2.64 m2oC/W) 

Heating and domestic hot water  gas boiler  

Annual boiler efficiency       70% 

Degree day (balance point temperature of 18oC)   4575 

Outdoor design temperature for heating     -29oC 

Indoor air temperature      22oC 

Gas heating value        37.2 MJ/m3 
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Monthly consumption of gas for heating and domestic hot water 

Month Gas 

 Consumption (m3) 

January 36 000 

February 38 000 

March 23 000 

April 11 000 

May 6 500 

June 3 300 

July 3 300 

August 3 300 

September 3 300 

October 7 600 

November 25 000 

December 34 130 

Total 194 430 

 

Determine: 

 

a) annual gas consumption for heating (2%). 

 

Use the degree-days method and determine: 

 

b) total building heat loss based on design conditions (in kW) (3%); 

c) annual gas consumption due to heat loss through the exterior walls (5%); 

d) impact of increasing of exterior wall thermal resistance from R15 (RSI = 2.64) to R25 (RSI = 4.4) on 

the annual gas consumption (5%). 

 

Problem # 3 (25%) 

 

The evaporator capacity of loop B is of 200 kW. Show the refrigeration cycle on the attached p/h R-507A 

diagram (4 %) and determine: 
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a) The refrigerant mass flow rate in loops A and B (4 %); 

b) The evaporator capacity in loop A (4 %); 

c) Heat rejected by the condensers in loops A and B (4 %); 

d) COP (coefficient of performance) of a proposed system (including the loops A and B) (4 %). 

 

Assume that the loop B and the exchanger for sub-cooling are canceled. In this case the refrigerant 

(saturated liquid) in state 2A enters the expansion valve of this modified loop A. The evaporator capacity 

of this modified loop is the same as before the modification.  Determine: 

 

e) COP of this modified loop (5 %).   

Problem # 4 (16%) 

 

Consider a building with five (5) zones (four external zones E, N, O, S and one internal zone I) having the 

following cooling loads: 

 

Zones cooling peak 

 Zone E Zone N Zone O Zone S Zone I 

qsensible kW 20 12 45 50 18 

qlatent kW 1.5 1.5 5 3 3 

 16 June 9 July 6 September 23 June 14 July 

 

Building cooling peak (21 June) 

 Zone E Zone N Zone O Zone S Zone I 

qsensible kW 15 10 45 40 18 

qlatent kW 1.5 1.5 5 3 3 
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Answer the questions considering two following cases: 

 

1 A VAV system with the perimeter heating system in each zone (E, N, O and S) serves the entire 

building. The temperature of each zone is 24 oC and the supply air temperature is 12 oC.  Determine: 

a) The maximum supply air flow rate for each zone using to design zone duct dimensions (4%); 

b) The maximum fan air flow rate (4%). 

 

2 A multizone constant air volume system with zonal reheat coils serves the entire building. The 

temperature of each zone is 24 oC and the supply air temperature for design conditions is 12 oC.  

Determine: 

c) The supply air flow rate for each zone (4%); 

d) The fan air flow rate (4%). 

 

Problem # 5 (14 %) 

 

A variable primary piping system like the one shown in the figure below, has a capacity of 1200 tons 

(4220 kW) and is designed to operate with water supplied at 42 oF (6oC) and returned at 65 oF (18 oC). 

The chillers have equal capacity and there are two 3500 rpm variable speed primary pumps of equal size.  

Under partial load conditions the chiller flow rates may be reduced a maximum of 30 percent of full flow.  

 

a) Compute the full load chilled water flow rate and describe the operating conditions of the system (flow 

rates, bypass flow, pumps speed, etc.) (2 %); 

b) Suppose the system is operating under a load of 900 tons (3165 kW) and describe some acceptable 

operating conditions (4 %); 

c) At another time the system is operating at 60 percent of full capacity. Determine satisfactory operating 

conditions and describe them (4 %); 

d) At still another time the load drops to 25 percent of full capacity. Determine satisfactory operating 

conditions and describe them (4 %).  

Assuming no change in the temperatures.  
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