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ORDRE DES INGÉNIEURS DU QUÉBEC 

 

NOVEMBER 2015 SESSION 

 

 

Open-book examination 

Calculators : only authorized models 

Duration : 3 hours 

 

 

 

14-BA-A4 BUILDING ENVIRONMENTAL CONTROL 

 

Problem # 1 (25%) 

 

The figure shows an air conditioning system with heat recovery exchanger.  At a given moment (out of 

design operation), the data are as follows:  

 
 Air temperature and humidity at state 3    t 3 = 23°C  = 30 % 

 Air temperature and humidity ratio at state 2 (supply)   t 2 = 30°C  w2 = w3 

 Exterior air      tdb = tE = 0°C wE = 0.75 g/kgdry air 

 Fan air flow rate        Q = 10 m
3
/s 

 Exterior air flow rate        20% of fan air flow rate 

 Temperature rise across the supply fan      tVa = 2°C 

 Temperature rise across the return fan     negligible 

 

Consider two cases presented below: 

 

A. Heat recovery exchange is a rotary sensible wheel with effectiveness   ε = 0.7 

B. Heat recovery exchange is a rotary enthalpy wheel with effectiveness ε = 0.85 

 

Shown the air states on the psychrometric chart and determine for cases A and B (12%):   

 

 Heating coil power (6%); 

 Steam rate injected by humidifier (7%). 
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Problem # 2 (15%) 

 

A multizones constant air volume system with zonal reheat coils serves the building with the air flow rates 

as follows: 

 

Fan air flow rate        25  m
3
/s 

Exterior air flow rate        5  m
3
/s 

 

Winter design conditions are as follows:  

 

Zones air temperature       22 °F 

Zones relative humidity      30% 

Exterior air temperature      -27 °F 

Humidity ratio of exterior air      0.0004 kg/kgdry air 

Zones and system latent load      negligible 

 

Use the psychrometric chart and determine for these design conditions: 

 

Steam rate injected by humidifier in :  kgsteam/h (15 %)   

 

Problème # 3  (15%) 
 

The fan shown in the Figure was selected for a constant air volume system requiring the design 

conditions as follows: 

 

Fan air flow rate      20 000 cfm (9.0 m
3
/s) 

Fan speed       1800 rpm 

 

The electric heating coil heats this supply air (100% exterior air) up to 18 
o
C (64.4 

o
F). It is provided to 

corridors of an apartment building 24/24 daily.  
 

It is proposed to the building manager to reduce the airflow rate up to 50% of current flow during nights 

(23 h to 6h00). Two scenarios are considered: 

 

A. using a discharge damper that the installation cost is $ 2, 000.  

B. using a variable speed drive that the installation cost is $ 3,000. 

 

Determine for two scenarios above, the energy savings due to: 

 

a) the fan air flow rate change (2x4.5%); 

b) the outside air heating decrease (2x3%). 
 

The data to be applied are the following: 

 

o Heating degree-days (base 18 °C (64.4 F)) for 23 h to 6h00 period     2060 (3708 
o
F) 

o Air density  1.2 kg/m
3
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o Specific heat of air   1.0 kJ/kg
o
C 

o Average price of kWh   ¢ 6.5   
 

1 m
3
/s = 2119 cfm   1 HP = 0.746 kW 

 

 
Problem # 4 (25%) 

 
The figure shows a cascade refrigeration system with R-507 as refrigerant.  The cooling capacity of 

evaporators and evaporation temperatures are indicated on the attached figure.  The compressors used in the 

cycle are isentropic.  

 

The evaporation and condensation temperatures of R-507 are also indicated on the figure.  The R-507 

leaves the evaporators as a saturated vapor (1LP and 1MP) and the condenser LP as a saturated liquid 

(3LP). It leaves the condenser MP as a supercooled liquid at 34
o
C (3MP). 

 

 

Show the cycles on the attached R-507 diagram (5%) and 

determine: 

 

a) Heat rejected by the LP condenser (4%); 

b) The R-507 flow rates of MP and LP cycles (7%); 

c) COPs (coefficients of performance) of LP and MP 

cycles and COP of cascade refrigeration cycle (9%). 
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Problem # 5 (20%) 

 

The building cooling load ( 
actuel

Q


) varies with the exterior air temperature as follow :  
 

o It is of 875 tons (3080 kW) at 95 
o
F (35 

o
C)  

o It is of 0 ton (0 kW) at 55 
o
F (13 

o
C)  

 

Two scenarios are proposed to provide the air conditioning of the building.  
 

Scenario A – the centrifugal chiller used has a cooling nominal capacity (
nom

Q


) of 925 tons 

(3250 kW) ;   
 

Scenario B – three (3) centrifugal chillers are used to provide air conditioning of the building. 

Each chiller has a cooling nominal capacity (
nom

Q


) of 300 tons (1055 kW). The chiller operation 

strategy prioritizes the operation at full chiller load.  
 

The chiller power input ( inW


) is expressed in terms of PLR as follows: 

 

2
, * [ *( ) *( ) ]in in nom nom

W W Q A B PLR C PLR
  

     
 

where PLR is a Part Load Ratio and the chiller-specific part-load coefficients A, B, C, are given in the 

table below. 
 

 
The chiller nominal power input 

,( )in nomW


 
A B C 

Scenario A 0.692 kW/ton 0.201 0.555 0.221 

Scenario B 0.673 kW/ton 0.201 0.602 0.185 
 

For the both scenarios (A and B), determine: 
 

a) The chiller electric energy consumption for the exterior (BIN) temperature of 75 and 90 
o
F if the 

numbers of hours (NBIN) for these temperatures are respectively of 500 and 20 (15%); 
 

Determine, for the scenario A : 
 

b) The chiller COP coefficient for each BIN temperature (5%). 
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