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ORDRE DES INGÉNIEURS DU QUÉBEC 
 

NOVEMBER 2019 SESSION 
 
 
Open-book examination 
Calculators : only authorized models 
Duration : 3 hours 
 
 

16-MC-B1 
Environmental control in buildings 

 
Problem # 1 (25 %) 
 
The diagram shows an air-conditioning system serving 20 zones with Fan Coil Units.   
The primary (exterior) airflow rate of the system fan is constant     cfmQ fan 5000. =

•  

The primary airflow rate of each zone is constant    cfmQ primaryunitcoilfan 250,,, =
•

 

 
 
At a given moment (out of design operation), the data are as follows:: 

• Zone 1     t z,1 = 75°F  φ= 50%  cfmQz 10001 =
•

 
    sensible load    qsensible = 16200 Btu/hre 
    latent load    qlatent = 1000 Btu/hre 

• Exterior air conditions (état E)      dry bulb temperature  tE=90°F 
        wet bulb temperature twb=75°F 

• State of air leaving the system cooling coil (point 1)  dry bulb temperature t1=50°F 
        relative humidity φ = 95 % 

• Temperature rise across the system fan       ∆tv = 2°F 
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• Temperature rise across the fan of Fan Coil Unit     negligible 
• Cooling coil dew point temperature of Fan Coil Unit    tdp = 52°F 
 
Locate the key air states of the process (points E, 1, 2, 3, S and M) on the psychrometric chart (10 %) and 
determine: 
 
a) the system cooling coil capacity (5 %);  
b) the cooling coil capacity of Fan Coil Unit of the zone 1 (5 %); 
c) shown in the table the dry bulb temperature and humidity ratio of each point (1, 2, 3, S and M) (5 %).  
 
Use the conditions of the standard air.  
 
Problem # 2 (20%) 
 
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  φ= 40 % 
• Air temperature and humidity ratio at state 2 (supply)   t 2 = 30°C  w2 = w3 
• Exterior air     tdb = tE = -10°C wE = 0.001 kg/kgdry air 
• Fan air flow rate        Q = 10 m3/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 (8%) and shown in the table (2%) the temperature, 
humidity ratio and enthalpy of each point. Determine for cases A nd B :   
 

• Heating coil power and, if required, preheat coil power of exterior air to avoid the condensation 
(5%); 
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• Steam rate injected by humidifier (5%). 
 
Problem # 3 (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 34oC (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%). 
 
 
 
 
 
 

Problem # 4 (10%) 
 
The building cooling load ( 

actuelQ
• ) varies with the exterior air temperature as follow :  

 
o It is of 875 tonns (3080 kW) at 95 oF (35 oC)  
o It is of 0 tonne (0 kW) at 55 oF (13 oC)  
 
Two scenarios are proposed to provide the air conditioning of the building.  
 

Scenario A – the centrifugal chiller used has a colling nominal capacity (
nomQ

• ) of 925 tonns 
(3250 kW) ;   
 

Scénario B – three (3) centrifugal chillers are used to provide air conditioning of the building. 
Each chiller has a colling nominal capacity (

nomQ
• ) of 300 tonns (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 nomW W Q A B PLR C PLR
• • •

= * + +  
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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/tonne 0.201 0.555 0.221 
Scenario B 0.673 kW/tonne 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 oF if the 

numbers of hours (NBIN) for these temperatures are respectively of 500 and 20 (7%); 
 
Determine, for the scenario A : 
 
b) The chiller COP coefficient for each BIN temperature (3%). 
 
Problem # 5 (20%) 
 
During a heating plant energy audit, when the outdoor air temperature was -3 oF, it was noted that the 
combustion air to gas boiler is taken from inferior part of heating plant space at 45 oF.   It was measured 
also that temperature of the superior part of heating plant space is 90 oF.  To increase the boiler efficiency it 
is then proposed to take the combustion air from the superior part of heating plant space.   

   
Boiler capacity at design (full load) condition 200 BHP 
Gas heating value   35300Btu/m3

gas(37.2 MJ/m3
gas) 

Boiler efficiency at design (full load) condition  80% 
 
1 BHP = 33480 Btu/h 
 
Assume the combustion air to boiler of 0.30 m3

air / MJ of gas heating 
value. To determine the gas consumption (CCpart load) serving to 
determine the rate of combustion air to boiler in the part load 
operation, the following model could be used:  
 

( )designloadpartdesignloadpart QQFHeatPLCCCCC ,,, *=  
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a = 0.082597  b = 0.99676  c = -0.079361 

 
CC   gas consumption (m3

gas/h) 
Qdesign    boiler capacity at design (full load) condition in Btu/h   
Qpart,load    boiler capacity (demand) at part load condition (Btu/h)  
 
Consider bin temperature of -3 oF with the heat load (Qpart,load) of 120 BHP (4 017 600 Btu/h)  
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To make the energy balance of the heat plant space, it is assumed that: 
 

• the boiler and equipment heat losses (heat plant space gains) are estimated at 180 000 Btu/h 
• the flow rate of the infiltrating air is equal to the flow rate of combustion air to boiler 
• the conductive heat transmission coefficient of heat plant space (Kcond = ∑UkAk) is determine as 

1410 Btu/hoF.     
 

Determine : 
 
a) new temperature of the combustion air to boiler (15%);  
b) energy saving (in m3 of gas) by this energy efficiency measure, considering the bin hours (for -3oF) 

of 180 (5%).  
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	CC   gas consumption (m3gas/h)

