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Environmental control in buildings 
 
Problem # 1 (25%) 
 
The diagram shows a multizone constant volume air conditioning system with zonal reheat coils. 
For the design conditions (the peak of building and the peaks of zone load), the specifications are as 
follows: 
 
Zone A B C 
Load (kW) sensible latent sensible latent sensible latent 

Peak of zone 15 July 15 June 2 July 
34.5 4.4 23.46 7.32 20.7 4.4 

Peak of building 15 July 
34.5 4.4 20.4 7.32 14.4 0.0 

  
Temperature 24 oC 
Relative humidity 40 à 60 % 
 

 
 
Plenum heat gains     13.68 kW 
Temperature rise across the return fan    ∆t = 1 °C 
Temperature rise across the supply fan    ∆t = 1 °C 
Exterior air conditions:   dry bulb temperature   t = 35 °C 
      relative humidity   ϕ = 50% 
Exterior air flow rate      0.855 m3/s 
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The state of air leaving the cooling coil (point 1 on the schema), used for the peak of building and 
to determine the supply air flow rate in the zones, is the following 

 
Dry bulb temperature  11.5 °C 
Relative humidity w = 8.0 g/kg dry air 
 
Locate the key air states (points 1 to 8, IA, IB, IC and E) on the psychrometric chart (7%) for 
the peak of building and shown in the table the dry bulb temperature and relative humidity 
of each point (3%).  

 
Determine: 
  

a) Supply air flow rate in each zone (3%); 
b) Fan air flow rate (4%); 
c) Cooling coil power (4%); 
d) Heating capacities of the reheat coils for the zones A, B and C (4%). 

 
 
Problem # 2 (25 %) 
 
Figure shows the schematic diagram of a vapor-compression refrigeration system with two 
evaporators, two compressors using R-134a as the working fluid. A heat exchanger is used to 
achieve the subcooling of R-134a (state10).  The specifications are as follows:  
 
• condensing pressure  1600 kPa; 
• evaporating pressure (evaporator A)  280 kPa; 
• evaporating pressure (evaporator B)  140 kPa; 
• temperature at state 10   T10 = 40 oC; 
• at states 1, 3, 4, et 7, R-134a is a saturated liquid or saturated vapor. 
• refrigerating capacity of evaporator B   200 kW; 

• power input of compressor A ( ACW ,
•

)   90 kW. 
 
Compressions are isentropic and there are no significant pressure drops in the flows through the 
condenser and the two evaporators. Show the refrigeration cycle on the attached p-h diagram (7%) 
and determine: 

a) mass flow rate of refrigerant R-134a through evaporator A ( Am
•

), evaporator B ( Bm
•

) and mass 

flow rate 9
•
m (11%);   

b) refrigerating capacity of evaporator A in kW (3%); 
c) coefficient of performance COP (4%). 
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Problem # 3 (15%) 
 
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 
 
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 (5%). 
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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 (3%); 
d) The fan air flow rate (3%). 

 
Problem #4 (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: 
 

 
 
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 # 5 (15 %) 
 
The fan shown in the Figure was selected for a VAV system requiring the design conditions as 
follows: 
 

Fan air flow rate      26000 cfm 
Static pressure        3.9 inWG (inches of H2O) 
Fan speed       936 rpm 
Fan power ( •

W )      23.5 BHP (17.53 kW) 

V = 5 m3/s

V = 5 m3/sT = 22 oC

mglycol = 2.3 kg/s

T = -10 oC

Tglycol = 10.8 oC
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Assume that the fan, to provide variable airflow, could operate in two cases as follows:   
 
Case # 1 fan air flow rate control is realized by outlet dampers; 
 
Case # 2  fan air flow rate control is realized by variable-speed drive.   
 
If the fan air flow rate decreases to 22000 cfm, determine for two cases: 
 
a) Fan power ( •

W ) in BHP (or in kW), (7.5%); 
b) Fan static pressure in inWG (inches of H2O), (7.5%).  
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	Dry bulb temperature  11.5  C

