Energy Efficient Buildings

Chillers Homework

1) Return air at 72 F and 50% RH from a building is mixed with outdoor air at 90 F and 60% RH such that the mixed air has 10% outdoor air.  20,000 cfm of mixed air travels through a cooling coil with cooling water at 50 F.  The bypass factor on the cooling coil is 10%.

a. Show the states of return air, outdoor air, mixed air, and air leaving the cooling coil on a psychrometric chart.

b. What are the total, sensible and latent cooling loads (Btu/hr) on the cooling coil?

c. How much water is being removed from the air (lbw/hr)?

d. If the fraction of outdoor air is increased to 30%, what is the total cooling load on the coil (Btu/hr)?
2) You are considering purchasing a larger cooling coil for an air handler. The larger cooling coil would allow you to increase the temperature of water supplied to the cooling coil from 45 F to 50 F, while maintaining the same supply air temperature.  The cooling coil load is 15 tons.  The air-cooled chiller operates 4,000 hours per year.  The condenser air temperature is 75 F.  Electricity costs $0.08 /kWh and the high-efficiency cooling coil costs an additional $400.  Find:

a. The cost savings ($/yr)

b. The simple payback (years) associated with specifying the larger cooling coil.
3) You are considering purchasing a high-efficiency cooling tower that can supply condenser water to a 500-ton constant speed chiller at 75 F instead of 80 F.  The building cooling load is 250 tons.  The chiller operates 4,000 hours per year.  Electricity costs $0.08 /kWh and the high-efficiency cooling tower costs an additional $3,000. Find:

a. The cost savings ($/yr)

b. The simple payback (years) associated with specifying the high-efficiency cooling tower.  

4) You are considering installing two 250-ton constant-speed chillers or one 500-ton constant-speed chiller in a building which needs continuous cooling.  A high-efficiency cooling tower can supply condenser water to the chiller(s) at 75 F year round.  The building cooling load is 100 tons for 20% of the year, 200 tons for 30% of the year, 300 tons for 20% of the year 400 tons for 20% of the year 500 tons for 10% of the year.  Assuming electricity costs $0.08 /kWh:

a. Annual electricity use of one 500-ton chiller (kWh/yr).

b. Annual electricity use of two 250-ton chillers if fully staged (kWh/yr).

c. Annual cost savings from operating 2 staged chillers instead of one chiller ($/yr).
d. How much extra could you spend on two chillers instead of one, if you wanted a 10-year payback on the investment? 

5) You are considering replacing a 500-ton constant-speed chiller with a 500-ton variable-speed chiller in a building which needs continuous cooling.  A high-efficiency cooling tower can supply condenser water to the chiller(s) at 75 F year round.  The building cooling load is 100 tons for 20% of the year, 200 tons for 30% of the year, 300 tons for 20% of the year 400 tons for 20% of the year 500 tons for 10% of the year.  Assuming electricity costs $0.08 /kWh:

a. Annual electricity use of the constant-speed chiller (kWh/yr).

b. Annual electricity use of the variable-speed chiller (kWh/yr).

c. Annual cost savings ($/yr).
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