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HVAC Load Dynamics Thermal Lags and Load Profiles in Simple and Complex Buildings Presented By: David Sellers Senior Engineer; Facility Dynamics Engineering March 2014



Basic Concepts, a Science Experiment



Thermal Lags A Research Experiment by the FDE NW Research Lab Dr. Riley Sellers; PhD CTK LBNL CTPSC *



Hobbes Sellers; Post Doc Applied Chaos Theory



* Doctorate of Philosophy Canine Treat Kinetics - Lower Buchanan National Labs, Canine Treat Preservation Systems Center ANALOG PROCESSES
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Outside = Inside A Research Experiment by the FDE NW Research Lab The Experiment • Use an environmental test chamber to assess the thermal response characteristics of different envelope configurations



Environmental Test Chamber ANALOG PROCESSES
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Outside = Inside A Research Experiment by the FDE NW Research Lab Envelope Configuration 1 • Cardboard box, no insulation



Envelope Configuration 1
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Test Results – Envelope Configuration 1 Thermal Response of the Inside of a Box 75 65



Temperature, °F



55 Inside Temperature - Box only 45 35 Outside Temperature - Box The temperature inside the box lags only behind changes outside the box



25 15 5 -5 11/18/06 10:30 AM



11/18/06 11:00 AM



11/18/06 11:30 AM



11/18/06 12:00 PM



11/18/06 12:30 PM



Compressor Elapsed Time cycles off



6



11/18/06 1:00 PM



11/18/06 1:30 PM
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Outside = Inside A Research Experiment by the FDE NW Research Lab Envelope Configuration 2 • Cardboard box, insulated



Envelope Configuration 2
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Test Results – Envelope Configuration 2 Thermal Response of the Inside of a Box 75



Temperature, °F



65 55



Inside Temperature - Box only



45



Outside Temperature - Box only



35



Inside Temperature - Box with foam
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11/18/06 12:00 PM



Insulation increases the time lag Outside Temperature - Box between the change outside and the with foam change inside relative to the box that had no insulation. The insulation makes it harder for energy to move through the boundary 11/18/06 11/18/06 11/18/06 represented by the box
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Outside = Inside A Research Experiment by the FDE NW Research Lab Envelope Configuration 3 • Cardboard box with rocks, no insulation



Envelope Configuration 3
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Test Results – Envelope Configuration 3 Thermal Response of the Inside of a Box 75



Temperature, °F



65 55



Inside Temperature - Box only



45



Outside Temperature - Box only



Mass has an impact on the time lag Inside Temperature - Box with that is similar to the insulation, but foam for a different reason. Outside TemperatureThe - Box mass with foam stores energy, which means more Inside Temperature - Box with energy mustMass move across the box Outside Temperature - Box boundary to change the temperature with mass of the box, all other things being equal
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Internal Gains Have Lags Too
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Even though power is consumed and light is produced instantaneously when the light is turned on, the temperature rise associated with the energy consumption lags the power consumption and light production
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Basic Concepts Applied to a Simple Building



Everything Interacts with Everything, Even in a Simple Building
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Basic Concepts Applied to a Complex Building



The Built Environment



Keeping the built environment safe and comfortable is a fundamental goal of HVAC systems • Ventilation systems control contaminants by introducing filtered, conditioned outdoor air • Heating and cooling systems control comfort E
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The Built Environment



Keeping it safe and comfortable is a fundamental goal of HVAC systems • Ventilation systems control contaminants by introducing filtered, conditioned outdoor air • Heating and cooling systems control comfort E
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AND



General ventilation requirements vary with schedule ‒ Weekday vs. weekend ‒ Normal hours vs. overtime hours
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General ventilation requirements vary with schedule ‒ Weekday vs. weekend ‒ Normal hours vs. overtime hours • Requirements for some zones vary with use • Some zones have equipment with contaminants or moisture to control requirements that are addressed by ventilation ‒ Kitchens ‒ Restrooms ‒ Copy machine ECONOMIZERS; rooms WHAT THEY ARE AND
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Perimeter zones are influenced by the outdoor environment ‒ Gain heat via conduction when its warm



Cooling Required to Maintain Steady State Conditions
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Perimeter zones are influenced by the outdoor environment ‒ Gain heat via conduction when its warm ‒ Loose heat via conduction when it is cold



Heating Required to Maintain Steady State Conditions ECONOMIZERS; WHAT THEY ARE 29 AND WHY WE USE



Perimeter zones are influenced by the outdoor environment ‒ Gain heat via conduction when its warm ‒ Loose heat via conduction when it is cold ‒ Gain heat via solar radiation even if it is cold outside
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Perimeter zones are influenced by the outdoor environment ‒ Gain heat via conduction when its warm ‒ Loose heat via conduction when it is cold ‒ Gain heat via solar radiation even if it is cold outside ‒ Losses and gains vary with time of day, time of year and cloud cover
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Perimeter zones are influenced by the outdoor environment ‒ Gain heat via conduction when its warm ‒ Loose heat via conduction when it is cold ‒ Gain heat via solar radiation even if it is cold outside ‒ Losses and gains vary with time of day, time of year and cloud cover ‒ Infiltration will require heating or cooling to ensure comfort ECONOMIZERS; WHAT THEY ARE 32 AND WHY WE USE



Perimeter zones are a buffer between the core zones and the ambient environment If the perimeter is under control, then the uncontrolled environment has no impact on the controlled environment in the core ‒ No ambient temperature impact ‒ Minimal solar impact
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Most day to day processes in most buildings generate heat and/or moisture ‒ People ‒ Lights ‒ Equipment ‒ Food processing ‒ Product manufacturing • As a result, core zones generally require cooling even if it is cold outside
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Most day to day processes in most buildings generate heat and/or moisture ‒ People ‒ Lights ‒ Equipment ‒ Food processing ‒ Product manufacturing • As a result, core zones generally require cooling even if it is cold outside • Perimeter zones may also require cooling on a sunny day even thought its cold outside ECONOMIZERS; WHAT THEY ARE 35 AND WHY WE USE



The Bottom Line is that a Modern, Complex Building Represents a Year Round Cooling Requirement Even if it is Cold Outside ‒ At $.15/kWh, it will cost about $15 per day to cool this floor on a day when it is 40°F outside ‒ There are 39 similar floors in this building
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Here’s an Idea: Use the Cold Outdoor Air to Cool the Building Instead of Running Refrigeration Machinery
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Here’s an Idea: Use the Cold Outdoor Air to Cool the Building Instead of Running Refrigeration Machinery
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Bottom Lines 1. HVAC loads can be dynamic and thermal lags can have a lot to do with that 2. To achieve peak efficiency: • Processes like economizer cycles and variable flow capacity control strategies need to be able to follow the load dynamics • Systems like Variable Air Volume Systems and Variable Flow Central Plants need to be able to follow the load dynamics
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