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Building Information: 
 
• Part of new STEM Complex 
 
• Building Area: 105,000 ft² 
• Building Height: 4 stories 
 
• Project Cost: $28.7 Million 
• Construction Start: January 2008 
• Construction End: December 2009 
 
• Architects, MEP Engineers: Burt Hill 
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Existing Mechanical Design: 
 

• Chiller Plant: (1) 700 ton water-cooled chiller 
 
• Heating Plant: (2) 250 BHP gas-fired boilers 
 
• HVAC: (2) 89,500 CFM custom air handling units 

• Heat recovery 
• Variable air volume 
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• Lower Yearly Utility Costs  
 
• Decrease Energy Consumption 
 
• Greater System Efficiency 
 
• Main Focus on Ground Floor 
 

Design Goals 

(Photo provided by Burt Hill) 

Presentation Outline 
 

• Introduction 
• Building Information 
• Existing Mechanical Design 
• Design Goals 

• Radiant Floor Analysis 
• Natural Ventilation Analysis 
• Acoustical Breadth 
• Construction Management Breadth 
• Conclusion 
• Acknowledgements 
• Questions 
 

 



Alternate System Objectives 
 
• Ground Floor: High volume spaces 
 
• Condition the occupants, not the space 
 
• Radiant Floor Heating: more common 
• Radiant Floor Cooling: more unique 
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Floor Design 
• Floor Temperature Limits: 

• 67°F for Cooling 
• 84°F for Heating 
 

• Cross-linked polyethylene     
   (PEX) piping 
 
• 1-1/2” Gypsum Concrete 
 
• Tile flooring required 
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Increased Cooling Capacity  
• Direct Sunlight: up to 2.89    
   times higher capacity 
 
• South side curtain wall facades 
 

AGI32 Daylight Study 
• Sun Factors: 

• Lower Lounge: 2.51 
• Computer Lounge: 1.60 

Radiant Floor Analysis 

Lower Lounge Glass Façade Lower Lounge (S100C) 

Computer Lounge (S100D) 
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Adjusted Calculations 
• Radiant floor: approx. 15,000 ft² total 

Radiant Floor Analysis 

• Radiant Floor: 

   Meets 100% of 

   Sensible Load 

   for both Heating 

   and Cooling 
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DOAS System 
• Need to meet: 

• Latent Load 
• Use Heat Exchanger  
   and Enthalpy Wheel  

• Ventilation 
• Maintain existing 
   ventilation CFM 

 

TOTAL UTILITY SAVINGS: 
• Slight decrease in yearly  
   mechanical operating cost 
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Goals 
• Study potential use of exhaust-driven “natural” ventilation 
 
• Use Computational Fluid Dynamics (CFD) software 

• PHOENICS VR 2009 
 
• Analyze natural airflow 

• Velocity 
• Temperature 
 

• Compliance with ASHRAE Standard 55 
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CFD Model 
• Weather Data for Philadelphia, PA 
 
• Domain Mesh Refinement 
 
• Turbulence Model: k-ԑ 
 
• Numerical Differencing  
   Scheme: Hybrid 

Natural Ventilation Presentation Outline 
 

• Introduction 
• Radiant Floor Analysis 
• Natural Ventilation Analysis 

• Objectives 
• CFD Model 
• CFD Results 

• Acoustical Breadth 
• Construction Management Breadth 
• Conclusion 
• Acknowledgements 
• Questions 
 

 



CFD Results 
 Compliance with ASHRAE Standard 55 

• Section 5.2.4.2 – Draft 
 
• Section 5.2.4.3 – Vertical ΔT 
 
 
 
 

 

• Natural Ventilation feasible 
   to increase energy efficiency 
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•  Reverberation: Floor finish change in Lounge spaces 
 

• Old flooring: Carpet  (α = 0.3425)  
• New flooring: Porcelain Tile (α = 0.01625) 

 
• Computer Lounge: 3,615.08 SF 
  
 
 

• Lower Lounge: 1,213.38 SF 
 

Acoustical Breadth Analysis •  Mechanical Noise: Reduction of terminal units 
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•  Construction Implications of Radiant Floor 
 
• Cost 

• Greater upfront cost 
• $30,000 capital cost of alternative 

 
• Schedule 

• Construction duration 
• 1 month increase 

• Complex radiant floor installation 
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• Life-Cycle Cost for 30 years 
• $19,073.15 

Cost Calculations 
•  Simple Payback 

• Profit after 18 years 
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• Implementation of Radiant Floor and DOAS Systems: 
 
• $1,973 Yearly Savings 
• $30,128 Capital Investment 
• 18-year Payback Period 
 

• Potential improvement through Natural Ventilation 
 
• Overall Alternative Design 

• Improves Energy Efficiency 
• Maintains and Increase Occupant Comfort 
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