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Appendices 

 

 

Included in this section are 

 

Appendix A 

Building Overview 

 

Appendix B 

Alternative Mechanical Designs 

 

Appendix C 

Integration of Structural System and Constructability 
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Appendix A—Building Overview 

 

1.   McQuay Self-Contained Packaged DX Air Handling Unit with Economizer Coil. 

2.  Sample Space and Coil Loads for Space FL-1 NE System 1—VAV-DX/Electric. 
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1.  McQuay Self-Contained Packaged DX Air Handling Unit with Economizer Coil. 
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Appendix 2.  Sample Space and Coil Loads for Space FL-1 NE System 1—VAV-DX/Electric. 

The internal loads of the heating coil show a positive value which means the space 

needs cooling even in the winter.  The envelope heating loads are negative which 

means the parallel fan powered box will be activated to supply warm are to that 

space. 
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Appendix B—Alternative Mechanical Designs 

 

1.   DOAS Analysis. 

2.   Supply Air Requirements for VAV System. 

3.   Mixed Air Conditions. 

4.   McQuay Air Handling Unit Example Selection Procedure. 

5.   Mixed Air Dry and Wet Bulb Temperatures. 

6.   SEMCO Air Handling Unit Example Selection Procedure. 

7.   Radiant Panel Optimization. 

8.   System Calcs. 

9.   Energy Consumption per System. 

10.   Energy Rates. 

11.   Yearly Operating Cost. 

12.   Emissions Generated per System. 

13.   Floor 4 Systems Analysis Energy Consumption Results. 

14.  Chilled Water Distribution Schematic—DOAS/Radiant, System 5. 
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1.  DOAS Analysis. 

The following figures and tables show the difference in required cooling capacity for 

the three difference configurations of a DOAS air handling unit. 

1. With Enthalpy Wheel and Sensible Wheel. 

2. With Enthalpy Wheel. 

3. Without Heat Recovery. 

 

 

Figure D1.  DOAS AHU with Enthalpy Wheel and Sensible Wheel. 

 

 

Figure D2.  DOAS AHU with Enthalpy Wheel. 

 

 

Figure D3.  DOAS AHU without Heat Recovery. 
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With Enthalpy Wheel and Sensible Wheel. 
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With Enthalpy Wheel. 
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Without Heat Recovery. 
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2.  Supply Air Requirements for VAV System. 

Based on the calculation procedure in the body of this report, the following airflows 

were found. 
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3.  Mixed Air Conditions. 

For the DOAS/VAV application, the outdoor air is mixed with the VAV supply air after 

both are conditioned separately.  The temperature of the mixed air had to be 

calculated to check if it is within an acceptable range.  Supplying air between 54F 

and 56F is acceptable. 

 

Table E1. DOAS/VAV Summer Mixed Air Conditions. 
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Table E2. DOAS/VAV Winter Mixed Air Conditions. 
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4.  McQuay Air Handling Unit Example Selection Procedure. 

 

This example is for the FL-1 NE VAV air handling unit in the DOAS/VAV system. 

1. Find Maximum Face Area 

Supply Air Quantity = 25200CFM 

Maximum Face Area = Supply Air Quantity/Maximum Face Velocity 

= 25200CFM/500FPM = 50.4SF 

*Check SWP080 with Face Area of 51.1SF 

2. Find CFM Correction Factor 

CFM Correction Factor = Supply Air Quantity/Nominal CFM 

= 25200CFM/30660CFM = 0.82 

3A. DX Coil Selection 

DX Cooling Capacity Correction Factors 

   Total Heat = 0.968+((0.82-0.8)*100)*0.0006 = 0.969 

   Sensible Heat = 0.9+((0.82-0.8)*100)*0.005 = 0.911 

  Capacity Required by Space = 562.370MBH [Thousand Btu/h] 

   Total Capacity Required by Coil = 562.370/0.969 = 580.36MBH 

   Total Sensible Capacity Required by Coil =562.370/0.911 =617.31MBH 

Total Capacity Available from SWP080F = 907MBH 

  Sensible Capacity Available from SWP080F = 708MBH 

  *Both are capacities are greater than what is required, SWP080F is ok! 

  SWP080F:  80F EDB, 67F EWB, 85F EWT, 56.8 LDB, 56.7 LWB, 214GPM 

 

3B. Cooling Coil Selection 

For the chilled water application, the chilled water coils were selected using 

Carrier’s Air Handling Unit Builder.  A typical coil was sized for each unit 

based on the average supply air quantity (32750CFM), total and sensible 

cooling capacity (668Mbh/648Mbh).  A 4 row, 8 fin per inch coil was chosen 

with 45F EWT, 55F LWT, 782 SMbh, 691 TMbh, 5.6’ P.D., and 156GPM. 
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4. Find Condenser Flow Rate 

Condenser Flow Rate = 214GPM*Total Heat Correction Factor 

= 214GPM*0.969 = 207GPM 

5. Economizer Coil Selection 

  Economizer Cooling Capacity Correction Factors 

Total Heat = 0.92+((0.82-0.8)*100)*0.004 = 0.929 

Sensible Heat = 0.87+((0.82-0.8)*100)*0.006 = 0.883 

  Capacity Required by Space = 562.370MBH 

   Total Capacity Required by Coil = 562.370*0.929 = 494MBH 

   Total Sensible Capacity Required by Coil = 562.370*0.883 = 469MBH 

  Economizer Flow Rate = Condenser Flow Rate = 207GPM 

Total Capacity Available from SWP080F = 592MBH 

Sensible Capacity Available from SWP080F = 558MBH 

  *Both are capacities are greater than what is required, SWP080F is ok! 

  SWP080F:  55F EWT, 80F EDB, 67F EWB, 61.8F LDB, 60.5F LWB, 61.0F LWT 

6A. Electric Heating Coil Capacity 

68KW, 232MBH 

6B. Hot Water Coil Capacity 

  1058MBH, 155.8F LWT, 100.0F LDB, 90GPM 

7A. Fan/Motor Selection with Electric Heating Coil 

  Internal Static Pressure [ISP] 

   Filter:   0.251625 inches water gage [in wg] 

   Economizer:  0.413250 in wg 

   DX coil:  0.778750 in wg 

   Discharge Plenum: 0.461000 in wg 

  ISP = 0.251625 + 0.413250 + 0.778750 + 0.461000 = 1.904625 in wg 

  External Static Pressure [ESP] 

   Supply Duct:  1.00 in wg 

  EXP = 1.00 in wg 

  Total Static Pressure = ISP + ESP = 2.904625 in wg 

  *A 25HP airfoil fan is chosen 
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7B. Fan/Motor Selection with Hot Water Coil 

  Internal Static Pressure [ISP] 

   Filter:   0.251625 inches water gage [in wg] 

   Economizer:  0.413250 in wg 

   Cooling Coil:  0.778750 in wg 

   HW coil:  0.147750 in wg 

   Discharge Plenum: 0.461000 in wg 

  ISP  = 0.251625 + 0.413250 + 0.778750 + 0.147750 + 0.461000  

= 2.052375 in wg 

  External Static Pressure [ESP] 

   Supply Duct:  1.00 in wg 

  EXP  = 1.00 in wg 

  Total Static Pressure = ISP + ESP = 3.052375 in wg 

  *A 25HP airfoil fan is chosen 

8. Unit Size and Weight 

  Size: 144L x 84W x 88H (in inches) 

  Weight: 

   Basic Unit:   4021 lbs 

   Filter:    96 lbs 

Evaporator Coil:  755 lbs 

Economizer Coil:  723 lbs 

Economizer Water Weight: 203 lbs 

Electric Heating Coil:  40 lbs 

Supply Fan Motor:  366 lbs 

Discharge Plenum:  1003 lbs 

Compressor/Condenser: 1684 lbs 

Variable Frequency Drive: 100 lbs 

*Total    8991 lbs 
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5.  Mixed Air Dry and Wet Bulb Temperatures. 

When using Carrier’s Air Handling Unit Builder, the entering air dry and wet bulb 

temperatures are required to size a cooling coil.  This table shows the mixed air 

conditions entering the VAV unit for conditioning. 
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6.  SEMCO Air Handling Unit Example Selection Procedure. 

 

This example is for the North DOAS air handling unit. 

1. Select Unit Based on Supply Air Quantity 

  Supply Air Quantity = 14400CFM 

  *Choose EP-24 with a minimum 11000CFM and maximum 18000CFM 

2. Select Unit Configuration 

In addition to the cooling/dehumidification done by the enthalpy wheel in the 

summer, additional cooling will be needed to obtain the required supply 

temperature. 

In addition to the heating/humidification done by the enthalpy wheel in the 

winter, the outdoor air will need additional heating. 

*Choose EPCH-24 with a cooling and heating coil 

3. Determine Total Static Pressure for Supply Side 

  Internal Static Pressure [ISP] 

OA Opening: 0.085 in wg 

   SA Opening: 0.085 in wg 

   Damper: 0.094 in wg 

   OA Filter: 0.434 in wg 

   Wheel:  0.569 in wg 

   CHW Coil: 0.564 in wg 

HW Coil: 0.095 in wg 

Casing: 0.300 in wg 

Total:   2.226 in wg 

  External Static Pressure [ESP] 

   Supply Duct: 1.000 in wg 

  *Total Static Pressure = ISP + ESP = 3.226 in wg 

4. Determine Total Static Pressure for Return Side 

  Internal Static Pressure [ISP] 

EA Opening: 0.254 in wg 

   RA Opening: 0.254 in wg 
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   Damper: 0.094 in wg 

   RA Filter: 0.534 in wg 

   Wheel:  0.569 in wg 

Casing: 0.300 in wg 

Total:   2.005 in wg 

  External Static Pressure [ESP] 

   Supply Duct: 0.500 in wg 

  *Total Static Pressure = ISP + ESP = 2.505 in wg 

5. Determine Total Supply Air Volume 

  Purge/Seal Air Volume = 1735CFM 

  *Total Supply Air Volume = 14400CFM + 1735CFM = 16135CFM 

6. Determine Motor Horsepower 

  Supply Motor:  13.4HP 

  Return Motor:  10.8HP 

  *Choose 15HP motors for both the supply fan and return fan 

7. Base Wheel Effectiveness: 80.6% 

8. Unit Size and Weight 

  Size:  262L x 122W x 110H (in inches) 

  Weight: 8450 lbs 
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7.  Radiant Panel Optimization. 

The supply water temperature had to be supplied at a higher temperature than the 

room dew point temperature.   

 

Table J1.  Supply Water Temperature Analysis. 

 

 

A flow rate of 1GPM can have 17 panels on one circuit, will have 6.8’ pressure drop 

per circuit, will absorb 5000Btu/hr, and will require 841GPM total flow.  These results 

are only for floors 1 and 2. 

 

Table J2.  Flow Optimization. 
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8.  System Calculations. 

 Calculations were documented for each system.  The VAV only case is in Appendix E. 

 

DOAS/VAV Summer Calcs—Floors 1 and 2 
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DOAS/VAV Winter Calcs—Floors 1 and 2 
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DOAS/Radiant Summer Calcs—Floors 1 and 2 
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9.  Energy Consumption per System. 

Values were taken from TRACE based on the energy consumption of each modeled 

system. 
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10.  Energy Rates. 

The energy rates were based on PECO rates from 03/31/06. 
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11.  Yearly Operating Cost. 

The yearly operating cost for each system was based on the PECO energy rates as of 

03/31/06 in the previous Appendix. 

 

 

 

 



 
The School District of Philadelphia Administration Headquarters 

Shell and Core Renovations 

440 North Broad Street 

Philadelphia, PA 

 

Jayme Antolik Senior Thesis 

Mechanical Option   2006 

95 
 

 

 

 

 

 

 

 



 
The School District of Philadelphia Administration Headquarters 

Shell and Core Renovations 

440 North Broad Street 

Philadelphia, PA 

 

Jayme Antolik Senior Thesis 

Mechanical Option   2006 

96 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
The School District of Philadelphia Administration Headquarters 

Shell and Core Renovations 

440 North Broad Street 

Philadelphia, PA 

 

Jayme Antolik Senior Thesis 

Mechanical Option   2006 

97 
 

12.  Emissions Generated per System. 

 These emission rates were calculated based on Exelon’s 2004 generation fuel mix. 
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13.  Floor 4 Systems Analysis Energy Consumption Results. 

Floor 4’s energy usage using combinations of a centrifugal chiller, an economizer, 

and a boiler. 
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14.  Chilled Water Distribution Schematic—DOAS/Radiant, System 5. 

Chilled water is pumped through primary pumps directly from the chiller to 

secondary pumps that maintain the flow throughout the radiant panels. 
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Appendix C—Integration of Structural System and Constructability 

 

1.   Gravity Beam Design. 

2.  Gravity Column Design. 

3.   Primavera Ductwork Schedule. 
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1.  Gravity Beam Design 
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2.0  Gravity Column Design 
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3.  Primavera Ductwork Schedule. 

 


