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Executive Summary 

One alternative was considered in this analysis because all the changes made were linked to 

one another and depended upon the previous change of work.  In this analysis, the existing 

mechanical system in Hunter’s Point South School was compared against the institution of a 

dedicated outdoor air system with fan-powered inductions units for the terminals.  With the 

changes made to this DOAS/FPIU design, a secondary chilled water loop was created to 

distribute a higher temperature chilled water to the FPIU’s cooling coils.  Total energy recovery 

wheels were used in both DOAS’s to recover energy from the room exhaust air.  Lastly, with the 

clearing of roof space a 68.99 kW photovoltaic solar system was installed on the roof.  It was 

found that minor structural upgrades would have to be made to strengthen the roof deck/slab 

and girders under the solar array. 

In comparing the costs, it was found that the new alternative would save $1,273,311 in upfront 

mechanical cost.  This is more than enough to front the costs for the photovoltaic solar array 

and structural upgrades.  When throwing these two items in, the new alternative saved 

$958,143 in initial costs.  The new alternative also managed to save on electricity and natural 

gas usage.  Electricity usage was reduced by 7% and natural gas by 41%.  This led to a decrease 

in total energy costs of 13%.  The natural gas had a huge decrease in use due to the addition of 

the total energy recovery wheels in the DOAS’s being used to preheat the OA during the winter 

months.  The wheels were able heat the OA so much that preheat coils were not needed in the 

DOAS’s except as a backup for safety.  With the energy and upfront savings, a 25 year life cycle-

cost analysis was performed.  Bringing both the costs back to a net present value found that the 

new proposed designs would save $2,018,185 over the existing design. 

With the changing of the terminal units and air distribution to the rooms, a computational fluid 

dynamics (CFD) study was performed on a common classroom.  This was done to determine if 

the new system’s air distribution to the space would create a thermally comfortable and draft 

free environment for the students during the winter design peak.  The current variable air 

volume box design was also tested for full flow and 30% turndown.  The analysis focused on the 

area of the room occupied by the students because this was felt to be the most critical zone.  In 

the new FPIU layout, it was found that the room had a uniform temperature gradient right at 

the setpoint temperature of 72°F with no drafts being caused in the student section.  The two 

VAV layouts produced problematic results.  It was found that the space was being overheated 

in both scenarios and a huge draft problem occurred in the 30% turndown case.  From the 

results of the CFD analysis, it was determined that the new FPIU layout would create a 

thermally comfortably, draft-free environment for the occupants. 
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A big objective of the redesign of the mechanical system was to create a more sustainable, 

green building with increased comfort control.  Temperature control of rooms will be greatly 

increased because the FPIU’s allow for extra heating and cooling to be accomplished at each 

space.  The new FPIU system will provide each room with the correct amount of ventilation air, 

something that is problematic when VAV boxes are turned down.  The emissions of the new 

design reduced greatly.  There was a 16% reduction in CO2 equivalent.  The photovoltaic solar 

array will produce emission free electricity for years.  It can also serve as an educational 

function for students in teaching green technologies.  Through all the changes proposed to 

Hunter’s Point South School, a new cheaper, healthier schoolhouse will be created. 
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Building Overview 

Hunter’s Point South Intermediate School & High School is a public school for grades 5 through 

12 serving the PS 287 Queens School district.  Hunters Point is a five story school that will house 

over 1,000 students.  It consists of 26 classrooms, 8 special education classrooms, library, gym, 

assembly space, cafeteria with open terrace seating, kitchen, and support spaces.  The building 

is a part of the Hunter’s Point South Project, a redevelopment of the 30 acre Queens area to 

become a more sustainable, middle income urban community along the waterfront park.  This 

redevelopment in Queens also includes residential housing, apartments, retail space, 

community/cultural facilities, parking, and a new 11 acre waterfront park.  

 

Mechanical System Overview 

Conditioned air is served to Hunter’s Point South Intermediate School & High School via the six 

rooftop air handling units.  Units 1, 2, and 3 are variable air volume (VAV) systems that service 

the classrooms, offices, corridors, and non-public spaces.  Units 4, 5, and 6 are constant air 

volume (CAV) systems that serve the gymnasium, cafeteria/kitchen, and auditorium, 

respectively.  All air handling units have variable frequency drives, wrap around heat pipes for 

dehumidification, and economizer controls.  Preheat coils in the AHU’s use a 35% propylene 

glycol – water mixture while the cooling coil utilizes a 30% propylene glycol – water mixture.  

This heat-transfer fluid has low toxicity and volatility.  It poses little harm to humans in case of a 

leak. 

Four natural gas fired, condensing boilers are used for Hunter’s Point South School’s heating 

needs.  These boilers are located in the mechanical penthouse’s boiler room.  Each boiler can 

produce 1860 MBH worth of 35% propylene glycol – water mixture which is used for the AHU’s, 

perimeter fin tube radiators, unit heaters, and cabinet heaters.  All heating hot water and 

secondary pumps are located in the boiler room along with the hot and chilled water expansion 

tanks.  Two 276 ton air cooled chillers with scroll compressors are also located on the roof.  A 

30% propylene glycol – water mixture is cooled by the R-410a refrigerant which is used for the 

AHU’s cooling coils.     

Cabinet and unit heaters are used to heat the building’s entrances, locker rooms/showers, and 

stairwells.  Split heat pumps are utilized in the telecom rooms on each floor, food storage, and 

elevator machine room.  The outdoor section of each heat pump is located on the roof.  Fin 

tubed radiators are used along the perimeter walls to heat the space in conjunction with AHU’s.  

Upblast and mushroom fans are located on the roof where they exhaust air from the science 

lab’s fume hoods and kitchen. 
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Design Objectives, Requirements, and Conditions 

Hunter’s Point South School is a schoolhouse for grades 5 through 12 which is located in 
Queens, New York.  It is part of the Hunter’s Point South Project which is a process to redevelop 
the 30 acre area in Queens to become a more sustainable, middle income urban community.  
Hunter’s Point South School’s architecture as well as building maintenance was designed with 
this idea in mind.  The school is also held to the requirements of the New York City Green 
School Guide which further reinforces the strive for a green, efficient building.    

The classrooms house a large number of occupants which consumes a huge amount of energy.  
Since the classrooms have a fluctuating number of occupants throughout the day, it would be 
costly and inefficient to run the rooms at full load all day for ventilation and lighting.  This was 
considered in the design so to help reduce energy consumption, VAV boxes were used to vary 
the flow of conditioned air to the spaces.  Occupancy sensors for lighting control were also 
included to save electricity.   

Hazardous chemicals are used in the laboratories and science classrooms.  This inherent 
concern was accounted for in the design phase.  Fume hoods with exhaust fans are used to help 
flush out potentially harmful chemicals.  Strict standards were imposed on the quality of duct 
used for the chemical exhaust and the inside of the ducts are negatively pressurized to prevent 
leakage of the chemical exhaust to surrounding spaces. 

Hunter’s Point South School was commissioned under the New York City Board of Education.   
All new schoolhouses in New York City must abide by the New York City Green School Guide.  
The NYC Green School Guide is a document that outlines standards that new schools must 
follow.  The standards outlined are geared towards making these new schoolhouses more 
energy efficient and sustainable.  Since Hunter’s Point South School must follow this, no 
emphasis was put forth to go for LEED certification (even though the NYC Green School Guide is 
fairly similar to the USGBC’s LEED rating system).   

The NYC Board of Education has commissioned many school houses as well as created ties with 
power companies in the area.  This has led to beneficial relations between the board and power 
companies.  Hunter’s Point South School receives their electricity from the New York Power 
Authority (NYPA).  The rates for energy prices can be seen below in Table 1 for Hunter’s Point 
South School. 

 

 

 

 

 

Table 1 – Energy Prices 
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Hunter’s Point South School is located in Long Island City, New York in the Queens borough.  It 
sits in the Mixed-Humid Climate Zone according to ASHRAE Standard 90.1 and has roughly 
5,400 heating degree days or fewer.  Below in Table 2 are the outdoor design conditions for the 
school. 

 

 

 

Table 2 – Outdoor Design Air Conditions 

Table 3 below shows the room design conditions for the spaces in Hunter’s Point South School. 

 

 

Table 3 – Indoor Design Conditions 

 

Design Ventilation 

Appendix C contains the excel spreadsheets of each air handler’s results for minimum outdoor 
air intake using the calculations from ASHRAE Standard 62.1-2007 Section 6 for ventilation.  For 
AHU’s 4, 5, and 6, the minimum ventilation supplied to each room is contrasted against the 
design condition.  The NYC Green Schools Guide requires all new schools, such as Hunter’s Point 
South Intermediate School & High School, to be designed to use above 30% minimum 
ventilation air calculated in ASHRAE Standard 62.1.  This is outlined in Q1.1R Minimum IAQ 
Performance/Increased Ventilation in the NYC Green Schools Guide.  Compliance with this 
increase in air has also been added to the analysis and can be seen Table 4 below.   

 

 

 

 

 

 

Table 4 – Air Handling Units’ Section 6 of ASHRAE Standard 62.1 Compliance 

Since Hunter’s Point South School is located in Queens, New York ventilation requirements 

must be checked against both the ASHRAE Standard 62.1-2007 Section 6 and the New York 
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State Mechanical Code 2007 using values from Section MC 403.  The zone primary outdoor air 

fraction (Zp) values found using the NYS Mechanical Code are slightly higher than the ASHRAE 

ones.  However, these values are not shown because they are irrelevant in the end. They are 

irrelevant because the above 30% outside air calculated from ASHRAE Standard 62.1 dominates 

the New York State Mechanical Code values.  This 30% increase makes the ASHRAE required 

outside air the driving factor in this comparison. 

 

Design Building Load Estimates 

To evaluate the heating and cooling loads of Hunter’s Point South School, Trane TRACE 700 was 

used.  The results generated can be seen below in Table 5. 

 

 

 

 

 

 

Table 5 – TRACE Loads 

Load calculations were also provided by the design engineer for comparison.  This can be seen 

below in Table 6.  For this project, the design loads calculated in TRACE were used. 

 

 

 

 

 

Table 6 – Designer’s Load Calculations 
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Electricity 

Electricity

Design Energy Usage 

The energy usage for Hunter’s Point South School was found by doing an energy model in Trane 

TRACE 700.  It was calculated that the current design uses 1,614,418 kWh per year and 42,285 

therms of natural gas a year.  This equates to a total energy bill of $371,941 dollars a year 

($304,739 electric and $65,202 natural gas).  A comparison between the designer engineer’s 

values and the ones calculated in TRACE can be seen below in Table 7. 

 

 

 

 

Table 7 – Energy Usage TRACE vs. Design Engineer 

The energy cost found using TRACE is much higher for electricity.  This would come down some 

if the occupancy sensors for lighting were able to be modeled in TRACE.  Even though the 

TRACE values are much different than the design engineer’s numbers, the values found in the 

TRACE model were used for comparison later on with the proposed design changes because 

both use the same basic TRACE model. 

The energy usage of the school can be seen broken down month by month for electricity in 

Figure 1 and natural gas in Figure 2.   

 

 

 

 

 

 

 

 

Figure 1 – Electricity Usage by Month 
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Figure 2 – Natural Gas Usage by Month 

The energy consumption breakdown for Hunter’s Point South School can be seen below in 

Figure 3. 

 

 

 

 

 

 

 

 

 

 

Figure 3 – Energy Usage Breakdown of Existing Building 
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Emissions 

The emissions created by electricity, on site combustion, and transportation for fuel to the 

building can be seen below in Tables 8 through 10 for the current design of Hunter’s Point 

South School. 

 

 

 

 

 

 

 

Table 8 – Base Building Electricity Emissions 

 

 

 

 

 

 

 

Table 9 – Base Building Emissions On-Site Combustion 

 



Britt Kern Hunter’s Point South Intermediate School & High School 

 

| 4/4/12 | Mechanical Option | Adviser: Dr. Stephen Treado | Final Thesis Report 16 

 

 

 

 

 

 

 

 

 

 

Table 10 – Base Building Emissions Fuel Transportation 

The total pollutants generated in a year by the school can be seen in Table 11 below and Figure 

4. 

 

 

 

 

 

 

 

 

 

Table 11 – Total Emissions 
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Figure 4 – Total Emissions 

 

Mechanical Equipment Summary 

The mechanical systems in Hunter’s Point South School are primarily located on the roof.  Two 
air cooled chillers and six air handling units are located here along with the outdoor sections of 
each of the heat pumps and many of the exhaust fans.  The mechanical penthouse on the roof 
houses the four condensing boilers along with their pumps and the expansion tanks.  The 
emergency generator is also located in a room in the penthouse.  The roof space is mainly used 
for the mechanical equipment because no basement exists for Hunter’s Point South School.  
Due to direct exposure to the elements on the roof, a propylene glycol – water mixture has 
been used instead of water to prevent freezing in the pipes and coils.  Below in Tables 12 
through 15 is the breakdown of information for the boilers, chillers, heat pumps, and exhaust 
fans, respectively. 

 

 

 

 

Table 12 – Boiler Schedule 
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Table 13 – Chiller Schedule 

 

 

 

 

 

 

Table 14 – Heat Pump Schedule 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 15 – Exhaust Fan Schedule 
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AHU-1, AHU-2, and AHU-3 are all part of a variable air volume system.  VAV boxes are used to 
manage the flow of air to the spaces served by these air handlers in an attempt to save energy 
costs.  Each air handler (AHU-1 through 6) has variable frequency drives, wrap around heat 
pipes for dehumidification, and the ability to run in economizer mode.  Temperature drops 
across the heating coils and heating terminal units is 20°F.  The cooling coils in the air handlers 
have a 10°F temperature drop across them.  Table 16 below shows the AHU’s breakdown.  

 

 

 

 

 

 

Table 16 – Air Handler Unit Schedule 

Information for the pumps used in Hunter’s Point South School can be seen below in Table 17.  

Note that pumps P-1, P-2, and P-3 distribute a 35% propylene glycol water mixture while P-4 

through P-6 distribute a 30% propylene glycol water mixture.  FOP-1 and FOP-2 both pump fuel 

oil for the emergency generator. 

 

 

 

 

 

 

 

Table 17 – Pump Schedule 

 

Mechanical Equipment First Cost 

The total cost of the mechanical equipment for Hunter’s Point South School is $7,750,000.  This 

equates to $50.40 per square foot of the building.  The price includes furnish and installation of 
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all the outlined equipment.  Table 18 below has a breakdown of the cost for the different 

mechanical systems.  To further clarify what each system encompasses, read below the table. 

 

 

 

 

 

 

 

 

 

 

 

 

Table 18 – Mechanical Cost Breakdown 

 The Boilers cost includes the chemical treatment as well as the boilers.   

 The HVAC Piping includes all piping for the HVAC equipment.  This includes piping to and 

from the equipment, anchors/guides, and insulation.  The plumbing piping is not 

included in this number.   

 Ducts cost include insulation, silencers, and all supply and return duct runs.  

 The HVAC Controls include all the controls needed to run the different mechanical 

equipment and systems.  Pressure valves are also included here. 

 Fans include the 12 rooftop and 10 in-line exhaust fans.  The fans in the AHU’s and 

chillers’ condensers are not included here, rather in their respective tab. 

 The Emergency Generator/Fuel Oil includes all costs associated with this system.  This 

includes piping, controls, pump set, tank, generator, and ducts. 

 Miscellaneous includes the cost of the seismic restraint, hot water pumps’ inertia pads, 

and the hot and cold make up water. 



Britt Kern Hunter’s Point South Intermediate School & High School 

 

| 4/4/12 | Mechanical Option | Adviser: Dr. Stephen Treado | Final Thesis Report 21 

 

 Overhead includes the cost of the site project supervisor, project management, 

commissioning/punch lists, shop drawings, and submittals. 

 

Lost Usable Space 

Mechanical equipment as well as duct runs require floor space and detract from the overall 
usable building area.  Below in Table 19 is a breakdown of the floor space used by the 
mechanical equipment.   

The Fuel Oil Room feeds the emergency generator and the Gas Room supplies the boilers with 
natural gas.  Space is lost on each floor from ducts that run between floors.  This lost area is 
found under the “Shafts” breakdown.  The “Penthouse” is located on the roof and includes the 
emergency generator, boiler, and mechanical storage rooms.  Pumps and expansion tanks are 
located in the Boiler Room.  “Penthouse” area is not included in the overall lost usable space 
because it is not considered usable space.  This information was included to reflect how much 
actual space the mechanical systems occupy.  Furthermore, lost usable space is saved by the air 
handlers and chillers being located on the roof.  Hunter’s Point South School has no basement. 

The floor area lost to electrical and plumbing systems is not included in this breakdown.  
Further floor area is lost to these two systems. 

 

 

 

 

 

 

 

Table 19 – Lost Usable Space 

 

System Operations and Schematics 

Air Side 

AHU’s 1, 2, and 3 
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Below in Figure 5 is a schematic for a typical VAV AHU (AHU 1, 2, or 3) as well as a terminal VAV 

box.  This AHU serves the classrooms, offices, corridors, and non-public areas with the 

necessary heating, cooling and ventilation needed.  The return fan and supply fan are both 

equipped with variable frequency drives (VFD) so air can be modulated to the spaces or from 

them depending upon the needs.  The minimum outside damper is opened whenever the AHU 

is in use.  All AHU’s have the ability to run in economizer mode so the controls operating the 

damper motors of the minimum outside air, maximum outside air, and exhaust air dampers are 

all linked together.  As much as 100% outside air can be supplied.  A temperature sensor (TS) 

and humidity sensor (HS) measure the return air conditions.  A TS and HS are also located 

outside the AHU to measure the outdoor conditions.  The readings from the return air sensors 

and outdoor air sensors work in conjunction with the space requirements to run the 

economizer mode which modulates the dampers.  Both the heating coil and cooling coils use 

two way valves to modulate the amount of the propylene glycol – water mixture flow.  The 

heating coil performs the function of a preheat coil as well as having the ability to serve as a 

regular heating coil.   

The dehumidification of the supply air is accomplished by the wrap-around heat pipes (which 

wraps around the cooling coil). A precool heat pipe is upstream of the cooling coil while a 

reheat heat pipe is downstream.  The precool heat pipe brings the warm air temperature down 

bringing it closer to its dew point.  Dehumidification can then occur across the cooling coil and 

the reheat heat pipe then brings the supply air back up to its appropriate temperature.  A 

solenoid control valve is used to modulate the flow through the heat pipes which is controlled 

by the outdoor and return humidity sensors.  Finally a pressure sensor on the return and supply 

side checks to make sure the pressure is balanced.  If the pressure is off, the fans will vary flow 

to remedy this.    

 

 

 

 

 

 

Figure 5 – VAV AHU and VAV Box Schematic 
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The VAV box modulates based upon the space’s need.  The controller is run by the thermostat 

in the room and controls the damper motor and hot water supply to the fin tube radiators.  

Each VAV box has a minimum turndown so each space will still receive minimum ventilation. 

AHU’s 4, 5, and 6 

AHU’s 4, 5, and 6 are constant air volume systems.  These AHU’s serve the gymnasium, 

cafeteria/kitchen, and auditorium, respectively.  Each fan motor in the AHU’s has a VFD and the 

ability to run in economizer mode.  A VFD is provided on the fans to ensure that the proper 

CFM will be maintained when the filters get dirty.  A schematic for AHU 4, 5, or 6 can be seen 

below in Figure 6.  Essentially the AHU’s work like the VAV AHU’s above except that there are 

no VAV terminal boxes and a constant volume of air is supplied.    

 

 

 

 

Figure 6 – CAV AHU 

 

Water Side 

Chilled Water System 

The chilled water system is composed of two packaged air-cooled water chillers in parallel that 

serve the cooling coils of the AHU’s.  This system can be seen below in Figure 7.  The chilled 

water loop is a primary-only variable flow design.  The flow thorough the chillers’ evaporators 

shall vary with the load.  The bypass valve is used to maintain the minimum flow through the 

chillers’ evaporators (when they are on).  The flow to the terminal loads vary depending upon 

the amount of gpm required. The chilled propylene glycol – water mixture is supplied at a 

temperature of 44.4°F and sent to the AHU’s cooling coils.  The return temperature is designed 

to be 54°F, giving an approximate ΔT of 10°F for cooling.  The chilled propylene glycol – water 

mixture supplied from the chillers can bypass the cooling coils through the low flow bypass.  

This bypass is controlled by a differential pressure sensor across it.  When the load at the 

terminals can no longer be met by one chiller, the second chiller will modulate on as well as the 

pump.  An air separator and expansion tank are located on the return side of the chilled water.  
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Temperature sensors are located on the upstream and downstream of the chillers to determine 

the loads needed to be produced by the evaporators and that the chillers are operating 

properly.  A flow sensor (GPM in schematic) is used to measure flow from the chillers and to 

check that the system is functioning properly. 

 

 

 

 

 

 

 

 

 

 

 

Figure 7 – Chilled Water System 

Hot Water System 

Natural gas is piped in through the gas meter in the Gas Room on the first floor.  It is then piped 

up through the building to the boilers in the mechanical penthouse.  The boilers, air separator, 

expansion tank, and pumps for the hot water system are all located in the mechanical 

penthouse.  The four natural gas fired, condensing boilers can produce 1860 MBH each of 35% 

propylene glycol – water mixture. The three hot water circulating pumps have variable 

frequency drives (one pump is used for standby).  The pumping system is variable primary flow 

with a bypass line.  The bypass line is controlled by a differential pressure sensor.  The hot 

propylene glycol – water mixture is supplied at 140°F to the AHU’s heating coils, fin tube 

radiators, cabinet heaters, and unit heaters.  The solution is returned at 120°F giving a ΔT of 

20°F for heating.  Check valves control flow through the boilers and pumps.  An air separator 

and expansion tank are located on the supply side.  The hot water system can be seen below in 

Figure 8. 
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Figure 8 – Hot Water System 
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ASHRAE Standard 62.1-2007 Analysis 

Section 5 Analysis 

5.1 Natural Ventilation 

Perimeter rooms have manually operable windows but the building spaces are mechanically 
ventilated.  Natural ventilation is not used. 

 

5.2 Ventilation Air Distribution 

Hunter’s Point South Intermediate School & High School was designed to comply with Q 1.1R 
Minimum IAQ Performance/Increased Ventilation from the NYCSA’s Green School Guide.  It 
meets minimum ventilation standards set forth in Section 6 of ASHRAE Standard 62.1-2007.  

 

5.3 Exhaust Duct Location 

Fume hoods/acid cabinets located in the science classrooms and kitchen hoods each have their 
own separate ducting for exhaust.  The main bathrooms and some locker rooms share common 
exhaust ducting.  All exhaust ducts are negatively pressured to the surrounding spaces to 
prevent leaks. 

 

5.4 Ventilation System Controls 

All six air handling units have two intake dampers for outside air.  One is dedicated for 
minimum outside air while the other is modulated to help reduce energy costs.  Variable air 
volume boxes have minimum turn down for dampers so airflow into the spaces complies with 
minimum outside air from Section 6 of ASHRAE Standard. 62.1-2007. 

 

5.5 Airstream Surfaces 

Duct work is made from sheet metal; aluminum, galvanized steel, and stainless steel with metal 
fasteners.  Therefore duct work complies with the mold growth and erosion resistance outlined 
in this section.  Fiberglass lining for ducts is in compliance with ASTM C1338 (to prevent mold) 
and UL 181 (to resist erosion).  Flexible ducts are made from spiral-wound steel or corrugated 
aluminum and comply with UL 181. 

 

5.6 Outdoor Air Intakes 

All outdoor air intakes for AHU’s are over 30 feet away from lab fume hood exhaust vents.  
AHU’s have intake and exhaust outlets on opposite sides, each of which have stormproof 
louvers or hoods to prevent entrainment of rainwater and an aluminum bird screen.  Access 
doors to AHU’s are easily accessible and have as much as an eight foot clearance around them.  
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The only questionable aspect to the compliance for Hunter’s Point South School to this section 
is a shaft smoke vent which is located eight feet from AHU-2’s intake.  If AHU-2 is designed to 
turn off in the event of a fire, then the school is in compliance.  However, no information could 
be found on the controls logistics that would incur during a fire for AHU-2’s intake. 

 

5.7 Local Capture of Contaminants 

All noncombustion equipment (ex. fume hoods, kitchen equipment, etc.) have separate ducting 
to the roof with their own dedicated fans.  The diesel oil storage tank located on first floor 
exhausts vapors through a vent brick in the wall. 

 

5.8 Combustion Air 

The emergency generator and boilers have direct venting to the atmosphere for their flue gas 
through the roof and wall louvers of the mechanical roof penthouse.  Adequate air is provided 
to the four gas fired condensing boilers for combustion. 

 

5.9 Particulate Matter Removal 

All six AHU’s have a set of two filters located upstream of the cooling coil that comply with UL 
900-1994.  The first filter is a 2” thick, pleated type pre-filter that has a minimum efficiency of 
MERV 7.  The second filter is a 12” thick cartridge filter that has a minimum efficiency of MERV 
13. 

 

5.10 Dehumidification Systems 

Dehumidification is accomplished by the wrap-around dehumidifier heat pipes in each AHU.  
Relative humidity is limited below 65 percent by these heat pipes.  The minimum outdoor air 
intake is greater than the minimum exhaust for each air handler, so a positive pressure in the 
building may be contained during dehumidification processes. 

 

5.11 Drain Pans 

The drain pans in the six AHU’s extend 1” upstream and 3” downstream of the cooling coils.  
The pans consist of one-piece seamless stainless steel that is pitched towards the drain outlet.  
Drain pans for the wrap around dehumidification heat pipes have the same specifications as the 
ones outlined above for the AHU’s cooling coils.  All drain pans comply with this section. 

 

5.12 Finned-Tube Coils and Heat Exchangers 

Split heat pumps have drain pans with integrated condensate pumps to distribute condensate 
to the nearest sanitary drain with air gap.  The finned tube radiators have 48 fins per foot.  The 
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number of coils varies per radiator, being either 1 or 2 coils.  There is no mention of the 18” 
intervening access space, however the pressure drop is less than 0.75 in wg so the equipment 
outlined in this section complies. 

 

5.13 Humidifiers and Water-Spray Systems 

No humidifiers or water-spray systems are used in Hunter’s Point South School.  This section 
does not apply. 

 

5.14 Access for Inspection, Cleaning, and Maintenance 

Hunter’s Point South School complies with this section.  All six AHU’s have multiple access doors 
measuring 24” wide (some 30”) by 72” in height.  The doors are situated so all required 
equipment may be serviced, including the wrap-around heat pipes.   There is an eight foot 
clearance around access doors to allow workers plenty of space for inspection and 
maintenance. 

5.15 Building Envelope and Interior Surfaces 

The exterior walls of Hunter’s Point South contain an air/vapor barrier and crystalline 
waterproofing which is applied to the CMU blocks.  The face brick façade has weeping holes at 
its base to drain accumulated water.  The roof and foundation both use a rubberized asphalt 
sheet membrane to prevent water infiltration.  Ductwork and piping that has the potential to 
fall below the local dew point will have adequate preventative insulation. 

 

5.16 Buildings with Attached Parking Garages 

There is no attached parking garage to Hunter’s Point South Intermediate School & High School.  
This section does not apply. 

 

5.17 Air Classification and Recirculation 

The majority of air in Hunter’s Point South School is Class 1 air.  Class 1 air is returned through 
the ceiling plenum and recirculated back to the rooftop AHU’s where it can be reused or 
exhausted.  Class 1 air is also used to supply the restrooms in the building.  Class 2 air from the 
restrooms and locker rooms is ducted separately and exhausted on the roof.  Grease hoods and 
laboratory hoods exhaust the Class 4 air through their own separate ducts and vents on the 
roof. 

 

5.18 Requirements for Buildings Containing ETS Areas and ETS-Free Areas 

No ETS Areas exist in Hunter’s Point South School.  This section is irrelevant. 
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Section 6 – Procedures 

The six air handling units used in Hunter’s Point South Intermediate School & High School were 
tested to verify their compliance with ASHRAE Standard 62.1-2007 Section 6 Ventilation Rate 
Procedure.  The individual AHU’s service multiple floors which have a variety of spaces.  Due to 
this it was beneficial to break up the zones into single rooms (or grouped rooms when multiple 
similar occupancy type rooms existed) when analyzing the minimum required ventilation 
needed.  Below are the equations and tables used from ASHRAE Std. 62.1-2007 to complete the 
Section 6 analysis, along with their variable definitions. 

 

Ventilation Rate Procedure 

 

Breathing Zone Outdoor Airflow (Vbz): 

                            (Eq. 6-1) 

Where: 

    = breathing zone outdoor airflow – the design outdoor airflow required in the 
breathing zone of the occupiable space or spaces in a zone 

   = outdoor airflow rate required per person (cfm/person), determined from Table 6-1 

   = zone population – the number of occupants in the space, this can be estimated 
based on the occupant density in Table 6-1 

   = outdoor airflow rate required per unit area (cfm/ft2), determined from Table 6-1 

   = zone floor area (ft2) 

 

Zone Air Distribution Effectiveness (Ez): 

       (From Table 6-2) 

Where: 

   = 1 for ceiling supply of cool air. 

All AHU’s serve conditioned air to zones through ceiling diffusers.  It was 
assumed that all interior spaces would only need cooling and exterior rooms’ 
heating needs would be supplied by the fin tubed radiators.  Therefore an Ez 
value of 1 was used for all rooms. 

 

Zone Outdoor Airflow (Voz): 

                       (Eq. 6-2) 

Where: 
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    = zone outdoor airflow, the outdoor airflow that must be provided to the zone by 
the supply air distribution system 

 

Zone Primary Outdoor Air Fraction (Zp): 

                       (Eq. 6-5) 

Where: 

    = zone primary airflow, the primary airflow to the zone from the air handler 

including outdoor air and recirculated return air 

 

System Ventilation Efficiency (Ev): 

Use Table 6-3 to determine Ev, however if max Zp is greater than 0.55 than Appendix A 
must be used to compute Ev. 

 

Zone Ventilation Efficiency (Evz) for Single Supply Systems: 

                        (Eq. A-1) 

Where: 

   = average outdoor air fraction at the primary air handler 
           

    = uncorrected outdoor air intake 

    = system primary airflow, the total primary airflow supplied to all zones served by 

the system from the air handling unit at which the outdoor air intake is located 

   = discharge outdoor air fraction 

           

    = zone discharge airflow, the expected supply airflow to the zone that includes 
primary airflow and locally recirculated airflow 

 

Uncorrected Outdoor Air Intake (Vou): 

                                                        (Eq. 6-6) 

Where: 

  = occupant diversity 

Occupant Diversity (D): 

                               (Eq. 6-7) 

Where: 
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   = system population, the total population in the area served by the system 

 

Outdoor Air Intake (Vot): 

                       (Eq. 6-8) 

 

Appendix A contains the excel spreadsheets of each air handler’s results for minimum outdoor 
air intake using the above calculations for ventilation.  For AHU’s 4, 5, and 6, the minimum 
ventilation supplied to each room is contrasted against the design condition.  The NYC Green 
Schools Guide requires all new schools, such as Hunter’s Point South Intermediate School & 
High School, to be designed to use above 30% minimum ventilation air calculated in ASHRAE 
Standard 62.1.  This is outlined in Q1.1R Minimum IAQ Performance/Increased Ventilation in 
the NYC Green Schools Guide.  This is also a requirement for a LEED point that Hunter’s Point 
South School is pursuing.  Compliance with this increase has also been added to the analysis 
and can be seen in Table 4 on page 8.   

 

Occupant density (from Table 6-1) was not used to determine the number of people per space 
because exact occupant numbers were given in the design.  Some assumptions were made 
based on the occupancy type for rooms where no similar match could be found.  These 
assumptions for occupancy type can be seen in the excel spreadsheets.  

 

For VAV systems, Vpz is equal to the minimum turn down for the VAV box.  Hs Special Education 
Room 517 (AHU-2) has a very low turndown for its VAV box.  It is so low that the minimum 
outside air needed will not be met when it is turned down fully, even if supply air is 100% 
outside air.  The Zp and Evz values calculated for it were disregarded because they created an 
unrealistic strain on the system’s necessary ventilation.  The VAV box can supply up to 660 cfm 
to Room 517.  This cfm is more than sufficient for the minimum ventilation.  This means that 
the damper on the VAV box will rarely ever be turned down low for this room, perhaps it will 
just be turned down during the night when there is no occupancy so as to save on energy costs. 

 

Table 4 on page 8 contains the minimum outdoor air intakes and calculated Vot for each AHU.  
Each AHU surpassed the corresponding calculated Vot.  However, AHU’s 1 through 3 do not 
supply the above 30% minimum ventilation required for the LEED’s point.  This is fairly alarming 
considering the high priority given to meeting the standards set by the NYC Green Schools 
Guide and LEED’s criteria.  AHU’s 1 through 3 are all VAV systems with VAV boxes.  The 
minimum outside air intakes were all calculated with the VAV boxes turned down to their 
minimum supply position (worst case scenario).  AHU’s 1 through 3 do have the ability to supply 
up to 100% outside air.  The ability to supply up to 100% outside air with the combination of a 
good controls system should allow AHU-1, AHU-2, and AHU-3 to meet the above 30% minimum 
ventilation. 
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Summary of Analysis for ASHRAE Standard 62.1-2007 

Hunter’s Point South Intermediate School & High School complied with all the requirements in 
Section 5.  There was only one area that caused concern which was the smoke vent located in 
close proximity to AHU-2’s intake.  The requirements for minimum ventilation were greatly 
surpassed in Section 6 for all AHU’s.  Three of the AHU’s even met the above 30% minimum 
ventilation for a LEED’s credit; the other ones may too depending upon the control system 
logistics.  Hunter’s Point South was designed to meet the guidelines set forth by the New York 
City Green Schools Guide.  This governing body has helped push the envelope for the efficiency 
and HVAC design in Hunter’s Point South School. 
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ASHRAE Standard 90.1-2007 Analysis 

Section 5 – Building Envelope 

5.1.4 Climate Zone 

From Figure B-1 and Table B-1 in ASHRAE Standard 90.1-2007 it was determined that Hunter’s 

Point South Intermediate School & High School is located in climate zone 4A.  This climate zone 

is named Mixed-Humid and has roughly 5,400 heating degree days or fewer. 

 

 

 

 

 

 

 

 

 

Figure 9 – Climate Regions in the United States 

5.4 Mandatory Provisions 

Hunter’s Point South has two enclosed vestibules located directly across from each other on the 

north and south side.  All the doors open inwards toward the vestibule and have self-closing 

devices.  The closest doors are located roughly eight feet apart so the doors need not be 

opened at the same time. 

5.5 Prescriptive Building Envelope Option 

Hunter’s Point South School has nonresidential conditioned spaces.  Below in Table 20, the 

compliance for Hunter’s Point South School’s opaque elements is shown and tested against the 

corresponding U-values, C-values, and F-values.  Fenestration is also shown in Table 20.  Note 

that Hunter’s Point South has no basement and thus no walls below grade.  No skylights exist in 

Hunter’s Point South either.  The Insulated Translucent Sandwich Panel System (ITSPS) and 

typical windows have both been represented under fenestration.  The total building glazing 

area is calculated and compared in Table 21. 
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Table 20 – Building Envelope Requirements 

 

 

 

Table 21 – Vertical Fenestration Area 

All exterior features of Hunter’s Point South School complied with the maximum assembly 

values except for the roof, which barely missed compliance.  The glazings used in the typical low 

e-coating windows and insulated translucent sandwich panel system (ITSPS) greatly surpassed 

the threshold needed. Since Hunter’s Point School must follow the NYC Green Schools Guide, it 

is held too much higher constraints for energy efficiency than the ASHRAE Standard 90.1-2007 

contains.  The total glazing area of the façade is well under 40% of the building’s exterior area.  

Though some facades are composed of mainly glazing, the all brick façades on the southeast 

corners balanced this out. 

 

Section 6 – Heating, Ventilating, and Air-Conditioning 

6.2 Compliance Path 

Hunter’s Point South Intermediate School & High School cannot use the Simplified Approach for 

HVAC Systems because it does not meet the requirements.  The school is 153,769 square feet 

and five stories tall.  This is much greater than the 25,000 square feet and two stories restraint 

needed for Section 6.3.  The Mandatory Provisions method shall be used for Hunter’s Point 

South School. 

6.4 Mandatory Provisions 
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Minimum equipment efficiencies are met for the HVAC equipment in Hunter’s Point South 

School.  Below in Table 22 are a few examples of the equipment characteristics.  The systems 

used in Hunter’s Point South School must abide by the NYC Green School Guide, which is based 

off of ASHRAE requirements but contain more stringent goals.  The values used in Table 3 were 

pulled from Table 6.8.1A through 6.8.1G in ASHRAE Standard 90.1-2007. 

 

 

 

 

 

 

 

Table 22 – System Efficiencies 

Thermostats in each zone control the heating and cooling needs for the space.  For rooms 

serviced by both VAV boxes and radiators or convectors, the two shall work integrally to control 

the room conditions.  Spaces are maintained at a temperature of 72°F when occupied, with a 

cooling set point of 78°F and a heating set point of 65°F.  Carbon dioxide sensors are used for 

demand controlled ventilation in the auditorium and gymnasium.  All AHU’s are equipped with 

air-side economizers to further save on energy costs.  A night time setback temperature of 55°F 

(heating) or 86°F (cooling) is used so energy is not wasted conditioning the spaces at night. 

Table 23 below shows the insulation needed for the different pipes.  All ductwork requires 2” 

rigid fiberglass or flexible fiberglass insulation except for exposed ductwork (with 55°F duct 

temperature in cooling mode) in finished spaces that they serve and exhaust. 

 

 

 

 

Table 23 – Pipe Insulation Thickness 

All duct sealant and their adhesives comply with the South Coast Air Quality Management 

District (SCAQMD) Rule #1168 and the Sheet Metal and Air Conditioning Contractors’ National 

Association (SMACNA).  This complies with ASHRAE Standard 90.1-2007. 
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6.5 Prescriptive Path 

Dampers in the all the AHU’s provide 0-100% modulation of outside air, exhaust air, and return 

air for economizer operation.  The air-side economizers are run by dry bulb and relative 

humidity control of outside and return air dampers.  The high-limit shutoff controls meet the 

requirements in Table 6.5.1.1.3B for the economizers. 

The compliance with Table 6.5.3.1.1A Fan Power Limitations in ASHARAE Standard 90.1-2007 is 

shown below in Table 24.  All fans in the AHU’s have variable frequency drives.  The majority of 

other fans in the building are centrifugal fans.  Due to the controls in the building and spaces, 

every fan has the ability for variable volume control except FPB-1 and FPB-4, which service the 

Science Preparation Rooms.  These two fans are constant air volume (CAV) due to the nature of 

the Science Preparation Rooms.  These two rooms are used for instructors’ to prepare 

chemicals for student use.  They have very low occupancy needs but when in use the chemicals 

must be flushed out through the fume hoods.  From values calculated, all fans comply except 

for the supply fans in each AHU.  

 

 

 

 

 

 

 

 

 

Table 24 – Fan Power 

6.7 Submittals 

A 100% Construction Document Submission was made to the NYC Green School Guide shortly 

after the start of construction to make sure the requirements of the guide were upheld in 

design.  The New York City School Construction Authority (NYC SCA) has approved the building 

of Hunter’s Point South School through design and system submissions.  Hunter’s Point South 

School is also design intended to be LEED Silver so an application for LEED certification will be 
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submitted at completion.  Commissioning shall take place at the completion of construction.  

Records of Hunter’s Point South Intermediate School & High School shall be kept by the NYC 

SCA. 

 

Section 7 – Service Water Heating 

7.4 Mandatory Provisions 

The four condensing gas fired boilers in the boiler room are used to condition spaces’ thermal 
needs.  They need not be reviewed in this section because they do not supply potable water; 
they supply a 35% propylene glycol – water mixture only for heating purposes.  One gas fired 
water heater is used to supply domestic hot water to Hunter’s Point South School.  The water 
heater was specified to comply with all efficiency guidelines set up in ASHRAE Standard 90.1-
2007.  The water heater tank has insulation with a minimum value of R-13.4 and a designed Et 
of no less than 81%.  It complies with all requirements of Section 7.   

7.5 Prescriptive Path 

The gas fired water heater is not used to heat spaces.  This section is irrelevant for it. 

 

Section 8 – Power 

Hunter’s Point South School is governed by the 2005 National Electric Code (NEC).  The feeder 

conductors’ and branch circuit voltage drops that must be met in the NEC surpass the 

requirements set up in ASHRAE Standard 90.1-2007.  Therefore, Hunter’s Point South School is 

compliant with this section.  Construction drawings contain the necessary single–line diagrams 

and locations/areas served for the electrical distribution systems.  On completion, the needed 

manuals and maintenance manuals shall be provided to the building operators. 

 

Section 9 – Lighting 

9.2 Compliance Path 

The Building Area Method has been chosen for analysis for Hunter’s Point South School.  

9.4 Mandatory Provisions 

Occupancy sensors that control lighting have been installed in all classrooms and some offices 
for Hunter’s Point South School.  They are set to turn the room lighting off 15 minutes after no 
occupants have been detected.  These sensors combined with room switches control the lights 
in the areas.  Hunter’s Point South School uses a lighting control system clock that automatically 
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turns lights off/on based upon the schedule.  A separate schedule is used for interior and 
exterior lights.  The system has an eight year back-up and automatically adjusts for daylight 
savings. 

9.5 Building Area Method Compliance Path 

Exterior lights have been included in these calculations. For a school, the max lighting power 

density is 1.2 W/ft2.  Hunter’s Point South School has a LPD of 0.844 W/ft2 which is well below 

the mandated maximum.  Below, Table 25 has the breakdown of the lighting fixtures and 

fixture wattage by floors which led to the calculated value. 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 

 

 
 

 

Table 25 – Lighting Power Density 
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Section 10 – Other Equipment 

Minimum efficiencies for electrical motors are defined in this section based upon their 

horsepower and revolutions per minute.  Below in Table 26, the evaluation of the pumps in 

Hunter’s Point South School is shown.  None of the pumps comply with the minimum 

efficiencies outlined in this section.  The centrifugal fan motors are designed to meet the 2007 

New York State Energy Conservation Construction Code and ASHRAE 90.1.  All the centrifugal 

fans therefore meet or exceed the requirements. 

 

 

 

 

 

 

Table 26 – Electric Motors 

 

Summary of Analysis for ASHRAE Standard 90.1-2007 

Overall Hunter’s Point South Intermediate School & High School did very well in its comparison 

to the requirements for ASHRAE Standard 90.1-2007.  It passed all requirements except for the 

U-value for roof assembly; the supply fans in the AHU’s did not meet the fan power limitations, 

and the motor efficiency for the pumps.  The U- and R-values for the building enclosure all far 

surpass the minimum standards.  The glazing especially stands out and will greatly help save 

energy on the thermal loads induced on the building.  The supply fans in the AHU’s may not 

comply with the fan power limitations but they do have variable frequency drives which will 

help save on fan energy.  The majority of electric motors in the building do comply; it is only the 

pumps that fall short.  The least efficient pump is only off by roughly 16% to meet efficiency. 

It is no surprise Hunter’s Point South School did so well in this evaluation.  The school was 

designed under the strict energy conscious standards set forth by the NYC Green Schools Guide.   
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LEED Rating System 

The LEED rating system is not followed by Hunter’s Point South School.  This is because it 

follows the New York City Green School Guide.  This guide is outlined very similar to LEED and is 

required for new schools in New York City.  The attempt is to make these school houses more 

sustainable and green.  Thus, Hunter’s Point South School is very environmentally conscious but 

will not strive for any LEED status or even certification.   

The NYC Green School Guide is based very much on the USGBC’s LEED rating system.  Many of 
the points for both systems overlap.  Because of this, the analysis of the LEED rating system was 
still done and is outlined below for the mechanical systems of Hunter’s Point South School. 

 

Energy & Atmosphere 

EA Prerequisite 1: Fundamental Commissioning of the Building  

(Required) 

Intent – Verify that the building’s energy related systems are installed, calibrated and perform 

according to the owner’s project requirements, basic of design, and construction documents. 

Execution – Upon completion of work, a test shall be conducted in the presence and under 

direction of a licensed professional engineer or registered architect (retained by the contractor) 

who is qualified to run such tests.  These tests shall show compliance with the code 

requirements for ventilation and proper operation of the HVAC devices. 

 

EA Prerequisite 2: Minimum Energy Performance  

(Required) 

Intent – Establish the minimum level of energy efficiency for the proposed building and 

systems. 

Execution – Hunter’s Point South School complies with Sections 5.4, 6.4, 7.4, 8.4, 9.4, and 10.4 

of ASHRAE Standard 90.1-2007 and from the building model ran by the design engineers there 

is a 28.3% reduction in yearly energy cost from the baseline building of ASHRAE Standard 90.1-

2007 Appendix G. 
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EA Prerequisite 3: Fundamental Refrigerant Management  

(Required) 

Intent – Reduce ozone depletion. 

Execution – No CFC-based refrigerants are used.  The chillers and heat pumps use R-410a as a 

refrigerant. 

 

EA Credit 1: Optimize Energy Performance  

(6 of 10 Points) 

Intent – Achieve increasing levels of energy performance above the baseline in the prerequisite 

standard to reduce environmental and economic impacts associated with excessive energy use. 

Execution – Following Appendix G of ASHRAE Standard 90.1-2007, Hunter’s Point South School 

will save 28.3% in yearly energy cost over the base building.  Since Hunter’s Point South School 

is a new building it has stricter requirements and will only receive 6 out of the possible 10 

points. 

 

EA Credit 2: On-Site Renewable Energy 

(0 of 3 Points) 

Intent – Encourage and recognize increasing levels of on-site renewable energy self-supply in 

order to reduce environmental and economic impacts associated with fossil fuel energy use. 

Execution – No energy is generated from on-site renewable energy sources. 

 

EA Credit 3: Enhanced Commissioning  

(0 of 1 Point) 

Intent – Begin the commissioning process early during the design process and execute 

additional activities after systems performance verification is completed. 

Execution – The commissioning for Hunter’s Point South School does not begin until the 

construction phase.  No input is gathered from the commissioners during the design phase. 
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EA Credit 4: Enhanced Refrigerant Management  

(1 of 1 Point) 

Intent – Reduce ozone depletion and support early compliance with the Montreal Protocol 

while minimizing direct contributions to global warming. 

Execution – Following Option 2, a value of 44.4 was calculated for the weighted average 

atmospheric impact due to the chillers and heat pumps.  This is lower than the bar set at 100 by 

LEED and therefore complies. 

 

EA Credit 5: Measurement & Verification  

(0 of 1 Point) 

Intent – Provide for the ongoing accountability of building energy consumption over time. 

Execution – No plans could be found to outline such a program being set forth. 

 

EA Credit 6: Green Power 

(1 of 1 Point) 

 Intent – Encourage the development and use of grid-source, renewable energy technologies on 

a net zero pollution basis. 

Execution – Hunter’s Point South will use 360,703 kWh per year of allocated green power for 2 

years.  This is above the 35% building’s electricity from renewable sources required by this 

credit. 

 

Indoor Environmental Quality 

EQ Prerequisite 1: Minimum IAQ Performance  

(Required) 

Intent – Establish minimum indoor air quality (IAQ) performance to enhance indoor air quality 

in buildings, thus contributing to the comfort and well-being of the occupants. 
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Execution – Hunter’s Point South School follows both ASHRAE Standard 62.1 Section 6 and the 

New York City Mechanical Code for minimum ventilation.  

 

EQ Prerequisite 2: Environmental Tobacco Smoke (ETS) Control  

(Required) 

Intent – Minimize exposure of building occupants, indoor surfaces, and ventilation air 

distribution system to Environmental Tobacco Smoke (ETS). 

Execution – No smoking is allowed in Hunter’s Point South School and smoking areas outside of 

the building are located far enough away as to comply with this prerequisite. 

 

EQ Credit 1: Outdoor Air Delivery Monitoring  

(1 of 1 Point) 

Intent – Provide capacity for ventilation system monitoring to help sustain occupant comfort 

and well-being. 

Execution – CO2 sensors are located in spaces of high occupancy.  VAV boxes are controlled to 

distribute at least the minimum amount of outside air required.  This credit is attainable.   

 

EQ Credit 2: Increased Ventilation  

(0 of 1 Point) 

Intent – Provide additional outdoor air ventilation to improve indoor air quality for improved 

occupant comfort, well-being and productivity. 

Execution – From technical report one, all constant air volume AHU’s meet the above 30% 

minimum rates.   However, the variable air volume AHU’s do not meet this requirement.  This 

credit is not attainable unless the minimum supplied fraction on the VAV boxes is ramped up. 

 

EQ Credit 3.1: Construction IAQ Management Plan: During Construction  

(1 of 1 Point) 
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Intent – Reduce indoor air quality problems resulting from the construction/renovation process 

in order to help sustain the comfort and well-being of construction workers and building 

occupants. 

Execution – The construction methods comply with the SMACNA (Sheet Metal and Air 

Conditioning National Contractors Association) and filters are required to have a MERV of 8 

during construction for return air grilles.   

 

EQ Credit 3.2: Construction IAQ Management Plan: Before Occupancy  

(1 of 1 Point) 

Intent – Reduce indoor air quality problems resulting from the construction/renovation process 

in order to help sustain the comfort and well-being of construction workers and building 

occupants. 

Execution – Through Option 1, a flush-out of Hunter’s Point South School will occur prior to 

occupancy.  It is up to the owner to determine which type of flush-out to use. 

 

EQ Credit 4.1: Low-Emitting Materials: Adhesives & Sealants  

(1 of 1 Point) 

Intent – Reduce the quantity of indoor air contaminants that are odorous, irritating and/or 

harmful to the comfort and well-being of installers and occupants. 

Execution – Adhesives and sealants used fall below the VOC limits outlined in this credit.  

Hunter’s Point South School was designed with low VOC emission in mind. 

 

EQ Credit 4.2: Low-Emitting Materials: Paints & Coatings 

(1 of 1 Point) 

Intent – Reduce the quantity of indoor air contaminants that are odorous, irritating and/or 

harmful to the comfort and well-being of installers and occupants. 

Execution – Paints and coatings used fall below the VOC limits outlined in this credit.   
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EQ Credit 4.3: Low-Emitting Materials: Carpet Systems  

(1 of 1 Point) 

Intent – Reduce the quantity of indoor air contaminants that are odorous, irritating and/or 

harmful to the comfort and well-being of installers and occupants. 

Execution – Carpets installed meet the necessary requirements and adhesives used fall below 

the VOC limits outlined. 

 

EQ Credit 4.4: Low-Emitting Materials: Composite Wood & Agrifiber Products  

(1 of 1 Point) 

Intent – Reduce the quantity of indoor air contaminants that are odorous, irritating and/or 

harmful to the comfort and well-being of installers and occupants. 

Execution – Composite wood and agrifiber products do not use any urea-formaldehyde resins.  

This credit is attainable. 

 

EQ Credit 5: Indoor Chemical & Pollutant Source Control  

(1 of 1 Point) 

Intent – Minimize exposure of building occupants to potentially hazardous particulates and 

chemical pollutants. 

Execution – Vestibules are used at all the main entrances to Hunter’s Point South School which 

have dimensions greater than six feet in the direction of travel.  Fume hoods are used to control 

any pollutant sources created in the laboratories.     

 

EQ Credit 6.1: Controllability of Systems: Lighting  

(1 of 1 Point) 

Intent – Provide a high level of lighting system control by individual occupants or by specific 

groups in multi-occupant spaces (i.e. classrooms or conference areas) to promote the 

productivity, comfort and well-being of building occupants. 
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Execution – Over 90% of the lights in Hunter’s Point South School are controllable by building 

occupants.  Thereby this credit is attainable. 

 

EQ Credit 6.2: Controllability of Systems: Thermal Comfort 

(1 of 1 Point) 

Intent – Provide a high level of thermal comfort system control by individual occupants or by 

specific groups in multi-occupant spaces (i.e. classrooms or conference areas) to promote the 

productivity, comfort and well-being of building occupants. 

Execution – Operable windows and accessible thermostats are provided in the majority of 

rooms.  VAV boxes specifically serve one space each for better comfort control.   

 

EQ Credit 7.1: Thermal Comfort: Design  

(1 of 1 Point) 

Intent – Provide a comfortable thermal environment that supports the productivity and well-

being of building occupants. 

Execution – The HVAC systems and building envelope of Hunter’s Point South Building were 

designed to meet ASHRAE Standard 55.  This credit shall be earned. 

 

EQ Credit 7.2: Thermal Comfort: Verification 

(0 of 1 Point) 

Intent – Provide for the assessment of building thermal comfort over time. 

Execution – Verification of thermal comfort is not needed in the NYC Green School Guide.  

Therefore there this credit will not be obtained.  

 

EQ Credit 8.1: Daylight & Views: Daylight 75% of Spaces  

(1 of 1 Point) 
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Intent – Provide for the building occupants a connection between indoor spaces and the 

outdoors through the introduction of daylight and views into the regularly occupied areas of 

the building. 

Execution – Through the calculation of Option 1, Hunter’s Point South School will obtain this 

credit. 

 

EQ Credit 8.2: Daylight & Views: Daylight 90% of Spaces  

(1 of 1 Point) 

Intent – Provide for the building occupants a connection between indoor spaces and the 

outdoors through the introduction of daylight and views into the regularly occupied areas of 

the building. 

Execution – The majority of rooms in Hunter’s Point South School are located along the exterior 

and thus have direct views outside.  The rooms congregated in the middle of the school that 

don’t have views are generally unoccupied rooms or rooms of short occupancy duration.  

Because of this, Hunter’s Point South School has views in at least 90% of all regularly occupied 

spaces. 
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Overall Mechanical System Evaluation 

The mechanical system for Hunter’s Point South School meets the requirements outlined for 

design.  The total mechanical system cost was $7,750,000 which is approximately $50.40 per 

square foot.  Two of the biggest cost factors were the ductwork and custom made air handling 

units.  Operating the building would cost $371,943 a year or $2.43 a square foot.  Space was 

saved by placing the mechanical equipment on the roof but extensive ductwork was still 

required.  A total of 1,681 square feet were lost to the mechanical system, the most of it being 

shafts for ducting from floor to floor. 

The variable and constant flow AHU’s meet the ventilation requirements outlined in ASHRAE 

Standard 62.1.  The VAV terminal boxes further help to save energy costs, however at times of 

full turndown ventilation requirements may not be met.  Since the ductwork and AHU’s 

consume such a huge percent of the total mechanical system cost, perhaps a hydronic system 

with a dedicated outside air system could be used instead.  This would use smaller ductwork 

and ventilation requirements would be more easily met.  In using smaller ducts, floor area 

would be saved because the vertical shafts would not need to be as big. 

The evaluation for maintenance for the mechanical systems is mixed.  Huge clearances are 

given around the AHU’s as well as access doors.  Chillers are easily reachable on the roof.  All 

proponents of the system are very accessible but no elevator goes up to the mechanical 

penthouse or roof.  Replacement of larger parts would be difficult.  The only way to access the 

chillers, AHU’s, boilers, and generator is by using the stairs. 

Fume hoods do an excellent job to remove hazardous chemicals from the laboratories and 

science classrooms.  However this energy is wasted.  No heat recovery is used in Hunter’s Point 

South School for any of the exhaust fans.  Recovering exhausted heat can help save building 

energy costs. 

Moving forward, the mechanical system designed for Hunter’s Point South School is very good 

but not flawless.  Heat recovery is not present at all.  The use of roof space for mechanical 

equipment saves usable floor space but the use of a 100% outside air system with hydronic 

heating and cooling could potentially save more floor space.  From reviewing the construction 

site, a large body of water is nearby but it is probably not close enough to be used effectively 

for geothermal.  Looking forward there are a few promising leads to improve the efficiency of 

the mechanical systems of Hunter’s Point South School. 
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Proposal 

Alternatives Considered 

Several alternatives were considered to improve the efficiency and operating costs of the 

mechanical systems in place in Hunter’s Point South School.  These alternatives are described 

more in depth below.   

Geothermal Heat Pumps 

Geothermal heat pumps use the Earth’s constant temperature for heating or cooling purposes.  

No combustion is needed and it has a relatively long life.  Geothermal is an excellent design 

idea and once the initial costs are paid off, the costs for heating or cooling is a fraction of the 

original.  The implementation of a geothermal heat pump was a favored topic to use but due to 

the nature of the site it is not feasible. 

Geothermal closed-loop systems require extensive excavating for the piping to be placed.  

Excavating for Hunter’s Point South School is very costly and the footprint of the building is not 

big enough to support the number of wells needed.  Also, since Hunter’s Point South School is 

located in the city, sewage lines and electrical wires could run right under the building.  Open-

loop systems could not be used either because no body of water is located close enough to the 

schoolhouse.  

Reheat Recovery on Fume Hoods 

No heat recovery has been used for the fume hoods.  Using wrap around heat pipes and using 

the exhaust to precondition the supply air would be a quick fix and simple solution.  This idea 

was highly considered but ultimately due to the sporadic use of the fume hoods and fear of 

corrosive properties from the chemicals exhausted, it was abandoned.  

Chilled Beam System 

Chilled beam systems are an up and coming technology in the U.S.  They can be used for both 

heating and cooling purposes and are traditionally coupled with dedicated outdoor air systems 

to supply a reduced amount of air to spaces.  Chilled beams have the potential to have a huge 

cost savings when combined with dedicated outdoor air systems.  However, the use of chilled 

beam systems is very limited in the U.S.  Owners are skeptical if they run properly.  Since chilled 

beam systems have a cooling coil in the unit, people worry about water condensing on the coil 

and it “raining” in the space.  When properly designed this should not happen but still many 

owners are skeptical in the U.S. so topic has been avoided. 
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Cooling Tower 

The two chillers located on the roof of Hunter’s Point South School are air-cooled.  A possible 

investigation into whether water cooled chillers would be more efficient would be a great 

thesis topic.  This would include designing a cooling tower and comparing the savings on 

compressor energy while having to pay for makeup water versus the current air-cooled chillers.  

This idea alone would not be enough and seems to be a stand-alone consideration.  This was 

considered but a more encompassing idea was preferred. 

 

Mechanical Proposal 

After looking through all the alternatives and some new ideas, the following changes were 

proposed to the design of Hunter’s Point South School. 

Dedicated Outdoor Air System (DOAS) 

A dedicated outdoor air system will be used for ventilation air instead of AHU’s 1, 2, and 3.  To 

receive a point in the New York City Green Schools Guide, Hunter’s Point South should supply 

above 30% outside air according to ASHRAE Standard 62.1.  The CAV systems do meet this 

requirement but the existing VAV system is problematic at times when the VAV boxes are fully 

turned down.   

The use of a DOAS is a simple solution to meet the ventilation needs.  The air supplied by the 

DOAS will be constant and sized to 30% of the minimum ventilation standard in ASHRAE Std. 

62.1.  This will insure that Hunter’s Point South will receive the Q1.1R Minimum IAQ 

Performance/Increased Ventilation credit. 

Another goal of using a DOAS, is that it will reduce the amount of ductwork needed in the 

building.  The ductwork was the biggest mechanical cost (excluding emergency generator/fuel 

oil) and can be seen in Table 18 on page 17.  Less ductwork will save on costs and should 

increase the usable floor space by restricting the size of the floor to floor duct chases and runs. 

The AHU’s currently used by Hunter’s Point South School are the third biggest cost (seen above 

in Table 18).  A single DOAS can potentially replace AHU’s 1, 2, and 3.  This will result in a 

smaller system and more roof space. It will also lower the cost of the system and make the 

operating system much simpler.  Since all return air from spaces will be exhausted, the use of a 

total energy recovery wheel will be beneficial so energy is not “thrown away”. 

Total Energy Recovery Wheel 



Britt Kern Hunter’s Point South Intermediate School & High School 

 

| 4/4/12 | Mechanical Option | Adviser: Dr. Stephen Treado | Final Thesis Report 51 

 

ASHRAE Standard 90.1 requires any mechanical system that uses 100% outside air to have 

some form of energy recovery.  Currently, no heat recovery is used in the mechanical design for 

Hunter’s Point South School.  A total energy recovery wheel would be able to transfer sensible 

and latent properties from the exhausted air of the DOAS to the incoming outdoor air.  This will 

bring the outside air closer to the supply air conditions and would greatly lower energy costs.  

The dehumidification wrap around coils used in the original VAV AHU’s would not be needed in 

the DOAS because of the wheel.  A purge section in the wheels would help ensure no cross 

contamination from the exhaust to the incoming outdoor air.  In case there ever is a discharge 

of chemicals in a lab room to the regular exhaust, this purge section can transfer energy to the 

incoming outdoor air without spreading contaminants.  Below, Figure 10 shows a how a purge 

section is used with a wheel. 

 

 

 

 

 

 

 

 

 

Figure 10 –Total Energy Recovery Wheel with Purge Section 

Fan-Powered Induction Units (FPIU) 

The classrooms, offices, lab rooms, corridors, and non-public spaces are served by the VAV 

AHU’s 1, 2, and 3 which have VAV boxes as the terminal units.  These spaces require the most 

cost to condition.  VAV’s systems are well suited to help lower energy costs but as explained 

before, they are problematic in reaching the minimum ventilation requirements when fully 

turned down.  Using fan-powered induction units would work well in place of the VAV boxes.  

FPIU’s have a dedicated outdoor air supply so minimum ventilation can always be met.  Since 

only minimum outside air is ducted to the rooms, duct sizes will be dramatically reduced.  

Additional air is recirculated from the plenum and mixed with the outside air.  The FPIU’s allow 

for easy control of temperatures in spaces since both a cooling coil and heating coil can be 
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placed in the unit.  This increases the comfort level for occupants in space and allows for turn 

down when the space isn’t occupied.  Each different space is more easily controlled to exactly 

the thermal needs it has.  It is important to mention that the FPIU’s have drip pans under the 

cooling coils incase air would condense.  This is will prevent the internal “rain” that makes 

owner’s wary of chilled beams.  Also, the chilled water supplied to these cooling coils will be of 

a much higher temperature so no condensing will occur. 

Though duct sizes may be reduced, piping will have to be provided to the FPIU’s for cooling and 

heating coils.  This will increase piping costs but hopefully not enough to overcome the savings 

from the smaller ducts.  Using fan-powered induction units will hopefully help save on energy 

costs while allowing for an increase in thermal comfort.  Below in Figure 11 is a picture of the 

Krueger KLPS-D FPIU (the one chosen to be used).  Note that an optional MERV 8 Filter can be 

put on the recirculated plenum air.  Adding this filter, will allow for the addition of a LEED point. 

 

 

 

 

 

 

 

Figure 11 – Fan-Powered Induction Unit 

Chilled Water System 

Since fan powered induction units will be used as the new terminal device, the sensible loads 

for each space will be met at the zone through recirculated plenum air.  The plenum air will run 

through a cooling coil above the served spaces.  A new chilled water system will have to be 

designed to supply chilled water at a high enough temperature so that air will not condense on 

the cooling coils and cause mold or water damage above the served spaces.  A drip pan is 

included in the FPIU’s but this should be used as a last line of defense.  A chiller system 

supplying two different temperature chilled waters should suffice, meaning atleast two 

different chillers with two different chilled water loops.  The AHU’s and DOAS will be supplied 

with the current 44°F propylene glycol – water mixture while a new chiller will supply the FPIU’s 
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cooling coils with a higher temperature propylene glycol – water mixture, which is high enough 

to ensure no condensation. 

Benefits of the Proposed Design 

Indoor air quality should be greatly increased through the proposed mechanical redesign.  The 

correct amount of outside air used in the spaces will always be met and the thermal comfort of 

the rooms shall be easier to control.  Free up of the rooftop space will allow for an area for 

photovoltaic solar panels to be installed.  Finally the integration of a total energy recovery 

wheel and FPIU’s should increase efficiency and lower economic costs. 

 

Breadth Topics 

Solar Photovoltaic Panels (Electrical Breadth) 

Through all the proposed mechanical changes, extra space will be created on the roof.  Figure 

12 on the next page shows the proposed open area.  This open area on the roof is south facing, 

making it a great source for solar power generation.  A parapet currently exists all along the 

roof.  The parapet can be reduced in size along the southern walls to allow for sun light to reach 

the panels.  Though the space is not enough to generate a large chunk of Hunter’s Point South 

School’s electricity needs, solar photovoltaic panels can cut cost and have a reasonable payback 

time with the current rebates in New York.  In the long run, the solar panels will offset enough 

electricity costs to make money for the school.  Energy generated from these panels is also 

clean and will not pollute the environment.  This will further add to the schools sustainable 

footprint.  The design and integration of tying a solar system into the existing electrical system 

of Hunter’s Point South School shall be included in this breadth. The sizing of the inverter(s) and 

breaker(s) will be calculated as well as the feeders.  An economic analysis on the payback 

period and energy generated by the panels shall also be performed. 
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Figure 12 – Proposed Roof Layout 

 

Analysis of the Roof System (Structural Breadth) 

With all the moving around of AHU’s, chillers, and adding solar photovoltaic panels, an analysis 

of the roof of Hunter’s Point South School is in order.  Whenever solar photovoltaic panels are 

installed on a roof, a structural analysis must first be performed.  The analysis set up will test 

whether the existing roof system for the schoolhouse can support all these changes.  The roof 

deck, beams, girders, and columns that have increased loads on them due to the 

adding/moving around of equipment will be tested.  Calculations for strength and deflection 

will be performed by hand and if the structure fails, a new one that can hold the loads will be 

specified. 

 

 

Potential DOAS 

System Location and 

CAV AHU’s moved 

Chiller 1 

Chiller 2 (moved)? 

Solar Panels (breadth) 
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MAE Course Relation 

Since the terminal units are being changed, it is necessary to make sure that the air in spaces is 

still well circulated.  With the information gained in AE 559 Computational Fluid Dynamics, a 

study may be conducted into how well air is supplied and mixed within the rooms through the 

FPIU’s.  This shall show if any dead zones/drafts may exist and give a better picture of how 

thermally comfortable the spaces will be to occupants.  The air distribution and circulation of 

the new fan powered induction units will be compared against the old VAV box systems. 

 

Tools for Analysis 

Below is a list of a few programs that shall be used for the integration of the above proposed 

designs. 

Trane TRACE 700 

This program will be used to run load calculations on spaces so the FPIU’s can be sized properly 

as well as the DOAS system.  An energy analysis will also be performed using TRACE to see the 

feasibility and life cycle costs of these systems. 

Engineering Equation Solver (EES) 

EES is an advanced equation solving software.  Coupled with excel, problems not easily solved 

by hand can be made much quicker. 

AutoCAD 

AutoCAD can be used to take measurements and areas for the different rooms.  It is also an 

excellent tool to use to draw diagrams for the systems and outline proposed piping/duct 

layouts. 

Codes and Standards 

Codes and standards for design as well as safe practice will need to be investigated throughout 

the redesign work.  Compliance with the 2007 New York State Mechanical Code, New York City 

Green Schools Guide, and ASHRAE Standards 62.1 and 90.1 will be checked periodically.  
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Mechanical Depth 

DOAS Sizing 

The first step in sizing the DOAS units was to calculate the amount of ventilation air needed for 

each space supplied by the DOAS.  Since Hunter’s Point South School is located in New York 

City, it must follow the New York City Mechanical Code.  The school also abides by the 

guidelines set up in the New York City Green Schools Guide.  The Q1.1R Minimum IAQ 

Performance/Increased Ventilation point that Hunter’s Point South is striving to receive 

requires above 30% minimum ventilation as calculated in ASHRAE Standard 62.1 Section 6.  

Therefore, the amount of outside air needed to be supplied to each room is determined by the 

highest constraint between the NYC Mechanical Code, NYC Green Schools Guide, and the latent 

load for the space.  The latent load for each space was determined using the equation: 

                    

Qlatent:  The latent load in the space (Btu/hr). 

CFM:  The outside air (cubic feet per minute) supplied to the room.  Only the ventilation air to 

the room is used here because the DOAS does the entire latent load for each space 

served. 

∆w:   The difference in the room humidity ratio to the supply humidity ratio (grains of moisture 

per pound of dry air). 

The room set point for Hunter’s Point South School is 75°F and 50% relative humidity.  This 

gives a value of 65 grains/lb in each room.  Outside air with a lower grains/lb will be needed to 

be supplied to each room to offset the latent load generated by the occupants.  A supply 

grains/lb of 45 was chosen for the outside air.  This would generate a ∆w of 20.  The latent load 

given off by occupants was found in the 2009 ASHRAE Fundamentals Handbook on page 18.4.  

250 and 200 Btu/hr was used for walking and sitting occupants, respectively.  No appliances in 

any of the spaces served by the DOAS gave off a latent load (so the latent load was only 

determined by occupants).  Also, since the building is positively pressurized it was assumed no 

outside air leaks in which would further complicate the latent load calculations.  Rearranging 

the above equation to solve for CFM gives: 

                      

The calculation for latent load can be seen in Appendix D.  The calculation for minimum 

ventilation air for the New York State Mechanical Code and for 30% above ASHRAE Standard 

62.1 can be seen in Appendix E and C, respectively.  Once all the ventilation needs were found, 
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the largest was chosen as the amount of outside supply air to the space.  This can be seen in 

Appendix F. 

This led to a total outside air supply of 36,865 CFM for the DOAS.  This is a 23% reduction in 

ventilation air and 58% reduction in air supplied to the terminal units supplying the rooms from 

the rooftop units.   

The next process was determining the amount of exhaust air needed by the DOAS.  Less air is 

needed to be exhaust than supplied to allow for building pressurization and exfiltration to 

occur.  Since the building will be positively pressurized to the outside, approximately 0.025 

CFM/SF-façade will be lost to exfiltration (so you can exhaust this much less).  The locker rooms 

and bathrooms have their own dedicated exhaust system (8,410 CFM).  This CFM exhausted by 

the dedicated exhaust system can be subtracted from the amount of CFM needed to be 

exhausted by the DOAS.  The total amount of air exhausted will then be: 

           (     
   

         
                  )           

            

This means that the DOAS will have to exhaust 26,292 CFM to keep building pressurization.  Art 

classrooms require 0.7 cfm/sf exhaust according to Table 6-4 in ASHRAE Standard 62.1.  This 

means that 105 Is Art and 552 Hs Art rooms will need to exhaust 762 and 736 cfm, respectively.  

Since the supply outside air cfm is much greater than these exhaust needs, exhausting the 

correct amount of air will not be a problem.  Other rooms with minimum exhaust rates are 

shown below in Table 27. 

 

 

 

 

 

 

Table 27 – Minimum Exhaust Rates 

The external static pressure (esp) for the fan in the DOAS had to be calculated next.  Early in the 

process of laying out the new duct runs, it was determined that it would be better to use two 
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DOAS rather than one.  This would allow for shorter duct runs and allow the system to run 

more smoothly (since you don’t have all the rooms hooked up to one unit).  DOAS 1 would be 

placed in AHU 3’s current position and DOAS 2 would be placed in AHU 1’s spot.  This new 

arrangement can be seen in Figure 13 below.  Note also, this means that the east roof will now 

be used as the area for solar panel installation although some exhaust runs may need to be 

moved.  Table 28 below shows the restrictions on air velocity through the ducts based on noise 

criteria.  Ducts were sized using these requirements along with a ductulator (duct calculator). 

 

 

 

Table 28 – FPM for Duct Runs 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 13 – DOAS 1 and DOAS 2 Positioning 

 

Solar Panel Area 
DOAS 2 

DOAS 1 

No Longer Needed 
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The new Air Flow Diagrams can be seen below in Figure 14 for DOAS 1 and Figure 15 for DOAS 

2. 

 

 

 

 

 

 

 

 

Figure 14 – Air Flow Diagram DOAS 1 

 

 

 

 

 

 

 

Figure 15 – Air Flow Diagram DOAS 2 

The complete new duct layouts can be seen in Appendix G.  The ducts are actually oversized 

due to an early error in oversizing the ventilation air needed for the two DOAS’s.  An oversizing 

of the ducts will cause the air to flow smoother through the ducts causing less noise so this 

early error is not a problem.  Note that FSD refers to fire smoke damper in the layouts.   



Britt Kern Hunter’s Point South Intermediate School & High School 

 

| 4/4/12 | Mechanical Option | Adviser: Dr. Stephen Treado | Final Thesis Report 60 

 

The fan external static pressure (esp) could then be calculated once all the new ducts had been 

laid out and sized.  The fan esp is the pressure drop along the longest duct run from the 

discharge of the DOAS to the FPIU serving the room (no internal drops from the DOAS).  The 

reason the esp is not calculated to the diffuser in this case is because the FPIU has a fan in it 

which can raise the pressure of the air to the space.  The longest run for DOAS 1 was from the 

supply fan discharge to the library on the second floor.  The longest run for DOAS 2 was from 

the supply fan discharge to the Vault W. Anteroom on the first floor.  The return fans’ longest 

run for both DOAS were from a return on the first floor up through the plenum to the return 

fan.  Pressure drop in the duct runs occur due to friction losses and dynamic losses.  The friction 

losses are the pressure drop associated with friction between the air and the duct.  Friction loss 

is calculated by: 

                                      

 ∆Pf: Friction Loss (inches water gauge) 

Length of Run: Distance of the duct run (feet) 

Friction Loss: Pressure drop in inches water gauge per 100 feet of duct run 

The dynamic losses are caused by bends, turns, and other impediments along the run.  Dynamic 

loses are calculated by: 

         

∆Pj:  Dynamic Loss (inches water gauge) 

C:  Local loss coefficient (dimensionless) 

Pv:  Velocity pressure (inches water gauge) 

The friction loss (inches water gauge per 100 feet of run) and velocity pressure were found 

using a ductulator.  The local loss coefficient C was calculated using the charts at the end of 

chapter 21 in the 2009 ASHRAE Handbook of Fundamentals and interpolation/extrapolation.  A 

list of all the pressure drops that occurred in the runs can be seen in Appendices H through K.  

Below in Table 29 is the esp calculated for each of the DOAS’s supply and return fans. 

 

 

Table 29 – ESP Fans 
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With this last piece of information, the data was given to a manufacture at Havtech to size two 

DOAS units that could meet the following criteria seen below in Table 30. 

 

 

 

 

 

 

 

 

 

 

Table 30 – DOAS Information 

The specifications for the two DOAS units chosen can be seen in Appendices L and N as well as 

their physical dimensions in Appendices M and O.  In this analysis, dehumidification wrap 

around heat pipes were considered but were advised against according to the manufacturer.  A 

total energy wheel was chosen for both DOAS instead.  More on this feature can be seen in the 

next section.  An important point to notice is that both the new systems weigh less than the 

current systems that sit in their place.  This is very helpful because it means a structural analysis 

will not be needed for these two units. 
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Outside Air: 

89.7DB, 76.8WB 

Exhaust Air: 

85.7DB, 73.0WB 

Air From Plenum: 

75DB, 62.5WB 

Air to Cooling Coil: 

82.2DB, 70.8WB Air:  

46.4DB, 

46.2WB 

(46gr/lb) 

Cooling Coil Heating Coil 

Air to Spaces:  

 

Total Energy Recovery Wheel 

Once the conditions for the two DOAS units were found, the energy recovery wheel could be 

chosen.  An energy recovery system of some type is required for air handlers using 100% 

outside air as supply.  The energy recovery wheel was not only given consideration because of 

this guideline but also because the exhaust airflow has a lot of useful energy that can be 

utilized.  Currently, Hunter’s Point South School has no energy recovery devices for the air 

handlers.  This is a bit strange considering it must abide by the New York City Green Schools 

Guide.  An energy recovery wheel would be a great way to make the building more efficient 

because it could then recover both sensible and latent energy from the exhaust air stream.  

Recovering energy for both sensible and latent will allow for maximum savings.  The wheel was 

placed in the typical spot for a preheat coil since in the winter it can do the job of the coil.  It is 

usually a good idea to include a preheat coil even though the wheel will heat the air above the 

dew point of the cooling coil because the wheel could fail.  For this report it was assumed the 

wheel would not break down.  Also, adding a preheat coil with the wheel would create too 

great of a static pressure drop for the fan. 

Below in Figure 16 is the energy recovery wheel in cooling mode at worst case scenario in the 

summer.  

 

 

 

 

 

 

 

Figure 16 – Energy Recovery Wheel Cooling Mode 

The cooling coil specified by the manufacturer can’t actually get the supply air down to the 

correct gr/lb of 45 (can get down to roughly 46 gr/lb).  This means that for a few days a year the 

space humidity may be a bit higher than the set point but it should still fall within the thermal 

comfort level specified in ASHRAE Std. 55.  The other days of the year for cooling the gr/lb of 

the supply air will be 45 as designed.  Note that an added heating coil is downstream of the 
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Outside Air: 

12.8DB, 10.0WB 

Exhaust Air: 

28.1DB, 28.0WB 

Air to Cooling Coil: 

43.6DB, 39.9WB (31gr/lb) 

Air From Plenum: 

72DB, 59.9WB 

Air to Spaces:  

 (31gr/lb) 

 

cooling coil for temperature reset.  Figure 17 is the energy recovery wheel in heating mode at 

worst case scenario in the winter.  

 

 

 

 

 

 

Figure 17 – Energy Recovery Wheel Heating Mode 

The total energy recovery wheel does the majority of the heating of the air in the winter.  The 

cooling coil is neglected from the above diagram because it is not needed since the latent load 

is met by the moisture of the outside air.  In this scenario the heating coil will be used to bump 

up the supply air temperature to the lowest temperature required by the served spaces. 

The effectiveness of the total energy recovery wheels can be seen below in Table 31 for the 

worst case summer and winter design days. 

 

 

 

 

Table 31 – Effectiveness of Wheel 

The biggest savings for the total energy recovery wheel is from heating.  The wheels save a total 

of 14,817 therms of natural gas a year.  This equates to an energy savings of $22,848.  This is 

due to the fact that the wheels can do the complete heating of the OA during the winter.  

Electricity usage also decreases by 17,159 kWh per year, a savings of $3,260 a year.  The wheel 

requires electricity to run but saves enough energy by displacing the energy needed to run 

pumps to serve the heating coils a typical AHU or DOAS would have.  This gives a total savings 

of $26,108 a year for using total energy recovery wheels.  The wheels cost (including 

labor/installation) $23,875 and $42,652, respectively for DOAS 1 and DOAS 2. 
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Fan Powered Induction Units 

The chilled water supplied to the FPIU’s cooling coils must be warm enough so that the return 

plenum air does not condense on them.  The cooling coil’s temperature can be assumed to be 

the same as the chilled propylene-glycol water mixture running through it.  The summer and 

winter air conditions are 75°F and 72°F, respectively with 50% relative humidity.  Since relative 

humidity readings can fluctuate +/- 5%, the worst case scenario will be plenum air in the 

summer.  This worst case condition can have the air be 75°F DB with 55% relative humidity.  

The dew point for air at this condition can be seen below in Figure 18.  

 

 

 

 

 

 

 

 

 

 

 

Figure 18 – Dew Point on FPIU’s Cooling Coil 

The star in the figure shows the 75°F DB with 55% relative humidity air.  For this condition, the 

dew point of the air will be slightly lower that 58°F.  This means that the CHW supply must not 

be any lower than 58°F or else the air may condense on the cooling coil.  Since this is worst case 

scenario and the supplied CHW will heat up a bit due to friction, 58°F CHW supply from the 

chiller should prevent condensing on the coils. 
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Once the supply chilled water temperature was chosen, the cooling coils for each FPIU could be 

sized.  The room peak sensible cooling loads were taken from TRACE.  When the max cooling 

occurs in a room, the DOAS will be supply the room with 47°F air (46°F air comes off the coil so 

add one degree for friction).  This primary air in conjunction with the recirculated cooled 

plenum air will take care of the room’s sensible cooling.  First the amount of cooling the 

primary air does for the space was calculated using:  

                     

Qsenible:  Cooling applied to space (Btu/hr) 

CFM:  Supply primary air to space 

∆T:  Temperature difference of room and supply air.  The max cooling will occur in the summer 

when the room set point is 75°F and the supply air is 47°F.  This gives a ∆T equal to 28°F. 

The excess cooling needed for each room and the cooling coil sizing can be seen in Appendix P.  

For spaces were a negative excess cooling value is shown, means that the space is overcooled.  

Therefore no cooling coil is needed.  In fact, if a space is overcooled than a heating coil must be 

used.  Since the fin tube radiators are being replaced by heating coils in the FPIU’s, these 

heating coils can be used for this purpose. 

Some rooms require further cooling than just the primary air.  The coiling coil sizing for each 

room was based on the manufacture’s specifications in Appendix Q (cooling coil size) for 75°F 

plenum air and 58°F entering 30% propylene glycol – water mixture.  The coil sizing had to take 

into account the max deliverable fan CFM to the space as well as the primary air CFM.  This can 

be seen in Table 32 below or Appendix R.  

 

 

 

Table 32 – FPIU’s Fan CFM 

Some spaces were able to share FPIU units.  These spaces needed the same ventilation 

requirements as well as similar cooling needs.  In general, each classroom received its own FPIU 

(sometimes two if the cooling load was too great for one).  Spaces that were able to share 

FPIU’s were generally very small interior offices (ex. 308, 308A, and 308B) or small offices along 

the same exterior wall (ex. 551A and 551B). 
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FPIU’s have the ability to include heating coils.  Since the fin tube radiators will be removed for 

the rooms, heating coils in the FPIU’s will be used to heat the spaces.  The calculation for the 

heating coil sizes can be seen in Appendix S.  In sizing the heating coils, both the room loses 

(due to walls, windows, etc.)  and the cooling done by the primary air flow to the room had to 

be accounted for.  Appendix T has the manufacturer’s heating coil size specifications used in 

this analysis. 

FPIU’s supply a constant volume of air to the room.  The heating and cooling coils both require 

different amounts of air to generate their capacity.  The FPIU will use the bigger air volume so 

the full load for cooling or heating can both be provided.  The FPIU could switch between flows 

for the two scenarios but this would cause added noise and is not ideal. 

Below are the price calculations for the FPIU’s in Table 33.  The total install cost including labor 

and a location factor was found to be $241,809.  This is an increase from the original design 

cost of the VAV boxes (which can be seen in the results section). 

 

 

 

 

 

 

 

 

 

 

Table 33 – FPIU’s Cost 

Once all the FPIU’s were sized and the DOAS units chosen, the new alternate ductwork could be 

finalized.  The new duct work was calculated to be $227,498.  This was done by finding the 

pounds of steel for the new duct work and using the 2012 RS Means Mechanical Data.  A 

sample of this calculation can be seen in Appendix U and explained more below. 
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The galvanized rectangular steel ducts must be in accordance with SMACNA HVAC Duct 

Construction Standards.  For simplification, it was assumed that all ductwork was of 26 gauge 

(both rectangular and circular ducts).  The duct cost estimation was done using the RS Means 

Mechanical Cost Data 2012.  Since the cost is given in pounds for galvanized rectangular 

ductwork in the RS Means, the weight per linear foot of ductwork was first calculated.  26 

gauge duct weighs 0.906 pounds per square foot.  An example of calculating the pounds per 

foot of duct can be seen below for a 32”x44” duct. 

                                 

  

  
                 

  

  
                            lb/ft 

 

A factor for 30% fittings, elevated installation (10 to 15 feet), and medium pressure duct 

installation was included in the labor cost.  The total cost including overhead and profit was 

then multiplied by the location factor to give a total of $10.89 per lb of rectangular duct.  Cost 

data for circular galvanized ductwork was found directly in the RS Means.  It was estimated that 

there was a cost of $1.00 per sf of insulation on the supply duct.   

The circular ducts are shown as single line diagrams as to not clutter the drawings any more.  

The last 3 feet of the circular duct runs to each diffuser are flexible duct, as specified in the 

specs.  Note that the duct work up to the FPIU’s is correct; downstream it may be a bit off due 

to reevaluation of the cfm recirculated by the boxes.  However, this should still give a good 

representation of the design layout. 

 

Secondary Chilled Water Loop Piping 

The piping for the secondary chilled water loop (to the FPIU’s) had to be laid out too so it could 

be priced.  Since the fin tube radiators in the rooms served by the FPIU’s were being replaced 

by heating coils in the FPIU’s, it was assumed that the piping for the FPIU’s heating coils would 

be equal to the piping for the fin tube radiators.  Because of this no new added cost would be 

needed for the heating pipe loop.  The primary chilled water loop which runs from the new 225 

ton chillers to the AHU’s and DOAS units’ cooling coils (this sizing will be explained more later) 

was not resized.  If anything, the piping would be reduced and possibly the pump as well 

because there is less flow rate and the pressure drop across the evaporators are now 15.8 feet 

opposed to the original chillers’ having a pressure drop of 23 feet.  It was assumed the price for 

the primary chilled water loop would not change significantly to alter the cost analysis. 
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The secondary chilled water loop would have to be priced as well as size a pump for the system.  

To save time, the supply chilled water piping layout for floor 2 was calculated and multiplied by 

eleven (one supply and return for each level = 10 and 1 extra since it will be a reverse return 

system).  Floors 3 and 4 have the most FPIU’s and piping needs while 5 and 1 have the least.  

The 2nd floor is a good representation of the average piping needed on each floor.  Since the air 

is being served to the space at 47°F, it was calculated only 178 gpm would need to be circulated 

to the cooling coils of the FPIU’s to meet the further cooling needed (can be seen by adding up 

the values in Appendix P cooling coils for fpiu’s). 

In sizing the pipe, the velocity limit was 4 ft/sec for pipes 2 inches or smaller and for pipes over 

2 inches a head loss of 4 ft per 100 ft run max was instituted.  These limitations are used 

because the piping will run overhead of occupants and if as long as the layout follows these 

guidelines, then there should not be a noise problem.  Schedule 40 steel piping was used and 

the friction loss chart for it can be seen on the next page in Figure 19.  This chart assumes 60°F 

water which is very close to the 58°F in this design – so no adjustments were needed.   

 

 

 

 

 

 

 

 

Figure 19 – Friction Loss Chart for Schedule 40 Steel 

To further ease sizing the pipes, the chart in Figure x below was used.  This is a simplification of 

Figure 20 above.   
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Figure 20 – Pipe Sizing 

The piping follows the duct layout of DOAS 2 through the shafts and follows both duct layouts 

for DOAS 1 and DOAS 2 on each floor.  There is amble space since the duct sizes were greatly 

reduced so there is no trouble running the piping along the ducts.  For best control, a reverse-

return piping system should be used.  Below is a picture of the piping on the second floor in 

Figure 21.  It is shown just to show how little further piping is needed since the primary air does 

the majority of the cooling.  Note how only a few FPIU’s need cooling coils.  The piping can be 

seen as a single yellow line.  Just the supply piping is shown.  For the actual system, return 

piping would be right next to the supply piping and it would be set up as a reverse-return 

system so there is a similar pressure drop up to and from each unit due to piping distance.   
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Figure 21 – 2nd Floor Piping 

Using the RS Means Mechanical Data for schedule 40 steel and the take offs of the pipe layout 

on the 2nd floor it was calculated that the supply piping layout for this floor would be $13,288.  

Multiplying this number by 11 (since each floor will have a supply and return plus an extra 1 

factor since reverse-return systems require more piping) and including the location factor 

(times 1.289) as well as a factor for fittings/insulation (11% of total) gives a total cost of 

$209,130 for the new secondary chilled water loop. 

Lastly, a new pump had to be sized for the chilled water loop to the FPIU’s cooling coils.  The 

pump distributing hot water to the FPIU’s heating coils is assumed to be sufficient because it 

was sized based on the runs to the fin tube radiators which are a similar distance if not further 

away than the heating coils in the FPIU’s.   

The total gpm for the new secondary chilled water loop pump was found by adding up the gpm 

of each cooling coil of the FPIU’s.  The total gpm for the secondary chilled water loop is 178 

gpm.  Similar to solving the external static pressure for the fans in the DOAS units, the total 
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head of the piping run was solved for based upon the friction loss through valves/bends and 

friction loss along the runs.  The following equations and charts were used in these calculations: 

Resistance Coefficient:                               

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 22 – Resistance Coefficient 

Equivalent length of a fitting can then be found using the pipe’s diameter, resistance coefficient 

and Figure 23 below. 
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Figure 23 – Equivalent Lengths Fittings 

Equivalent Length Total:                                                     
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Head Loss for a Run:                                                           
    

     
  

   (friction factor) was found based on the size of the pipe.  Figure 24 below shows the values of 

    for different pipe sizes.  

 

 

 

 

 

Figure 24 – Friction Factor 

A few assumptions were made as well as the process is explained: 

 The total head loss in feet from the pump in the roof mechanical penthouse to the 

FPIU’s cooling coil in room 126C Vault W. Anteroom would be the biggest loss because 

this is the longest run. 

 The total head loss for this run was calculated in Appendix V and found to be 5.52 feet.  

This value was then multiplied by two since it is a reverse-return system so there will be 

equal piping length and fittings in both directions. 5.52x 2 = 11.05 ft 

 Since the pump is on the roof it will have to make up the elevation difference on the 

return from the FPIU’s cooling coils.  The pump is 62 feet above the lowest FPIU (in 

room 126 Vault W. Anteroom).  This 62 feet was then added to the previous head loss.      

11.05 + 62 = 73.05 ft 

 Next the pressure drop through CH-3’s (the chiller for the secondary chilled water loop) 

evaporator was added.  This drop can be seen in the appendices: 

73.05 + 29.5 = 102.55 ft 

 Lastly a factor of safety of 1.1 was applied.  This factor of safety also includes the head 

loss from the valves and strainers near the pump – since these were neglected.   

1.1 x 102.55 = 113 ft 

 The total head loss for the longest run was found to be 113 ft. 

A schematic of the longest pipe run as well as the calculations can be seen in Appendix W.   

A centrifugal pump was decided upon because it is the most common HVAC pump and it 

should suite this situation well.  The total head loss of the system and gpm are known, 113 

ft and 178 gpm.  With these two pieces of information a pump could be chosen.  The 
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horsepower for this pump was found using a pump curve.  This can be seen in Figure 25 

below. The pump will have a motor that operates at 3500 rpm for this system.         

 

 

 

 

 

 

 

 

 

Figure 25 – Pump Curve 

From plotting the points, it can be seen that a 7.5 horsepower motor would suffice.  All of the 

characteristics of this pump can be seen in Table 34 below. 

 

 

 

Table 34 – Pump Characteristics 

The last step was to price the pump.  The pricing for different pumps was found in the RS 

Means Mechanical Data book.  Appendix X has the steps in choosing the correct price.  It was 

estimated this pump would cost $5800.50 (including location factor).  Two pumps should be 

bought and placed in parallel to create redundancy. 
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New Chillers 

With the initiation of the FPIU’s, the current chillers and chilled water loop must be rethought.  

The FPIU’s have cooling coils that require a supply of chilled water at 58°F.  Note that when 

chilled water is said it is referring to the 30% propylene-glycol water mixture.  It would be 

unrealistic and extremely costly to use 58°F supply chilled water to the chillers.  Because of this, 

two chilled water loops shall be utilized. 

The current chilled water system has (2) 276 ton chillers that supply a chilled 30% propylene-

glycol water mixture to the AHU’s cooling coils.  The chillers for the primary chilled water loop 

will be supplying chilled water to the cooling coils of the DOAS units and AHU’s 4 through 6.  

Since the sensible load for cooling is also being accomplished at the rooms as well as there is 

less air to condition, the chillers can be downsized.  The leaving water temperature from the 

chillers will remain the same at 44°F so the coils won’t need to be changed in the AHU’s.  The 

tons of cooling needed for DOAS 1 and DOAS 2 were taken from the specifications, 81.48 and 

144.8 tons respectively.  These were added to the tons of cooling for AHU’s 4 through 6:  

223.38 + 81.48 + 144.8 = 450 tons 

The current chillers have a delta T of 9.6 degrees.  Using this information it was calculated that 

the gpm flow would be 1125.  The following information was specified to a manufacturer to size 

a chiller for this design:   

 

 

 

 

 

 

 

The decision to use an air cooled chillers stems from there being insufficient space on the roof 

for a cooling tower.  The current design of the building also follows this logic.   

Two chillers were recommended by the manufacturer to accomplish these parameters.  Two 

225 ton York model no. YVAA0245CEV17 chillers were chosen.  The main characteristics of 

these two chillers can be seen on the next page. 
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The leaving water temperature dropped a bit as well as the return water temperature.  The 

flow rate increased slightly.  This could be bad because the AHU’s cooling coils can only handle 

a certain flow rate.  If you assume that the coils in the AHU’s are slightly oversized, this minimal 

extra gpm served to them to meet the cooling load should be fine and won’t be too much for 

the pipes.  If the flow was too great for the pipes, than the flow would be restricted and the air 

wouldn’t be able to be cooled to the correct temperature.  For this analysis, it is assumed that a 

factor of safety was used in sizing the cooling coils in the AHU’s so the coils can handle this 

extra flow (it is about a 8.5% increase and will only occur at max cooling which is in the summer 

when the building will not be occupied at full load).  Since this max flow would occur in the 

summer but the building won’t bet fully occupied, it is assumed that the coils will not see this 

full flow ever.  The specifications for these two 225 ton chillers can be seen in Appendix Y. 

The primary chilled water loop’s piping and control scheme shall remain the same as it is now.  

The pipes may even be downsized a bit because the new loop needs 1200 gpm as opposed to 

the 1332 gpm.  A schematic of the primary chilled water loop may be seen on the next page in 

Figure 26.  This chilled water loop is a primary-only variable flow design.  The flow thorough the 

chillers’ evaporators shall vary with the load.  The bypass valve is used to maintain the 

minimum flow through the chillers’ evaporators (when they are on).  The flow to the terminal 

loads vary depending upon the amount of gpm required.  
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Figure 26 – Primary Chilled Water Loop 

The secondary chilled water loop is for supplying the FPIU’s cooling coils with 58°F chilled 

water.  The following specifications were found for sizing a chiller for this loop.  
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When these specifications were discussed with the manufacturer some issues arose.  The 

manufacturer had no chillers that could produce a LWT of 58°F but the real problem was the 

very small delta T of 4°F.  A small delta T produces a giant GPM requirement for the pump.  

Though the chiller may not have to do as much cooling, the extra pumping energy will override 

this savings.  In practice, the ideal delta T for a chiller is 10 to 16 degrees F. This has been found 

to give the minimal cost between pumping and cooling.   

To solve these problems, the secondary chilled water loop will mix water leaving the chiller with 

the return water of 62°F to get the supply of 58°F chilled water for the FPIU’s cooling coils.  This 

appears to be the best option.  The tonnage of cooling for the chiller will remain the same and 

the supply GPM to FPIU’s cooling coils will too.  A schematic of the secondary chilled water loop 

can be seen below in Figure 27. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 27 – Secondary Chilled Water Loop 
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To solve the for the amount of flow through CH-3, a mass and energy balance was done.  This 

balance was done at the intersection point between the outlet of CH-3 with the intersection of 

the bypassed return water where it is mixed to make the supply chilled water.  This point along 

with the equations can be seen below. 

 

 

 

 

 

 

 

 

 

 

 

 

 

                   ̇                    ̇               ̇              

Considering the density is close to identical for these different chilled water temperatures 

(good assumption) gives the equation: 

                                                     

The characteristics for a chiller were then determined using this equation and some background 

knowledge on the EWT and LWT restrictions.  This gave a range for choosing a new chiller.  The 

potential characteristics for CH-3 can be seen in Table 35 on the next page. 
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Table 35 – CH-3 Options 

In submitting this information to the manufacturer, a YCAL0033EE17 York chiller was chosen as 

the best candidate.  This chiller has the design criteria of the chiller on the last line above 

(highlighted in red).  The specifications for this chiller can be seen in Appendix Z. 

Another potential solution would be to put a heat exchanger between the primary loop’s return 

water of 53°F and the secondary loop’s return water of 62°F.  The mixing of equal parts of these 

two streams would produce chilled water of 57.5°F, add in heating along the pipes would give 

you approximately a supply temperature of 58°F to the cooling coils of the FPIU’s.  This scenario 

could work but it would create a new delta T on the primary chillers. This would call for resizing 

of primary chillers.  In the essence of time, this option was not investigated.  It would be 

interesting to see how this scenario would work out. 

Lastly, the mechanical penthouse is pretty full at the moment.  The chilled water pumps may be 

able to be located outside with the chillers they serve.  This would be ideal otherwise 

redesigning of the penthouse’s layout would have to be done. 
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MAE – CFD Analysis 

Objective:  The objective of this CFD analysis is to determine the mixing patterns in a typical 

classroom for my thesis project.  The existing system in the building is a VAV system with 

12”x12” diffusers.  The new air system in the building will use fan power induction units (FPIU) 

that feed 12”x12” diffusers.  Since VAV systems can modulate the amount of flow, the VAV at 

full flow and at the minimum turndown of 30% will be investigated.  The FPIU system delivers a 

constant air volume to the room.  The main objective is to determine how well both systems 

distribute air to the space.  This analysis will be judged upon air stratification in the room, 

temperature gradients, velocity, and if any drafty spaces occur.  Phoenics was the software 

chosen to perform this CFD analysis.  Three models, one for each of the scenarios, was created 

and run under non-isothermal conditions. 

Classroom Layout: The first task was creating the classroom.  A variety of classrooms exist in 

Hunter’s Point South School so the most common that occurred was chosen.  This was IS 

Classroom 357 which is also very close to the design of a few others as well.  Below you can see 

the layout of the room in Figure 28.   

 

 

 

 

 

 

 

 

 

 

 

Figure 28 – IS Classroom 357 Layout 

For a CFD analysis, you want to make the objects in the room as simple as possible.  For this 

reason, only major objects in the room were considered.  People, desks, cabinets, computers, 

the window, and the fin tube radiators were created in Phoenics.  A list of a few of the objects’ 
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dimensions and locations in the room can be seen below in Table 36 and the created model can 

be seen in Figure 29. 

 

 

 

 

 

 

 

 

 

Table 36 – Dimensions of Objects for CFD 

 

 

 

 

 

 

 

 

 

 

 

Figure 29 – CFD Room Model 

For this investigation, three models were made: 

Supply (inlet) Outlet 
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1. VAV at full flow 

2. VAV at 30% turndown 

3. FPIU 

The only objects that differed from the models were the fin tube radiator and the diffuser 

locations/type.  Both VAV models have the fin tube radiator in them.  This is because heating is 

accomplished through the fin tube radiator and not by the overhead air supply.  The FPIU 

model has no fin tube radiator because heating is done through a heating coil in the FPIU.  This 

means the heating is done by the supply air overhead in the FPIU model. 

Both VAV models have the same diffuser locations and types, just different flow rates (one at 

full and one at 30% turndown).  The FPIU’s have slightly different diffuser locations as well as a 

different flow rate.   

Turbulent Models and Differencing Schemes:  The turbulent model and differencing scheme 

were chosen based on familiarity and acceptance.  K-epsilon was used as the turbulent model 

because it is very widely accepted and I have used it the most.  The hybrid scheme was used as 

the differencing scheme for the same reasons as above and because both diffusive and 

convective forces will occur in the room.  5000 iterations run time was allowed. All three 

models had these same qualities.  This was done so if any differences occurred between the 

models then it couldn’t be blamed on using a different model (like in a science experiment how 

you only want to change one variable at a time).   

Diffusers and the Momentum Method:  The diffusers used in the models were all 12”x12”.  Two 

types of diffusers existed however.  One was a 4 way square diffuser and the other a 3 way 

square diffuser.  For simplicity the 4 way square diffuser was broken up into 4 smaller 6”x6” 

boxes and the 3 way was broken into (2) 6”x6” boxes and (1) 6”x12” box.  This can be seen 

more clearly in the images below. 

 4 way square diffuser: 

 

 

 

3 way square diffuser: 
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The 4 way square diffusers distribute air perpendicular to all four of its sides.  The specifications 

below show the air distribution for this diffuser.   

 

 

 

 

 

 

 

Figure 30 – Diffuser Air Dispersion 

Since the air is distributed like this, it was determined that modeling the diffuser in 4 smaller 

segments each with one direction for its flow would be an accurate interpretation.  The 

direction of the air flow can be seen below for both the 4 and 3 way diffusers. 

 4 way square diffuser: 

 

 

 

 

3 way square diffuser: 

 

 

 

 

 

The momentum method was chosen because the box method is not recommended for square 

diffusers as well as the momentum method’s ability to more accurately simulate momentum in 

the space.  Simulating the momentum is crucial to this analysis because it will be looked at as 

¼ of flow 

¼ of flow 

¼ of flow 

¼ of flow 

¼ of flow ¼ of flow 

½ of flow 
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one of the criteria to determine whether the VAV or FPIU better distributes/mixes air in the 

space. 

For the momentum method to be used in Phoenics the mass flow rate for the mass continuity 

equation must be found as well as the ratio of effective area to diffuser area (net area ratio).  

Finally, the velocity of the x or y component for the momentum method must be determined.  

Knowing the cfm through the diffuser, the mass flow rate is easily calculated using:  

m_dot = v_dot * rho = volume * rho * Area 

Below is an example of these calculations for the FPIU’s diffusers (all are 4 way diffusers 

distributing 340 cfm each).  The calculation is for one of the 6”x6” cells used to represent the 

diffuser. 

 Vz_mass = v_dot_in / Area_total = (340cfm/4) / (0.5 ft x 0.5 ft) 

 Vz_mass = 1.727 m/s 

 Vz_momentum = Vz_mass / net area ratio = 1.727 m/s / 0.7794 = 2.2158 m/s 

 Vx_momentum = Vz_momentum / tan(30 degrees) = 3.838 m/s 

 So enter into Phoenics:  

 Net Area Ratio = 0.7794 

 Vx = 2.2158 m/s 

 Vy = -1.727 

The calculations for the velocities (for mass and momentum) in all three of the models can be 

seen in Appendix AA. 

An image of the diffuser with dimensions is shown in Figure 31 on the next page.  It was used to 

help determine the net area ratio, which is equal to the effective area divided by the total area.  

This ratio is used to convert the velocities calculated above to keep conservation of momentum 

accurate.  The total area was simply 144 inches squared (12” x 12”).  The effective area is less 

because of the metal louvers.  It was found to be roughly 112.2 inches squared resulting in a 

net area ratio of 0.7794. The full calculations for Net Area Ratio can be seen in Appendix AB.  

Note from the picture that the diffuser delivers air into a room at a 45 degree angle.  This is a 

bad angle because it causes a lot of numerical diffusion (it is along the diagonal of a cell).  To 

make up for this it was modeled that the air was brought into the room at a 30 degree angle 

with the ceiling.  

 

6” 

6” 
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Figure 31 – Diffuser Cross Section 

Final Model Layouts:  Below are the final layouts for the inlets and outlets in each of the models 

along with their cfm.  The inlets are red and the outlets are blue. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 32 – VAV Full Flow Model 

 

Metal Louvre 
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Figure 33 – VAV 30% Flow Model 

Note that everything is in the same location as the VAV Full Flow Model.  The difference is that 

the cfm through each diffuser has been reduced. 
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Figure 34 – FPIU Model 

The outlet locations are the same as the two previous models.  In the FPIU set up, the inlet 

locations changed slightly (more equally spaced) and the flow through the diffusers changed 

too. 
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Mesh/Grid:  The mesh used for the VAV models was (71, 65, 42) cells in the (x,y,z) axis.  The 

FPIU mesh was (97, 62, 42.  The mesh near the inlets and returns was increased because this is 

a critical zone and using a smaller mesh would allow for more accurate results.  Below are the 

images of the meshes near the inlets and outlets.  

 

Figure 35 – Mesh for VAV Models (overhead view) 

The mesh for both the VAV models is the same because they have the same locations for the 

inlets and outlets. 
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Figure 36 – Mesh for FPIU Model (overhead view) 
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VAV Full Flow Results:  First the airflow and temperature fields were investigated under non-

isothermal conditions for the VAV full flow model.  The residuals found for mass and energy for 

the full VAV flow model were 1.66% and 0.39%, respectively.  The percent can be as high as 7% 

for the energy residual and 3% for the mass residual.  These two residuals are well within the 

recommended ranges.  The residual figure can be seen below for the full VAV flow model. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 37 – Residual Figure VAV Full Flow 

The full flow VAV model took 4 hours and 40 minutes to run.  A linear relaxation factor of 0.7 

was used for all the models (VAV full flow, 30% VAV flow, and the FPIU layout).  The full VAV 

flow model assumed that the fin tube radiator was being run at full blast and that the supply air 

to the room was at 58°F.  Infiltration as well as conduction loses through the exterior wall and 

window was modeled as negative heat fluxes.  These same assumptions were made in the 30% 

VAV model except that the fin tube radiator was turned down as to not overheat the space (it 

was still needed to prevent drafts along the wall with the window).  Table 37 on the next page 

shows the net Watts for each of the models well as the Watts given off by the sources in the 

room.   
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Table 37 – Watt Productions in Rooms 

For the full VAV flow model, the net Watts in the room is negative meaning the space should be 

slightly overcooled.  However when checking the results, the space was found to be well above 

the room setpoint.  It can be seen that the heat given off by the people drove the fin tube 

radiators and diffuser airflow in the models.  The velocity profiles can be seen below for the 

VAV full flow model. 

 

 

 

 

 

 

 

 

 

Figure 38 – VAV Full Flow, Velocity (along x-axis) 

The probe in this snapshot is to the right of the students were the velocity is highest.  The 

velocity is below 40 fpm so no drafts will occur here.  To the right of the last students in this 
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picture there is some areas were the air is above 40 fpm, around 54 fpm.  This would cause 

drafts.  Note that the air velocity near the cold window is higher than most room.  A draft is 

induced across this cold surface but the fin tube radiator dissipates it before it reaches the 

occupants. 

 

 

 

 

 

 

 

 

 

 

Figure 39 – VAV Full Flow, Velocity (along y-axis) 

The probe for the above picture is located 4’ off the ground in the center of the room.  The 

results for the isothermal field show that the majority of the room has air traveling less than 40 

fpm so no drafts will occur.  A few spots are a tad above this.  This could be bothersome 

because these spots are near the students.  However, they do not go that far over 40 fpm.  

Overall the majority of the air in the students’ area is draft free. 

Next are the temperature profiles for the VAV full flow model. 
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Figure 40 – VAV Full Flow, Temperature (along z-axis) 

The probe is located in the return outlet.  The above shot is overhead looking down at the 

room. 

 

 

 

 

 

 

 

 

 

 

Figure 41 – VAV Full Flow, Temperature (along y-axis) 
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For this snapshot, it can be seen that the temperatures near the window are much higher than 

the room setpoint.  This is because the fin tube radiator under the window is running at full 

blast.  The temperature here is really high (probe located above the fin tube radiator), but as 

you move further away it becomes more uniform and closer to the room setpoint.  

 

 

 

 

 

 

 

 

 

 

Figure 42 – VAV Full Flow, Temperature (along y-axis) 

The temperature around the students is well above the setpoint of 72°F – high enough to cause 

discomfort. 

 

 

 

 

 

 

 

 

Figure 43 – VAV Full Flow, Temperature (along x-axis) 
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The probe is by the students next to the fin tube radiator.  It can be seen that the air around the 

students here is also well over the room setpoint, it’s about 76°F.  This will cause discomfort to 

the students in this area.  The temperature is a bit high throughout this cross section – 

averaging around 76.5°F.  This can be fixed by dialing back the fin tube radiator.  The fin tube 

radiator was on full blast at worst case scenario for this run.  It’s weird that the energy balance 

on the room showed that the space had a little excess cooling but yet the room appears to be 

overheated. 

When the probe was placed at the return outlets in the VAV full flow, the temperature was 

found to be approximately 77°F.  This is 5 degrees higher than the room setpoint.  From the 

temperature distribution in the room it can be seen that the space would be too hot for the 

occupants. 

VAV 30% Flow Results:  The results for the 30% turndown VAV flow are shown now.  For this 

scenario only a little heat would come out of the fin tube radiators because the loads in the 

room create enough heat to make up for the negative heat flux through the window and 

exterior wall.  Also the fin tube radiator is needed to prevent drafts at the window.  The mass 

residual is 2.178% and the energy residual is 0.49% - both falls within the acceptable range.  

Below is the mass residual figure. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 44 – Residual Figure VAV 30% Flow 



Britt Kern Hunter’s Point South Intermediate School & High School 

 

| 4/4/12 | Mechanical Option | Adviser: Dr. Stephen Treado | Final Thesis Report 97 

 

The 30% vav flow model took 5 hours and 34 minutes to run.  The velocity profiles for this 

scenario are shown starting on the next page. 

 

 

 

 

 

 

 

 

 

Figure 45 – VAV 30% Flow, Velocity (along x-axis) 

It can be seen from this image that a lot of air movement occurs around the radiator.  This is 

because the radiator is not putting out enough heat to negate the cold window and wall.  The 

probe is located above the radiator and shows that the velocity is so high here that it will cause 

drafts. 

 

 

 

 

 

 

 

 

 

Figure 46 – VAV 30% Flow, Velocity (along y-axis) 
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The velocity in this slide is well above the recommended 40 fpm.  As the probe travels higher 

into the green contours, the drafts become worse and worse.  Near the front board the velocity 

is fine but in the 30% VAV flow model, many locations were found to have high velocities which 

would cause drafts.  This is an example of one of them.  Drafts occur overhead due to the low 

momentum and low temperature of the air.  The air leaving the diffuser is very cold compared 

to the room (58°F supply, room setpoint 72°F).  Since the air has such a low momentum and it is 

very cold, not all of the air sticks to the ceiling (Coanda effect) but instead sinks into the space 

causing drafts (cold air falls).  This is a common problem in reduced flow for VAV systems. 

Next are the temperature distributions in the rooms for the 30% VAV flow. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 47 – VAV 30% Flow, Temperature (along z-axis) 

The probe is located in the return outlet.  The above shot is overhead looking down at the 

room. 
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Figure 48 – VAV 30% Flow, Temperature (along y-axis) 

The temperature in this cross section is 5 degrees above the setpoint.  The room is too hot in 

the student area. This temperature was taken in the middle of the room where the cooling 

done by the supply air is not enough to match the heat given off by the students and far 

enough away from the window so the loses through the façade can’t be felt. 

 

 

 

 

 

 

 

 

 

 

Figure 49 – VAV 30% Flow, Temperature (along x-axis) 



Britt Kern Hunter’s Point South Intermediate School & High School 

 

| 4/4/12 | Mechanical Option | Adviser: Dr. Stephen Treado | Final Thesis Report 100 

 

Once again the temperatures in the cross section are much too high and will cause discomfort 

to the occupants in the room.  For this picture, the probe was located next to the students near 

the window.  The effects of the cold window can be seen on the temperature of the air in the 

space.  The hot air is cooled over the window and falls to the ground by the fin tube radiator.  

The fin tube radiator is on to help negate the cooling done by the window but it ends up putting 

extra Watts in the room past the equilibrium point.  This means the room should be a bit above 

the setpoint temperature but on average it is well above. 

The 30% flow VAV results show a lot of drafts created in the room under the diffusers along 

with too high of temperatures in the space.  The drafts are a bit confusing considering the 

velocity of the air supplied to the room is much slower that the full VAV flow model which 

didn’t seem to have any draft problems.  The conclusions for both the VAV models show that 

the spaces will be overheated and that there is a problem with high temperatures for the 

students near the fin tube radiators as well as draft problems for the 30% VAV flow model. 

FPIU Model:  The airflow and temperature fields were investigated under non-isothermal 

conditions for the FPIU model during the heating season (coldest winter day).  The residuals 

found for mass and energy were 1.3% and 0.174%, respectively.  Both residuals fall within the 

recommended ranges.  The residual figure for this run can be seen below. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 50 – Residual Figure FPIU Model 
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The model took 6 hours and 27 minutes to run.  The velocity profiles found can be seen below.   

 

 

 

 

 

 

 

 

 

 

Figure 51 – FPIU Flow, Velocity (along y-axis) 

The probe is located 4’ off the ground around the students. 

 

 

 

 

 

 

 

 

 

 

 

Figure 52 – FPIU Flow, Velocity (along x-axis) 
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Around the students, the air has a velocity less than 40 fpm meaning that there should be no 

drafts.  The velocity of the air by the window is a bit higher (around 60 fpm).  This is due to the 

drafts caused by the air being cooled when it goes over the window.  These drafts however do 

not cross over into the student area.  There may be a little draft along the side of the students 

closest to the window. 

The temperature profiles for the FPIU model are shown below. 

 

 

 

 

 

 

 

 

 

Figure 53 – FPIU Flow, Temperature (along z-axis) 

The probe is located in the return outlet.  This snapshot is an overhead view of the room. 

 

 

 

 

 

 

 

 

Figure 54 – FPIU Flow, Temperature (along y-axis) 
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It can be seen that the temperature around the students is on average slightly above the 

setpoint by only 1 degree. This is very promising.  No big temperature differences exist and the 

room appears to have a uniform temperature. 

 

 

 

 

 

 

 

 

 

 

 

Figure 55 – FPIU Flow, Temperature (along x-axis) 

Though a few different contour colors appear in the student area, the temperatures in this area 

only range from 68°F to 73°F where the 68°F is at the feet of the occupants and the 73°F is well 

above the students’ heads.  It can be seen that the heat loses through the window have an 

effect on the temperature in this area.  Surprisingly though, the temperature is not lowered 

enough near the students to create thermal discomfort.  The temperature is about 69°F at the 

wall but this is not within the occupied area so it is fine. 

The temperature around the students is typically 72°F to 73°F.  The return temperature was 

found to be 73.5°F in the return outlet. The set point temperature of the room is 72°F so the 

average temperature is directly on target.  From these results it appears there should be no 

thermal discomfort in the FPIU room’s layout. 

Comparing Results:  The results from the FPIU scenario show the best air mixing and 

distribution in the space.  Air velocity is kept below the recommended value of 40 fpm in the 

occupants’ space to prevent drafts.  The temperature in the room is right around the setpoint 

of 72°F (pretty much everywhere in the occupied zone).  The best part about the FPIU results is 

it created a very uniform temperature and velocity profile in the room.  This is great considering 
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the space layout can be rearranged without worrying about whether there will be draft 

problems or great temperature fluctuations in different parts of the room. 

The VAV models gave mixed results.  A major draft problem occurred in the 30% VAV flow 

scenario.  Both suffered from areas with temperatures well above the room setpoint.  The air 

velocity around the students in the full flow VAV model was mostly below 40 fpm but random 

drafty areas did appear.  In real life, the best option for the VAV system would be to turn it 

down somewhere between full and 30% flow and modulate the fin tube radiator’s output 

accordingly.  The results do not lead me to believe that the VAV system cannot create a thermal 

comfortable room free of drafts.  The results for these two scenarios just show that with the 

current set up of the diffusers’ supply cfm and temperature along with the fin tube radiator will 

not produce a thermally comfortable room. 
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Electrical Breadth 

With the downsizing of the air handling units and splitting the original one chilled water loop 

with two chillers into a two chilled water loop with 3 smaller chillers, allowed for sufficient roof 

space to be cleared.  Along with moving the chillers and new DOAS units around (as well as a 

few exhaust fans), the northeast roof area was freed up to allow photovoltaic solar panels to be 

installed.  Though New York as a state does not have the most ideal features for solar panel 

installation in terms of sun, the solar array on the top of Hunter’s Point South School would 

have direct sunlight with very minimal shading.  No taller buildings or structures exist near 

Hunter’s Point South School and all of the exhaust vents and fans have been moved behind the 

solar array (north of it).  The adjourning roof parapet in the corner will have to be reduced to 

the same size as the rest of the extended exterior wall (4 feet above the roof) to allow for 

better solar gains.  This can be seen in Figure 56 below.  

 

Figure 56 – Southern Elevation Drawing (from A202) 

The most beneficial reason for photovoltaic solar panels is that New York has the third highest 

electricity cost of states in the U.S. at 19 cents per kWh.  This means that the solar array will 

payback quicker and produce a bigger payout in its life cycle.  

The first step was determining which solar panel to choose and what mounting system would 

work with the panels.  The SunPower 308 Watt solar panel was chosen for its optimum 

electrical performance.  This panel has an 18% efficiency rating as compared to the 14% 

conventional panels have and since it is a larger panel it produces more electricity.  This panel 

was also largely chosen because it would work with the SunPower PowerGuard mounting 

system.  For buildings over 60 feet tall, typical solar panels cannot be used because of the great 

upwind forces on the panels.  Since the roof of Hunter’s Point South School is approximately 72 

feet in the air, the SunPower 308 Watt solar panel in conjunction with the SunPower 

PowerGuard mounting system would work for this installation.   

Reduce Parapet Solar Array Area 
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The SunPower PowerGuard allows for the solar panels to lie flush on the roof.  The optimal tilt 

for a fixed solar array operating year round is 33.5 degrees in Queens, New York.  However, 

since the panels will be flat less electrical production will occur.  Though this is not desirable, 

there are some advantages to the SunPower PowerGuard.  No roof penetrations will need to be 

made to anchor the system to the roof (instead cement pavers are used along the perimeter to 

hold the array down) so no leaking in the roof will occur.  PowerGuard can be used for roofs 

that are over 60 feet in the air and work well with SunPower 308 Watt panels. 

The next step was laying the panels out on the roof.  SunPower 308 Watt panels must be strung 

out in multiples of 8 (meaning the total number of solar panels must be a multiple of 8).  A 

minimum of nine feet is required for a step back from the edge of the roof to allow for 

maintenance and to reduce upwind effects.  This 9 foot setback is checked below to make sure 

no shading would occur on the panels from the wall that extends four feet up along the 

perimeter of the roof during the winter solstice.  In the winter solstice the sun will have an 

altitude of 26 degrees at its low point.  Using the Pythagorean Theorem it can be seen that the 

setback of 9 feet is sufficient enough so that the 4 foot wall extension will not shade the panels. 

 

 

 

 

The shadow will only reach 8.2 feet in from the wall so the solar panels are safe (9 feet back 

from the wall). 

A 10 foot wall is directly to the left of the solar panel system.  In the winter this wall will cast a 

20 foot shadow.  Since there is a setback of 9 feet form this wall, then 11’ into the installation 

will be shaded.  This is approximately 2 panels in.  This is bad but as long as the sun is above a 

42 degree angle, no shading will occur on the panels. For this shading to occur, the sun must be 

on its way down in the west.  The wall is directly northwest of the solar array meaning that it 

will only cast a shadow once a day when the sun is setting.  This means that the shading will not 

occur during peak energy generation during the day.  In the end this wall will not have too great 

of an effect on the solar generation – thus it has been neglected for this analysis.   

The final solar panel array along with its setbacks can be seen in Figure x below.  Note that a 1.5 

foot border surrounds the solar panels.  This is part of the PowerGuard where the cement 

pavers weigh down the installation.  The final shape is a complete rectangle that consists of 224 

𝑇𝑎𝑛       ′  𝑥 

𝑥     ′ 

SohCahToa: 

Wall 

Shadow Length (x) 

26 deg 
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photovoltaic solar panels.  Many customers are very picky that their solar arrays be complete 

rectangles for the aesthetic purpose.  

 

 

Figure 57 – Solar Panel Array 

Once the array was laid out, the electrical production and life cycle analysis could be 

performed.  The total system size for the solar array is 68.99 kW (224 panels times 308 Watts).  

It was chosen to use a 75 kW Satcon Inverter for this array.  The system produces 

approximately 78,884 kWh per year which equates to 5% of Hunter’s Point South School’s new 

electrical bill (for the new changes proposed).  Though this may not be a large percent, it will 

still save the school money and produce emission free electricity – making the building more 

sustainable.  Electrical production on a month to month basis can be seen below in Figure 58 

along with how much money the production will save the school a year in Table 38 (this is 

assuming the current rate of $0.19 per kWh).  

Appendices AC through AE have the specifications for the solar equipment used.  The 

appendices show the SunPower 308 Panel, SunPower PowerGuard, and Satcon 75 kW Inverter, 

respectively.  This information is shown to give a better understanding of the equipment.  The 

Combiner Boxes Inverter 
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short circuit current found on the SunPower 308 Panel specifications was used in the 

calculations that follow to size the wire.  Also note the inverter is NEMA 3R meaning that it can 

be installed outside (on the roof).  This saves space in the mechanical penthouse. 

 

Figure 58 – Monthly Electrical Production 

 

Table 38 – Monthly Electrical Savings 

The total cost of the solar array (including installation/labor as well as all the wiring, combiner 

boxes, inverter, etc.) is $296,666.  Though this may seem like a large amount at first, there are 

many federal and state incentives that will help lower this price.  The first incentive is the 
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Renewable Energy Grant given by the U.S. Department of Treasury.  For solar electric, this grant 

is equal to 30% of the total solar array cost (meaning $89,000 in this case).  The next incentive is 

the New York City Property Tax Abatement.  This is a state incentive that allows for a property 

tax deduction equal to 5% of the total photovoltaic array cost annually for 4 years (meaning 

20% of the total cost in the end).  This equates to a savings of $59,333.  The last incentive is the 

Modified Accelerated Cost-Recovery System (MACRS) Depreciation.  This is a federal incentive 

that allows for renewable energy technologies (such as solar) to be classified as a five-year 

property for depreciation deductions.  This will result in a savings of $88,258 over five years.  

After all the incentives it can be seen that the solar array which originally cost $296,666 will be 

reduced to a cost of $60,075 (20.3% of the original price).    

It is important to mention that there are also other New York State incentives for solar 

photovoltaic installations.  However, Hunter’s Point South School is not eligible for this because 

they purchase their power from the New York Power Authority (NYPA).  The other incentives 

require that the buildings that install solar buy their electric from companies that pay to the 

System Benefits Charge (SBC) or Renewable Portfolio Standard (RPS).  Since the NYPA does not 

pay to either of these causes, Hunter’s Point South School is not eligible for additional solar 

incentives in New York.  Lastly, New York does not have an SREC market (solar renewable 

energy credit).  SREC credits may be sold from the solar array owner to power companies in 

SREC markets.  This accounts for a good chunk of money for solar producers.  It is estimated 

that Hunter’s Point South School could sell their SREC credits for approximately $20,000 per 

year if New York were to have a similar SREC market to Pennsylvania’s.  Unfortunately, it does 

not have an SREC market at all. 

Solar arrays of this magnitude are usually paid for using a loan and can be available through 

SunPower for SunPower products.  Since significant upfront savings were made in the 

mechanical alterations, no loan was needed to pay for this solar array.  A cash flow diagram 

year to year for the 25 year life cycle can be seen below in Table 39.  The red represents 

negative cash flow.  Also note that an inverter replacement is assumed in year 15 which 

accounts for the much higher maintenance cost.  Electric savings each year are not symmetric 

because price escalation was assumed for electricity costs over time, as well as for 

maintenance. 
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Table 39 – Life Cycle Cost  

After computing all the incentives in the life cycle analysis, the photovoltaic solar array had a 

five year payback (red box in Table x above shows this).  Over the course of its 25 year life, the 

system produces 1,972,100 kWh.  This equates to reducing greenhouse gas emissions by 1,351 

tons of CO2.  With electric price escalation, the system had a cumulative cash flow of $260,745 

which is a total life-cycle payback of 188%.   

Lastly, the system had to have its parts sized and be tied into Hunter’s Point South School.  

Below in Figure 59 is a schematic of a string of solar panels (8 solar panels tied together).  

Notice how the panels are combined negative to positive.  After the panels are put in strings, 

they are then fed to combiner boxes.  It was calculated 3 combiner boxes were needed – 10 

strings of panels each to 2 of boxes and 8 strings to another (10 x 8 x 2 + 8 x 8 = 224 panels). 

 

 

 

Figure 59 – String of Panels 

On the next page is a diagram of the whole solar photovoltaic system in Figure 60, the wire 

sizes are called out as well.  The panels are strung and then fed into 3 combiner boxes.  From 

there the combiner boxes feed into the DC Disconnect and then the DC current is converted to 

useful AC current for the building in the inverter.  From the inverter the current travels through 

the AC Disconnect and is back fed into Switchboard 2.  Switchboard 2 was chosen because it 

has 3 open poles on it. 
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Figure 60 – Schematic of Solar Photovoltaic System 

The calculations for the wire sizing can be seen in Appendix AF.  Appendix AG has the NEC 

Tables referred to in the wire sizing calculations.  Below is a summary in Table 40 of the 

combiner box sizing. 

 

 

 

 

Table 40 – Combiner Box Information 

Switchboard 2 had to be tied into from the inverter.  An image of the balancing on the current 

Switchboard 2 can be seen below in Figure 61.   

Combiner 

Box (CB-A1) 

Combiner 

Box (CB-A2) 

Combiner 

Box (CB-A3) 

GFI 

Fuse 

Inverter (75 kW) 
DC 

Disconnect 
Switchboard 2 AC 

Disconnect 

(4) – #4/0 + #10 GW – 2.5” C 

(2) #4 + #8 GW – 1” C 

(2) #3 + #8 GW – 1” C 

X 10 strings 

X 10 strings 

X 8 strings 



Britt Kern Hunter’s Point South Intermediate School & High School 

 

| 4/4/12 | Mechanical Option | Adviser: Dr. Stephen Treado | Final Thesis Report 112 

 

Figure 61 – Switchboard 2 Initial 

The original breaker on the switchboard was 2000 Amps.  Adding in the inverter will add 208 

Amps.  The breaker is sized based on the feeder demand amperage.  The old panel had a 

demand amperage of 1755.  A demand factor was not included for the inverter.  This gives a 

total new demand amperage of 1755 + 208 = 1963 Amps.  This is still below the 2000 Amps 

breaker so there is no need for an upsize.  The balanced new switchboard 2 can be seen in 

Appendix AH. 
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Structural Breadth 

When solar panels are added to a roof a structural analysis must always be performed.  The 

non-composite deck, beams, girders, and columns were checked to see if the extra weight 

would be managed.  The structural calculations, assumptions, and drawing layout can be seen 

in Appendix AI for all of the above listed as well as the pages used in the steel manual and 

Vulcraft catalog after the calculations in Appendices AJ through AL.  The results showed that the 

beams and columns were sufficient with the added load.  However, the non-composite deck 

and girder had to be upsized.  The non-composite deck failed due to deflection under live and 

total load.  The deck was originally designed as a 3.25” lightweight concrete over a 3” deep-18 

gage metal deck.  It has been changed to a Vulcraft 2C16 non-composite deck, which is 5” 

lightweight concrete with a 3” deep-16 gage deck.  The girders also failed under total load 

deflection.  The girders were upsized from a W21x50 to a W24x55. 

The new DOAS units sit atop the old AHU’s positions and the new chillers sit on the existing 

chillers’ locations.  Since the new DOAS units weigh less than the existing AHU’s and the new 

chillers weigh less than the old ones, a structural analysis will not be needed to prove that the 

roof will support these new loads.  A reduction in weight on the roof will not cause it to fail.  

The old roof layout can be seen below in Figure 62 (the mechanical equipment being changed is 

bold labeled).   

 

 

 

 

 

 

 

 

 

 

Figure 62 – Old Roof Layout 
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The locations of the three new chillers, 2 DOAS units, and the photovoltaic solar panels can be 

seen below in Figure 63 in red. 

 

 

 

 

 

 

 

 

 

 

 

Figure 63 – New Roof Layout 

Lastly, the upgrades to the current roof were priced.  The prices for the structural roof upgrades 

can be seen below in Table 41 and the calculations in Appendix AM.  The total cost for the 

upgrades was $18,501.79.  This is a onetime cost and requires no maintenance.  This cost is 

easily paid off by the solar panels. 

 

 

 

Table 41 – Structural Upgrade Costs 
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Results 

Energy Reduction and Costs 

After all of the design changes, it was found that there would be both an electricity savings 

each year as well as a savings in natural gas.  The savings can be seen below in Table 42 as well 

as the cost savings per year.  The numbers from the original Design Engineer’s calculations are 

added as reference. 

 

 

 

 

 

 

Table 42 – Energy Comparison 

The electricity demand each year was mainly reduced due to the photovoltaic solar array.  

There was a small reduction in electricity also due to the mechanical changes.  The biggest 

savings was in the reduction in natural gas – so much so that the boiler system could be 

reduced.  This huge reduction in natural gas usage is due to the total energy recovery wheels in 

the DOAS units.  The wheels can accomplish the majority of heating of the outside air needed 

for ventilation by using the energy from the exhaust air.  This means that the preheat coil was 

not needed anymore (it would be good practice to keep it though incase the wheel failed). 

On the next page Figures 64 and 65 show two graphs comparing the usage of electricity and 

therms of natural gas throughout the year for the existing building and the building with the 

proposed design changes.  During just about every month the electricity and natural gas usage 

is reduced for both cases. 
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Figure 64 – Comparison of Electricity Usage 

 

 

 

 

 

 

 

 

 

 

 

Figure 65 – Comparison of Natural Gas Usage 
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A breakdown of where the energy was used in the building with the proposed designs can be 

seen below in Table 43 and for the existing building in Table 44.  As it can be seen from the two 

tables, pump energy in the new redesign increased.  This is expected because chilled water 

must now be pumped to the FPIU’s cooling coils throughout the building.  Fan energy 

decreased only slightly in the new design because the DOAS units supply so much less air to the 

spaces than AHU’s 1 through 3 but there is additional fan energy needed at the rooms for the 

recirculated air to the FPIU’s.  Lastly, as discussed before, the natural gas usage greatly reduced 

in the new design due to the usage of the total energy recovery wheels.  This can be seen under 

the heating tab.  It is interesting to see that the electricity for heating in the new design 

increased as compared to the existing building.  This is due to the electricity needed to be put 

into to spinning the wheels. 

 

 

 

 

 

 

 

Table 43 – Energy Usage Breakdown Proposed Designs 

 

 

 

 

 

 

 

Table 44 – Energy Usage Breakdown Existing Building 
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Pumps

Lighting
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A pie chart was created to better see the energy consumption breakdown for the new design.  

This can be seen below in Figure 66. 

 

 

 

 

 

 

 

 

 

 

 

Figure 66 – Energy Usage Breakdown Proposed Design 

Savings were also created in the changes of the mechanical system.  Below in Table 45 is a 

comparison of the initial cost savings between the old rooftop AHU’s 1 through 3 and the 

original 2 chillers compared to the new 2DOAS (including total energy recovery wheels) and 3 

chillers. 

 

 

 

 

 

 

Table 45 – Initial Savings of AHU’s and Chillers 
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The changes in the AHU’s and chillers amounted to a savings of $622,174 in initial costs.  Adding 

the FPIU’s and creating a secondary chilled water loop also caused a big change in costs.  Below 

in Table 46 is the cost associated with the FPIU’s.  This table shows the cost of the FPIU’s, the 

price of ductwork due to the reduction in duct sizes, the additional piping costs for the 

secondary chilled water loop, the additional cost of pumps due to the secondary chilled water 

loop, and an estimate for an increase in the HVAC controls cost associated with the FPIU’s and 

secondary chilled water loop.   

 

 

 

Table 46 – Cost Associated with the FPIU’s New Design 

The next table, Table 47, shows the cost relating to the original building for the changes to a 

FPIU system.  The original building uses VAV boxes with fin tube radiators for heating.  In the 

new design, the VAV boxes and fin tube radiators were removed and replaced with the FPIU’s 

which had heating coils in them.  The ductwork is also larger in the original design because 

more air is supplied to the rooms by the VAV AHU’s compared to the DOAS units. 

 

 

Table 47 – Base Building Costs Associated with FPIU’s 

The new FPIU system saves $651,137 from the above cost comparison.  Overall the new 

mechanical changes to Hunter’s Point South School save $1,273,311.  This is more than enough 

to pay for the photovoltaic solar array ($296,666) and the upgrade needed in structural costs 

($18,502).  The initial upfront cost savings with all the design changes is $958,143.  This is quite 

a lot.  However, to get a better picture of the true savings – including energy reduction, the cost 

of the solar array’s maintenance, and solar incentives – a 25 year life cycle comparison was 

done between the original design of Hunter’s Point South School and the proposed changes. 
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Life Cycle Cost Analysis 

Once all the changes to Hunter’s Point South School were designed and priced, a life cycle cost 

analysis could be performed to see the true savings of the new design.  The life cycle cost (LCC) 

analysis was performed over a 25 year period.  This was done because that is the system life of 

the solar array.  Price escalations for electricity and gas as well as discount rates were found in 

the Energy Price Indices and Discount Factors for Life-Cycle Cost Analysis – 2011.  For annual 

costs, a discount rate of 2.3% was used.  Below in Table 48 is the 25 year LCC analysis for the 

existing building (base building).  It shows the price of electricity and natural gas brought back 

to a net present value so it can easily be compared to the proposed designs.  No maintenance 

for HVAC equipment/systems was used for either the base or proposed design building.  This is 

because maintenance information is very hard to determine and is usually dictated by what 

contract is signed between the building owner and manufacturer.  It was assumed the 

difference in mechanical maintenance costs between the base and proposed design building 

would be very minimal. 

 

 

 

 

 

 

 

 

 

 

 

Table 48 – LCC Base Building 
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The LCC of the proposed design building was then computed.  The values in red signify savings 

that were made in the new design.  Savings were made in the mechanical systems and through 

incentives for the solar array.  In this analysis, all cost increases and decreases of the new 

design were considered.  Table 49 below shows the LCC analysis of the proposed design 

building. 

 

 

 

 

 

 

 

 

 

 

Table 49 – LCC Proposed Designs 

The base building had a NPV of $6,585,077 while the proposed design building had a NPV of 

$4,566,893.  This gives a NPV savings of $2,018,185 (for the initial 25 years).  A breakdown of 

where costs were saved can be seen in Table 50 below.  Note the red value is extra costs that 

the proposed design had to pay and that the values are all in NPV. 

 

 

 

Table 50– LCC Comparison 
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Emissions 

As part of the objectives of the proposed designs, emissions reduction was strived for.  This will 

further help Hunter’s Point South School in its efforts to become a more green and sustainable 

school.  It will also serve as a teaching mechanism for the students.  The emissions created by 

electricity, on site combustion, and transportation for fuel to the building can be seen below in 

Tables 51 through 53 for Hunter’s Point South School with the proposed redesigns. 

 

 

 

 

 

 

 

Table 51 – Proposed Design Electricity Emissions 

 

 

 

 

 

 

 

Table 52 – Proposed Design Emissions On-Site Combustion 
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Table 53 – Proposed Design Emissions Transportation 

The total emissions of the new design can be seen and compared with the original building’s 

emissions below in Table 54. 

 

 

 

 

 

 

 

 

Table 54 – Emissions Comparison 
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The emissions of each pollutant were decreased by atleast 6.8%.  Overall great reductions were 

made in emissions.  The total carbon dioxide equivalent emission reduced by 16%. 

 

Conclusion 

The proposed changes to Hunter’s Point South School not only made the school more 

sustainable but also more energy efficient.  Electric and natural gas usage both decreased.  The 

downsizing of AHU’s 1, 2, and 3 to two DOAS units as well as the chillers downsizing helped 

produce a big upfront cost.  This along with the savings from smaller ducts, allowed for full 

financing of the photovoltaic solar panel array.  This solar array gave a green, sustainable 

function to Hunter’s Point South School that can be used as both a learning tool for the 

students as well as free electricity generation.  Emissions output were also lowered. 

The objectives of creating a more sustainable school and supplying the correct amount of 

ventilation air to each room were both accomplished in the new design.  In the end, the 

proposed design changes had a huge impact on Hunter’s Point South School for the better. 
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Appendix E – NYC Mechanical Code Ventilation 
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Appendix F – Comparing Ventilation Requirements  
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Appendix G – New Duct Layouts 
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Appendix H – ESP Supply Fan DOAS 1 
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Appendix I – ESP Return Fan DOAS 1 
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Appendix J – ESP Supply Fan DOAS 2 
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Appendix K – ESP Return Fan DOAS 2 
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Appendix L – DOAS 1 Manufacturer’s Specifications 
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Appendix M – DOAS 1 Dimensions 
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Appendix N – DOAS 2 Manufacturer’s Specifications 
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Appendix O – DOAS 2 Dimensions 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Britt Kern Hunter’s Point South Intermediate School & High School 

 

| 4/4/12 | Mechanical Option | Adviser: Dr. Stephen Treado | Final Thesis Report 176 

 

Appendix P – Cooling Calculations FPIU 
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Appendix Q – Cooling Coil FPIU Sizing 
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Appendix R – FPIU Specifications 
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Appendix S – Heating Calculations FPIU 
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Appendix T – Heating Coil FPIU Sizing 
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Appendix U – RS Means New Duct Cost Calculation  
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Appendix V – Secondary Chilled Water Loop Head Calculation 
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Appendix W – Pump Sizing Schematic 
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Appendix X – Pump Pricing 

 

 

 

 

 

 

 



Britt Kern Hunter’s Point South Intermediate School & High School 

 

| 4/4/12 | Mechanical Option | Adviser: Dr. Stephen Treado | Final Thesis Report 191 

 

Appendix Y – YVAA0245CEV17 (225 Ton Chiller) Specifications 
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Appendix Z – YCAL0033EE17(33.4 Ton Chiller) Specifications 
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Appendix AA – Momentum Method 
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Appendix AB – Net Area Ratio  
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Appendix AC – SunPower 308 Solar Panel 
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Appendix AD – SunPower PowerGuard 
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Appendix AE – Satcon 75 kW Inverter 
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Appendix AF – Wire Sizing Calculations 
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Appendix AG – NEC Tables used for Wire Sizing 
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Appendix AH – Balanced Switchboard 2  
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Appendix AI – Structural Calculations 
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Appendix AJ – Vulcraft Non-Composite Deck 
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Appendix AK – W Shapes Selection 
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Appendix AL – Column Selection 
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Appendix AM – Structural Upgrades Cost Calculations 

 




