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EXECUTIVE SUMMARY

The Harker School is one of the top K-12 schools in the state of
California located in San Jose, CA. The new Science and Technology Building is
a two story, 50,000 ft* located on the upper school campus(grades 9-12).

In the November ASHRAE meeting, Donald Wulfinghoff gave a
presentation which advocated the use of single zone systems in all buildings.
This project offered an ideal chance to research and implement many of the
ideas he talked about in his presentation.

After modeling the new system in Carrier’s Hourly Analysis program, it
showed that the single zone system performed slightly less effectively than the
VAV system it was compared to.

It is however unclear on whether or not the direct/indirect evaporative
cooling system offers much more cost saving as it has been touted to do so.
While the actual operating costs of the system are unclear at the moment, it’s
first cost alone was worth more than the 20 year operating cost of the
proposed single zone system.

The added equipment to the roof of the building was originally thought
to result in an increase in cost, but in fact it has done the opposite. Due to the
smaller air handling units, some of the larger beams were no longer needed.
Replacing them with smaller ones ended up saving several thousand dollars,
even though some other smaller beams needed to be replaced with larger ones.

In the classroom chosen to be analyzed acoustically, it was found to
have a sub par reverberation time. To remedy the issue, a ten by ten block of
acoustical tiles were painted over to reduce their acoustical absorption quality
and to increase their reflectivity. Not only did that solve the problem, but it

also now helps the sound distribute throughout the room better.
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BUILDING OVERVIEW

Located in San Jose, California, The Harker School is one of the San
Francisco Bay Area’s most prestigious private schools. It is composed of three
separate campuses ranging from kindergarten all the way through high school.
Bucknall, the Lower School campus, serves students in kindergarten up to fifth
grade. The Middle School campus, Blackford, runs from sixth grade to eighth
grade. Lastly the Upper School campus, Saratoga, has grades ninth through
twelfth. It is on this Upper School campus that the new Science and
Technology Building is located.

It is a two story 50,000 square foot building which has a variety of
offices, classrooms, and laboratories located in an East and a West wing. The
two wings are separated by a double height open forum which is heated by a
radiant floor system. Along with the previously mentioned spaces, the West
wing also has a 192 seat lecture room, and a rotunda which has a large glass
facade and roof.

Access to the East wing of the building is located all around the
perimeter on the ground level as well as the second level via a cantilevered
walkway that encompasses the whole wing including inside the rotunda.
Sandwiched in between the classrooms and offices of both floors of the East
wing are prep offices for the biology, technology, chemistry, and biology
departments.

LEED Certification was a primary goal in the design process. Pending a

formal review, there are enough points to achieve this. The Silver rating is
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possibly only a couple points away, however it is unknown at this time whether
or not a higher rating will be pursued. There are also plans for a solar power
system, but no timetable is currently set for its implementation.

Another goal was to minimize energy use and save on operation costs as
much as possible. That is why a new cutting edge direct/indirect evaporative
cooling system was selected for use in this project. There are only a few
systems of its kind currently in use in the greater San Francisco Bay Area. It
has the potential to cut operating costs down to a fraction of what more

traditional systems costs are.

BUILDING STATISTICS

Building Name: The Harker School - Science and Technology Building
Location and Site: The Harker School - Upper School Campus, San Jose, Ca
Occupant Name: The Harker School

Occupancy: E-1 (Classroom, Prep Office), A-3 (Lecture Room, Rotunda)
Size: 50,000 ft?

Stories: Two above grade

Primary Project Team:

Owner: The Harker School = www.harker.org

Architect of Record: DES Architects and Engineers www.des-ae.com/
General Contractor: XL Construction www.xlconstruction.com
Mechanical Engineer: Western Allied Mechanical www.westernallied.com
Electrical Engineer: AMS Electrical

Civil Engineer: Sandis www.sandis.net

Landscape Architect: DES Architects and Engineers www.des-ae.com/
Acoustical Engineer: Charles M. Salter Associates Inc. www.cmsalter.com
Structural Engineer: DES Architects and Engineers www.des-ae.com/

Dates of Construction: June ’07 - August ‘08
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Cost: $22.5 Million

Delivery Method: Design-Build

Codes and Zoning:

2001 California Building, Plumbing, Mechanical Code

2004 California Electrical Code

2001 California Code for Building Conservation (Chapter 5 and Appendices 1, 5,
and 6)

2005 Building Energy Efficiency Standards

Electrical:

Power is spread throughout the building by an 800A, 480/277V distribution
panel which feeds two panel boards that control lighting, mechanical
equipment, and various first floor spaces. It also feeds two step down
transformers that each feed a 600A, 208/120V distribution panel. One panel

serves 7 panel boards which control first floor outlets and miscellaneous power.

The other panel serves 5 panel boards which control the second floor.

Lighting:

Classrooms are illuminated by 20’ fluorescent direct/indirect lighting fixtures.
Offices and hallways have 2’x2’ and 2’x4’ ceiling mounted fluorescent lighting.
The lecture room has various types of direct fluorescent downlighting. The
rotunda has several types of recessed and surface mounted HID lighting. The
forum has 8” 2-lamp fluorescent downlighting underneath the second floor’s

walkways, and 22” pendant mounted HID lighting.
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Structural:

The floor of the building is 5” concrete slab on grade (3500psi). The second
floor is concrete (3500psi) on metal deck supported by W-flange steel beams,
and steel columns. The steel columns are only located in the west wing of the

building and are supported by concrete spread footings.

EXISTING MECHANICAL SYSTEM

Overview

The building is conditioned by three 100% OA air handling units which
feed VAV boxes throughout the building. As previously mentioned, the forum
connecting the two wings is heated by a radiant flooring system. The radiant
flooring system is served by a single boiler which also serves the heating coils
and reheat coils in the AHUs and VAV boxes respectively. Two pumps circulate
the hot water through the system. One moves it throughout the building, and a

second one moves it though the radiant flooring system.

Equipment
AHUs
There are a total of three AHUs in the building. They use a
direct/indirect evaporative cooling system to condition the air along
with a traditional 2-pipe boiler. They serve the classrooms,
laboratories, and offices in the two wings of the building. AHU-1 serves

the West wing, and AHU-2 and 3 serve the East wing
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VAV Boxes

There are 33 VAV boxes serving the main rooms in the building.
Located in the ceiling plenum, there are several types of VAVs
depending on the CFM required for the space being served.

Boiler

There is only one boiler in the building. It is used to supply hot
water for building heating to the VAV boxes, AHUs, and the radiant
flooring in the forum.

Pumps

There are two pumps used to distribute the hot water from the
boiler. The first one is located on the roof with the boiler which
distributes the water to the air handling units the various equipment
throughout the building. The second pump is located on the first floor in

the forum, and it supplies the radiant flooring system with hot water.

REDESIGN OBJECTIVES

The main purpose of the AE Senior Thesis is to analyze an existing
building’s system, and develop an in-depth redesign of the system based on the
results of the analysis. The goal in this specific redesign is to try to obtain a
lower operating costs than a multi zone VAV system serving the same area.

One issue that arose in the first technical report is the requirements
outlined by ASHRAE Standard 62.1 is that none of the three AHUs were
compliant. The redesign will take place with this in mind, to ensure that all of

the spaces are properly ventilated per the ASHRAE Standards.
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Another purpose is to see the difference between a more traditional
system and a newer system. The system currently designed for The Harker
School Science and Technology Building is a direct/indirect evaporative cooling
system. This kind of system is going to be one of only a few in the San
Francisco Bay Area. This thesis project will be a good opportunity to compare

its effectiveness with that of another system.

PROPOSED SYSTEM REDESIGN

In the November ASHRAE meeting, Donald Wulfinghoff gave a
presentation which advocated the use of single zone systems in all buildings.
This project offers an ideal chance to research and implement many of the
ideas he talked about in his presentation.

If done correctly, a single zone system will do a better job of meeting
the demands of each zone than a multi-zone system would do since each zone
will have its own dedicated air handling unit. The issue of under-ventilation in
the spaces will be easily fixed as well.

Another positive aspect of utilizing a single zone system is that air will
not be distributed throughout the building. Between labs, offices, and
classrooms, there is a lot of potential for contaminants to enter the air. In a
high school, illness is passed around pretty easily. While a single zone system
won’t solve that problem completely, it can help to lessen it by keeping any

contaminants that may be around isolated to a single zone.
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Overview

Do to the large number of spaces throughout the building, having a
dedicated air handler for each of them would be unfeasible. The main problem
with that would be that there would not be enough space on the roof to hold
all of the necessary air handling units. Instead of this, spaces with similar
loads and requirements will be grouped together into zones that will be served
by a single air handling unit.

The unconditioned forum space with the radiant flooring will be
excluded from the redesign as it is not related to the single zone/multi zone

comparison.

Zone Definitions

Zone 1: 1100 Lecture Room

Zone 2: 1101 Physics
1102 Robotics
1106 Physics
1107 Physics
1111 Physics
1112 Physics

Zone 3: 1103 Technology
1104 Technology
1108 Technology

1109 Multimedia
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1110 Future Technology
Zone 4: 1202 Biology
1203 Biology
1207 Biology
1211 Biology
1212 Biology
Zone 5: 1204 Chemistry
1205 Chemistry
1208 Chemistry
1209 Chemistry
1210 Chemistry
Zone 6: 1206 Special Projects
1235 Chemistry Prep
Zone 7: 1113 Rotunda
1200 Cyber Café
Zone 8: 1131 Copy/Work Room
1133 Office
1134 Office
1135 Office
1140 Sound Room
1201 Conference Room
1215 Audio/Visual

1217 Office
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1218 Biology Prep
1229 Optical

Zone 9: 1105 Teacher Lounge
1144 Technology Prep
1145 Physics Prep

1218 Biology Prep

Major Equipment
AHU

The air handler chosen for the redesign is the 39M Aero from Carrier. It
was chosen because it has a lot of the features talked about by Donald
Wulfinghoff in his presentation as well as in his book “Energy Efficiency
Manual.” The most important of these features is the energy recovery
ventilator section.

Variable frequency drives are also important. When serving single zone
systems, it is important because it allows the fan to shift down during average
conditions, and shift back up to capacity during peak conditions.

HEPA filters are also an integral part in the system. They are not only
important because of the health benefits they provide, but in today’s political
environment, anything that can help stop or reduce the effectiveness of a

terrorist attack should also be considered.
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Because of the lack of free space in the building, | decided to go with
air-cooled DX coils for cooling in order to avoid changing the room schedule to

fit in a chiller plant somewhere in the building.

Boiler

The boiler chosen is the Mighty Therm 500 from Laars. The reason for
the change from the previous system is that | am not including the forum in the
redesign because it is an unconditioned space. That means that the radiant
flooring in the forum is also not part of the redesign. The decreased load on
the boiler was not large enough to stay with the same model, so a downgrade
was necessary. It is not as efficient as the original boiler, but it is not too

much less.

Energy Analysis

To ensure that the equipment chosen would be compatible with the
analysis software, Carrier’s Hourly Analysis Program (HAP) was used.

Since the existing system is extremely difficult to model, a more
conventional VAV system with hot water and chilled water coils was used for
comparison in lieu of the direct/indirect evaporative cooling system.

San Jose was not available in the library of simulation cities in HAP, but
Sunnyvale was. Since it is only eleven miles away, | chose to use it as a

suitable equivalent.
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Figure 1 - San Jose Design Conditions

Operating Cost and Life Cycle Analysis

Single Zone | Multi Zone

System System

Total ($) 81,594 73,751
20 Year Cost| 1,631,880 1,475,020

Table 1 - Annual Operating Cost and 20 Year Life Cycle Cost

Due to time constraints, | did not calculate initial cost. However,
considering the initial cost for the existing system being quite expensive
(52,658,743) | feel confident in saying that the first cost of the single zone

system would cost a fair amount less than the existing system.

Conclusions and Recommendations
As seen above, the operating cost for the single zone system is slightly

larger than the multi zone system. Over a course of twenty years, it would
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result in an extra cost of $156,860. Under these circumstances | would say that
the VAV system would be the better choice.

Had a viable option to model a direct/indirect evaporative cooling
system be available, the single zone system may have been proven to be the
better option just because of the fact that the direct/indirect system’s first
cost is greater than its 20 year operating cost. Unfortunately the most
important factor, the operating cost of the direct/indirect system, just

happens to be one that cannot be determined at this time.

STRUCTURAL BREADTH

Overview

With the alteration to the number and size of air handling units, the load
on the roof will need to be analyzed in all areas affected, and if necessary the
beams will be resized accordingly.

The following diagram shows the beams affected by the equipment
addition and relocation. The red beams are ones that are having equipment
added on top of them. The blue beams are ones that are having equipment

removed from them.
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O [

Figure 2 - Structural Adjustments

The following is the sizing of each air handling unit. More detailed

physical data can be found in Appendix A.
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Airflows | Dimensions

Hominal
Size Airflow
{Cfim)
03 1,500
06 3,000
08 4,000
10 5,000
12 6,000
14 7,000
17 8,500
21 10,500
25 12,500
30 15,000
36 18,000
40 20,000
50 25,000
61 30,500

Table 2 - Sizing Chart

Zone 1

Maximum Desion| Minimum Time| Maximum Zone

Cooling Air Air of Heating Floor

Sensible Flow Flow Peak Load Area Zone
Zone Hame {MEH) {CFM) {CFM) Load {MBH} LL§] CFMIE
Zone 1 576 4107 4107 Jul 1700 1041 26420 1.55

Table 3 - Design Information
Size: 10
Weight: 5738 lbs
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Zone 2
Maximum Desion Minimum Time| Maximum Zone
Cooling Air Air of Heating Floor
Sensible Flow Flow Peak Load Area Zone
Zone Hame (MBH) (CFM} (CFM} Load (MEH) L1§] CFMiE
Zone 1 20.5 1563 1563 Dct 1400 5.1 21260 0.74
Table 4 - Design Information
Size: 6
Weight: 4392 lbs
Zone 3
Mazximum Desion| Minimum Time| Maximum Zone
Cooling Air Air of Heating Floor
Sensible Flow Flow Peak Load Area Zone
Zone Hame {MEH} {CFM} {CFM) Load {MBH) (%) CFMIFE
Zone 1 735 5267 5267 Jul 1700 188 GE19.0 0.60
Table 5 - Design Information
Size: 12
Weight: 6215 lbs
Zone 4
Maximum Design| Minimum Time| Maximum Zone
Cooling Air Air of Heating Floor
Sensible Flow Flow Peak Load Area Zone
Zone Hame {MEH} (CFM) (CFM) Load (MBH) L11§] CFMAE
Zone 1 631 4502 4502 Jul 1700 17.2 53930 0.53
Table 6 - Design Information
Size: 10
Weight: 5738 lbs
19
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Zone 5
Maximum Design| Minimum Time| Maximum Zone
Cooling Air Air of Heating Floor
Sensible Flow Flow Peak Load Area Zone
Zone Hame {MEH) {CFM) {CFM) Load {MBH) LS CFMIE
Zone 1 E7.3 4541 4541 Jul 1600 18.8 53910 0.90
Table 7 - Design Information
Size: 10
Weight: 5738 lbs
Zone 6
Mazximum Desion| Minimum Time| Maximum Zone
Cooling Air Air of Heating Floor
Sensible Flow Flow Peak Load Area Zone
Zone Hame {MEH} {CFM} {CFM) Load {MBH) (%) CFMIFE
Zone 1 70.0 5042 5042 Jul 1600 2049 53830 043
Table 8 - Design Information
Size: 12
Weight: 6215 lbs
Zone 7
Maximum Desion Minimum Time| Maximum Zone
Cooling Air Air of Heating Floor
Sensible Flow Flow Peak Load Area Zone
Zone Hame {MBH) {CFM) {CFM} Load {MEH} 11§ CFMiE
Zone 1 320 237 237 Jul 1500 a7 27050 0.36
Table 9 - Design Information
Size: 6
Weight: 4392 lbs
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Zone 8
Maximum Desion Minimum Time| Maximum Zone
Cooling Air Air of Heating Floor
Sensible Flow Flow Peak Load Area Zone
Zone Hame {MBH) {CFM) {CFM} Load {MEH} 11§ CFMiE
Zone 1 920 G720 E720 Jun 1500 437 34050 1.87

Table 10 - Design Information
Size: 14

Weight: 6804 lbs

Zone 9
Maximum Desion Minimum Time| Maximum Zone
Cooling Air Air of Heating Floor
Sensible Flow Flow Peak Load Area Zone
Zone Hame {MBH) ({CFM) (CFM) Load {MBH) LS CFME
Zaone 1 17.5 1259 1259 Jul 1600 149 1515.0 0.53
Table 11 - Design Information
Size: 3

Weight: 3678

Analysis

The blue beams were the simplest to adjust. Since all of the beams
without equipment on them were uniform on each wing, | simply matched
them to their respective counterparts. The two on the East wing were changed
from W18x65 to W16x26. The four on the West wing were changed from

W18x65 to W16x31.
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Sample Calculation
AHU-9
Existing beam = W16x31
Moment Capacity = 202 ft-K LRFD (Dead loads must be multiplied by 1.6)
Dead load due to concrete slab
Tributary Width x Depth of Slab x Weight of Concrete
10’ x 4.5/12’ x 150lbs/ft> = 562.5 lb/ft
Total Dead Load = Concrete Slab + Beam Self Weight
= 562.5 + 31
= 573.5 lb/ft x 1.6 = 949.6 b/ft
Total Live Load = Live load x Tributary Width
=20 psi x 10°
=200 lb/ft
Total Distributed Load = Total Dead + Total Live
=949.6 + 200
=1149.6 |b/ft
Max Moment Due to Distributed Load = wL?/8
= (1149.6)(37 ft)?/8
=196.7 ft-K
Weight of AHU-9 = 3678 b

Distributed Across Two Beams = 1839 |b per beam x 1.6 = 2942.4 b
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Max Moment Due to Point Load at Midspan = PL/4
= (2942.4)(37)/4
=27 ft-K
Total Max Moment = 196.7 + 27
=223.7 ft-K
Greater than moment capacity, therefore a larger beam must be selected.
Using the steel manual, W16x36 is selected and has a moment capacity of 240
ft-K
Check with new self-weight:
New Dead Load = Concrete Slab + Beam Self Weight
=562.5 + 36
=598.5 lb/ft x 1.6 = 957.6 b/ft
Total Distributed Load = 957.6 + 200
=1157.6 Ib/ft
Max Moment Due to Distributed Load = wL?/8
= (1157.6)(37 ft)*/8
= 198.1 ft-K
New Total Max Moment = 198.1 + 27
= 225.1 ft-K

225.1 ft-K is less than the moment capacity of 240 ft-K so W16x36 is selected.

Note: AHU-1, 4, and 5 were treated as a distributed load, thus it was used

along with the dead and live load to find the max moment in one step. AHU-
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3/6 and AHU-2/7 were treated as a single point load for ease of calculation.
This caused the calculation to not be as accurate, but it also erred on the

conservative side.

Conclusions and Recommendations

izzrgj Length | Number Liizztr ilj-'i:)t Total Cost
W16x36 37 5 37.5
W16x40 37 2 48.5
W16x45 37 4 60.5
W16x26 37 2 31.5
W16x31 37 4 37.5
RE;ZT: q Total Savings
W16x26 37 2 31.5 2331
W16x31 37 9 37.5 12487.5
W18x65 37 4 78.5 11618
W18x71 37 1 92 3404
W18x97 37 1 104 3848
Overall
Difference 6327

Table 12 - Cost Difference
Even though the number of units on the roof has increased, the overall
cost has gone down since the new units are so much smaller than the previous
ones. The amount of savings may not be much, but saving a few thousand

dollars is always a better alternative to losing a few thousand dollars.
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ACOUSTICAL BREADTH

Overview

For the acoustical study, | decided to analyze the reverberation time in
one of the typical classrooms, Physics Room 1111. In order to do this |
constructed a spreadsheet that would calculate the reverberation time once
the surface area and absorption coefficient was entered for each material and
frequency.

The Sabine equation for reverberation time is:

Teo = 0.049V/oSo

Where V is the room volume, S is the surface area of the respective material,
and o is the absorption coefficient of the respective material at a specific

frequency.

Analysis

In order to determine the target reverberation time, the following table

was used.
Room Volume Target
(m?) Reverberation Time
10,000 1
1000 0.8
100 0.6

Table 13 - Recommended Reverberation Time
Converting cubic meters into cubic feet, and interpolating to get the
value that corresponds to the room volume of 10800 cubic feet, the target

reverberation time is found to be 0.85 seconds. For the purposes of this
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analysis | extended the acceptable range of time from a quarter second above

and below, or from 0.6 to 1.1 seconds.

Reverberation :
Frequency (Hz) Time Compliance
125 0.48
250 0.54
500 0.7
1000 0.67
2000 0.53
4000 0.56

Table 14 - Current Results

As seen above, the reverberation time is not acceptable for the majority
of the frequencies in the room. In order to remedy this problem, a 10 tile by
10 tile section of the ceiling acoustical panels at the front center of the room
will be painted over to increase their reflectivity and decrease their

absorption.

Conclusions and Recommendations

Frequency (Hz) Reve_lr_lia:reatlon Compliance
125 0.63
250 0.77
500 1
1000 0.97
2000 0.78
4000 0.82

Table 15 - Modified Results
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That small change has successfully increased the reverberation time for
all incorrect frequencies into the acceptable range without pushing the
previously acceptable frequencies out of it.

The cost of making this change is negligible, as several cans of paint will
not even cost a fraction of the total construction costs.

Another benefit of making this change is that the altered tiles will not
only correct the reverberation time problem, but they will also aid in the
acoustical quality of the room by doing a better job of diffusing the sound from

the speaker throughout the entire room.
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APPENDIX A - HVAC EQUIPMENT PHYSICAL DATA

STANDARD CONFIGURATIONS ANMD PHYSICAL DATA

The followmgz lhisrations (Fig. 23-26) show the vanous Aero Energy Recovery svstem configmation opiions availlzable.
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11
S
| | H
0, SA
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ERY Section Assembly - no electric heat
T E L {in) W {in.) H (i) WEIGHT {lb)
3 102 D 66 5
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B 108 ] 72 2427
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OUTDOOR 30MW UNIT SIZE| 03 | 06
Dimensions (in.)
H

=
&
=
]
=
P
B3|

25 | 30 | 35 | 40 | 50 | &4

43] 43| 48] 48] 53] B3| Se| es| 66] 6] 7T @3] 93] 408
W 36) 48] &7 VO] 7O V5] 82 82 89 407] 142] 1412] 41200 120
Mgli:‘ 24] 30] 35] 35| 42| 4n) 48 48| 60] &0 6G0] 60] GE] 66
AF 42] 42] s8] Ss] 42| 4n) 48] 48] &0 60 6G0] eE] 2] VA
AF DB 42] 42| 42) 42] 4| B4) B4 EB4| 66) G| kO] B8] T2 T8
Waight[lb:l ~ 1. i _
Fi 500) 600) B00) 80 A040] 1140] 1230{ 1340) 1650] 1830 2490) 2300] 28600 32410
AF GO0y Tal) 800) 80 40400 1430] 1230{ 1340] 1650] 1820] 2490] 2480] 3070) 3700
AF DB 690 780] &50] Q40 4070] 1480]1220] 1410{ 1700] 1950] 2090] 2370] 2020] 3510
All dimengions in inches unless otherwize noted,
LEGEND
AF  — Airfoil FC& — Forward Cureesd
.II.WL— ﬁ-.lrwaﬁLenmh H — Height
— Dawn W — Width

Upblast fans not available for 30MW oubdoor units,
SPECIFICATIONS

Fan sy cI:vq:u:-rr:; structural members, panels, or floaring shall nat be weldad, unless aluminum, stainlses stel, or other comesion-resistant matsrial
is use

The fan saction shall hawe a double-wall, insulated, galvanized steel floor, Accsesibility options shall be hingad double-wall aczess door on sither
side, hinged double-wall acceas deors on both sides, or removable double-wall access panels

A, Thermal pans reinforced glass viewports shall be available a3 a factory-installed aption on ﬂ'ua access pang (3) or dooris) of this saction,

B. Maiin lights shall be avallable as a factong-installed option with or without comvenience outlets

Ses the guide specifications on pages 82113 for fan detail options.
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Heat transfer sections (cont)

DUAL COIL SECTION WITH DRAIN PAN

HE T 1 I 1 1

1 1 1

Eor

] 1 ]

B

1 1 I

S

| H 3o . ]

[ I | ! !

ER ekt o

190 | . O
5 =

r— AW —— - W -

INDOGR 39MN UNIT SIZE 03 Jos JoB J 40 J 42 [ 14 |47 | 21 ] 25 ] 30 | 35
Dimensions (in.)

H 0] a9 ) 42| 42| 49 49) B2 62) &2)] 2] TE
W 3] 48] 54) 67 67| T2 7O Tol e 404 ] 100
AWL ] 3] 36 6] 36| 36) 36| ) W] =] =
Weaight (I} 240 | 240 | 260 | 280 | 300 [ 340 | 340 | 980 ] 400 | 440 | 540

OUTDOOR 39MW UNIT SIZE] 05 | 06 | 06 | 10 ] 12 | 14 [ 17 | 21 | 25 | 30 | 38
Eimenainna (im.}

43] 43] 48] 46 ) 53| 53| BR[| BE] &&) &E] T7

W 3] 9] 57] vo] 7ol 75| s2| s2] eo] 407 [ 142
AWL 3] 3] 3] 6] 36] 36] 36| 36| | W] ¥
Weight (I} 340 ] 300 | 420 | 470 | 490 | 540 | 550 [ 500 | 630 | 680 | 770

LEGEMND
MWL — Aijreay Len
H - Haiﬁ i
W — Width
MNOTES:

1. All dimensions in inches unless otherwiss noted,
2. Dual coil ssctions are not available on sizes 40461,

SPECIFICATIONS
Coil face areas available:

T s

All coil sections shall be sdid double-wal constuction of galvanized steel with insulation sedsd between the inner and cuter panels. The pansl
azsamblies shall not carry a resultant minimurn B-value of less than 13, Coil ssctions shall kave removable frame sections to facilitate vertical
ool extraction.

Cirain pans shall be insulated double-wall galanized or stainless steal construction. The pan shal be sloped in 4 directions toward the drain fit-
ting. Drain pan shall have a recessad bottom drain design with integral FPT albow for side discharge and trapping. One drain outlst shall be sup-
pliad for sach moling::il sation. Drain pan shall allow no standing water and shall comply with ASHRAE Standard 62 Where 2 or morne colls
ara stacked in a coil bank, ntermediate drain pans shall be provided and the condensats shall be pipsd to the bottor drsin pan. The bottom coil
shall not s=rve as a drain path for the uppar zoil,

Accessibility options shall be hinged doulble-wall access door on either sids, hinged doubls-wsll access doors on both sides, or removables
double-wall accsss pansls,

Saa the guide specifications on pages 88-113 for coil detail aptions.
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Filtration components (cont)

HORIZONTAL, BLOW-THRU FRONT LOADING HEPA FILTER SECTION

R A [ S e e
fa

AL W
INDOOR 39MN UMNIT SIZE 03 Jos JoB |40 |42 J 44 [ 47 [ 21 | 25 ) 30 | 36 | 40 | 50 | 64
Dimensions (in.)
H o] 40 ) 49| B2 | B2 &2] ez] V3] "] 89| 1M
W 3] 46 ) B4 67| 67| T2 Tof Vol e8] 404 | 400 ] 402 ] 447 147
AWL 48 43 ] 48] 48] 48] 48] 48] 48] 48] 48] 48
Weaight (Ib) 320 | 370 | 420 | 470 | 540 J 540 | 590 | 670 ] 740 ] 840 | S50 J4020]1190] 1360

B
QUTDOOR ZOMW UNITSIZE] 03 | 06 | OB | 40 | 42 44 | 47 | 24 | 25 ) 30 | 36 | 40 | 50 | &4

Eimenaions (im.)

43 ) 43| 46| 46| 53 ) 53| G6 | 66| &5 ) 66] V7] 83] 93] 408

W 3] 49] 57| 7o) 7o) 75| 82| s2] s&e] 407 142] 442] 120] 120
AWL 48] 48] 49| 48) 48] 48| 48| 48] 48] 48] 48] 48] 48] 48
Waight {lb) A70 | 540 | 640 | &90 | 730 | 770 | 830 | 040 ] 950 J4400)4260]1320])1510] 1680
39M UNIT SIZE
FLTRR MERs A 03 Josg Jog [d0 J 412 14 [47 |21 J a5 J 30 ] 36 ] 40 | 50 | 64
12x24 — 1 — 1 2 3 3l—1—-1- 4 4 E] 7
24x24 1 1 2 2 2 2 3 & g ] ] g ] 12 | 12
Face Area {aq ft) 4 & E] A0 |12 [ 44 [ 12 [ 24 | 24 ] 32 J 40 | 40 | 54 | 62
All dimensions in inches unless otherwize notsd,
LEGEND

AWL — Airwesy Length
HEPA = Ha Efciency Particulate A

— High-| 12ncy rhcilate Air
W Wi

SPECIFICATIONS
Elkwe-thru HEPA filter ssctions shall contain a face keading filter frame and be capabl e of accepting standard size 12-in. deep HERA box filkers,

Filtzr types as shown on the equipment schedule, Accessibility options shall be hirged double-wall access door on sither side, hinged double-
wall access doors on both sides, or removable double-wall access panels.

Thermal pal;;le reinforced glass viewports shall be available as a factory-installed option on the actess panslis) or door(s) of bagicartridge filker
sections only.
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Hydronic

MIGHTY THERM -
. ~ Boilers

=== - HH | Hydronic Heating Soier
=58 ] L | PH | Hydronic Heating Boder
— 61 with mounted pump
B [l @ 155
=== | ~ Outdoor Sizes 500,000 - 4,500,000 6T
307 7% | 14 . :
sS85 78 | 20 | 26 Submittal Data mg
Heating Systwms
Dutdoor
Sizes S00-1825 e
- 12 I S
30 o | 106 | o
3
| 5 —|
= )
v E
, ,
! !
] [ ]
c-l e *On single pase units,
70 outlet is on right side
178
=1=] ot In
'EIEEEEE i [ECIEECEE Y
i=isi=i=i=ll ST
Gas . 36% 41 | 48
eSS EE ||
Outcioor L l
Sizes 2200-4500 T
I A &1
B 155
FRONT LEFT SIDE
Dimensional Data
IBR Net™ Gas Water . .
Outdoor Input'  Owtput’  Rating Connection Conn. Dirnensions inches? Ship
Models BTWh BTN BTN _SEe Nenes’ gpn Weight
HHPH* x1000 %1000 %1000  Naural® LP® in® A B C D E F v Ils?
500 500 410 357 1 204 2 3334 451 20— @ — —— —— — 200
600 £00 49z 428 1 204 2 38%4 5004 2 —— —— —— ——  — %10
715 715 538 510 1 204 2 4474 55 0 020—— ——  ——  ——  —— 05
B5O 850 897 606 1 204 2 S04 B2 020——  ——  ——  ——  —— 1030
1010 1010 828 720 11 1 21z 58 gr — — —— — — 1180
1200 1200 984 BSE 11 1 2z B TR —— —— —— —— —— 1330
1430 1430 1173 1020 11 1us 21z 76 e — —— —— — — 1480
1670 1670 1370 1191 11z 1us 21z BSw2 97 _ — — — — 1600
1825 1825 1487 130z 11z 1us z 9214 1088 0 o—— ——  ——  ——  —— 1660
2200 2905 1786 1553 .- 11m 4 851z 83 18 2814 15 24 18 2320
2500 2745 223 1833 22 T 4 7B 9512 20 2814 15 24 18 2600
3200 3150 2552 2219 2 11z 4 BB 10512 23 Iz 162 36 20 2750
3600 3845 2052 2387 221 2 4 100wz 118 2 Iz 18wz 35 20 3175
4000 4030 2281 2853 21n 2 4 11 128 e 3de 18 35 2o 3380
4500 4500 3645 70 21z 2 4 123 14tz 34 37w 192 36 24 3780
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APPENDIX B - AHU SIZE AND WEIGHT TABLES

Final Report

Unit Size 3 6 10 12 14
ERV 1688 2082 2798 2975 3244
HEPA 470 540 690 730 770
Coils 340 390 470 490 510
Supply Fan 590 690 890 1010 1140
Return Fan 590 690 890 1010 1140
Total Weight | 3678 4392 5738 6215 6804
Unit Size 3 6 10 12 14
ERV 102 102 108 108 114
HEPA 48 48 48 48 48
Coils 36 36 36 36 36
Supply Fan 24 30 36 42 48
Total Length 210 216 228 234 246
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APPENDIX C - REVERBERATION TIME CALCULATIONS

Final Report

Target Reverb Time = 0.6-1.1 _ Good

35

Reverberation Time
Surface Surface Area Absorption Coefficient
(SQFT) 125Hz | 250Hz | 500 Hz | 1000 Hz | 2000 Hz | 4000 Hz
Stained and Sealed | 104 505 [ 0010 | 0.010 | 0.015 | 0.020 | 0.020 | 0.020
Concrete
5/8" Acoustical Tile | 1080.000 0.680 0.760 0.600 0.650 0.820 0.760
Painted Concrete 114.875 0.100 0.050 0.060 0.070 0.090 0.080
1/2" Gypsum 567.250 0.290 0.100 0.050 0.040 0.070 0.090
1/4" Cork Board 228.000 0.290 0.100 0.050 0.040 0.070 0.090
Solid %c;roerwoc’d 18.250 0190 | 0.140 | 0.000 | 0.060 | 0.060 | 0.050
Painted Hollow 26.250 0020 | 0030 | 0030 | 003 | 0.030 | 0.020
Metal Door
White Board 88.000 0.020 0.030 0.030 0.030 0.030 0.020
Glass 141.000 0.550 0.250 0.180 0.120 0.070 0.040
Wood Cabinets 149.500 0.190 0.140 0.090 0.060 0.060 0.050
oSo [ 1099.0175[979.03125[ 754.76 |793.86375[996.56875| 939.475 |
Volume 10800
Frequency 125 Hz 250 Hz 500 Hz | 1000 Hz | 2000 Hz | 4000 Hz
Reverberation Time (Seconds) 0.48 0.54 0.70 0.67 0.53 0.56
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Modified Reverberation Time

Surface Area Absorption Coefficient
Surface
(SQFT) 125Hz | 250 Hz | 500 Hz | 1000 Hz | 2000 Hz | 4000 Hz
Stainedand 1020 000 | 0.010 | 0.010 | 0.015 | 0020 | 0.020 | 0.020
Sealed Concrete
5/8 ATCicI’;St'Ca' 680.000 | 0.680 | 0.760 | 0.600 | 0650 | 0.820 | 0.760
Painted 114.875 | 0.100 | 0.050 | 0.060 | 0.070 | 0.000 | 0.080
Concrete
1/2" Gypsum 567.250 | 0.290 | 0.100 | 0.050 | 0.040 | 0.070 | 0.090
1/4" Cork Board | 228.000 | 0.200 | 0.100 | 0.050 | 0.020 | 0.070 | 0.090
Solid %c;r;WOOd 18.250 0190 | 0.140 | 0.000 | 0.060 | 0.060 | 0.050
Painted Hollow | - o0 e 0020 | 0.030 | 003 | 0.030 | 0030 | 0.020
Metal Door
White Board 88.000 0.020 | 0030 | 0030 | 0030 | 0.03 | 0.020
Glass 141.000 | 0.550 | 0.250 | 0.180 | 0.120 | 0.070 | 0.040
Wood Cabinets | 149.500 | 0.190 | 0.140 | 0.090 | 0.060 | 0.060 | 0.050
Pa'”te_ro:lge'“ng 400.000 | 0.020 | 0.030 | 0.030 | 0.030 | 0.030 | 0.020
oo | 835.0175 | 687.03125| 526.76 |545.86375|680.56875 | 643.475 |
Volume 10800
Frequency 125 Hz 250 Hz 500 Hz | 1000 Hz | 2000 Hz | 4000 Hz
Reverberation Time (Seconds) 0.63 0.77 1.00 0.97 0.78 0.82
Target Reverb Time = 0.6-1.1 Good Good Good Good Good Good
Final Report 36




