Senior Thesis Final Report

Ground-source Gymnasiums and Satisfactory Stages

Altoona Area Junior High School
Altoona, PA

Christopher G. Conrad

Mechanical Option

Faculty Advisor: James D. Freihaut, Ph.D.
April 9, 2008



AE Senior Thesis Final Report

Christopher G. Conrad

Thesis Abstract

ALTOONA AREA JUNIOR HIGH SCHOOL - ALTOONA, PA

BUILDING STATISTICS

Building Oecupant: Alteona Area School District

Occupancy Type: Secondary Education

Size 292,066 SF

Mumber of Siories: Academic/Fine Arts Building - 4
Physical Education Building - 2

Dates of Construction:  April 2006 - August 2008

Cost 548 Million

Project Delivery Method: Design-Bid-Build

DESIGN & CONSTRUCTION TEAM
Altoona Area School District

L. Robert Kimboll and Associates
Leonard 5. Fiore, Inc.

D. €. Goodman and Sons, Inc.

5. B McCaorl and Company, Inc.
Interstate Fire Protection Co.

G. M. McCrossin, Inc.
Commercial Appliance Contracts
Maoffei Strayer Furnishings, Inc.

Cwner:

Archidacts:

General Controcior:
HVALC:

Flumbing:

Fire Protection:
Electrical:

Food Service:
Audilonum Scu.lmg'

ARCHITECTURAL SUMMARY

The new Altoona Area Junier High School consists of
a 239,434 5F Acaodemic and Fine Arts Building and a
52,632 SF Physical Education Building. The
Academic Building houses two caofeterias, an
enclosed courtyard, an auditorium, offices, ond
classrooms. The Physical Education Building houses
two gymnasiums, on indoor running track, and
lecker room facilities. The entire structure is clad in
red brick accented with tinted pre-cast concrete
elements. The windows and doors are

aluminum with decorative pre-cast panels.
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STRUCTURAL OVERVIEW

12-26" Reinforced Concrete Footings

B-12" Reinforced CMU Foundation

5" Slab-on-grade with W2.9xW2.9 WWF

5.25" Concrete Floor Slabs on 9/14” Sieel Deck
Single Steel Joists on Load-bearing CMU Walls
Single and Double Joists on Steel Columns
1.5" Galvanized 5teel Roof Deck

MECHANICAL OVERVIEW

Meodular Indoor and Outdeor CW/HW AHUs
(2) 225-ton Rotary Screw Water Chillers

(2) 3.,322-MBH Gas Boilers

(11) Air-cooled Condensing Units

(8) VAV Boxes with Electric Reheat Coil

(1) 41.5-MBH Split-system A/C Unit

(6) Roaftep A/C Units

(12} 14.5-MBH Hydronic Cabinet Unit Heaters
(6) 6,825-BTUH Electrical Wall Heaters

(130) Room Unit Ventilators

(3) 500-BTU/ft Radiant Ceiling Panel Heaters

LIGHTING/ELECTRICAL OVERVIEW

4000 A, 4807277V Service

Veice and Data Communications
Security Cameras/Alarms
Closed-circvit Television
Auvditorium and Gymnasium Sound
Fire Detection and Pumping

500 kW Emergency Generator
Interior Fluorescent Pendant Luminaires
Exterior HID Luminaires
Auditerium Dimming

Theatrical Lighting
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Executive Summary

The primary purpose of the following report is to examine the potential for a proposed HVAC
system redesign to reduce energy costs and consumption at the Altoona Area Junior High
School. The scope has been reduced to include an examination of seven direct-expansion/gas
air handling units that serve the school’s athletic facility. Based off of an anticipated high level of
efficiency offered by ground source heat pump systems, this option was critically analyzed and

selected to serve as the redesign featured in this study.

It has been found that the use of a GSHP system has the potential to reduce annual maintenance
and operating costs by as much as 57% in this instance. It was also determined that while a
GSHP system figured to increase annual electricity consumption by an estimated 33%, it totally
eliminated the need for natural gas. The main drawback for the proposed GSHP system is its

high initial cost, costing an estimated $95,000 more than the traditional existing design.

Furthermore, a proposed gymnasium daylighting system utilizing skylights has been found to
increase the thermal loads for the system redesign, as expected, but has demonstrated a

potential in decreasing electric lighting costs by as much as 67%.

The conclusions made by this report indicate that a GSHP system with integrated daylighting has
the potential to significantly reduce energy costs and consumption and should therefore be

considered as a feasible and adequate alternative to the original design.

Additionally, this report has verified the feasibility of diverting outdoor air from an air handling unit
serving the school’s band room to the school’s auditorium, where deficiencies have been noted
through previous analysis. This report has also concluded that the use of additional air diffusers
to accommodate this diverted outdoor air will not have an adverse effect on background noise if
the proper diffuser size is specified. If a diversion of outdoor air meeting the requirements of
ASHRAE Std. 62.1 were to be carried out to improve the original design, it is the finding of this

report that the acoustic considerations, while critical, are minimal.
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1. Existing Conditions

Main aspects of the Altoona Area Junior High School are discussed below. The discussion
focuses on the building’s mechanical systems and related items. This study’s scope is also
defined, highlighting which aspects will be further discussed later in this report.

1.1 Building Statistics

The Altoona Area Junior High School building located in Altoona, Pennsylvania is a 292,000 ft*,
$48 million educational facility with a variety of mixed-use and single-use spaces. The school will
accommodate an estimated 1800 students in grades 7-9. School construction began in the
spring of 2006 and will open in time for the 2008-09 school year.

The Altoona Area School District, one of the largest school districts in Pennsylvania, is the owner
of the project and will oversee the management and construction of the building. L. Robert
Kimball and Associates, of Ebensburg are the architects for the school. L.S. Fiore, Inc., of
Altoona will construct this design-bid-build project. For more information on building details
including an in-depth listing of the project’s subcontractors, please visit the Capstone Project
Electronic Portfolio website at http://www.engr.psu.edu/ae/thesis/portfolios/2008/cgc129.

Main systems and features of the building are described in detail below. Please note that a
mechanical system description has been omitted from this section. A more detailed description of
the building’s existing mechanical system can be found in Section 1.2.

Architecture

The new facilitg/ consists of a four-story 239,434 ft* academic and fine arts building and a two-
story 52,632 ft” physical education building. The academic building houses two cafeterias, an
enclosed courtyard, an auditorium, administrative offices, and classrooms. The physical
education building houses two gymnasiums, an indoor running track, and locker room facilities.
The entire structure is clad in red brick accented with tinted pre-cast concrete elements. The
windows and doors are aluminum with decorative pre-cast panels.

Figure 1-A. A rendered elevation of the Altoona Area Junior High School.

Lighting/Electrical

The Building is fed with 4000A, 480/277V service. The building's backup power is provided by a
600 kW emergency generator. The school features fluorescent pendant luminaires in most of the
interior spaces with HID luminaires on the exterior. An auditorium dimming system and theatrical
lighting are also included in the overall system.


http://www.engr.psu.edu/ae/thesis/portfolios/2008/cgc129
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Structural

The building is supported by reinforced concrete footings ranging from 12-26 inches in size with a
foundation of concrete masonry units. The main floor slab is 5-inch slab on grade with
W2.9xW2.9 reinforcing steel. The upper floors are 5.25-inch concrete floor slabs on top of 9/16”
steel decking. Load-bearing CMU walls are reinforced by steel columns with single steel floor
joists. The roof system uses 1.5-inch steel decking as a base.

Fire Protection
Smoke detectors and emergency pull stations are connected to a centralized alert center within
the building. Sprinklers are provided throughout the building as is stipulated by the International

Building Code. Ceiling-mounted luminaries and exit signs are powered by the backup generator
in case of an emergency.

Telecommunications

The building features a voice and data communications system as well as a closed-circuit
television system which is accessible in all classrooms and throughout all major assembly spaces
in the building. Interior and exterior security cameras providing real-time and recordable video
will also be installed throughout the school campus. The auditorium and gymnasiums feature
public address systems and interactive scoreboards where needed.

1.2 Existing Mechanical Systems Summary

The Altoona Area Junior High School is served by several different HYAC systems. A two-pipe
change over chilled water/hot water system serves a majority of the air handlers and classroom
unit ventilators in the building. Several prepackaged rooftop units and DX/gas units were also
utilized, mainly in the school’s athletic area.

Due to the building’s size, it would be too tedious to list each space and the system by which it is
served. Instead, Table 1-A, provided below, makes a listing of the types of spaces in the building
and by which type of system these spaces are generally served.

Table 1-A Building System Summary Organized by Type \

Unit Space
DX/gas AHUs Gymnasiums/Athletics
CW/HW AHUs Library/Auditorium/Cafeteria
VAV Box System Office Suite
Individual Unit Ventilators Classrooms/Lounges

The Two-Pipe Change Over System

The obvious characteristic of this system is that only two sets of pipes (one for supply and one for
return) serve the units in the building. Chilled water is provided by two 225-ton air-cooled chillers
and hot water is provided by two 3,322-MBH natural gas boilers. A three-way mixing valve
provides a controlled mixture of return and supply water. Change-over valves control the
operation of the system based on seasonal requirements. The chilled water supply temperature
is 45°F and the hot water supply temperature is 180°F. Chilled water is returned at 55°F, while
hot water is returned at 160°F.
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Direct Expansion (DX) Air Handlers

A large portion of the building also uses DX/gas air handling units. These large pre-packaged
units utilize direct expansion cooling and gas-fired heating. These single-zone constant air
volume (CAV) units are not fed from a centralized boiler/chiller plant and thus operate
independently from one another. This offers a high level of controllability for the occupant, and
ease of installation for the contractor. The drawback to this system is its inefficiency, which can
lead to relatively high electricity costs in the summer and relatively high natural gas costs in the
winter. The replacement of this system will serve as the main focus of this report. For further
information, please see the following note on scope reduction and Section 2 of the report.

1.3 Reduction of Scope

Because of the sheer size of the project and the invitation to improve certain aspects of the
existing base design, the scope of this study has been reduced significantly. The split-pipe
changeover system that occupies a majority of the academic building remains unchanged. Other
major systems that have been considered in this report will be discussed below.

Figure 1-B. A majority of the depth study occurs in the building’s athletic facility.

In the athletic facility, seven pre-packaged DX/gas air handling units have been replaced by a
more energy efficient ground-source heat pump network. This study occupies the majority of the
depth work presented in this report. In the academic facility, the delivery of outdoor air has been
improved in the auditorium’s stage area. Breadth topic selection, and more importantly, their
integration with depth topic items are provided in their respective sections in this report. The
results of these studies, in detail, have been provided below.
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2. Project Depth Study

The project’s depth study is separated into two different sub-projects, each with its own
implications which have come to define the non-mechanical breadth studies presented in this
report. The first is a redesign of the current systems in the building’s athletic facilities to include a
ground-source heat pump network which has been influenced by an accompanying lighting
system redesign. The second involves the diversion of outdoor air delivery to the building’s
auditorium, where the acoustic effects of such a diversion will be examined. Further breadth
study details can be found in Section 3 and Section 4 of this report.

The design suggestions provided within these studies are presented as if they had been
implemented in the building’s original design and are presented in an “A vs. B” format. Had the
building been finished at the time of this study’s conception, a retrofit analysis may have been
more effective.

2A.1 Existing Athletic Building Systems Analysis

As part of the preliminary analysis that was conducted before the conception of this report, an
annual energy use and cost simulation was performed using Carrier's Hourly Analysis Program
(HAP). Without diverging from the primary focus of this report, several tables and screenshots
from this program are provided below to give the reader an understanding of how the system was
simulated and how the resulting figures will influence the conclusions made by this report. The
figures provide a step-by-step progression through the simulation process and aim to logically
condense its results.

For purposes of brevity, design parameters and sizing data from HAP will not be provided in this
report. Itis confirmed (from previous observation) that the systems sized using HAP closely
match those in the design documents and should provide similar simulated results. Therefore,
this section of the report will focus on schedules, fuel and electricity rates, and other parameters
that will specifically affect the annual simulation. Please reference Table 2-A, provided below for
design values for mechanical systems in the AAJHS athletic complex.

Table 2-A Athletic Building Equipment Schedule

Mark | Total CFM | Min. O.A. CFM Cooling (DX) Heating (Gas)

MBH | EAT | LAT | MBH | EAT | LAT
AHU A-1 7400 3875 3063 | 823 | 55 | 560 | 35.3 | 100
AHU A-2 7400 3875 306.3 | 823 | 55 | 560 | 35.3 | 100
AHU A-3 3200 1440 122.6 | 81.1 | 55 | 200 | 40.5 | 100
AHU A-4 3200 1440 1226 | 81.1 | 55 | 200 | 40.5 | 100
AHUA-5 | 13150 1500 3785 | 76.6 | 55 | 560 | 63.8 | 100
AHU A-6 2250 1475 102.7 | 84.2 | 55 | 200 | 27 | 100
AHU A-7 3650 1040 122 | 79 | 55 | 200 | 515 | 100

Fractional and Thermostat Schedules

The following screen shots indicate how occupancy schedules were assigned using HAP. The
schedules were created based off of assumed occupancy over a standard 180-day school year.



AE Senior Thesis Final Report

M Schedule Properties - [ANNUAL SIMULATION] X
Schedule Type  Hourly Prafiles ] Assignments |

Prafile: |F'ru:ufi|e One _'_]

0 110z

(] 1 Cancel J Help ]

Figure 2-A. Occupancy schedule profile 1 used by HAP.
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Figure 2-B. Occupancy schedule profile 2 used by HAP.
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M Schedule Properties - [ANNUAL SIMULATION]
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Figure 2-C. Occupancy schedule profile 3 used by HAP.
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Figure 2-D. Occupancy schedule annual assignments used by HAP.
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The following screen shots indicate how thermostat schedules were assigned using HAP. The

M Schedule Properties - [ANNUAL T-5TAT]
Schedule Type  Hourly Profiles ] Assignments |
Profile:

Profile One

|23

|Unoccupied

]

schedules were created based off of assumed occupancy over a standard 180-day school year.

2:Prafile Two (=3 |t

CRIELIRIR R I R T R EE P D L

a:Frofile Eight [=3 ||

Cancel
Figure 2-E. Thermostat schedule profile 1 used by HAP.

M Schedule Properties - [ANNUAL T-5TAT]
Schedule Type  Hourly Profiles ] Assignments |
Profile:
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T -
|23 |Unoccupied

22 T
2

]

Cancel I
Figure 2-F. Thermostat schedule profile 2 used by HAP.
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Fuel and Electric Rates

The fuel and electric rates used in the HAP simulation are based off of local electricity and natural
gas supplier rate tariffs. Please see Schedules Al and A2 in Appendix A for a detailed break-
down of the rates used in the simulation.

System Simulation

Because the project scope has been reduced for this report, a total building simulation has not
been performed. Instead, each of the systems located in the AAJHS athletic wing has been
simulated independently. This is possible due to the fact that each of the DX/gas single-zone
CAV air handling units operate independently of each other and are not supplied by a central
boiler or chiller. The following tables present the results of each system’s simulation.

AHUs A-1 and A-2
These air handling units split the load in the larger of two gymnasiums, a zone that occupies

approximately 11,200 ft? of floor space. The result of each system’s simulation is identical and is
thereby only shown once.

Table 2-B Yearly Simulation for AHUs A-1 & A-2

Cooling JAN FEB | MAR | APR | MAY | JUN | JUL | AUG | SEP | OCT | NOV | DEC
Load (kBTU) 0 0 126 | 3633 | 16507 0 0 0 | 25871 | 2918 497 44
Load (kWh) 0 0 37 | 1064 | 4833 0 0 0 7575 854 146 13
Power (kWh) 0 0 43 | 1245 5655 0 0 0 8863 999 171 15

Heating JAN FEB | MAR | APR | MAY | JUN | JUL | AUG | SEP | OCT | NOV | DEC
Load (kBTU) 17121 | 13140 | 5674 | 2524 95 0 0 0 0 | 1017 | 4168 | 13149
Load (Therms) 171 131 57 25 1 0 0 0 0 10 42 131
Energy (Therms) 214 164 71 31 1 0 0 0 0 13 53 164

AHUs A-3 and A-4

These air handling units split the load in the smaller of the two gymnasiums, a zone that occupies
approximately 7,420 ft° of floor space. The result of each system’s simulation is identical and is
thereby only shown once.

Table 2-C Yearly Simulation for AHUs A-3 & A-4

Cooling JAN | FEB | MAR APR MAY | JUN | JUL | AUG SEP OCT | NOV | DEC
Load (kBTU) 0 0 22 1163 5570 0 0 0 8916 | 564 75
Load (kwh) 0 0 6 341 1631 0 0 0 2611 | 165 22
Power (kWh) 0 0 7 399 1908 0 0 0 3055 | 193 26
Heating JAN | FEB | MAR APR MAY | JUN | JUL | AUG SEP OCT | NOV | DEC
Load (kBTU) 7720 | 5765 | 2896 897 0 0 0 0 0| 512 | 1934 | 5581
Load (Therms) 77 58 29 9 0 0 0 0 0 5 19 56
Energy (Therms) 96 73 36 11 0 0 0 0 0 6 24 70

13
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AHU A-5

This air handling unit serves the concourse of the building’s athletic wing, a zone that occupies
approximately 4,280 ft* of floor space.

Cooling JAN FEB | MAR | APR | MAY | JUN | JUL | AUG SEP OCT | NOV DEC
Load (kBTU) 0 0 460 | 2233 | 8627 0 0 0 | 12544 | 1698 13
Load (kWh) 0 0 135 654 | 2526 0 0 0 3673 497
Power (kWh) 0 0 158 765 | 2955 0 0 0 4297 581

Heating JAN FEB | MAR | APR | MAY | JUN | JUL | AUG SEP OCT | NOV DEC
Load (kBTU) 13730 | 6512 | 1286 556 14 0 0 0 0 136 | 2324 | 12764
Load (Therms) 137 65 13 6 0 0 0 0 0 1 23 128
Energy (Therms) 171 81 16 8 0 0 0 0 0 1 29 160

AHU A-6

This air handling unit serves the locker rooms in the building’s athletic wing, a zone that occupies
approximately 3,550 ft* of floor space.

Table 2-E Yearly Simulation for AHU A-6

Cooling JAN | FEB | MAR | APR | MAY | JUN | JUL | AUG | SEP | OCT | NOV | DEC
Load (kBTU) 0 0 0 296 1688 0 0 0 2813 31
Load (kWh) 0 0 0 87 494 0 0 0 824 9
Power (kWh) 0 0 0 102 578 0 0 0 964 11

Heating JAN | FEB | MAR | APR | MAY | JUN | JUL | AUG | SEP | OCT | NOV | DEC
Load (kBTU) 7771 | 5946 | 3661 | 1792 155 0 0 0 14 | 1524 | 3008 | 6041
Load (Therms) 78 59 37 18 2 0 0 0 0 15 30 60
Energy (Therms) 98 74 46 23 3 0 0 0 0 19 38 75

AHU A-7

This air handling unit serves the fithess rooms in the building’s athletic wing, a zone that occupies
approximately 7,250 ft* of floor space.

Table 2-F Yearly Simulation for AHU A-7

Cooling JAN | FEB | MAR | APR | MAY | JUN | JUL | AUG | SEP | OCT | NOoV | DEC
Load (kBTU) 0 0 9 | 1139 5378 0 0 0 7581 | 208 30 0
Load (kWh) 0 0 3 333 1575 0 0 0 2220 61 9
Power (kWh) 0 0 4 390 1843 0 0 0 2597 71 11

Heating JAN | FEB | MAR | APR | MAY | JUN | JUL | AUG | SEP | OCT | NoV | DEC
Load (kBTU) 8758 | 5939 | 1258 285 0 0 0 0 0 0| 968 | 6178
Load (Therms) 88 59 13 3 0 0 0 0 0 0 10 62
Energy (Therms) 110 74 16 4 0 0 0 0 0 0 13 78

14
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Estimated Annual Energy Consumption

The total estimated annual energy consumption has been itemized and is provided below.

Table 2-G Estimated Annual Energy Consumption

HVAC Components
Electric 60,490 kWh
Natural Gas 3,190 Therms

Non-HVAC Components

Electric | 88,310 kWh
Totals
Electric 148,800 kWh
Natural Gas 3,190 Therms

These estimated grand totals will be used in the overall economic analysis in Section 5.

Estimated Annual Energy Costs

The total estimated annual costs have been itemized and are provided below.

Table 2-H Estimated Annual Energy Costs

HVAC Components

Cooling $7,420
Heating $12,970
Subtotal $20,390

Non-HVAC Components

Lights $11,620

Subtotal $11,620
Totals

Grand Total | $32,010

Therefore the estimated grand total for annual cost, including cooling, heating, and lights, is
$32,010. The totals presented here will be used in the overall economic project analysis in
Section 5.

2A.2 Considered Alternative Solution

As a result of preliminary studies and analysis, an alternative solution including a radiant floor
system was explored before the final proposal had been prepared. The details of this
consideration and its ultimate rejection are provided below.

15
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Radiant Floor Heating/Cooling

Upon initial inspection, a radiant floor system may have provided a feasible solution to the
project’'s money- and energy-saving goals. In the case of the Altoona Area Junior High School,
such a system installed in the athletic wing of the building could utilize the existing boiler and
chiller plants to provide hot and chilled water to the piping network. Furthermore, based on initial
assumptions, this system had the potential to eliminate the need for existing DX/gas units and
their relatively high energy and fuel consumption. By sharing centrally-supplied hot and chilled
water, a radiant floor system had the potential to significantly reduce cost and energy
consumption, as well as fundamentally simplifying the design and its implications.

2A.3 The Ground-source Heat Pump System

In order to familiarize the reader with GSHP systems and their design process, a brief
introduction is provided below. The remainder of this report uses terminology that assumes the
reader has some level of familiarity with GSHP systems. If a word or phrase is not familiar, it is
likely that it has been discussed here.

The Vertical Closed-loop System

A vertical closed-loop system has been selected for this project because land area available for
loop field placement is limited at the Altoona Area Junior High School site. If more land were
available, a horizontal closed loop system, which requires more available land area, may have
been selected. “Vertical”, in this application, indicates that the bores drilled into the ground
extend vertically down into the ground, usually between 100-400 feet. “Closed loop” indicates
that the piping loops are not open to an outside thermal source, such as well or surface body
water. A visual depiction of a vertical, closed-loop system is provided below in Figure 2-H.

The basic operation of a ground-source heat pump is similar to that of a traditional air-source heat
pump, except heat exchange occurs between the earth (soil) and a water or antifreeze solution
pumped through a loop manifold installed therein. Several bores can be included on a parallel
loop which connects to a central vault which supplies the main feed lines entering the building.
The heat pump units installed inside the building work with traditional duct delivery methods to
provide conditioned air to the spaces within the building.

16
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Closed Loop Systems

Vertical

Figure 2-H. A visual explanation of a vertical closed-loop GSHP system.

GSHP Advantages

Besides the fundamental advantages of a GSHP system, which include reduced energy
consumption and operating costs, there are also some significant architectural advantages:

Users report a higher level of thermal comfort
The units are very quiet

System offers greater level of humidity control
Low system maintenance

No externally-mounted equipment

A ground-source heat pump system can also be used for a variety of buildings, ranging from
small residential to very large commercial projects. The disadvantage is that the initial equipment
and installation costs are typically higher than most traditional HVAC systems. These high initial
costs can be offset by low operating and maintenance costs and typically have a fast payback
period.

To read about how a GSHP system could potentially reduce energy consumption and operating
costs for the Altoona Area Junior High School, please see the several following report sections.

2A.4 Initial Considerations

Before embarking on the actual design of the GSHP system for this project, one must consider
several limiting considerations: most notably, the location and size of the loop field and soil
conditions. In most practical applications, budget considerations may also limit design variables.
In this case, where specific variables are known, they are given. Otherwise, industry standards
and program defaults are used.

GSHP Loop Field Site Selection

Upon initial inspection of the site surrounding the Altoona Area Junior High School (see Figure
2-B), one may notice that a significant amount of space is occupied by parking lots for the
building. This would seem to indicate that the placement of a GSHP loop field would be an easy
undertaking: simply excavate a sufficient area of parking lot, drill bores, install pipe network, and
replace the parking lot surface. This is often an easy and affordable method of implementation in
many projects, but further examination of the AAJHS master plan, presents an even more logical
solution.
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A rather large amount of land adjacent to the AAJHS site is currently occupied by Roosevelt
Junior High School, one of the schools that will be replaced by the new junior high school. As a
part of the new school’'s master plan, the Roosevelt school building is to be demolished to
facilitate the construction of a soccer field at its current site. Because of the ease offered by
utilizing this site, it has been selected as the location for the GSHP loop field for this project.

Roosevelt Junior
High School Site

o ;
for a GSHP loop field.

Figure 2-1. The Roosevelt school site offers 11,0 sareet of land that could be utilized

Figure 2-1, provided above, shows the location of the Roosevelt school site, its adjacency to the
Altoona Area Junior High building, and its relative size. An examination of design documents
indicates that Roosevelt Junior High School and its athletic field occupy approximately 112,600
square feet, an attractive parcel of land for GSHP loop field selection. With some construction
phasing considerations that go beyond the scope of this report, it would seem entirely feasible to
construct a GSHP loop field after Roosevelt school’s demolition, especially considering the
Altoona Area School District already owns the site.

Load Increase due to Daylighting

The proposed addition of daylighting to the school’'s gymnasiums has altered the design loads for
which the GSHP system will be designed. Table 2-1, provided below, summarizes these
increases in both cooling and heating loads for the system. Please see Section 3 for further
details.

Table 2-l Increased Loading due to Daylighting

Space Cooling Heating
Gym #1 50.4 MBH 77.4 MBH
Gym #2 21.3 MBH 29.1 MBH
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2A.5 Designing the System

With design loads (including the effects of daylighting) provided by the Carrier HAP software and
an available 112,600 square feet of land for loop field placement, it was time to begin designing
the ground-source heat pump system that replaces the existing DX/gas air handlers in the
school’s athletic wing. A free and easy-to-use program offered by practitioners at the University
of Alabama called GCHPCalc proved to be an excellent design tool during the progression of this
study. Several screen shots and tables from the program appear in this section, aiding the
reader’s understanding by condensing important parameters in one location. If interested, the
software may be obtained at http://www.geokiss.com/index.htm.

Updated Loading Information

Zone Data Values

Cooling Data Heating Data Print Values Next Screen

Zone Loads — MEtuh i Hax Puwr Unit
12-4

HT gal-h gal-h gal-h gal-h Cooling Seazon Water Heating
0.0 0.0 0.0 0.0 0 gallons 0 HEtu

Maximum Block Load Period = #1
Maximum Block Cooling Load = 1450.0 Mbtuh
Maximum Block Cooling Demand = 177.8 kW
System EER at Maximum Load = 8.2
Total Heat Pump Capacity = 21689 Mbtuh

Press F2 (or double click mouse) to change selected data
Figure 2-J. Zone cooling data provided by the GCHPCalc program.

Zone Data Values

Cooling Data Heating Data Print Values Next Screen

Zone Zone Loads — MBtuh TUnit Cap Max Pwr Tnit
HEtuh

HT gal-h gal-h gal-h galsh Heating Sea=zon Water Heating
0.0 0.0 (i), ) 0.0 0 gallons 0 MBtu

Maximum Block Load Period = #1
Maximum Block Heating Load = 1388.1 Mbtuh
Maximum Block Heating Demand = 139.8 kW
System COP at Maximum Load = 2.9
Total Heat Pump Capacity = 2145.0 Mbtuh

Press F2 (or double click mouse) to change selected data
Figure 2-K. Zone heating data provided by the GCHPCalc program.
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With loads provided by the Carrier HAP program (including the additional loads from utilizing

daylighting) and an estimated occupancy schedule, the loading inputs for the GCHPCalc program
are provided above in Figure 2-J and Figure 2-K.

Design Water Temperatures/Flow Rates

Desipn Temperatures and Flows

Main Screen Next Screen

Design Heat Pump Inlet Water Loop Temperatures

Cooling: IEEGE °F BEILE 45.0 B

in Demo mode

Design Water Loop Flow GPM/{Ton *

* per ton of heat pump capacity NOT per ton of peak block

Figure 2-L. Design temperatures and flow rates provided by the GCHPCalc program.

Ground Temperatures and Properties

Ground Temperatures and Properties

Rock Property Soil Property :
Table Table Main Screen Next Screen

. i N USGS Ground Water
Undisturbed Temperature: JJEENM 'F Temperature Map

Thermal Condu :EFEIM BtujHr-Ft-"F (':;:gl:;;:r?
in Demo mode Diffusivity
"Averager"
Thermal Diffusivity: Ft2/Day
Diffusivity
Calculator

Figure 2-M. Ground properties used by the GCHPCalc program.
Please note that undisturbed ground temperature was obtained using the US Geological Survey

ground water temperature map, which is provided in Figure 1 of Appendix A. Also note that
values for thermal conductivity and diffusivity are based on program defaults. It is assumed that if

20



AE Senior Thesis Final Report Christopher G. Conrad

a ground-source heat pump system were to be actually installed, a detailed study would be
conducted on-site, providing the designer with more accurate soil property data. While no such
study has been conducted for this report, the estimated cost of this procedure has been factored
into the economic analysis provided later in this section.

Bore Hole/Pipe Resistance

Bore Hole [ Pipe Resistance

Grout f/Fill Thermal

Conductivity Main Screen Next Screen

Bore Hole Diameter [ inches

Grout/Fill Conductivity JlIEIH Btufhr-ft-F “ B  B/C e

HDPE U-Tube Nominal Diameter

Tube Flow Regime O Transition

Resulting Eqv. Dia. Bore Resistance hr-fi-F{Btu

Figure 2-N. Bore hole and pipe data used by the GCHPCalc program.
Please note that most data used in this area is based off of program defaults and industry
standards. It is also worth noting that, if they were to change, any of these values may be easily
changed and its influence on the final result can be determined quickly.

Loop Field Configuration

Ground Field Arrangement

Main Screen Next Screen

Yertical Grid Arrangement
Number of Rows Wide = [

Separation Distance
between Yertical

Bores: [FIHE Feet

Number of Rows Long =

Number of Bores per
Parallel Loop = [N

One bore Two bores per Three bores
per loop loop per loop

Figure 2-O. The loop field arrangement used by the GCHPCalc program.
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An eight by sixteen vertical grid arrangement has been selected for this design, based on the
space available at the site. This gives a total of 128 bores, whose depth will be determined by

the GCHPCalc program.

P

Figure 2-P. A visual depiction of the

Figure 2-P, while not to scale, allows the reader to visualize how an 8x16 loop field fits into the
Roosevelt Junior High School site. It also shows the position of the vault, its proximity to the new

8x16 IBop field arrangement and its relation to the school. )

Christopher G. Conrad

B

school, and a possible location for pipeline access.

Required Bore Lengths

Design Lengths

Design Hybrid GCHP

Sawve Input to File

Print Values Next Screen

Required BORE length with minimal groundwater movement = 35090 ft (274 fifbore)
{Design based on HEATING mode - net annual heat extraction from ground)

Required BORE lengths with high rates of groundwater movement (or year 1)
Cooling: L= 25110 ft (196 ft{bore). Heating: L= 35090 ft (274 fifbore)

- Temperatures
Unit Inlet {cooling) = 85.0°F
Unit Outlet (cooling) = 96.3°F
Unit Inlet (heating) = 45.0°F
Unit Outlet (heating) = 39.7°F
Normal ground temp = 54.0°F

—lJ-bend/Bore Data
U-tube Diameter = 1.00 inch
Separation dist. = 20.0 ft
Grid = 8 wide by 16 deep
Grout Conductivity = 0.90 Btu/hr-ft-*F
Bore Diameter = 6.00 inches

*=** Heat Pump Series: Trane (Standard Efficien e

~Maximum Block Loads/Demands
Cooling Load/Demand = 1450 MBtuh { 178 kW
Heating Load/Demand = 1368 MBtuh / 140 kW
Cooling EER (Ht Pump/Sys) =8.2 /7.9
Heating COP (Ht Pump{Sys)=29/2.8
Loop Pump Head{Flow Rate = 60 ft f 363 gpm
Loop Pump Power/Demand = 7.8 hp / 6.9 k¥

r Ground Data
Thermal Conductivity = 1.20 Btu/hrft-"F
Thermal Diffusivity = 0.80 ft"2{day
Ground Temperature = 54.0 °F

Figure 2-Q. The required bore length provided by the GCHPCalc program.
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As is indicated by the program outputs, a minimum depth of 274 feet is required for each bore.
The total equivalent length is given as 35,090 feet, which can be verified by multiplying 128 bores
times 274 ft/bore, which gives 35,072 feet, a figure very close to the program output.

Equipment Selection and Integration

Heat Pump Selections and Required Flow Rates

Print Heat Pump Data Next Screen
Trane High Eff.
Heat Pump Models Zone Model# Humber of Units GPMSzone

ig = i 150 3 193,38
18 2 1h0 3 123.4
60 3 150 1 41.1
79 4 150 i & 41.1
8o 5 150 2 82.3
100 4] T2 1 16.38

7 1h0 1 41.1
200

Select zone and press F2 (or double click mouse) to
change heat pump model for that zone

Figure 2-R. Heat pump selections provided by the GCHPCalc program.

The GCHPCalc program also offers the designer a choice of generic heat pump models and
suggests sizes and quantities based on the selected system. The program indicates that a total
of eleven #150 and one #72 Trane high efficiency heat pumps should be selected for this project.
The generic model numbers, in this case, indicate the nominal size for each unit. Here, #150
corresponds to a 12.5-ton vertical water-source heat pump (WSHP), and #72 corresponds to a 6-
ton vertical WSHP. These units are part of the 6-25 ton GEV commercial WSHP product series.
Please view the equipment literature located in Appendix B for further general information and
specification data.

2A.6 Modeling the System

With data provided by the GCHPCalc program and known design parameters, a cost and energy
consumption simulation could be conducted. For this part of the study, RETScreen International,
a sustainable energy modeling program provided free from the government of Canada, was
utilized. Several screen shots and tables provided by the program are used in the following
section to clarify the modeling procedure and the outputs that have been calculated. If interested,
the software may be obtained at http://www.retscreen.net/.

Climate Data

The RETScreen International software contained climate data for Altoona, PA in its database. In
this case, the data had been collected at the Blair County Airport, as can be seen below in Figure
2-S. Values have been changed to English units to assist the reader in interpreting the data.

This data will assist the software when running its algorithm for providing energy consumption
and cost figures for the project.
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RETScreen g

Country | United States of America j
Province / State | Fennsvivania j
Climate data location || Altoona Blar Co Arpt i#
Lathude N 403
Langitude 'E 783 Source
Elevation | & | v4197 | eroond
Heating design temperature | F | 95 | Ground
Cooling design temperature | F | 85.8 | Ground
Earth temperature ampltuce | £ | =4 [ nesa
Bir Relative Daily solar Atmospheric wind speed Earth Hesting Cooling
terpetature hurnidity radiation - pressure temperature  degree-days degree-days
harizontal
o “a Wi kPa mph F F.q g
o 278 67.4% 172 96.9 92 24.4 1433 0
Feb 3049 65.3% 248 9549 8.7 280 937 o
Mar S 63.6% 3.32 95.5 92 367 g20 a
Apr 493 61 9% 4.33 96.7 4.7 45.7 434 1]
May 992 G7.3% 4 96 965 T2 995 162 285
Jun B30 71 .2% 560 968 B3 E3.7 o 540
Jul T8 T2 6% 545 959 56 723 u] E7S
Aug E9.6 T4.7% 4.490 a7.0 44 0.5 a 605
Sep 624 T4.5% 3.94 a7 56 2.8 58 373
oct 923 59.7% 283 a7 6.7 0.8 374 T3
Moy 423 65.0% 1.79 970 4.3 397 G4 1]
Dec 322 B9.5% 146 969 g5 288 999 1]
el | 504 | emew | ssm [ ses [ 74 | #3 | se,z | 25
Solice | Ground | Ground | MASA, | MNASA | Ground | MASA, | Ground | Ground
Measured at | ft | 32.8 | a
9| 8| 3| ¢

Figure 2-S. Climate data for Altoona, PA provided by RETScreen International.

Load Inputs
Estimate Notes/Range

Type of building - Comrnercial
Awvailable information - Descriptive data
Building floor area me 3,130
Mumber of floors floor 1 1to06
Window area - Standard
Insulation level - High
Occupancy type - Daytime
Equipment and lighting usage - Moderate
Building design heating load ki 709

0.242
Building heating energy demand WYWh 140.7

4739
Building design cooling load kW 2096

£5.6
Building cooling energy demand hyvh 3106

million Btu 10897 Return fo Energy Model sheet

Figure 2-T. Load inputs for the RETScreen International software.

Please note that several parameters had to be converted to metric units for compatibility with the
program. In this case, building floor area has been converted from 33,680 square feet to 3,130
square meters. Also note that the loads calculated by the RETScreen software are imprecise and
have been used only in estimating the costs associated with the GSHP system. For a more
complete and accurate breakdown of system loads, please see Section 2A.1.
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Site Conditions

Christopher G. Conrad

Notes/Range

Site Conditions
Project name
Froject location
HAvailable land area
Soil type
Design heating load
Design coaling load

Estimate
AAJHS

Altoona, PA

4,760

Light rock

See Online Manual

e Compiste HECIC sheet

Figure 2-U. Site condition parameters for the RETScreen International software

System Characteristics

System Characteristics Estimate Notes/Range
Base Case HVAC System
Building has air-conditioning? yesino fes
Heating fuel type - Natural gas
Heating system seasonal eficiency % 80% 55% to 350%
Air-conditioner seasonal COP - 30 24t050
Ground Heat Exchanger System
System type
Design criteria
Typical land area required m# 1,021
Ground heat exchanger layout
Total borehale length m 364
Heat Pump System
Auwerage heat pump efficiency
Standard cooling COP 350
Standard heating COP - 2.80
Total standard heating capacity ki 176.6
0.603
Total standard cooling capacity ki 201.3
573
Supplemental Heating and Heat Rejection System
Suggested supplemental heating capacity ki 0o
0.000
Suggested supplemental heat rejection ki 0o
million Btush 0.000

Figure 2-V. System characteristics for the RETScreen International software

Annual Energy Production

Annual Energy Production
Heating
Electricity used
Supplemental energy delivered
GSHP heating energy delivered

Seasonal heating COP
Cooling

Electricity used

GSHP coaling energy delivered

Seasonal cooling COP
Seasonal cooling EER

million Btu

Ik
Ik

million Btu

(Btudhyiw

Estimate

660
0o
140.7
4799
21

ar.o
3106
10887
36
12.2

Notes/Range

20to50

20t 55
7.0t018.0

Complete Cost Anaiysis sheat

Figure 2-W. Annual energy production estimated by RETScreen International.

2A.7 Results

With the outputs provided by the RETScreen International software, one may begin to assemble
a feasibility study: namely, cost and energy consumption figures. While RETScreen International
provides a detailed breakdown of the associated costs for the GSHP system, many of the
parameters are program defaults and are not editable. Therefore many of the cost outputs
provided by the program have been altered to more accurately reflect the considerations of this

particular project.
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Initial costs

Christopher G. Conrad

Much of the cost for the proposed GSHP system will come from initial costs: preliminary studies,
development, engineering fees, equipment costs, system balance, and other miscellaneous
costs. Each of these items has been estimated by detailed break-down and is provided in the

tables below.

Table 2-J Estimated Feasibility Study Costs

Site Investigation

$ 650

Soil/hydrology Assessment

1,625

Preliminary Design

1,050

Detailed Cost Estimate

975

Report Preparation

1,200

Travel and Accommodation

0

Feasibility Study Credit

(3,000)

Total

BB |P B PP |R

2,500

Table 2-K Estimated Development Costs

Permits and Approvals

$ 650

Land Survey

650

Project Financing

1,260

Project Management

1,875

Travel and Accommodation

0

Development Credit

(2,500)

Total

B BB |B R |B

1,935

Table 2-L Estimated Engineering Costs

GSHP System Design

2,625

Tenders and Contracting

1,625

Construction Supervision

1,875

Engineering Credit

(4,500)

Total

& B R |B|R

1,625

Table 2-M Estimated Equipment Costs

Heat Pumps

66,442

Circulating Pumps

2,909

Circulating Fluid

1,664

Drilling and Grouting

43,451

Ground HX loop pipes

18,105

Fittings and Valves

2,416

ECHS Credit

(20,000)

26

Total

& B[P |B BB |B P

114,986
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Table 2-N Estimated System Balance Costs

Supplemental Heating System $ 0
Supplemental Heat Rejection $ 0
Internal Piping and Insulation $ 12,080
Balance of System Credit $ (1,000)

Total | $ 11,080

Table 2-O Estimated Miscellaneous Costs

Training $ 980
Contingencies $ 19,946
Total | $ 20,946

Total Estimated Initial Cost

The total estimated initial costs have been itemized and are provided below. The overall total will
be used in the overall economic project analysis in Section 5.

Table 2-P Total Estimated Initial Costs

Feasibility Study $ 2,500
Development $ 1,935
Engineering $ 1,625
Equipment $ 114,986
System Balance $ 11,080
Miscellaneous $ 20,946

Total | $ 153,072

Therefore the estimated grand total for initial cost, including feasibility studies, development,
engineering, equipment, system balance, and miscellaneous costs, is $153,072.

Annual Costs

Annual costs estimated by RETScreen International include operation and maintenance costs

and fuel and electricity costs. Each of these items has been itemized and is provided in tabular
form below.

Table 2-Q Estimated O&M Costs

O&M Labor $ 2,500
Travel and Accommodations $ (3,500)
Contingencies $ 6,606

Total | $ 5,606

Table 2-R Estimated Fuel and Electricity Costs

Electricity $ 9,182
Incremental Electricity Load $ 1,275
$ 10,457
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Total Estimated Annual Cost

The total estimated annual costs have been itemized and are provided below.

Table 2-S Total Estimated Annual Costs

Operation and Maintenance $ 5,606
Fuel and Electricity $ 10,457
Total | $ 16,063

The estimated grand total for annual cost, including operation and maintenance, and fuel and
electricity, is $16,063. The totals presented here will be used in the overall economic project
analysis in Section 5.

Total Estimated Annual Energy Consumption

Table 2-T Total Est. Energy Consumption

Cooling 87,000 kWh
Heating 66,000 kWh
Total 153,000 kWh

The estimated grand total for annual energy consumption is 153,000 kWh. This total will be used
in the overall economic project analysis in Section 5. Note that no natural gas figure is given
here because this GSHP system does not consume any.

2B.1 Stage Analysis Summary

Preliminary analysis indicated that the Altoona Area Junior High School auditorium stage would
experience a deficiency of outdoor air delivery, given the current HYAC system design. A
comparison with ASHRAE Std. 62-1 provisions indicates that the stage is deficient by
approximately 1190 CFM of outdoor air as designed. This comparison also confirmed that the
band room, a space directly adjacent to the stage, would experience a surplus of 1230 CFM of
outdoor air. These spaces are served by two roof-mounted CW/HW air handling units, given the
marks AHU C-2 and AHU C-3, respectively. A summary of these findings is provided below in
Table 2-U.

Table 2-U Actual and Calculated OA Requirement Comparison ‘

System Space Min OA Actual Min OA Calculated Difference
AHU C-2 Stage 200 CFM 1390 CFM -1190 CFM
AHU C-3 Band Room 2305 CFM 1075 CFM +1230 CFM

These findings invite the prospect of improving air quality for the auditorium by diverting outdoor
air delivery from the band room to the stage. That is, AHU C-3 would potentially serve multiple
zones: the stage and the band room. Successfully doing so would mandate the redesign of duct
work in this area of the building and perhaps some minor equipment resizing. This procedure is
not explored in this report. Instead, these findings serve as justification for examining acoustic
considerations brought on by this proposed air diversion scheme. For more information, please
see Section 4 of this report.
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3. Lighting Breadth Study

Among the topics available to explore in a breadth study relevant to this report, lighting seemed a
logical choice. More precisely, this is an exploration of the use of daylighting with the use of
skylights, and its impact on HVAC considerations. Therefore the design of a daylighting system
in the gymnasiums and its impact on the overall project analysis is presented here.

The objective of this study is to further reduce energy consumption by limiting the use of a
traditional lighting system. The intent is not to replace the lighting system in the AAJHS
gymnasiums, but to use a daylighting system in tandem with the existing design. It is useful to
note that in most practical applications, a control system would be implemented when daylighting
is utilized, but the design and configuration of such a system is quite sophisticated. While the use
of such a control system is considered in the following simulation data, the operational details
have been omitted.

3A. Designing and Modeling the System

Like many pieces of engineering software, the program SkyCalc Skylight Design Assistant, allows
the engineer to form a design by adjusting parameters based on simulated results. The SkyCalc
program was utilized for both the design and simulation of the daylighting-only system. Several
of the following tables and screenshots were taken directly from the program and present a
condensed summary of input parameters and simulation outcomes.

Note that climate data utilized by the program is from Albany, NY, the closest geographically

available data to Altoona, PA. Target lighting level is set to 30 fc, the standard for gymnasium
playing surfaces.

Input Parameters

Gymnasium #1

Building

Building type ‘Class, K-12 9 mo ﬂ
Bldg area 19,000 ft’
Ceiling height 35 ft
Wall color ‘Oﬁ’-white paint ﬂ

Figure 3-A. Building inputs for Gymnasium #1 used in the SkyCalc program.

Building Default User Revisions Design Input
Building width (ft) 97 100 100
Building length (ft) 195 Change width or area 190
|Wa|l reflectance 70% 50% 60%
Ceiling reflectance T0% T0% T0%
Floor reflectance 20% 20% 20%
Shelving reflectance 40% 40%
Roof U-value (Btu/he°F+it) 0.063 0.063

Figure 3-B. Additional building inputs for Gymnasium #1 used in the SkyCalc program.
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Electric Lighting Default User Revisions Design Input
Lighting setpoint (fc) a0 a0 a0

Task height (ft) 250 0.00 0.00
Lighting power density (Wffﬁ) 073 1.10 1.10
Fraction lighting uncontrolled 10% 010
Lighting schedule Classroom, K-12 | Default ﬂ Classroom, K-12
Room and luminaire depreciation 20% 20%

Figure 3-C. Electric lighting inputs for Gymnasium #1 used in the SkyCalc program.

Skylights:

Number of skylights
Skylight width
Skylight length

Max skylight spacing =

Skylight Description

30
6 ft
3 ft

52.5 ft (1.5 x ceiling ht)

Glazing type Palycarhonate v
G|azing |ayer5 Triple glazed -
Glazing color Clear prismatic v
Skylight Well

Light well height 1 feet

Well color Offtwhite paint v
Safety grate or screen ‘ (®) ves, O ho ‘

Figure 3-D. Selected skylight inputs for Gymnasium #1 used in the SkyCalc program.

Please note that the skylight dimensions and quantities given here are based on review of the
simulation results and geometric considerations. At any time, these values may be changed to

attain desired simulation results.

Gymnasium #2

Building
Building type
Bldg area
Ceiling height
Wall color

Class, K-12 9 mo

7,400 ft?
35 ft
‘ Off-white paint ﬂ

Figure 3-E. Building inputs for Gymnasium #2 used in the SkyCalc program.
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Building Default User Revisions Design Input
Building width (ft) 51 74 T4
Building length (ft) 122 Change width or area 100
Wall reflactance 70% B0% £0%
Ceiling reflectance 70% 70% 70%
Floor reflectance 20% 20% 20%
Shelving reflectance 40% 40%
Roof U-value (Btush="F+f) 0063 0.063

Figure 3-F. Additional building inputs for Gymnasium #2 used in the SkyCalc program.

Electric Lighting Default User Revisions Design Input
Lighting setpoint (fc) 50 20 a0

Task height (ft) 250 0.00 0.00
Lighting power density [Wffﬁ) 0.83 1.10 1.10
Fraction lighting uncontrolled 10%% 0.10
Lighting schedule Classroom, K-12 | Default ﬂ Classroom, K-12
Room and luminaire depreciation 80% 80%

Figure 3-G. Electric lighting inputs for Gymnasium #2 used in the SkyCalc program.

Skylights:

Number of skylights 12

Skylight width 6 ft
Skylight length 8 ft

Max skylight spacing = 52.5 ft (1.5 x ceiling ht)
Skylight Description

Glazing type Palycarbanate =
Glazing layers Triple glazed v
Glazing color Clear prismatic v
Skylight Well

Light well height 1 feet

Well color ‘Oﬁ-white paint ﬂ
Safety grate or screen ‘ (@) ves, Oiho ‘

Figure 3-H. Selected skylight inputs for Gymnasium #2 used in the SkyCalc program.

Again, note that the skylight dimensions and quantities given here are based on review of
simulation results and geometric considerations.
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Simulation Qutputs

Gymnasium #1

Christopher G. Conrad

Dome Skylight Effective Aperture = 2. 43%,
Average daylight footcandles (fc)

Jan
Feb
Mar
Apr
May
Jun
Jul

Aug
Sep
Oct
Nov
Dec

Design llluminance

10 11 12 13
41 89 72 73
67 91 97 103
90 109 17 17
113 140 146 135
134 152 170 166
149 158 169 165
151 169 180 179
131 157 167 166
107 130 136 141
g1 103 104 100
45 B4 BE BS
39 454 B3 BO
30 fc

Skylight to Floor Ratio (SFR) = 7 58%

14
52
93

12

136

15

[ ]=30fc

Figure 3-1. A graphic spread of footcandle values over a one-year period for Gymnasium #1.

Gymnasium #2

Dome Skylight Effective Aperture = 2.50%,
Average daylight footcandles (fc)
1 2 3 4 5 6 7 8 910

Jan
Feb
Mar
Apr
May
Jun
Jul

Aug
Sep
Oct
Nov
Dec

11 12 13
35 52 B3 64
80 85 90
95 102 102
123 125 121
133 145 145
138
148
138
94 114
7190

Skylight to Floor Ratio (SFR) = 7.78%

14 15
54 3
B2
%8 83
101 70 46
123 94 B2
120

16 17 18 19 20 21 22 23 24

< 30 fc;

[ ]=30fc

Figure 3-J. A graphic spread of footcandle values over a one-year period for Gymnasium #2.

From these results it is apparent that skylights will provide either over-abundance or a deficiency
of light. Using the existing lighting system and diffuse bezels over the skylights will solve this
problem, without sacrificing the comfort of the occupant.

3B. Results

Space Renderings

To examine the success of an installed daylighting system, it is often useful to utilize a light-
rendering program to provide a visualization of the target space. In this instance, the program
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AGI was used to make basic renderings of the gymnasiums. The design visualization time and
date was set to noon during the winter solstice to provide a worst-case scenario depiction.

Figure 3-K. A winter solstice interior rendering for daylight only in Gymnasium #1 by AGI.

Figure 3-L. A winter solstice interior rendering for daylight only in Gymnasium #2 by AGI.
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Estimated Annual Cost and Enerqgy Savings

The final results from the SkyCalc simulation are presented in tabular form below.

Table 3-A Estimated Annual Energy Savings

Gymnasium #1
Lights (KWh) | 30,011

Gymnasium #2
Lights (KWh) | 11,778

Total (kWh) | 42,689

Table 3-B Estimated Annual Cost Savings

Gymnasium #1

Lights | $2,782
Gymnasium #2

Lights | $1,060

Total | $3,842

The estimated grand total for annual energy savings is 42,689 kWh. The estimated grand total
for annual cost savings is $3,842. These totals will be used in the overall economic project

analysis in Section 5.
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4. Acoustics Breadth Study

As indicated by the analysis provided in Section 2B.1, the Altoona Area Junior High School
auditorium would experience a deficiency in outdoor air delivery given the current system design.
Given that the system is reworked to address this deficiency, certain acoustical issues are raised,
namely, the sound level effects of placing new diffusers in a space where sound attenuation is
critical. The objective of this study is to explore the sound level ratings of the current design, the
impact of the redesign, and possible improvements to be made to both systems.

4.1 The Current Design

An examination of the design documents for the project indicates that the building’s stage is
served by a large roof-mounted CW/HW air handling unit (AHU C-2) which distributes air to the
space through five 14-inch round diffusers. Table 4-A, provided below, summarizes the
characteristics of this air flow.

Table 4-A Stage Diffuser Characteristics \

Neck Size Air Flow NC Rating
14" 500 CFM <20

Note that the diffuser air flow was obtained directly from the project design documentation. The
noise criteria level (NC) was found using a reference chart provided by Krueger HVAC. Please
see Schedule B2 in Appendix B for more information.

4.2 The Redesign

The proposed redesign would stipulate that at least 1190 CFM of additional air would have to be
delivered to the stage space. An examination of the current design in Section 4.1 indicates that
the diffusers serving the stage already deliver 500 CFM, nominally. Pragmatism dictates that two
additional diffusers of the same size could deliver 1000 CFM, nominally, without affecting the NC
rating or other architectural concerns. This would reduce the stage’s outdoor air deficiency to a
virtually negligible amount.

4.3 Possible Improvements

Acoustics standards dictate that NC ratings must fall below a certain values to adequately
eliminate background noise in performance-critical spaces. This value is generally accepted to
be below 20. The characteristics of a typical air diffuser provided in Table 4-A indicate that 500
CFM of air flowing through a 14" neck size will result in a noise criteria rating that is below 20.
Therefore, diverting outdoor air to the stage area would not result in any major acoustic concerns
as long as the diffuser size is kept at 14” or greater. Typically, the larger the diffuser is sized, the
lower the background noise will be. Diffusers are typically designed large in performance spaces
for this reason.

Please see Appendix B for more information on diffuser sizing and noise criteria determination.
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5. Project Summary

This section is included to indicate the success of the stated project goals in a concise, organized
format. They address both depth study aspects as well as affected breadth studies. The
procedures used to obtain the following facts and figures are detailed in the previous sections of
this report.

Ground Source Heat Pump System (Mechanical Depth)

The HVAC system featuring seven single-zone CAV DX/gas air handling units that occupy the
Altoona Area Junior High School athletic building as originally designed have been redesigned to
feature a ground source heat pump (GSHP) system. The GSHP system was considered due to
an anticipation of lowered energy consumption and cost. The results of this system redesign are
presented below.

The GSHP system has been designed to feature an eight by sixteen (128 bores total) loop field
configuration that will occupy a parcel of land currently occupied by Roosevelt Junior High
School, a building slated to be demolished and replaced with a soccer field as a part of the
AAJHS master plan. The design process was carried out with the aid of a computer program
called GCHPCalc. The program stipulated that vertical bores for the GSHP system should be
drilled to 274 feet below the earth surface. The program also suggested that eleven 12.5-ton and
one 6-ton vertical high efficiency water-source heat pumps be selected and integrated into a
traditional duct network, much like the one that currently exists as designed.

In order to gage the success of the GSHP system, a first and annual cost simulation was

performed using the aid of a program called RETScreen International. The results of this
simulation are presented below in comparison to the original design values.

Table 5-A Estimated System First Cost

Original

Redesign

$57,850

$153,070

Table 5-B Estimated Annual Energy Consumption

Original Redesign
Electricity 148,800 kWh | Electricity 198,620 kWh
Natural Gas 3,190 Therms | Natural Gas 0 Therms

Table 5-C Estimated Annual Energy Costs

Original Redesign
Cooling $7,420
: Ener 10,460
Heating $12,970 9y $
Lights $11,620 Lights $7,780
Total $32,010 Total $18,240

Please note that the reduction in lighting costs can be attributed to the implementation of a
daylighting system in the AAJHS gymnasiums. A summary of this breadth study is provided
below.



AE Senior Thesis Final Report Christopher G. Conrad

Daylighting System (Lighting Breadth)

The existing lighting system in the AAJHS gymnasiums was not redesigned, but rather enhanced
through the use of daylighting in the form of skylights. A program called SkyCalc aided in the
design and simulation of the system. The program indicated that satisfactory daytime lighting
levels could be achieved year-round by utilizing a number of 8x6-ft. triple-glazed polycarbonate
skylights. Outcomes indicated that thirty skylights should be used in gymnasium #1, while twelve
skylights would be sufficient in gymnasium #2. A program called AGI was used to make some
simple renderings of the gymnasium spaces, which graphically enhanced the system’s
effectiveness.

Auditorium Increased Indoor Air Quality (Mechanical Depth)

Noted outdoor air deficiencies in the school’s auditorium invited the prospect of correction through
the diversion of air delivery from the air handling unit serving the band room. It was determined
that an additional 1190 CFM of outdoor air was required to satisfy the provisions of ASHRAE Std.
62.1 — 2004. To correct this problem, the addition of two 500 CFM diffusers to the school stage
space was considered. This correction invited the prospect of exploring acoustic considerations
as a subsequent breadth study.

Air Diffuser Selection (Acoustics Breadth)

After determining that the proposed diversion of outdoor air to the school’s auditorium was
feasible, acoustic considerations were explored. An analysis of the existing air diffusers indicated
that the noise criteria (NC) rating was adequate given their current 14-inch neck size and nominal
air flow of 500 CFM. By diverting an additional 1000 CFM of outdoor air through the space and
utilizing the same diffusers already specified in the design, the outdoor air requirement as well as
an adequate NC rating has been achieved.

37



AE Senior Thesis Final Report Christopher G. Conrad

6. Conclusions

This section is provided to summarize the results of the studies conducted for this report and offer
conclusions based on these results. As with the project summary in Section 5, these
conclusions aim to integrate the main depth studies with subsequent breadth studies and present
an overall project whose aspects intertwine in a relevant and interesting fashion.

Ground Source Heat Pump System and Gymnasium Daylighting System

This report has verified that the use of a ground source heat pump (GSHP) system has the
potential to reduce annual maintenance and operating costs by as much as 57%, at the expense
of a higher initial first cost. It was estimated that a GSHP system could cost as much as $95,000
more than the original design. Also it was determined that annual electricity consumption could
increase by as much as 33%, while totally eliminating the need for natural gas usage in the
system. Furthermore, while a proposed gymnasium daylighting system utilizing skylights
increased the thermal loads for the system redesign, their potential in decreasing electric lighting
costs as much as 67% has been demonstrated.

The findings of this report indicate that a GSHP system with integrated daylighting have the

theoretical potential to significantly reduce energy costs and consumption. Therefore, this system
should be considered as an adequate alternative to the original design.

Auditorium Increased Indoor Air Quality and Air Diffuser Selection

This report has verified the feasibility of diverting outdoor air from a space with a surplus to a
space with noted deficiencies. The use of additional air diffusers will not have an adverse effect
on background noise if the proper diffuser size is selected. If a diversion of outdoor air to meet
the requirements of ASHRAE Std. 62.1 was carried out to improve the original design, it is the
finding of this report that the acoustic considerations, while critical, are minimal.
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Appendix A

Useful Schedules and Figures
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Schedule Al. Natural Gas Rate Tariffs

THE PEOPLES HATURAL G&5 COMPANY SUPPLEMENT HO. 33 TO GAS PA—PIIC HO. 43
diva DOMIMION FEQELES FIFTIETH REVISED PAGE MO. 33
CANCELING FORTY-HINTH REVISED PAGE HO. 33

RATE C5-L
COMMERCIAL SERVICE - LARGE
AVAILABILITY

This rate Is avaliable to commercial rabepayers consuming 1,000 kef or greater annually [oer than those that tha
'."..I:l'l'pil':f' detzmminge snall EI:{IL"'E sardoe under Rane 35-335 or those that use nalural fasasa mobar wenicke fusl),
locaied throughout the temary described In e “Description of Temitory” in his 3, and shal ba appiled i consumption
fiar each manth determined In acoondance with Rule 10

The Company shal detzming the annual consumption of 2ach C5-L rai=payer In order 1o assess the appropriate
CUELOMEr Charge.
Thi6 ratz will be us2d for provision of suppiler of I35t resort B2nvioe o commenclal rSpayers.

RATE TABLE
‘Cuslomer Charge per melsr per monty;

=or ratepavans Wi E[‘I'I.IEHIIHEIJI'I'ﬂ'.DH altoor

greater han 1,000 Mof but less han 2,500 Mcl £34.20

=or raizpayers with annual consumpiian equal o or

greater Nan 2,500 Mol but kess hian 25,000 Kl §52.25

For T-H'I'EFE}'EIE- with EFF!JE|'D:IHEIJI'I'F'.DI1 Eq.li”-ﬂ or

greater nan 25,000 Mcf §33230

Deltvery Charges:

Deltvery Charge per 1,000 cubic fiast (Mef) £1.0508

Capacity Charge per 1,000 cubic f2et (Mef) £0.5235 o)
Gas Cost Adustment Charge per 1,000 cublc feet (Mcf] 51,6971 i
Commodity Charge:

Nalral Gas SUpply Charge per 1,000 cuble Teef (Mef) $10.2153 i

MARKET SASED COMMODITY CHARGE ADJUSTMENT [CCA]

This adustment wil be applicable o Mon-Priorty One ratepayers hal previcusly nad been recelving iransportation sendce
from the ':EI'I'F-EF]I'TET gk le3s] teelve congesullve montne and frans'ers 10 serddos under this rate sehedulie. Jnee H:F'E':l.
e CCA wil be applicable for tweive conseculive months of senvice under this rale schedule. The Gas Cost Adusament
Charge shall not be applicable If the CCA ks baing charged.

The CCA shall be delemined monthiy and shall equal he diference between fhe Company's dity gate price and he
cumently eMective commodly charge unger this rate scheduia. The CCA shall never b2 265 inan 2em. The Company's
ity gate price shall ba based on the first of the month Cominken Transmisskon inc. Appalachia Index price as publshed In
Ins\dz FERCS Gas Mame! Report pius applicatlz Cominion Transmission, Inc. rarepotalion charges and relzinage.

SRS MONTHLY BILL

The minlmum mondiy Bl ger metar shall be the cUstomer charge per I_d:EﬁEET per maonin. In the evant of an a'ner-ﬁrlg
curtaliment in ine delery of gas by ine Company to a ratepaye” purstant o Rule 17, or compiete or partlal suspansion
operatizr by iz ratepayer due to fre, fiosd, explosion, ar sther smilar zcls of Sod, the minkmum meonsy bl may be
reducad In direct proporticn b0 ihe ratio of the number of days of curtalled senvice or complele or substantial susgension of
aperation to the number of days In the biling pariod.

123UED: March 31, 2008 EFFECTIVE: Aprll 1, 2008
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Schedule Al. Natural Gas Rate Tariffs (continued)

THE PEQPLES HATURAL Ga&4 COMPANY GAS PA—PUC MO, 43
ORIGINAL PAGE K. 40

RATE C&-L
COMMERCIAL SERVICE - LARGE

SURCHARGES
Al appiicable riders 10 this BT,

LATE-PAYMENT CHARGE

A lanE-paymen: changs of 1.50 percant per manth shal be appiled for falure o make payment in Tull *or al charges bileg
by the Company by he due dabe shoan an the Bl This charge (6 [ be calculated an the overdue parton of the b,
exciudng any unpakd lale-payment charges

RULES SND REGULATIONG

Tre Compamy's Rules and Reguiations Im effect from Bme 10 Ime, where not Inconsistent with any speciic prosision
neredal, are a part of this rate schadule.

MWEVER
The Company reservas ine rignt to walve the ratepaysr cUsiomer changs per meter for addbional meters. An example of

when fhis charge may be walved |5 If e Company detemiines that such meters have been instaled princpally and
primariy far the Company's conveniencs and not dug to ihe load characiznslics of the ratepayer.

ISSUED: March 2, 2000 EFFECTIVE: March 3, 2000
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Schedule A2. Electricity Rate Tariffs

PENNSYLVANIA ELECTRIC COMPANY Electric Pa. PU.C. No. 79
Original Page 100

RATE SCHEDULES

BATE 5-LARGE
GENERAL SERVICE SECONDARY - TIME-OF-DAY RATE

AVATLABILITY:

This Btz is avatlable to Full Service and Delivery Sanvice Customers nsing elecimic
service through a sinzle delivery lpcation for lighting, heating and'or power service whose
regiztered demand is equal o of greater than 200 KW io owo (1) consacwiive months and OfFf-

eak Thermal Storage Uustomers whese registered demand is equal to of greater than 100 KW
1o two () consecutive months, THE OFF-FEAE THERMAL STOFAGE PROVISION SHALL
BE FESfRICTED TO EXISTING CUSTOMERS AT EXISTING LOCATIONS AS OF
JAWUARY 11, 2007, Secondary vaoliaga shall be supplizd to Customers ata sl transformer
location when Inad dees not require transformer capacity in excess of 2,500 EVA. Upooa
Customer’s reguest, the Company may, at is epton, provide Tamsfommers having 2 capacity of
ereater than 2,300 KVA,

Mew Customers requinng mansformer capacity in excess 2,500 KVA apd exisdoe
Customers whose load ipcreases such that a ransformer change is reguired {over 2,300 EVA)
shall ba required to take uniransfommed service.

All of the following charges are applicable o Full Service Customers. All of the
following charge:, excludms the ration Charge and the Transmissicn Charge, as
applicable 1o Delivery Service Customers.,

GEMERAL MOWTHLY CHARGES:
Distribution Charge
4110 per month, plas
£4.70 per KW for all balled KW
5025 per EVAR
Competifive Transition Charge

5175 per KW for all billed kKW

Tzsned: Jammary 17, 2007 Effectiver Japuary 11, 2007
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Schedule A2. Electricity Rate Tariffs (continued)

PENNSYLVANIA ELECTRIC COMPANY Electric Pa. PU.C. No. 79
Original Pags 101

FATE SCHEDULES
Fare &G5-Large (contimaed)
Generation Charge
4.827 cents per KWh for all EWE
Transmission Service Charge (Per Fider D - Transmission Service Charge Rider)
0.616 cents per KWh for all EWE (Janoary 11, 2007 thoough May 31, 2008
From Fume 1, 2008 forward, the Company will provide and charge for Transmission Service to

Customers tali.nilsﬁi-‘:-mi:e iz accerdance with the provisions of Rider D - Transmission
Service Charge Bider, which charge shall apply to all EWh billed vnder this Rate Schedule

Issped: Japmary 17, 2007 Effective: Japuary 11, 2007
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Schedule A2. Electricity Rate Tariffs (continued)

PENNSYLVANIA ELECTRIC COMPANY Electric Pa. PU.C. No. 79
Original Pags 102

FATE SCHECULES

Rate (z5-Large (contmusd)

DETERMINATION OF BILLING DEMANI:
The mocthly billicg demarcd shall be the hizher of:

. The maxiroum [ 5-mipare infeprated demand registered during the Oo-peak hours
during the mondh.

Forty percent (40%:) of the maximam 15-mirmie miegrated demand registening at
amy fime during the month.

b

EVAR DEMAND

The monthly reactive billing demand shall be the maximm 1 5-mmate intzzratad
reactive demand registersd at aoy time dunng the moath.

The On-peak hours shall be from 5200 am. to .00 pm., prevaling time, Monday
thronzh Friday excluding holidays. All other hours shall be ':]:'f-%aa]i. The Off-peak halidays
ars: Mew Year's Day, 1al Day, Independence Day, Labar Day, Thanksgiving Day and
Christmas Day. Cwo-peak hours are subject to chapze fom time to ame by the Company afier
erving npdice of such changes o Customers.

MINIMUN CEARGE:
Moo bill shall te repdered by the Company for less than,

541.20 per month, plus

ope-half (12} of the demand charge at current rate levels for the bighest kilowat:
demand billed during the current and preceding eleven (1 1) months.

Issned: Tammary 17, 2007 Effective: Japmary 11, 2007
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Schedule A2. Electricity Rate Tariffs (continued)

PENNSYLVANIA ELECTRIC COMPANY Electric Pa. PU.C. No. 79
Original Page 103

FATE SCHEDULES
Rare z5-Large (contimaed)
PAYMENT TERMS
Asper Bule 13, Payment of Bills.
TERM OF COMTRACT

Each Customer shall be reguired to enter into a service/supply coniract with the
Compary for a minirimy one {1} vear termn The supply partion of the contract {“supaly
cootract™) appliss to Genemtion Supply and is saspended when a Customer takes Clelivery
Service only and resumes with a new anniversary dats when a Customer refumns ta Fall
service. If the service'supply cootract is ierminated by the Customer prior o its expiration, the
Mirmimuam Charge provisions of this Bate Schedule shall apoly. 1f the Customer’s capactiy or
service TRguiTements increass, the Company, io its sole and exclusive judzment, may at any
tima require the Customer to apfer into a new service/supply conmmact

GEMERAL PROVISIONS:

A COMEDMED BILLIMG: This Provision is restricted as of Tupe 18, 1974, 1o existing
loads at existing locations. Combinsd Billing chall be permitted for taee_—&huse el
metered points at secondary woltages established prior to June 18, 1978, The billing
demand shall be the sum of the mdividual demangs of each mesared service, Custamesr
locattons and loads may not condoue fo be billed under this General Provision A: (i) if
the Customer increases the capacity of either service eptrance wiring, ar (i) the
Customer moreazes the elecmeal lpad in the facility necessiating a chapge in the
Company s facilites.

Issned: Japuary 17, 2007 Effective: Japoary 11, 2007
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Schedule A2. Electricity Rate Tariffs (continued)

PENNSYLVANIA ELIECTRIC COMPANY Eleciric Pa. PU.C. No. 79
Original Pags 104

FATE SCHEDULES
Rate &5-Larze (coottmaed)

B. SERVICE AT PEIMARY VOLTAGE: Customers served at Primary Voltags may be
billed under this Rate G5-Large, af the Compamy's sele and exclusive discretion, when a
Customer requires Primary Service af a voliags less than the nearest avatlabls Primary
Vaoltage, if the Company agrees to provide the Primany Veltage requested by the
Custamsr.

OFF-PEAK THEPMAT STOFAGE SERVICE: THIS FROVISION SHALL BE
BESTRICTED TO ERISTING CUSTOMERS AT ENISTIMNG LOCATIONS AS OF
JAMUARY 11, 2007 MO CUSTOMERS WILL BE PERMITTED TO TAEKE SEEVICE
UNDER. THIS PEOVISION AFTER JANTJARY 11, 2007, Available to Customers
whose anw". hieaticg and‘or cooling system is alectric thermal storage. Electmic
thermal storage systems ara those heating and cooling systems where the space
conditioning of a building is provided by a system that nses / primartly during
Off-peak pericds. On-peak howurs for demand apd ensrzy billing shall be from 2:00 am.
o 600 pom, prevailing fime, Monday threugh Friday durng the billing months of
Qctober through Mav aed 10:00 am. to 5:00 p.m., prevailing fime, Monday threagh
EMMEE billicg marths of June fhrouph September. All other hours shall b

e

0. MAREET BASED BILLIMG: All killmz vmder the Standard Pricing Admstment
5PAT) shall be in accordance with Rider L

PIDERS:

Bills renderad by the Cumﬁm:v under thiz Rats Schedule shall meluds the charges
stated i or caloulated By any applicable Rider.

Issued: Jaouary 17, 2007 Effectiver Japunary 11, 2007
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Appendix B

Equipment Literature
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Schedule B1. Trane WSHP Cut Sheets

High Efficiency
Horizontal/Vertical
Water-Source Heat Pum

Models GEHB/GEVB

6 to 25 Tons - 60 Hz

12 1/2 - 25 Tons

6-15 Tons
6 -10 Tons

April 2006 WSHP-PRC014-EN
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Schedule B1. Trane WSHP Cut Sheets (continued)

Feature Highlights

The g through 26 ton horizontal and Trane's neww design incorporates B, Quiet unit design

wertical water-source heat pump is system advantages such as: 6 Integrated controls

used in & broad range of . v :

applications. Schools, office L g‘ii{;miﬁfﬁiﬁ:}?“?\r and 7. Dual circuit design

buildings, health carefrehabilitation _ i 8 High and low pressure
facilities, condominiums and 2. Superior maintenance seTetins b estandard
retirermnent facilities are just a few of accessibility i :

the types of buildings utilizing the 3. Dual-sloped, plastic drain pan 9. Dehurnidification option
EMEBIDY CONSCIoUs Watersolrce ; 10. Waterside economizing option
design. 4. Multiple fan speed motor

packages 1. Supplemental electric heat

Maodel GEH {pictured below) iz a option
ceiling hung product that provides a

serviceability to maintenance

cotnpenents; indoor air guality

standards; sound attenuation; and

best of all, higher efficiencies rated in

accordance to ARI-IS0 13266-1

performance and ASHRAE 50.1

standards.

Water Connections)

Dual Compressor

High Voltage

©2006 American Standard Inc All rights reserved WSHR-PRCOT4EN
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Cabinet Description

The cakinet design incorporates
sturdy (non painted) galvanized
metal form maximum durability and
corrosive resistive exterior. The
equipment offers superior
installation flexibility with service
accessibility.

The cabinet front allows service
access for the controls. The new
harizontal and vertical design offers
four product wariations of return-air
and supplhy-air combinations. All
combinations are order specific and
may not be modified at the job

site. See Figure 1 for air side
combinations.

Hanging the horizontal configuration
is accomplished through the robust
metal stiffeners located beneath the
unit. Opticnal vikration isolators are
available to help decrease sound
wibration during equipment
operation.

Airflow Combinations

The g through 18-ton horizontals
airflow flexibility includes the
follcwing combinations to aid in
applications where the equipment is
required to hug a corridor or wall.

The four configurations are:

1. Left return-air with bad supply-
air combination

2. Left return-air with right supply-
air combination

3. Right return-air with back supply-
air combination

4. Right return-air with left supphy-
air combination

The sleek, narrow cabinet of the 6 to
2Bton wertical iz designed tofit
through a standard 38"doeorway for
installation during new or retrofit
construction. The equipment is
available in four supplhy-airfreturn-air
combinations. These combinations
are order specificvia the unit model
numier.

Features and Benefits

The faur comiinations include:

1. Frent return-air with back
supplhy-air combination

2. Front return-air with top supplhye-
air combination

3. Back return-air with front supply-
air combination

4. Back return-air with top supply-
air combination

£l @ |
i |_EI
I |
RIGHT LEFTRETURN.OIR
SAFFLTAIR
o n L]
[
© i
og I_II
I ]
LEFT RETURM.QIF
HGHTRETURN OF
[ 1
31
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i
o |_:I'l
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Figure 1. GEH Airflow Options
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Schedule B1. Trane WSHP Cut Sheets (continued)
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Figure 3. GEV Panel Design

Plastic Drain Pan

Fiqure b_ Reciprocating Compr.

Figure 6. Co-axial Heat Exchanger

WESHRPRCOI4-EM

Features and Benefits

Christopher G. Conrad

Schedule B1. Trane WSHP Cut Sheets (continued)

Access Panels

The upper panels of the 12 1/2
through 264on verticals feature a key
hole hanging design for ease of
maintenance of the unit, allowing the
panel to be hooked into place when
attaching the panelto the unit. The
panels are also sealed with a rubber
gasket at all four edges to help
eliminate air from escaping around
the panels edge. See Fgure 2far
GEV panel design.

Hanging Device

The hanging channel for the
herizental unit runs the length of the
equipment. The structural integrity of
the design helps assure no bracket
deflection or unit bowing from the
unit's weight.

Ciptional isolation for the hanging
bracket is provided with a rubber
grommet design. This iselation
device helps prevent sound vibration
from reaching the structural support
members of the building during
compressor start and stop.

Drain Pan

The unit drain pan is composed of
plastic, corrosive resistive material.
The pan is positively sloped to
comply with ASHRAE 82 for (lAQ)
indoor air guality conformity.

Access tothe drain pan is provided
through bwo access panels for
cleaning purposes for all models. See
Figure 2for plastic drain pan.

Cakinet Insulation

The cabinet insulation design meets
UL 181 requirern ents. The air stream
surface of theinsulation is fabricated
of a non-biodegradable source.

Refrigeration Piping

The unit’s copper tubing is created
from a 95% pure copper formation
that conforms to the American
Society of Testing (ASTM) B743 for
seamless, light-annealed processing.

The unit’s copper refrigeration
system is designed to be freefrom
contaminants and conditions such as
drilling fragments, dirt, or oil. This
excludes the possibility of these
contaminants from damaging the
COMmpressor motor.
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Compressor

Dual circuit designs of the GEH and
GEY models feature reciprocating
compressors in the & and

F 12 ton sizes, while the 10 through
26 ton units include scroll
compressors, The compressors are
highly efficient, and incorporate
external vibration isolators and
thermal cverlead protection. See
Figure &for reciprocating
COMPrEssor.

Co-axial Water-to-Refrigerant Coil

The units internal heat exchanging
weater coil is engineered for
maximum heat transfer.

The copper of cupre-nickel seamlass
tubing is atube within a tube design.
The inner-water tube contains a deep
fluted curve to enhance heat transfer
and minimize fouling and scaling. It
is available in either copper or cupro-
nickcel (selectable option) coil. The
outer refrigerant gas tube is made
from steel material. The coil is leak
testedto azsure there is no cross
leakage between the water tube and
the refrigerant gas (steel tube) coil.
Lo-awial heat exchangers are mare
folorant to frecze FURIUrE. See FigLre
Efor co-axial water coil.



AE Senior Thesis Final Report

Water Conn ections

Wiater hookups for the 6 through 25
ton units are located internal to the
equipment to help alleviate damage
tothe water copper during shipment
or job storage of units prior to
installation. Each unit {although dual
circuit) centains a single supply and
return water connection. See Figure 7
for large tonnage water hook-up,
model GEV. Fittings for the supply
and return are internally threaded.

Expansion Valve

The refrigerant flow metering is
made through the thermal expansion
walve (TEVY I allows the unit to
operate with an entering fluid
temperature from 26 Fto 10 F and
entering air termnperatures from 40 F
to B0 F The valve is designed to
meter refrigerant flow through the
circuitry toachieve desired heating or
cooling.

Unlike cap-tube assemblies, the
expansion valve device all ows the
exact amount of refrigerant required
to meet the coil load demands. This
precise metering by the TXV
increases the efficiency of the unit.
See Figure 16 for thermal expansion
walve,

Reversing Valve

A systermn reversing walve (4-way
walve] is included with all heating!
cooling units. Thisvalve is piped to
be energized in the ceoling mode to
allow the systermn to provide heat if
walve failure were to occur. Once the
walve is energized for cooling, it will
remain energized until the control
system is turned to the OFF position,
or a heating cycle is initiated.

Units with the cooling only option
will not receive a reversing valve.
See Figure 8 for reversing valve.

Blowrer Motor

A belt driven metor seledion powers
the fan for the & through 25 ton dual
circuit units. The 8 through 16 ton
units include a single fan assembly,
while the 20 and 2B-ton units include
dual fan assemblies. Because the
motor sheawe and the motor base are
adjustable in the field, a greater
wariation in external static pressures
are available Thelargetonnage units
are capable of providing 0 ESPte 3.0

Features and Benefits
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Schedule B1. Trane WSHP Cut Sheets (continued)

ESP allowing a higher static
ductwork to be applied on the
mechanical system when the
application reguires

extensive ductwork design. Thisis a
lowe cost alternative to purchasing,
installing, and maintaining multiple
smaller tonnage units to meet the
required air flowe dermand for the
SpACE.

Access tothe Bthrough 25 ton units
is made through the back of unit by
wiay of two panels, andfor through a
side access panel if adjustmenttothe
motor belt or maotor base are needed.
See Figore 10 for motor accessibility.

Blower Houzing

The blower housing is constructed of
non-corrosive galvanized steel. tisa
double wide/double inlet, forward
curved wheel moved by an integral
horsepower motor with sealed
beatings.

AirSide Filter

The air-side filter incorporates a 1-
inch thick (nominal) or 2-inch thidk
{nominal) disposable fiberglass
option. These filters include an
average synthetic dust weight
arrestan ce of approximately 75%.
This dust holding capability includes
a colorless, odotless adhesive to
retain dirt particles within the filter
media after fiber contact.
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Fiqure 7.

GEV Viater Connections

Fiqure &_

Thermal Expansion Valve

Fiqure 9_

Reversing Valve

Figure 10.

Belt Drven Motor {GEH)
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Schedule B1. Trane WSHP Cut Sheets (continued)

Boilerlexs Control/Electric Heat
{option)

In cooling deminant regions where
heat may be used 156 to 30 days out
of the winter season, eliminating the
boiler may be an economical
advantage tothe building owner,
Eliminating a boiler from the system
reduces costs associated with the
mechanical system installation, as
well as the maintenance and service
of the boiler,

How can freat e provided for the few
days of the vear when heat is
necessary’Throughthewatersource
heat pump of course. The advantage
of the water-source heat pump is it's
ability to provide heat recowery
within the closed water-loop. While
someWWsHPs may be extracting heat
from the closed water loop, other
WWSHPs may ke adding heat to the
closed water [oop. This crestes a
perfect system balance for heat
sharing or movement from one
space to ancther.

But when water temperatures fallin a
bailerless system, and no further
heat recovery may be made viathe
closed loop, heat may be added to
the space through a boilerless
control electric heat option. See
Figure 11 for the boilerless control,
electtic heat system diagram.

With the boilerless electric heat
option, the 6 through 254on models
will contain boilerless controls OMLY
to interface for afield provided
supplemental electric heat selection.
The heater for this model shall be
placed external to the equipment by
the contractor for ease of installation.
All power connections forthe electric
heater will be completely separate
from the unit for field supplied
electric heat.

WESHR-PRCOI-ER

Features and Benefits

Howr it Works

In heating mode, when the water
temperature falls below BB F (factory
setting), the electric heater is ¥.
energized, lodking out the

compressor. The systems electric

What is NOT available with the
boilerless electric heat option?

Heot gas reheat

heat source will continue to be 2. Basic 24 volt controls
utilized for primary heating until the
loop temperature rises above 60 F 3. TracerT™ ZNE1D controls

Once the entering water temperature

tises above B0 F the boilerless

controller returns the unit to normal 4.
compressor heating operation and

lodts out the electric heater. This E.
maximizes efficiency from the unit

during the few days reguiring heat

from the mechanical system.

Ifthe unit employs a cooling onby
unit design,the electric heat
contactor is wired directly to the
thermaostat for primary heating, and
the compressor contador for
cooling.

Mate: For geathermal applications,
the boilerless controller has an

adjustable setting of 25, 35 45, BB
and 80 degrees.

115 and 576 wolt ratings

Supplemental or ermergency
heat applications

B. A factory installed heater

CIRCULATING
FUMF

FLATE-FRAME
HEAT EXCHANGER

BELOUWED F
ELECTRIC HEAT
IS EMERGIZED,

ABOVEEOE
COMPRESSOR
15 EMERGIZED.

Fiqure 1. Electnc Heat System
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Waterside Economizer foption)

The beauty of the waterside
econamizer is it's ability totake
advantage of any loop condition that
results in cool water temperatures. A
prime example would be during fall,
winter and spring when cooling
towers have maotre capacity than
required and could be controlled to
loweer termperatures for economizer
support.

Ancther more common inexpensive
means of free comfort cooling
includes buildings systems where
perimeter heating and core cooling
are needed. In this system  the
perimeter units extract heat from the
building loop while in the heating
mode, forcing the building loop
temperature to drop. YWhere as, the
cote are of a building may reqguire
cooling in summer or inwinter based
upon lighting, people and
equipment.

If the water-source systemn design
contained an economizing coil
option, the moderate temperature
loop water circulated through a core
wiater-source system can provide an
inexpensive means to satisfy room
comfort without operating the water-
solrce heat pump’s comprassor.

Curing economizer mode, fluid
enters the unit, and passes by a
wiater termperature sensing bulb. This
temperature sensing bulb
determines whether thetwo position,
three-way valve will direct the water
through the waterside economizing
coil, and to the heat pump
condenser, of through the condenser
only. If the water temperature is 55 F
or less, fluid will flow intothe
econemizing coil, while
simultaneoushy halting mechanical
operation of the compressor,
Mechanical cooling will continue on a
call Tor second stage from the
thermostat.

The factory built waterside
economizer is available on all 61018
ten GEH models and & to 258 GEY
models.

Features and Benefits
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Schedule B1. Trane WSHP Cut Sheets (continued)

MNaofa:  The condensate overflow
optfon s Not avallable with
the watsrside sconomizer

aptian.

Hot Gaz Reh aat {option)

For space conditioning and climate
control, Trane provides an accurate
and cost effective dehumidification
control through a hot gas reheat
aption. This option is designed to
accommodate unit sizes 072 through
240.

Wiith this reheat option, the return air
from the space is conditioned by the
airto-refrigerant coil, then reheated
by the reheat coil to control not only
the space temperature, but to also
reduce the relative humidity of the
space. The moisture remcowal
capability of a specific heat pump is
determined by the units latent
capacity rating.

When operating in the reheat mode
{meaning the sensible temperature
has been met in the space), the
humidistat signals the reheat relay
coil to energize, allowing the high
pressure refrigerant gas to flow from
the compressor, throuagh the reh eat
valve, intothe reversing walve, or
through the reheat coil for
dehumidification.

[ 3-wey
VALVE
in by-pass
maons

PLATE-FRAME

HEAT EXCHANGER

Mote: Trane placesan aiy separation
space petween the alrto-
refrigerant cofl. and the
reheat coil to altow for

maximum maisture remaval

Common Reheat Applications

Thehot gas reheat option is desianed
to support building applications
requiring fresh-air ventilation units
delivering unconditioned -air directly
tothe space. It alsoe provides
dehumidification to large latent load
spaces such as auditoriums, theaters
and clagstooms, of anywhere
humidity control is a problem.

Do’s and Don'ts in Design

The factory installed hot gas reheat
optionis only available with Deluxe
ot ZME24 controls packages.

The water-source heat pumps with
het gas rehest should net be used as
a make-up air unit.

I bry-paas
mads

Waterside Economizer
System

Figqure 12
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The performance standard ARIASO
13256-1 became effective Jan. 1,
2000. It replaces AR| standards 320,
325 and 330. This new standard has
three major categories: Water Loop
[ARI320), Ground Water (AR 32E),
Ground Loop (AR 330). Although
these standards are similar there are
som e differences.

Thecooling efficiency is measuredin
EER but includes a VWatt-per-Watt unit
of measure similar to the traditional
COP measurement.

The entering water ternperature has
changed to reflect the centigrade
temperature scale. For instance the
wiater loop heating test is performed
with G8-degree F (20-dedree C) water
instead of 70-degree F The cooling
tests are performed with 80.8-degree
F(27-degree C dry bulb and 86.2-
degree F (18-degree C) wet bulb
entering air instead of the traditional
80-degree F dry bulb, and 87-degres
Fwet bulb entering air term peratures.
This data (B0.6/66.2) may be
comverted to BOMT by using the
entering air correction takble.

A pump power correction has been
added onto the existing power
consumption. Within each model,
only one water flow rate is specified
for each performance category, and
pumping watts are caleulated
utilizing the purmp power correction
formula: [gpmx 0.0631) x press drop
X 2990) 7 300,

Note: GPM roiates fo watay o,
and press drofr relates to the
drop thraugh the uait heat
exchangey st rated watey flows
infegt of head. The fan power
is corrected to zoro external
static pressure. The nomina!
aitflow is rated af @ specific
external static pressure. This
effectively reduces the pawer
consumption of the uni, and
increases cooling capacity
bt decreases heating
capacity. These watlls are
significant enotigh in ma st
Cases o increase EER and
COP over ARE 324 225 and
330 ratings.

WSHR-PRCD14-EN
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Schedule B1. Trane WSHP Cut Sheets (continued)

Selection Procedure

Cooling Dominated
Applications

If humidity levels are moderate to
high in a cooling deminated
application, the heat pump should be
selected to meet or exceed the
calculated sensible lead. Also, the
unit’s sensible capacity should ke no
more than 116% of the total coaling
load [sensible + latent), unless the
calculated latent load is less than the
latent capacity of the unit.

The sensibletototal cooling ratio
can be adjusted with airflow. Ifthe
airflow is lowered, the unit latent
capacity will increase. When less air
is pulled across the DX coil, more
moisture will condense frem the air.

Hsating Dominated
Applications

Unit sizing in hesting deminated
applications is based upon humidity
levels for the climate, and goals for
aperating cost and installation costs.

If humidity levels are moderate, the
heat pump should ke selected with
theheating capacity equal to 126% of
the cooling load.

If humidity levels are low inthe
application and low operating cost is
important, the heat pump and
ground loop should be sized for 30%
to 100% of the heating load.

If humidity levels are |ow and lower
initial cost is important, then the heat
pump and ground loop should be
sized for TO% to 8E% of the heating
load, with the remaining load to be
treated with electric resistance heat.

Installation cost will be reduced in
this approach because of the smaller
heat pump selection and less loop
materials.

In general, the system will not use
enough electric heat to offset the
higher installation costs associated
with a fully sized or oversized
system.

Finally, a unit sized for the entire
heating |ead in a heating deminated
application will be oversized in
cooling. Comfort is reduced from
increased room humidity caused by
short-run times. Short oycling will
also shorten the life expectancy of
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the equipment and increase power
consumption and operating cost.

Many rebate incentives require the
heat pump and ground loop to be
sized for the entire heating load.
Checkwith yvou local utility for their
requirements.

Salection Program

Al WSHP products should be
selected through the Trane Official
Product Selection Systern, TORSS.

If this program has not been made
available, ask a local Trane sales
engineer to supply the desired
selections or provide a copy of the
program.

Required Fialds

The first step in the selection is to
determine either:

—  Total cocling capacity
- Sensible capacity
— Heating capacity

The maximum allowable water
pressure drop and selection ranges
can also be identified.

o —
A |1] )| sl EieppuEs | in e
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GEHBO7211DOA
5

10

INGITS 1-3 LT
CONAGURATION

GEH =High Efficiency Horizontal
GEW =High Efficiency Vertical

DNGIT 4: DEVELOPAMIENT
SEQUENCE R

DIGITS 5-7: MOAMINAL CAPACITY
072 =6Ton

090 =7 172 Ton

120 =10 Ton

180 =12 12 Ton

180 =18 Ton

240 = 20 Ton

300 =25 Ton

DHGIT 8: VOLTAGE (Volts/Hz/Phase)

1 =208/6011 6 =220-240/50/
2=230/6011 7 =266/601
3=208/60/3 8 =230/60/3

4 =4B0/60/3 9 =380-416/40.3
5 = B7R/E0/3

DHGITS 9: HEAT EXCHANGER
1 = Copperater Coil
2 = Cupro-Midkel Water Coil

DNGITS 107 CURRENT DESIGN
SEQUENCE

DNGITS 11 REARIGERATION
CIRCINT

0 =Heating and Cooling Circuit

2 =Heating and Cooling Circuit
with Hot Gas Reheat

3 =Heating and Cooling Circuit
with Vifaterside Economizer

4 =Heating and Cooling Circuit
with HGR and WWSE

A = Cooling OMLY Circuit

C = Cooling OMLY Circuit
with Hot Gas Reheat

D = Cooling OMLY Circuit
with Vifaterside Economizer

E = Cooling OMLY Circuit
with HGR and W3E

Selection Procedure

Christopher G. Conrad

Schedule B1. Trane WSHP Cut Sheets (continued)

BODLDO10ONOOT1
15 20

DIGITS 12: BREOWER
CONAIGURATION

A = Drive Package A [GEHSGEW)
B =Dtive Package B (GEH/GEV)
& =Drive Package C[GEH/GEV)
[ = Drive Package D (GEH/GEW)
E =Drive Package E (GEH/GEV)
F = Drive Package F (GEH/GEW)
G =Dtive Package G (GEH/GEV)
H = Crive Pacdkage H (GEH/GEW)
J = Drive Package J [GEWV)
DIGIT 13: FREEFE PROTECTION
A = 20 Degree F Freezestat

B =36 Dearee F Freezestat

INGIT 14 OPEM INGIT =@

DIGIT 15 SUPPLYAIR
ARRANGEMENT

B =Back Supply-Air Arrangerment
F = Front Supply-air Arrangement
L = Left Supply-Air Arrangement
R =Right Supply-Air Arrangement
T =Top Supphy-Air Arrangement

DIGIT 16: RETURN-AIR
ARRANGEMENT

B =Back Return-Air Arrangement
F = Front Return-Air Arrangerment
L = Left Return-Air Arrangement
R =Right Return-aAir Arrangement
DIGIT 17: CONTROL TYPES

D = Deluxe 24 V Controls

C =Tracer ZME10 Controls

B =Tracer ZME24 Controls

INGITS 18 TSTAT/SENSOR
Locanon

0 =Vall Mounted Location
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Modef Number

100010000000
25 30

DIGITS 19: FAULT SENSORS

0 = Mo Fault Sengor

1 = Condensate Ovarflow Sensor
2 = Filter Maintenance Timer

3 = Condensate Overflew and Filter
Maintenance Timer

4 = Fan Status Sensor

6 = Condensate Owverflow and Fan
Status

H = Fan Status and Filter
Maintenance Timer

J = Fan Status, Filter Maintenance
Tirner and Condensate Owerflow
Sensor

INGITS 20: TEMPERATURE
SENSOR

0 = Mo Additional Tem perature
Sensor

1 = Entering Water Sensor

DNGITS 21 MIGHT SETBACK
COMNTROL

0 = Mo Might Setback Relay

M =Might Setback Relay

DIGITS 27: ELECTRIC HEAT

0= Mo Electric Heat

4 = External Boilerless Electric Heat

B = External Supplemental Electric
Heat

WSHR-PR COT4-ER
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Schedule B1. Trane WSHP Cut Sheets (continued)

WESHRPRCOI4-EM

Selection Procedure

INGITS 25 UIIT MOUNTED
DISCONNECT

0 = Mo Unit Mounted Disconnect
DIGITS 28: ALTER TYPE
1 = 1" Throweaway Filter
2 = 2" Throwaway Filter

INGITS 25 ACOUISTIC
ARRANGEMENT

0 = Enhanced Sound Attenuation
1 = Deluxe Sound Attenuation

INGITS 26: FACTORY
CONAIGURATION

0 = Standard Factory Configuration

59

Mode! Number - Continued

DIGITS 27: PAINT COLOR
0 = Mo Paint Selection Available

DIGITS 28: OUTSIDE AIR
0= Mo Dutside Air Option Available

INGITS 23 PIPING
ARRANGEMENT

0 = Standard Fiping Arrangement

INGITS 20-36: DOES NOT APPLY TQ
GEH or GEV

QOO0GOD = Digits 30-36 are not
applicable tothe GEH or GEV
products
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Schedule B1. Trane WSHP Cut Sheets (continued)

General Data

Tabla 1. Ganaral Unit Information
Modal GEl i BT pF2i] 150 E: 1)
Onit Size Length (in) d0=74 4037 403574 98 I EEEIES
Height [in] 21 Z1 21 28 FL]
wideh (ind T KE] kel 83 =
Comprassor Tope Reciprocating Recipraocating Serall Seroll Serall
Ppproximate Waight with Pallet TIBT To1 714 T anT EEE]
Approdimate Weight without Fallet (1B [1 (10 TaF 3] T
Filter Size Actual(ing 19 8+ 24 578 1958w 24 578 19520 2458 24 5/8n 2458 24 578 n 24978
2 (2 2 ] 2
Water inf ouk size [FPT) inches 1174 1174 1172 1172 1172
Condenzate size (MPTL) inches kTGS HE kTGS HE kTGS
Elower Wheel Size Beft Drve Tin]  T26Z = 126 12620 T2 1262w 126 Ta00: 1500 1500 15,00
Modal GEV o7 oo 130 150 180
Tt Size Cength (ind ES ES E) 15 To7
Helght (in} EX DY [ EX LY 5] E
TIdeh Tin CRFE] & 174 CRFE] & 174 CREE]
Compressar Type Recip [2] Recip (2] Scrall [2) Scroll (2] Scrall (2]
Approvimate Weight with Fallet [TB] E17 E4E 261 1215 1225
Ppprodimate Weaight without Fallet TTET =X [0 1 1170 1120
Filter Size Aotual[in] 19 o/ s 19 o0 FER=TE= T BB =T o5 155 T3 58w 2450 1558 2457
6] (4 6] (&) (&)
W ater inf out size inches 1174 FFT 1174 FFT 1172 FFT 1172 FFT 117ZFFT
Condenzate size [MPTL) inches T TN N a4 N
Elower Wheel Size and quantity 12820 148 T2 82 u 126 1282w 1ZE 100y 1500 IS00x 1500
Modal GEY 230 00
Unit Size Length (i) 2152 =21 5%
Feight [in) ] &8
BIdth (ing TR LTF T Ld
Compressof TQpe croll TZ1 crall [Z]
Approdimate Weight with Pallet [TB] 1615 1885
Approximate Weight without Pallet (b)) 1580 1640
Filter Size Actual(in) 19 5:"8(2)24 ] 1955 =24 528
WWlater Infout size [sweat] inches FFT FFT
Condenzate size [MPTL) inches 3 L
Blower Wheel Size and quantity (211262 ¢ 1262 (Z) 1500+ 11,00/ (Z) 1262 « 1262
(reqular-law static/high static)
Table 2. Goneral Informaticin on Air-to-Ratrigorant Goil (2-co mprassor circuit}

Unit 5iza [ i) 130 150 TBD ]
Working 425 425 425 425 425 425
Preasura

TGEHN 1 TGEHT 1 TGEHT 1 TGEFT 24 TGEHT 24 &

Tubas High (GEV) 24 (GE\.-B 28 (GEV) 35 (GEV) 28 (GEV) 32
E} E} E} [GEH] 4 [GEHT 4 £}

Tubas Daap [GEN) 2 [GEWV 3

g refrlg(flo;\l paths [GEH] & refrig flaw 2 refrlg(ﬂ;;\l pathz [GEH] Sgeﬂ*lg Tl (GEH) 2 refrig flow 12 r'efrlg( ﬂ>?Jw paths

paths-2%

[GEMI 7 refrig flow

Mo, of Circuits

paths-2%

aths-2%

patl
(GE\.-’J 7 refrig flow (GE‘\.-') 2 refrig flow

aths-23%

paths-2¥

[GEH]
1810 42 n 3464
GE

[GEH]
121 544 3464
GE!

[GEH]
180 72 3464
GE

(GE
24 w73 n 3,464
GE

(GEH) 24 H FED 2Ex TR 2464

Finnad wol, (GE\.-’) 32 H TIw

Chou dy 24 n 34 1 3464 28 1 34w 3464 360 34 0 3 d6d 28 a T3 u 1,734 2598

Lol Surface Araa [GEH) 600 (GEH) &.7% (GEH) 9.12% (GEH) 12,167 [GEHI 1Z. 187 18,25

[Pt} [GEM) 5,67 [GEM) 6,61 [ZEM 2.50 [GEV) 14,19 [GEV) 16,22

Fina Far Inch T 19 19 19 i 19

Tuba Matarial Copper Copper Capper Copper Capper Copper
Tubs b (n} ¥ 7 X £ E i

Wall Thicknesa 0,014 0,004 0,014 0,014 0.014 0,014
Raturn Bends Copper Copper Copper Copper Copper Copper

14 WSHR-PR COT4-ER
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Schedule B1. Trane WSHP Cut Sheets (continued)

Performance Data

Table 2. ARHIEO WLHP and GLHP Porformance

Hatad <ooling Heating Tooling Heating
Watar Rated Air Gapacity Lapacity Ltapacity tapacity
Flow Flow WLHP EER WLHP Lar GLHP EER GLHP Lap
UnitSiza  [(GPM] [SCFM]  [BTUHI WLHP [ETUH} WLHP [BTUH} GLHP [BETUH] GLHF
GEH O 150 400 TEA00 4.4 00 EX:] TE3I00 5.4 FE500 .
5EH 020 223 2000 0500 127 1083200 42 20200 12.4 BZ700 a1
GEH 120 200 4000 120900 12,4 148500 4.4 119700 12.4 0200 a1
GEH 150 375 S000 142100 14,4 170200 5.0 141600 15.3 105700 2.4
GEH 120 45.0 €000 174500 12,2 204100 4.5 170700 12,6 122900 21
GEW 072 150 2400 2300 137 83100 EX:] F2e00 14.8 Sils00 3.9
EEW 020 223 2000 0300 1z.0 1043200 4.3 89200 14.0 &3200 3.2
GENM 120 200 4000 120200 12,7 142200 4.4 112000 12.5 26400 2.2
GENM 150 375 S000 144000 15.5 171400 55 142100 17.3 105400 2.9
GEWV 120 45.0 000 172200 12,0 209200 4.2 178900 14.5 122700 2.5
GEY 240 &0.0 |000 230300 131 276800 4.3 257200 14,5 186600 34
GEW 300 7.0 10000 282900 12,1 339400 4.2 291700 13.2 220900 3.3
T, Fated in acordance with 150 Standard 152oe-1: 199 (Water Loop Heat Fumn ps and Ground Loop Heat Pamps),
2. Models with capacities greater than 135 000 ETUH are not inclu de\f inthe ARI water+to-air and brineo-air heat pump certification program.
Wi SHRPRCO14-EN 15
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Schedule B1. Trane WSHP Cut Sheets (continued)

% TRANE Performance Data

GEV 072 Coofing Performance

Tabla 19. GEVY 072 Cooling Porformanca

RATED GPM: 18.0 MIMIMLUIM CFM: 1020 RATED ESP {in. H2D): 0,25
RATED CFM: 2300 MAXIMUM CFM: 2880

Total Ban Powar Rejact Faset
EWT GPM Mbtuh Mbtuh SHR W EER Mbtuh LWT Haad
43 ) =N 38 [xB A ] i) BE.T ]
43 1z.0 25,8 623 073 262 2368 28,1 61,4 B
45 15.0 86.6 627 0,72 248 24,92 28,5 S2.1 9.4
45 120 27z 620 0,72 237 25,90 92,2 &0 12,2
45 21.0 anT 632 0,72 322 26,63 23,0 S04 16,6
] ) 0.3 118 0.7 .37 1550 LA K3 ]
33 1z.0 822 602 0,74 416 12,75 26,4 711 B
55 15.0 231 61.2 0.74 4,02 20,69 26,8 679 9.4
55 180 238 61.5 0732 291 21,42 o97.2 65,8 128
55 21,0 24,2 61,7 0,72 283 22,00 974 64,2 16,6
&3 2.0 75,9 951 077 201 15,17 93.0 887 39
&2 1z.0 rarfc) 987 078 481 16,09 93,7 836 B
&2 15.0 Ta2.32 591 073 467 16,77 94,2 ane 2.3
&2 2.0 7.0 g9.4 075 457 17.20 94,6 725 12,7
=5 21,0 796 SO 0,73 4,49 17,72 94,9 770 16,5
g X Tod e [ g T3357 0.5 kX %]
77 1z2.0 739 a7.3 0.7 9,22 14,14 1.7 923 -
77 15.0 T4.9 aT.7 077 .09 14,71 92,2 9.3 9.3
GLHP 77 18.0 756 B8O 0,77 4,660 1515 k-4 BT 127
7 21,0 el 582 0.7 4,91 15,49 92,9 25,8 16,5
7] N [£:%:] 1] 0,50 TET TTE7 T = ]
g6 1z2.0 T0.4 958 079 .62 12,52 89,5 100.9 B4
26 15.0 Tz S6.2 079 349 1z.00 Q0.1 Q.0 9.3
WLHP 86 18.0 i § 56.5 0n.78 5.30 12586 0.5 6.1 1x7
26 21.0 T2E 56,7 0.7 5,32 12,65 o0.7 46 1&.5
oz A 33 o3 13 &1 At . d 114, ]
93 1z2.0 66,8 S4.3 051 &00 11.14 87.3 102.5 -
93 15.0 E7.8 4.7 021 3.87 11,55 a7.8 106.7 9.3
95 180 62,5 55.0 0.20 578 11,86 28,2 104.2 126
95 21.0 69,0 55.2 0.20 570 12,09 28,5 103.4 16.4
105 o0 38 SET (33 3L oD i e ]
105 120 62,8 ST 0,84 6,33 82 346 1151 %]
103 15.0 63,7 931 0,83 62T 10,17 83,1 116.3 23
1035 1z.0 &d,4 S93.4 023 B 18 10,42 85,5 114.5 126
105 21.0 54,9 526 0,22 &1l 10,62 85,8 113.2 16.4
115 AL =r s SO 0 (%] r 03 jRcich) ]
115 1z.0 58,7 511 0.87 676 263 1.7 1286 %]
1135 15.0 59.6 S1.4 0.86 665 8.96 82,3 126.0 Az
1135 1g.0 60,2 317 0.26 %13 .18 826 124.2 12.6
115 21.0 60,7 519 0,25 &350 9.34 829 1229 16.32
120 ) =14 497 090 T.o9 T T d 1Z7.6 ]
120 12,0 e S0z 0,29 €94 2,15 20,2 1224 &3
120 15.0 579 a0e 0,88 6,83 8.42 80,8 130.8 Az
120 180 521 o009 0.2 BT 2.61 211 1z23.0 12.5
120 21.0 52,6 51.0 027 BB 8.73 21.4 127.2 16.2

. Performance dataistabulated for cooling at 50,6 FCE/EEZ FIWE entering air at ARLTSO T3E56-T rated CFIL

2. For condition s other than what is tabulated, multipliers must be usad to corre ot performance, See the fan carvadtian factars Tafra for CAM other than
rated and the caaling carractian Factars for wariations in entering air temperature, WLHP data shown in bold type is parformance data at ARIISO
13256-1, The bold tppe for GLHP is a rating point only For AR 13256-1 SLHP conditions apply 15% methanaol by volume per the antifreeze

corre diion factorsfound on Page 63,

26 WSHR-PR COT4-ER
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Schedule B1. Trane WSHP Cut Sheets (continued)

% TRANE Performance Data

GEV 072 Heating Performance

Tabla 2). GEY 072 Hoating Porformanca

RATED GPM: 18.0 MIMIMUM CFM: 1920 RATED ESP (in. HX0): D025
RATED CFM: 2300 MAXIMUM CFM:  XBBO
Htg Cap Abaorh Powar Feat
EWT GPM Mbtuh Mbtuh i <ap LWT Head
1 R 430 17 .03 25 150 =H)
25 1z2.0 46,9 327 4,15 231 135 T
25 15.0 479 326 4,18 235 205 0.2
25 12.0 42,6 3432 4.21 239 21,2 14,2
25 21.0 49,0 346 421 34l 21,7 17,2
R =5 013 3 &, A=) A =H]
32 1z.0 531 382 4,38 206 236 T
3z 15.0 54,3 393 4,42 260 26.8 0.2
GLHP 32X 18.0 55 40.0 4,34 .64 7.6 14,2
32 21,0 oS 404 4,45 HEE 281 120
45 2.0 62,4 46,4 4,69 390 347 5.0
45 1z2.0 B3 481 4,73 3% 370 T
45 15.0 B5.7 49,4 4,80 4,01 g4 0.2
45 2.0 &5.7 S0 4,82 4,05 9.4 14,2
45 21,0 7.2 S0 4,82 4,02 40,2 120
i) N T, LR 4.5 417 EEN o0
55 1z2.0 T4 o933 5.00 o4, 24 45,8 T
55 15.0 740 D68 5.09 4, 30 47,4 102
55 8.0 751 aTe 5.08 4,34 426 14,2
o5 21,0 757 S84 5,02 4,37 49,4 17,2
[:f N 0,4 BET o1 R 54T o0
[=E:] 1z.0 828 649 5,29 4 62 a7z T
-] 15.0 24.7 BE B 5,20 EN-E] a9.1 102
WLHP 68 18.0 BE O B7 .8 533 4.7 505 14,2
[=t] 21.0 26,6 624 5,34 475 61.5 179
K] AL =N ELE oEl FEF &l =0
T3 120 873 630 5.38 &, TG 633 T
T3 15.0 9.3 Tog S.43 4,82 B3.E 0.7
75 180 0.7 T20 5,46 4,87 67.0 14,2
75 21.0 91.4 T27 5.47 4,90 621 179
=) o JZET TED LS 495 CE 49
a6 120 94,2 TeO 5.52 S0 T3 76
86 15.0 7.0 Ta0 5,58 510 TI6 0.7
=1 1g.0 924 T3 S.80 5,15 TTZ 14,1
=1 21.0 99,2 an i S.61 518 Ta4 178

T FERGATance d ot Istabulaed for hesting ot 52 F LB entenng ar &t fRL (50 L3206 1 rated R,

2. For conditions other than what is tabulated, multipliers must be usad to corred: performance, See the fan carvadtian factars Tafa for CFM other than
rated and the hasting carectan Factars for variation=zin entering air temperature, WLHP data shown in bold type iz performance data at ARIISO
13256-1. The bold type for GLHP is a rating point only. For ART 13256-1 GLHP conditions, apply 15% methanal by volume per the antifresze

corre ction factorsfound on Page 63,

Table 21. 072 Fan Comacticn Factors

Tooling Heating
Entaring Looling Sensibla Input Heating Input
<FM Lapacity Lapacity Watts Lapacity Watta
1520 U581 [{}=E:FS 055 =X 1044
2160 0,982 0,247 0,297 0935 1,020
400 1.000 1.000 1.000 1.000 1.000
2640 1.015 1.052 1.002 1010 0,923
2820 1.029 1102 1.005 1012 0,969
WESHRPRCOI4-EM 27
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Schedule B1. Trane WSHP Cut Sheets (continued)

% TRANE Performance Data

GEV 150 Coofing Performance

Tabla 22.  GEV 150 GCooling Performanca

RATED GPM: 37.5 MIMIMUM CFM: 3000 RATED ESP {in. HXD}): 0,35
RATED CFM: 5000 MAXIMUM CFM: 6000
Total Ban Fowrar Rejact Faat
EWT 4GP M Mbtuh Mbtuh SHR W EER Mbtuh LWT Haad
Ei] 15, 155 1155 076 731 1 737 B3 EX
43 25.0 1559 118.6 078 T27 21,43 1757 9.0 71
45 31.3 156.0 118.6 076 T.25 21,52 1758 56,2 10.2
45 i) 156.2 1187 0,78 T2z 2162 1758 544 12.2
45 43,8 156.2 11587 0,76 T.21 2166 1759 539 17.8
=] 15, 1537 176 (A T 13,36 1747 TaE EX
= 25.0 1537 117.7 077 TEZS 20,14 1746 629 71
=1 31.3 154.0 117.7 0.7e T.58 20,21 1746 652 10.2
=1 375 154.2 117.2 0.7e 752 20,47 1747 64,3 1z.8
) 43,2 154.4 117.9 0.7 749 20,62 174.8 630 17.7
] 158 1431 115.6 0.7 G458 17.58 1726 S6.4 4.4
B2 25.0 1492 115.6 0.7 237 17.82 1723 218 T.0
== 313 1495 115.7 077 228 12,04 1724 Tl 10.2
== 375 1498 115.9 077 221 18,26 1724 T2 12.7
) 42,2 1502 1160 0.77 2132 18,47 1726 759 17.7
ki 5N 1450 I1=5 [ a1F 5T 7 kL 4.4
T 25.0 1452 113.9 0.7 2035 16,04 1705 a7 T.0
T 313 1456 114.1 0.7 294 16,28 1705 az.0 10.2
GLHP 77 7.5 1460 1143 078 B.Ba 16.51 17006 B6.1 13.7
L 42,8 1464 114.4 0,72 275 16,732 1707 24,2 17.7
=) 15 140 I1Z0 0,50 I00S 1255 TexT 041 LX)
== 25.0 1408 1121 0.80 .88 14,25 1688 N6 T.0
25 313 141.2 1122 079 275 14,49 1688 6.3 10.1
WLHP 86 = 1417 11x4 079 .63 14.71 1688 a5.1 13.7
== 43.8 1421 1126 0,79 .51 14,94 1689 Q28 17.6
£ 1= IZ57 =R (133 ) 110 1227 IevT I1z0 ES
905 25.0 136.0 110.0 051 10.86 12,52 167.1 108.5 T.0
905 313 136.4 110.2 021 10,70 12,73 167.0 105.8 10.1
1 375 1269 110.4 021 10.56 12,97 167.0 104.0 126
=1 43.8 127.2 110.6 021 10.42 1218 1&67.1 1027 17.6
= 1= 1297 o7 0 1234 05T Tex 1229 ES
105 25,0 13000 107.5 0,83 1z.11 10,73 1653 1124 o
105 31.3 1305 107.7 0,83 11,93 10,94 1652 115.7 10.1
105 375 1z1.0 102.0 0.2z 11,78 11.14 1652 1129 126
105 43.8 121.5 108.2 022 11.60 11,24 165.2 1126 17.5
115 1= 1Z3 1037 [R5 1ZE0 T 1eq 1227 E3
115 25,0 1235 104,9 0,83 12,54 13 1637 1282 5]
113 31.3 124.1 105.1 0835 13.33 9.31 1635 125.6 10.0
113 375 1246 105.2 0.24 1214 9,49 1634 123.8 125
115 43.8 1252 105.5 0.24 12,96 966 163,32 1226 17.5
140 FE=R 119 103 028 14,60 20 Te3T 177 ES
120 250 1202 102.5 0.26 14,32 2,29 1629 122.2 ]
120 31.3 1207 103.7 0.86 14,10 8.56 1627 130.6 10.0
120 375 121,32 102.9 0.26 1z.20 8.73 1626 1z8.8 125
120 43.8 121,82 104.1 025 12,71 8.29 1625 127.5 17.4

. Performance dataistabulated for cooling at 50,6 FCE/EEZ FWE entering air at ARLTSO T3E56-T rated CFIL

2. For condition s other than what is tabulated, multipliers must be usad to corre ot performance, See the fan carsadian factars Tahka for CAY other than
rated and the caaling carractian Factars for wariations in entering air temperature, WLHR data shown in bold type is parformance data at ARIISO
13256-1, The bold tppe for GLHP is a rating point only For AR 13256-1 SLHP conditions apply 15% methanaol by volume per the antifreeze

corre diion factorsfound on Page 63,

a2 WSHR-PR COT4-ER
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Schedule B1. Trane WSHP Cut Sheets (continued)

% TRANE Performance Data

GEV 150 Heating Performance

Tabla 29. GEVY 150 Hoating Porformanca

RATED GPM: 37.5 MIMIMUM CFM: 4000 RATED ESP (in. HX0): D035
RATED CFM: 5000 MAXIMUM CFM:  B5OOO
Htg Cap Abaorh Powar Feat
EWT GPM Mbtuh Mbtuh et <ap LWT Head
1 FE=R 924 [ k- L 121 EX:]
25 25.0 5.0 Tog 8.0z 247 1.7 T
25 31.3 Q5.6 T24 2.05 252 207 11.1
25 g 978 T3E 2.07 255 21,4 14.2
25 43,8 56 Thd .02 35T 21,2 130
15, T0Z i) 1D -y 4.0 EX:]
32 25.0 105.4 210 8.21 e Ay ) 259 T
3z 313 107.4 az0 2.24 2.8z 270 11.1
GLHP 32X 7.5 108.8 B4 .4 B.27 .86 78 14.8
32 42,8 109,9 255 .22 289 284 19.0
45 158 121.6 ER 5,48 4,20 347 43
45 25.0 125.6 100.9 8.39 4,30 370 7T
45 31.3 129.2 1046 8.61 4,40 229 11.1
45 375 121.6 106.9 8,65 4, 46 9.8 142
45 42,2 1224 1077 .66 4,42 40,1 19.0
i) 15 T35 1154 T EN-v F30 4.3
55 25.0 142.3 117.6 58.83 4. 72 43,6 T
55 313 145.8 121.0 .89 4,81 47.3 11,1
55 375 142.82 123.9 .94 4,87 42,4 142
o5 42,2 151.2 126,32 2,99 4,92 49,2 19.0
[:f 15 TEDF 1354 o137 o ig TEE 4.3
[=E:] 25.0 165.5 140.5 9,24 523 96,8 T
-] 313 170.0 144.9 9.33 5,34 987 11.0
WLHP 68 7.5 173.7 148.6 .40 5.4 B 1 4.8
[=t] 43.8 176.8 151.6 946 5.4 611 12,0
K] 1= I7& A o a0 =9, 49
T3 25.0 178.5 153.3 .49 5,51 627 T
T3 313 182.5 198.2 9.59 S.61 64,9 11.0
75 375 127.2 1625 9.68 S.68 1) 142
75 43.8 191.2 165.9 .75 5.75 674 13,0
=) 1= 1929 Ieve A oo CED) E3
a6 25,0 195.7 17,2 2,93 5,82 Ta0 T
86 31.3 205.6 180.0 10,06 5,99 T4 11.0
=1 375 2106 124.9 10,17 .07 TE. 1 14,2
=1 43.8 214.7 129.0 10,26 613 ) 129

T FERGATance d ot Istabulaed for hesting ot 52 F LB entenng ar &t fRL (50 L3206 1 rated R,

2. For conditions other than what is tabulated, multipliers must be usad to corred: performance, See the fan carvadtian factars Tafa for CFM other than
rated and the hasting carectan Factars for variation=zin entering air temperature, WLHP data shown in bold type iz performance data at ARIISO
13256-1. The bold type for GLHP is a rating point only. For ART 13256-1 GLHP conditions, apply 15% methanal by volume per the antifresze

corre ction factorsfound on Page 63,

Table 20. 190 Fan Comecticn Factors

Tooling Heating
Entaring Looling Sensibla Input Heating Input
SCFM Lapacity Lapacity Watts Lapacity Watta
000 0,585 [} 0357 OSET T.0ES
4300 0,986 0,251 0,993 0,994 1,028
5000 1.000 1.000 1.000 1.000 1.000
S500 1.012 1.049 1.001 1,005 0,972
000 1,025 1,098 1.002 1009 0, 280
WESHRPRCOI4-EM 33
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Schedule B1. Trane WSHP Cut Sheets (continued)

e TRANE Performance Data

Fan Performance

Fiqure 19. GEVY 072 Top Supply Fan Performance Curve
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0 500 1000 1500 2000 2800 2000 2500 4000 4500
Airflow (efrn)
hehides wet ool no fiter
Table 62 GEY 072 - Top Supply - Fan Porformanca i ncludss vot coll, no filtar)
Std nit External 5tatic Presaura inchea WG, [ Wat Loil, Mo Drive Loga Included & Mo Raturn Air Filtar)
Airfow 8.1 b2 [ 0.4 0.5 [ [ 0.8 0.9

TFM__RFM__EBAFRPM  BHF RFM  BHF RFM EBHF  RPM BHP RFM  BHF  RPM  BHF RFM  BHP  RFAWA BAF
1920 5954 0.27% 6490 0,320 g9gt 0,984 7440 0,400 TFoot 0454 g3a0* 0500 271t 0554 912B 0e0f 953f Oesh
2160 6554 0,37 7054 0.42% TS1Y 047 7ot 052t s3mt o5 574 06 9128 oest 9498 074R 9s5f 0 79R
2400 V17 0,500 7E3% 056% S0ef 0,61% S48% 0,674 oE4h 0,72 921B 0,788 o5YB 0.93F 991B 0898 1024B 0,95R
2640 7EOY 0.6 8224 0714 @2t 0784 os00B 0.84B 937R o090 971R 0o%eB 1005C 1,020 1038° 1.08° 1065 L1S¢
2990 944% 0,84 9824 090% 92080 097R 9560 1,040 9900 1,10 102F 1,17 1055C 1.23C 10860 1,300 1116C 1,380

Unit Extarnal Static Pragsura inches W.G.
Std {(Wat Coil, 3% Driva Losa Included B Mo Raturn Air Filtar)

Rirfouw 1.0 EEH 53 13
TFM___RPM BHP  RPWM EAP  RPM EHP  RFM  EAP
1920 993t 070F 1024B oOveR 10728 084 1111F 0,928
2160 1021F 055t 1052 oocf 1094F 095t 1120 10F
2400 10S7C 1,020 1091C  1.08C 1123 1140 11570 1200
2640 1100f 1218 11308 1280 1181f 1,350 1191t 1,4F
2880 1145  1.43C 11750 1,510 12030 1580 12310 16D

1. ® = Package A
2 B=padageB
3 S = Package C
d 0= pPacage D

B2 WSHR-PR COT4-ER
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Schedule B1. Trane WSHP Cut Sheets (continued)

e TRANE Performance Data

Fan Performance

Fiqure 20.  GEY 072 Front/Back Supply Fan Performance Curve
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Table 62 GEY 072 - Front/ Back Supply - Rn Parformia nca (incdudas virat coil, ne fltark
Std it Extarnal Static Praggura inches W.a. | et Coil, Mo Driva Loas Includad & Mo Retarn fir Filtary
Airfouw o1 b2 [ 0.4 0.5 L) [ [ o8

TF RFM_BHF RFM  BHF RFWM_BHF  RPM EBHP RAM EBHF  RPM EBHF  RAWM  BHP  RFM BHP RFM BAP
1920 55%% 0.30% &11% 0.34% Se0% 0,390 TOEL 0445 7494 0,480 FOOU 0530 2214 059 2690 064t 0@ 07OR
2160 &16% 0.41% es3t 046" FOSY 0,514 TS1A 056t 792t 062 ga0t e SeT 0.7 904F 072 93 o.54
2400 6744 0,554 Y174 060% 759 Ooesh ToBt 0724 g37h 078 2730 0844 o0%f 0900 942B ooeP ovg 1t
2640 733 0.71% 7724 0.78% 811f 0.84% 2494 0900 3844 097 919C 103 953 1.10F 9855 1.1eC 1016C 1.23¢
2880 793 0,914 830t 099 965C 1,050 9000 1,120 934C 1,19 966t 1,260 99 1.3F 10290 1.40C 1080 1.47C

Unit Extarnal Static
Pressura inchas W.G,
{ Wat Coil, 3% Driva Logs Included & No Raturn Air

Std Filtar}
Airfouw E) 11 13 13
CFM RFM  BHF RAWM  BHAF  RPM  BHF  RFWM  EBHF
1920 9478 07:B ot 0,23 1030 0.90P 10egf 0097
2160 274k 091 1008f 0,978 10420 1040 10720 1110
2400  1007° 1,085 1040F 115 10710 1,220 11020 1,290
2640 10460 1,290 107 1,38 1106° 1,430 11350 1,510
2g20 10280 1,540 11160 1,610 11440 1 e90 11720 1770

1. ® = Package A
2 B=padage B
3. © = Package C
4 D= Package [

WESHRPRCOI4-EM 53
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Schedule B1. Trane WSHP Cut Sheets (continued)

e TRANE Performance Data

Fan Performance

Fiqure 26,  GEVY 150 Top Supply Fan Performance Curve
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=
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a 1000 2000 2000 4000 000 000 Foo0 2000 000 0000
Airthow Cedrri
hohldes wetcall, no filer
Tabla 62 GEY 190 - Top Supply - Fan Parformance (i ncludes vinat coil, no fltor}
Std Unit Extarnal Static Preassura inches WG,
Airfow { Wet Loil, 3% Drive Loas Included & Mo Return Air Filtar)

0.1 0.2 0.3 0.4 0.5 0.5 0.7 0.8 o5
=27 FFM  BHP RPM EBHP RPM EBEHP RPM  EBHP RPM  EHP  RPM EHP RAM BHP RPM BHP  RPM  BHP
4000 G26% 1,070 6600 L16% £324 1,250 T24% 1,340 TRt 143% TERt 1520
4500 607 1,200 £30h 1,310 71N 1,410 FO2% 1,52% 7334 1620 TRt L T2Y Fo1t 1@t g1gt 1,90t
5000 300 1,500 610 1,62% 620 1,72Y TSt 1,830 747 1.94% T7el 2.06B 203f 217R gaof 2 29f gmeR 240
5500 6350 1,95 7168 2.10F 7428 2,798 yesP 2,33F 7o4f 2458 go0f 2580 247F 2 7IR g7eP a.emf govR 2osB
&000 7438 2,528 771B 2,588 7osP 2,21B gonB 2,948 920 3,330 9160 3470 9390 361D
Std Unit Extarnal Static Prassura inchas W.G,

Airfow { Wet Coil, 3% Drive Loas Includad & Mo Return Air Filtar)
10 11 LZ i 13 15 16 17 18
AP o o PO GHP o
4000 10t 1624 s 1,724 sedh 1814 g9t 190t 9150 1,990 939t 2.09% 9630 2190 937 2290 1010t 2390
4500 454 202" g71B 2,128 gosP 2,23% o9onB 2,34B 9430 2,450 o57C 2.56C 991C 2,19C 10130 2760 10350 2.87C
5000 g5 2518 20eP 2628 9310 2730 954f 2840 9770 2,960 2990 .08l 10210 3210 10430 3,330 10650 3 490
5500 9210 3080 9440 3,210 9670 3,330 9900 3,450 10130 3,570 10340 3,690 10560 3,820 1076l 3,950 10970 4,090
6000 2620 3750 9550 3880 10070 4020 1028 4,150 10500 4,230 10700 4,420 10910 4,550 11140 4,680 1130 4,510
Tarnal Static Pressura inc . 1. * = Package &
Std [ Wet Coil, 3% Driva Loas Includad & Mo Raturn 2. B = Package B
Airfow Air Filtar) ER Ty Pai*ka-;e <
5 ] d. 0= Package D
TR FPM EHF RPM EFP
4000 1034C 2,50° 1059 2.61C
4500 1057 2,980 10770 Z090
5000 10350 3560 11060 3650
5500 11170 4,220 11350 4,350
£000
he WEHF-PR CO14-EN
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Schedule B1. Trane WSHP Cut Sheets (continued)

e TRANE Performance Data

Fan Performance

Fiqure 26.  GEVY 160 Front/Back Supply Fan Performance Curve
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Tabla 69 GEY 190 - Front'Back Supply - Fan Parforma nca dndudas wat coil, no flterk

Std Unit Extarnal Static Pressura inchas W44,
Airfow { Weat Coil, 3% Driva Loas Included & Mo Return Air Filtar)
0.1 0.2 0.3 0.3 0.5 0.6 0.7 0.8 0.9 1.0
TFTA FPM EHP RPM BHP RPM EHP RPM EHP RPM EBHP RPM EHP RPM BHP RPM BHE RPM BHP RPM EHP
4000 260 1,110 £55% 1,200 6590 1,28% TI9Y 1,360 7490 1,450 TTEM 1544
4500 605" 1,280 638" 1,37 sesh 1,460 £95°% 1,55% 723 1.54% TS1A 1,744 TTOY 1,840 D0EM 1,930
5000 G260 1,59% a540 168% £51% 1,790 T08h 1.88% TRTY 1,980 TeiR 2,08 TovR 2190 g12f 2,298 gagP 2o40f
5500 6525 1,95% 6778 2,068 7O3B 2,178 TP 22gB 7530 2,390 7yeR 2,508 s02f 2.61F g2eP 2,72F gS0P 2.83F 873 2,958
&000 707E 2,518 730B 2,638 753 2,758 7@ 2.gvE go0R 2,998 2900 2,450 9120 3,590
S5td Unit Extarnal Static Prassura inchas WG,
Airfow { Wet €oil, 3% brive Loas Included & Mo Return Air Filcar)
11 13 FE] 1.3 1E 16 17 18

, - . O EAD 1 o
4000 a0%* 1.6 g3zt 1714 ESet 1e0t smet 19t 910t 198t 93et zoet ezt zast 9art 2zt
4500 g3P 208 958 2120 oo4F  222F gogC 2320 93t 2,420 955 2,510 gveC 2610 100X 27
5000 e 2518 gset zex a1t 27 93 ze3xF 958° 293 9a0f 304 10020 3,150 10240 3250
5500 go7D 3070 9190 23,180 9420 3200 9es5D 3420 9gyD 3540 10090 3650 10300 2,770 10S00  3.e8D
5000 2330 371l 9550 3840 9wl 397l 9wl 4100 10170 4220 10380 4350 10590 4,480 10780 4600

Unit External 3tatic Pressura inches w.a. 1 Package &

Std (Wat Coil, 3% Driva Loss Included G Mo Raturmfir 2. Padkage B

Airfow Filtar) 2 C=Pacdage

5 Xi] d D= Package D
TR FPM EHP RFA EHFP
4000 10118 2,39 1oz z,49°
4500 1025 283 104 2,945
5000 10480 3,370 10670 3480
5500 10710 4,000 10910 4,120
&000 1093l 4,730 11130 4,560

WSHR-PRCO14-EN B3
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Schedule B1. Trane WSHP Cut Sheets (continued)

e TRANE Dimensional Data

GEV - Back Return/Front Supply

GEV 072-120
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Schedule B1. Trane WSHP Cut Sheets (continued)

e TRANE Dimensional Data

GEV - Back Return/Front Supply

GEV 150-180
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Christopher G. Conrad

Schedule B1. Trane WSHP Cut Sheets (continued)

General

Equipment is completely assembled,
piped, internally wired, fully charged
with HCFC-22 and test operated at
the factory, Filters, thermostat field
interfaceterminal strip, and all safety
controls are furnished and factomy
installed.

The gystern water inlet and outlet
connections are female NPT
composed of either a coppar or a
bronze option.

The & through 10-ton equipment
contain ETL, CETL and I50-4ARI
13268-1 listings and labels pricr to
leaving the factory. Larger units are
rated in accordance with [50-AR]
132868-1. Service and cautien area
labels are placed on the unit in their
appropriate lecations.

Cabinet

Unit casing is constructed of zinc
coated, heavy gauge, galvanized
steel.

Access tothe refrigerant and controls
is provided through the front and
side access panels.

All panels are insulated with 1,/2-inch
thick dual density bonded glass fiber.
The exposed side is a high density
erogion proof material suitable for
use in air streams up to 3600 feet per
minute (FPM ). The insulation meets
the eresion requirements of UL 181, It
has aflame spread of less than 26
and asmoke developed classification
of less than B0 per ASTM E-B4 and UL
723.

Access forinspection and cleaning of
the unit drain pan, coils and fan
section are provided. The unit shall
be installed for proper access.

Filters

Cneinch or two inch, throwvwaway
filters are standard and factory
installed. The filters have an average
resistan ce of 76-percent and dust
holding capacity of 26-grams per
sguare foot.
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Mechanical Specifications

Sound Attenuation

Sound attenuationis applied as a
standard feature in the product
design.

All units are tested and rated in
accordance with ARl 280,

Compressors

The unit containg a high efficiency
reciprocating or scroll comprassor.
External vibration isclation is
provided by rubber mounting
devices located underneath the
mounting base of the compressor. A
second isolation of the refrigeration
assembly is supported under the
compressor mounting base.

Internal thermal owerload protection
is provided. Protection against
excessive discharge pressureis
provided ke means of a high
pressure switch. A loss of charge is
provided by a low pressure safety

Refrigerant Tubing

The refrigerant tubing is of 59% pure
copper. This system shall be free
from contaminants and conditions
such as drilling fragments, dirt and
ail. Al refrigerant and water lines are
insulated with an elastomeric
insulation that has a 3/8-inch thick

wall in the air-side section of the unit.

Refrigerant Circuits

The refrigerant circuit containg a
thermal expansion device. Service
pressure ports are factory supplied
onthe high and low pressure sides
for easy refrigerant pressure or
temperature testing,

Airto-Refrigerant Coil

Internally finned, ¥8-inch copper
tubes mechanically bonded to a
configured aluminum plate fin are
standard. Coils are leak tested at the
factory to ensure the pressure
integrity. The coil is leaktested to 200
psig and pressure tested to 450 psia.
The tubes are to be completehy
evacuated of air and correcthy
charged with proper volume of
refrigerant prior to shipment.

The refrigerant coil distributor
assembly is of orifice style with
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round copper distributor tubes. The
tubes are sized consistently with the
capacity of the coil. Suction header is
fabricated from rounded copper pipe.

Athermostatic expansion valve is
factory selected and installed for a
wide range of control.

Drain Pan

The condensate pan is constructed of
corresion resistant material and
insulated to prevent sweating. The
bettom of the drain pan is sloped on
two planes which pitches the
condensate tothe drain connection.
The drain pan iz flame rated per
ULB4BV-B. When the unit is installed
and trapped per the manufacturers
installation manual, and local city
specifications, the drain pan shall be
designed to leave puddles nomore
than 2-inch in diameter, nomore than
1/8-inch deep, nolonger than 3-
minutes following the step 3 of the
following test.

+ Tempotarily plugthe drain pan.

+  Fillthe drain panwith 1/2-inch of
water of the maximum all owed
by the drain pan depth,
whichewer is smaller.

+  Removethe temporary plug.

Waterto-Refrigerant
Heat Exchanger

The waterto-refrigerant heat
exchanger is of a high quality
co-axial coil for maximum heat
transfer. The copper or optional
cupro-nickel coil shall be deeply
fluted to enhance heat transfer and
minimize fouling and scaling. The
coil has a working pressure of 400
psig on both the refrigerant and
weater sides.

WSHR-PR COT4-ER
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Indoor Fan

The blower has nine blower motorf
sheave combinations available.

Options of the blower motorfan
packages are selected and wired
from the factory to match
performance criteria suggested inthe
performance section.

The fan(s) are placed in a draw-
through configuration. They are
constructed of cotrosion resistant
galvanized material.

Electrical

The unit control box contains all
necessary devices to allow heating
and cooling operation to occur from
aremote wall thermostat. These
devices are as follows:

+  24WAC energy limiting class ||
FENA fminimum) transformer.

+  24MWAC blower mctor relay.

« 24AVWAC compressor contactor for
compressor control.

+  Field therm ostat connection s
zhall be provided for ease of
hook-up to aterminal strip
located in the unit’s control bosx.

+  Lockout relay which controls
cycling of the compressor shall
be provided to protect the
compressor during adverse
operating conditions. The device
may ke reset by interrupting
power to the 24 VA C control
circuit. Reset may be done either
at a remote thermostat or
through a momentary main
poweer interruption.

+  Ahigh pressure switch shall
protect the compressor against
operation at refrigerant system
pressures exceeding 3% psig.

+ The low-water termnperature
switch or sensor shall prevent
the compressor operation with
leaving water temperatures
below 20 F

+  Factory installed wire harness
shall be available for the Deluxe
ZME10 and ZME24 control
packages.

Mameplate infermation shall be
provided for the application of either
tirne-delay fuses of HACR circuit
breakers for branch circuit protection
from the primary source of power,

v
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Mechanical Specifications

Christopher G. Conrad

Schedule B1. Trane WSHP Cut Sheets (continued)

Deluxe Controk (option)

The deluxe control package provides
a 78 VA transformer with circuit
breaker. The controller includes a
lodktout relay, anti-short cycle
compressor protection, random start
delay, brown-out protection, |ow
pressure time delay, compressor
delay on start and an open relay for
night setback or pump regquest,
Ciptional wiring from the factory for
night setbadk, condensate ovarflow,
het gas reheat, electric heat, and
compressor enable is also provided.
Three LEDs (light emitting diedes)
are included for diagnostics of the
equipment.

Tracer ZNS10 Controller joption)

This system utilizes factory furnished
and meunted DDC controls for
operation of up to 120 units on a
Comm & (LonMark) link. The Tracer
ZMET0 control package includes a 76
Wa transformer. The controll er
provides random start delay, heating)
cooling status, occupiedfun occupied
mede, fan status and filter
maintenance options. Optional
witing from the factory for
condensate overflow is available
Three LEDs (light emitting dicdes)
are included for diagnostics of the
equipment.

The ZME10is capable of astandalone
application, or as applied to a full
building automation installation.

Tracer ZNS24 Controller foption)

The ZNE24 controller utilizes factory
furnished and mounted DDCcontrols
for operation of upto 120 units on a
Comm & (LonMark) link. The Tracer
ZME24 control package includes a 78
WA (rinimum) transformer. The
controller provides random start
delay, heating/cooling status,

acclpi ed/un occupied mode, fan
status and filter maintenance
options. Optional wiring from the
factory for condensate overflow is
available. Three LEDs (light emitting
dicdes) are included for diagnostics
of the equipment.

TheZMB24 is capable of a standalone

application, o as applied to a full
building automation installation.

With this controller, the unit is
capable of a hot gas reheat (for
dehurnidification), keilerless control
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for electric heat, waterside
economizing, and support of variable
speed pump control applications.

Economizing Coil foption)

The waterside economizing package
iz an external unit accessory piping
kit and wiring ready for turn-key
installation to the unit. The
economizing coil is designed to
perform with the WSHP at unit
measured flow rate of 806 F DBJ/EE. 2
F WE with 48 F EWWT.

All hydronic coils are of 3/8"

[6-20 ton units), 1/2" (25 ton unit)
copper and aluminum plate fin
combination. All coils are proof and
leak tested from the manufacturer.

The proof test is performed at 1.5
times the maximum operating
pressure and the leak test at the
maExKimum operating pressure.

A dual sloped non corrosive drain
pan iseasily accessible and cleanable
for the bydrenic econemizing coil,

An electronic two-position, 3-way
walve meters water flow tothe
economizing coil during the
econemizing mede. [tis factory set to
energize the economizing mode at
BE F while simultanecusly halting
mechanical operation of the
COMPressor.

The economizer is field attached to
the equipment.

Electric Heat {option}

Boilerless control electric heat is
factory wired and tested.

The boilerless control option is
composed of a controls interface for
afield provided boilerless or
supplemental electric heat selection.
The heater for this model is placed
external tothe equipment by the
contractor for ease of installation. All
poweer connections for the electric
heater will be completely separate
from the unit for field supplied
electric heat.
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Schedule B1. Trane WSHP Cut Sheets (continued)

Hot Gas Reheat {option)

Dehumidification is provided through
a hot gas reheat option. The coil
consists of 382" copper tubes
mechanically expanded into evenly
spaced aluminum fins. All coils are
proof and leak tested. The proof test
must be performed at 1.5 time the
maximum operating pressure and
the leaktest performed at the
maximum operating pressure.

Ball Yalves foption)

Ball valves arefield installed between
the unit and the supply and return
lines of the leop to stop watet flow to
the unit in a maintenance or service
situation.

Motoriz ad YWater Valve {option)

Wihen extreme fluid temperature
conditions do not exist with an open
loop system, a motorized water valve
may ke applied to each watersource
heat pump. The matorized valwe shall
stop flow to the unit, causing
pressures torise. This risein
pressure will halt pump operation to
provide greater energy savings of the
entire system.

Trame

Christopher G. Conrad

Mechanical Specifications

Hoses {option)

Hoses consists of a stainless steel
outer braid with an inner core of tube
made of a nontoxic synthetic
polymer material. The hoses are
suitable for water temperatures
ranging between 33 F and 211 F
without the use of glycol.

Automatic Flow Devices (option)

The automatic flow kit contains a
Hays Mesurflo@ automatic flow
control valve, two ball valves, two
flexikle hoses, a high flow Y-strainer,
and may include a strainer blow-
dewn and various cther accessories,

The automatic flow control valve is
factory set to a rated flow, and shall
automatically control the flow to
within 10% of the rated value cver a
40 to 1 differential pressure,
operating range (2 to 80 PSID).
Operational temperature is rated
from fluid freezing, to 228-degrees F
The walve body shall be constructed
from hot forged brass URNS C37F00
per ASTM B-283 latest revision. For
more information pertaining tothe
automatic balancing hose kits, see
literature documentation WSHP-
SLBOOB-EM.

PEgpORMANCE
EREERTINED

ARI Standard
13256-1

\ #

1ETE

Literzture Order W urnber W SHP-PROTTA-ER

] L "'Il LONMARK®

File Wl urnber FL-LUh-000 - SHP-FR 0014 -Eh
Date April 00&r
Supersedas FL-U 000 -0 SHP-PR O0r4 -ERl (07 Ou)

A busimess of Anverican Sfamdard Comrpant
W frane. com

For more frfermation, contact your local Trane
office of e-mall us at oot @ tane conr

Stocking Location Inknd

Trame hras a polcy of certinuous product and prodect data imprevenrent and resenves te right fo

changedesign and seeciffcaticns withowt notice.
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Schedule B2. Krueger Air Diffuser Cut Sheets

KRUEGER SUPPLY | ROUND DIFFUSERS

Excallence in Alr Distribution RM2/RM4/RA2/RA4 SERIES | FOUR-CONES

RM2/5RM2/RM4/5RM4/RA2/RA4 PERFORMANCE DATA: HORIZONTAL/VERTICAL THROW
¥ IPIMETRIC DATA: RM2/5RM2/RM4/5RM4/RA2/RA4 (NO DAMPER)

IP Data Metric Data
Neek | Al | Horizontal | vertical | piorizontal | VerticalProjection | | Insek | i | Horizontal | vertical | norizentar | Vertical Projection
Yel [Flow] ps [ pt | Ps | Pt Throw |00 | 20°F | 30°F |40°F Vel |Flow| ps | pv | Pt | Pt Throw s°C [11°c [17°C [22°C
FeM | cFm | we | we | mwe | “we ft ||| n |nefuc)ms|us]era|ra]ra]Pa m m | m|m|m
200 | 39 Jooofom Jooo[oo] 1-1-2 oJoJolal-[-Tw]w] 1 [ 1 Jo2-o2-07 [oa o1 ]er]on
200 79 001 002§ 002)003 1-2-4 2 1 1 1 - a7 3 5 5 2 05-07-14 | 05 4 |03|oa
600 | 118 | 0.02 | 0.05 ] 0.04 | 0.06 2-3-T7 4 3 3 2 jJao|n 56 6 12 12 i 0T7-10-20( 11 | 0B | 08 | 0B
6" 800 157 Jo04 o0B QOO7 | O11 3-4-8 6 5 4 4 29| 30 41 7a 1" 2 1 10 09-14 19 14 14 1"
Dia. | so0 | 177 Joos[omn Joos o] 3-5-8 8 |6 ] 8|5 Je2|ss]4c|aa]s]|2s]as] 13 ]ro-15 24 18|17 1a
oor]onfon o] 4-8-9 0057 HER G E B E E e 30 |22]21] 18
003 0G QO o 4-6G-9 12 a g 7 Jse|:] 56 (2] 2
1200 010 [o1aforefozs] 4-7-9 1l als Jar|az]er ] 28 2
1300 | 255 § 012 | 0.22 5 12 10 8 |43 |44) 66 | 120 ] 28 i, r__c\
200 | 70 |ooo| o001 1 - [ 1 0 L
400 | 140 Joo) |oo2 4 |3 |3|z2]- 20 3 E
002005 [ 5 Ja|2z2| 30 B 6
a" 004 | 008 113 10 9 30|31 41 i1
Dia. 0061 041 10 33|34 4 € 4 E
=
007|012 1 Jasfar] 51 [ss] 17 -
008 | 016 12 |39 |40 ¢ 181 =
7]
0019 13 |42 43} 61 25 m
e = = =: b
012 | 0.22 15 |aa]as] 56 29 i
000 | 001 B = 10 1
400 o | ooz 4 =|11) 20 3
600 | 327 Jooz oosonsfoos] s-6-11 15| 11 |10 9 Jz2]23] 30 [
10" 200 436 Joo4 |ooa JooT | o1 20 16 13 13 I31]32) 41 1
ois. | 900 | 4¢1 Jooe|on Jooa o] e-8-93 |23 [ e[ 15 | 1a [sa]ss] 46 14
1000 | 545 | 007 | 043 J 011 | 097 B-0-14 25 | 20 17 16 |37 |38 51

1100 | 600 | 008 | 018 JO13 JO24] T-10-15
1200 | 654 JOoa0 | 019 J 0416 [025] 7-11-16

1300 | 708 Jo12 j 0221018 (0209] 8-11-16 25 | 22 ] 2 46 | 46| 66
200 0.01 | 0.00 | 0.01 1-2-4 2 2 2 1 =] -J 10| 74 1 i 1 1 0.5-07 07 | 08 | 05
400 0.02 : 3-4-9 10 6 Injz] 2 : 2
600 005 4-7-13 13 | 12 Ja3f=2a] ac 12]12] 6
12" | 500 .04 B 17 M|3z| 41 2 21 10
Dia. on 7 20 35|38 48 28 28 12
013 7-11-17 22 dgjas| 51 33 33 16
016 8-12-18 24 d1j42) 56 38 33 18
019 9-13-19 28 43 |44 | 61 47 47 22
022 10- 14 - 19 28 | 25 |46 ]| 47| 65 55 | 55 | 26
2-3.5 2 = ET 1

3-5-10 | 13 [ 10

8 |1|12) 20 5 2
9-8-15 24 19 15 |23 | 24 3.0 03 ] 12 (-]
14" 7-10-16 | 32 | 26 | 21 | 20 Jaalas] 41 Jaoe ] 11 [ a1 J a1 | 10
Dia. | 200 B-12-18 36 | 29 | M 35|38 6 | 454 ] 4 26 ] 13 F
1000 8-13-20 39 | N 27 39 |40] 51 | 505 17 33 33 16 A
1100 10- 14 g1 |32 |29 | 27 Jar |2 58 |sss] 21 | 20 | a0 | 19 il
1200 10-15-22 [ 23 [ 34 [ 32 [ 28 JaaJas] 61 [oos] 25 [ a7 [ o7 | 22 £
1300 11-16-25 | 45 | 35 | 35 e |ar|es [ese| 20 [ 55 |55 | = -
200 = 0|1 1 R
400 1z [13] 2« 3 : ¥
24|26) 30 ] 12 12 B 4
168" FAEI KR i 21 |2 10
Dia, ag|ar| <6 B R EE =
1 3s [ 40 HIER K R
012 4z |43 TERED A
200 0186 a5 45| 51 25 [ar [ ar | 22 [as- 50| nr]ne 2
1300 [ 1815 Jo12 [ 022018 029 -18-26 | 51 [ 40 | 41 | 33 Jar] e8] 66 29 | 55 | 55 | 25 | 39-56-79 [158]122] 2

» Throw values are given terminal velocities of 150, 100, and 50 FPM (0.75, 0.50, and 0.25 m/s). Horizontal throw values are given for isother-
mal conditions. Vertical throw values are for a lerminal velocity of 50 FPM al the temperature differences shown. NC values are based
on actave band 2 - 7 sound power levels minus a room absorption of 10dB, re 1077 watls. Dash (-) in space denotes a NC value of less than
10. Data was obtained from tests conducted in accordance with ANSI/ASHRAE Standard 70, 150 Standard 5219, and |50 Standard 3741,
See K-Seleci program for performance data not shown, including octave band data.

www.krnieger-hvac.com Excellence in Air Distibution M-13
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Schedule B2. Krueger Air Diffuser Cut Sheets (cont’'d.)

SUPPLY | ROUND DIFFUSERS

KRUEGER

Excellence in Air Distribution

RM2/RM4/RA2/RA4 SERIES | FOUR-CONES

RM2/5RM2/RM4/5RM4/RA2/RA4 PERFORMANCE DATA: HORIZONTAL/VERTICAL THROW
¥ IPIMETRIC DATA: RM2/5RM2/RM4/5RM4/RA2/RA4 (NO DAMPER)

IF Data Metric Data
Meck | Air | Honzontal | Vertical | Horizontal | Vertical Projection [ | Ineek | air | Horizontal | vertical Herzantal vertical Projection
Vel |Flow| ps | pt | ps | Pt Throw  [10°F [20°F | 30°F | a0°F Vel |Flow| ps [ pv | Pt | Pt Throw 6°C |11ec [17ec|2ec
IED wa | "we ft fe [ et | e | ore [ncme]mis (s Pa | Pa | Pa| Pa m m|m|[m|m
200 | 353 oo Jom ] 2-3-7 sl ala]a]-1-Trw[w] 1 1 ] 1 | 08
400 | 707 002 | 0.03 4-T=13 21 16 15 12 |12 (13 ) 20 | 334 3 ] 5 2 45 | a7
600 | 1060 006 ] 7=-10=- i3 rij 2 21 J24 [26) 30 | 500 ] 12 12 L] 67 | 63
18" | 800 | 1414 on 9-13 3 44 35 9 28 133 |34 41 E67 1" 21 an 10 89 | 84
pia. | 900 1500 0 SN EE I E D EE EREE 100] 94
1000 | 1767 BRI ER ES 0 B E B EES BN ED N1 a8
1100 | 1944 53 | &1 | 40 | 32 Jaz[as] 56 |07 ] 2 EH ERED 123 | 104
1200 56 | 43 | 44 | 36 Jas [as] 61 Jrom] 25 | a7 | a7 | 22 133] 100
55 28 138 ] 113
. .
& 2
1] &
20" 21 | 10
oin. % | 1
33 16
1300
200
400
500 11[114] 94 |as
24" | 800
oia. | 900
1000 :
1100 20 | 18 | 50-75-108 |216]168]470] 130
1200 47 2 | 5a-80-14 |225]ws|s|us
1300 &5 S9-84-118 235|182 185
200 1
72 1 6
o™ 2 10
Dia. 28 13
3 18
@ | 18
a7
55 | 2
1 1
5 2
1218
36" 0.04 | 0,06 il 21 10
R |om 006 | 011 95 % | 13
M 007 | 013 101 33 | 18
'fl 008 | 016 108 k-] 19
£ 010 [ 019 m [ e [ea] 72 Jaelaa]er sz s o [ [ 22
- 012 [022 16 | a0 | o1 | 75 |60 |1 | e |aasr| 2 | 55 | 55 [ 2@ [ee-q

b Throw values are given terminal velocities of 150, 100, and 50 FPM (0.75, 0.50, and 0.25 m/s). Horizontal throw values are given for isother-
mal conditions. Vertical throw values are for a lerminal velocity of 50 FPM at the temperature differences shown. NC values are based
on octave band 2 - 7 sound power levels minus a room absorption of 10dB, re 1077 watte. Dash (-) in space denotes a NC value of less than
10. Data was obtai from tests d in acco with ANSI/ASHRAE Standard 70, IS0 Standard 5219, and /SO Slandard 3741.
See K-Select program for performance data not shown, including octave band data.
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Schedule B2. Krueger Air Diffuser Cut Sheets (cont’'d.)

KRUEGER SUPPLY | ROUND DIFFUSERS

Excellence in Air Distribution RM/RA SERIES | CONE DIFFUSERS E

INTRODUCTION: RM/RA SERIES

Krueger's RM/RA round ceiling diffusers provide excellent
performance in variable air volume systems. The round ceiling
diffusers have three or four cones depending on model se-
lected to provide a uniform appearance regardless of design
specifications. Krueger's round ceiling diffusers come in three
styles. RM1 »

The first style, RM1/5RM1, is used when vertical throw is not
needed, but the consumer needs to adjust the room air induc-
tion. This is accomplished by utilizing the two position inner
cones. At position one, capacity is maximized. In position two,
room air induction is increased.

The second style, RM2/5RM2/RM4/5RM4, is used when hori-
zontal and vertical discharge is required. This is accomplished
by utilizing the three position inner cones, At position one, ca-
pacity is maximized and throw is horizontal. In position two,
room air induction is increased and the throw remains horizon-
tal. When set in position three, the air projects vertically from
the diffuser.

Sd3SN441a ANNOY -

The third style, RA2/RA4, is used when horizontal and vertical
discharge is required with infinite adjustability between hori-
zontal and vertical. In the full open setting, capacity is maxi-
mized and throw is horizontal. In the full closed setting, air proj- RM2 »
ects vertically from the diffuser.

Krueger's round ceiling diffusers come with a safety cable to

secure the inner cones after removal. (Safety cable is optional

for 12" inlet size or smaller.)

MODELS

MODEL RM1 - Steel, 3-Cones, 2-Position Adjustments
MODEL 5RM1 - Aluminum, 3-Cones, 2-Position Adjustments
MODEL RM2 - Steel, 4-Cones, 3-Position Adjustments
MODEL 5RM2 - Aluminum, 4-Cones, 3-Position Adjustments
MODEL RM4 - Steel, 4-Cones, 3-Position Adjustments

with Large Outer Anti-smudge Cone
MODEL 5RM4 - Aluminum, 4-Cones, 3-Position Adjustments

with Large Outer Anti-smudge Cone
MODEL RA2 - Steel, 4-Cones, Fully Adjustable
MODEL RA4 - Aluminum, 4-Cones, Fully Adjustable,

with Large Outer Anti-smudge Cone RA4 »

FEATURES

* Horizontal Only (RM1/5RM1) Air Distribution

* Horizontal/Vertical (RM2/5RM2/RM4/5SRM4/RA2/RA4)
Air Distribution

+ Designed for Heating and Cooling Applications

+ 360° Discharge Air Pattern

« Excellent Performance in Variable Air Volume Systems

* Designed for Exposed Duct or Hard Ceiling Applications

> =

ACCESSORIES FINISHES

+ Optional Safety Cable (12" Inlets or Smaller) « Standard Finish is British White
+ Optional Round Straightening Grid « Optional Finishes Available

Lrm—AaAOmw

Distribution M-3
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Schedule B2. Krueger

UND DIFFUSERS

ROl

]

SUPPLY | ROUND DIFFUSERS

' RA2 | FOUR-CONES

Christopher G. Conrad

Air Diffuser Cut Sheets (cont’d.)

KRUEGER

Excellence in Air Distribution

RA2 DIMENSIONAL INFORMATION
¥ RA2, CROSS SECTION

344* (19)
}

- QOUTSIDE DIAMETER (C)
CEILING OPENING DIAMETER (B)
F——DUCT MINUS 1732" (1} —
| —i

k-
ol

¥ RAZ, AVAILABLE NECK SIZES

Celling Opening Outside Position 1 Position 3
N°’3L'lallgf:“d Diamet D (Horizontal) (Vertical) H P
B c D D
6" 12" (305) 13 1/2" (343) 1 746" (37) 11/16" (17) 1 5/8"(41) -
8" 16" (408) 18" (457) 1 13/16" (46) 7/8" (19) 2 1/8" (54) -
10" 20" (508) 22 1/2"(572) 21/4" (57) 1 1/8" (29) 25/8" (67) -
12 24" (635) 27" (686) 2 11/16" (68) 11/4" (32) 31/4" (83) -
14" 28" (711) 31 1/2" (800) 31/8"(79) 1 316" (30) 3 3/4" (95) 2 1/2" (64)
16" 32" (813) 36" (914) 3 5/16" (84) 1 516" (33) 4 114" (108) 25/8" (67)
18" 36" (914) 40 1/2" (1029) 33/4"(95) 11/2" (38) 47/8"(124) 2 3/4" (70)
20" 40" (1016) 45" (1143) 4 1/8 (103) 15/8" (41) 5 3/8" (137) 3" (76)
24" 48" (1219) 54" (1372) 4 7/8" (121) 17/8" (48) 61/2" (165) 3 1/8" (79)
30" 80" (1524) 67 1/2" (1715) 5 9/16" (141) 1 7/8" (48) 8" (203) 4 3/8" (111)
36" 60" (1524) 67 1/2" (1715) 5 916" (141) 1.7/8" (48) 8" (203) 4 3/8" (111)
» Dimensions in () are mm.
RA2 REFERENCE CHART
¥ AIRFLOW VS. NC LEVEL: RA2 (NO DAMPER)
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Schedule B2. Krueger Air Diffuser Cut Sheets (cont’'d.)

SUFPL\_’ | ROUND DIFFUSERS .KRUEGER

RM2/RM4/RA2/RA4 SERIES | FOUR-CONES Excellence in Alr Distribution

RM2/5RM2/RM4/5RM4/RA2/RA4 REFERENCE CHARTS: HORIZONTAL THROW
¥ DIFFUSER SPACING FOR 80% ADPI: RM2/SRM2/RM4/5RM4/RA2/RA4, 6" NECK (NO DAMPER)

20
el [ ne=38 |
g CFM
b -m-218
a 8177
£ = —&— 157
© g \z\ ‘Nf ~A-118
v 3 —-»-79
i z \ —&—Range
L poe |
5| %, T ——
0 | ] L
= T .
o
o
0
0.0 05 1.0 15 20
CFM/Sq.Ft.

¥ DIFFUSER SPACING FOR 80% ADPI: RM2/SRM2/RM4/5SRM4/RA2/RA4, 14" NECK (NO DAMPER)

50
45
40 1
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&35 CFM
£ [ ne=41 |
k3 120 - 1176
2 \ -5-962
=] —h— G541
= 25
E \\ \\ —&-428
2 -o-214
20
E ‘\‘: —~Y -e—Range
R S5 45 . e
M o \
v = |
2 10 L‘\._ — —
A e— |
_ — | D e |
R 5 ————s l
I ::' U
~ 0.0 0.5 1.0 1.5 2.0 2.5 3.0
R CFMISq.Ft.
A » Charts are at 20 BTUHAY loads.
2 See the Engineering section of this catalog for instructions on how fo read these charts and additional ADP! information.
R
A
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