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Executive Summary

This report studies the proposed DOAS and Chilled Beams System for optimizing
energy efficiency at Clemson University AMRL. It also evaluates the lighting
compliance and re-analyzes the lighting systems. Along with computing
calculations, there are initial cost break downs and yearly simulation data. This
reports intent is not to differentiate IDC’s design, but to illustrate other systems

and their energy savings.

A number of programs, references, and documents were used in this report to
compute and compile information. One of the programs used is Carrier’s Hourly
Analysis Program (HAP). This program was used to compute the yearly energy
consumption of the AMRL. The building’s existing Chilled Water VAV system’s
yearly energy consumption is $8,738,251. The proposed parallel system of
DOAS with Active Chilled Beams had a yearly energy cost of $5,968,853. With
a $2.7 million decrease in yearly costs, this constitutes a 31 % reduction in energy
consumption. After running calculations, it is found that most of the building’s
sensible loads are met by incorporating 788 active chilled beams in the building,
with DOAS taking care of all the latent loads and a small fraction of sensible
loads. Not only does this decrease yearly cost and size of AHU’s, but also

drastically decreases environmental impact.
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In accumulation to the depth analysis, breadth work was done in the lighting and
construction options. In the lighting breadth, over half of the spaces had an
excess in wattage according to ASHRAE Standard 90.1-2004. These areas of the
building were re-designed to decrease wattage/sq. ft. while maintaining adequate
lighting. This allows a decrease in yearly energy consumption and it also lowers
environmental impact. In the construction management area, I analyzed the initial
costs of the current Chilled Water VAV System and compared it to the proposed
DOAS with Active Chilled Beams. It is approximated that a VAV system costs
$12/scfm, whereas a DOAS with Chilled Radiant Colling Panels (CRCP) costs a
mere $8/sq.ft. The new proposed system will be more cost effective, costing
$1.17/sq.1t less than the current system. Other items analyzed are the impacts of
schedule due to different systems and an increase in pumps and plumbing

equipment.
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Clemson University’s Advanced Materials Research Laboratory in Anderson, SC
is the first LEED Silver certified facility in South Carolina and the only certified
nanotechnology research lab in the United States. A checklist from the U.S.
Green Building Council’s LEED for New Construction was used to evaluate the
building in all aspects. Clemson University ARML proposed 38 out of 62 credits.
The certification goal for this project is Silver. The project proposed credits in the
following categories: Sustainable Sites — 9, Water Efficiency — 4, Energy and
Atmosphere — 4, Materials and Resources — 4, Indoor Environmental Quality —
12, and Innovation and Design — 5. Clemson University’s AMRL was given

Silver Certification after review, receiving 33 out of 69 points.
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Building Systems Overview

Building Envelope:
The building has a structural steel frame, with interior finish steel studs and a
gypsum dry wall finish. Its exterior materials are brick and metal panels. A

typical section is shown in figure 1.

The metal panels are Galvalume

metal panels with a Kynar finish. ot il Bl \

Seam Room

Standing seam metal roofing is Clarestery
Lab Glazing

Galvalume with Kynar finish.

Windows are a mixture of aluminum

Masanry VWall

storefront and curtain wall. There is

s al
Office Glazing ——————s-{ |

Carndor Lzb Glazing

a single ply membrane roof over the

mechanical equipment. ASHRAE

Figure 1:

Standard 90.1 is a tool which evaluates the
building envelope and lighting systems used in the building, not the mechanical
energy performance. This standard requires no more than 50% of the building
envelope to be glass. Clemson ARML meets this requirement with only 15.9%
fenestration.

Electrical:
The building is served by 408Y/277V, three phase, 4 wire service from one
2500kVA Transformer. The system also includes five 30-112 kVA transformers
which step the service down to 208Y/120V, three phase, 4 wire service. There is

also one 300 kW diesel fired stand-by generator for emergency energy.
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Mechanical:
The cold water system feeds fifteen air handling units, three of them having
VAV’s, and 4 MAH units serve Clemson AMRL. The units conditioned air to
offices, laboratories, conference areas, and clean rooms. The MAH’s were
needed to supplement the vast amount of exhaust air from the fume hoods.
VAV’s were prominent in the office areas, due to conformability issues. The
mechanical system also includes cooling towers, chillers, and boilers, all to be
discussed in the “Existing Mechanical Systems” section to follow.

Structural:
The building was designed for 50 psf in office areas and 30 psf in mechanical
spaces. The snow load was designed for 14 psf. Wind loads were used in design
with a wind speed of V3a (90 mph). The ground level is comprised of 57
concreted slab with 4x4 welded wire fabric (WWF) on 2” base of sand with 6 mil
poly vapor barrier over 6 “ aggregate base on compressed soil. The elevated
floors are comprised of a 2-1/2” slab on a 1-1/2” deck. The concrete is 4000 psi
with a normal weight of 150 pcf. Floor slabs were placed with WWF in flat
sheets, not rolls. In re-entrant corners for pits and recesses, (2) #4 bars were used

for reinforcing. In sector A as seen in Figure 2, many beams and girders were

used in constructing this
building. Sector A had

W21x44, W12x22, W12x16,

W21x44, W18x35, and

Figure 2: Building Sections

W16x31 beams bolted to W24x62,
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W24x55, and W24x68 girders. Sector B had W8x13, W14x26, W16x31, and
W24x55 beams bolted to W36x210, W36x245, W36x280 and W36x300 girders.
Finally, sector C includes W12x14, W14x22, W14x30, and W18x35 beams bolted
to W18x50, W36x280, and W36x300 girders. Finally sector D is comprised of
W12x16 and W 12x19 beams bolted to W8x13 and W12x19 girders. The
columns of the building were comprised of W18, W16, and W14 attached with
moment connections for seismic and wind loads.

Fire Protection:
The building is equipped with 1 hour shaft enclosures and fire partitions. The
entire building is outfitted with sprinklers and a fire alarm system. A Honeywell
FS-90 DGP is used to match the existing university system. The building is not
resisted to fire through walls nor floor construction. The shaft enclosures and fire
partitions are presented by UL with design numbers U465 and U906 respectively.

Transportation:
From Figure 2 previously shown, Sector A contains one elevator two stairwells.
One stairwell is open to the lobby as it ascends to the second floor. The second
stairwell is located in the west end show in Figure 3 below servicing the office
spaces. There is one other stairwell which is located in Sector D in Figure 2 and
also shown below in Figure 3. This services transportation to the upper level

penthouse region.

Also shown below in Figure 3 is how the spaces are designated on the first floor

of Clemson AMRL. The orange spaces represent laboratories; the yellow areas
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represent laboratory support. The off white spaces are shared spaces and

circulation. The blue areas are offices spaces and the gray areas belong to the

support/services.

Figure 3: Building Operations
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Existing Mechanical Systems

Clemson University AMRL is a

two-story mixed use building

: I' fl ‘—;‘ L‘V:;ﬁ

[ “ i |

located in Anderson, SC. This
111, 270 sq ft. building houses
office space, laboratories,
conference rooms, and clean

rooms. There are 15 AHU’s and 4

MAH’s that condition this building. The mechanical system uses an on site
heating and cooling plant to condition air for the AHU’s and VAV distribution
system. AHU numbers 8, 10, and 11 serve VAV boxes which supply air to the
spaces. A vast majority of the mechanical equipment is located on the second
floor penthouse, where there is a small space allocated on the east wing for
additional equipment. Clemson University ARML, due to its many laboratories,
requires a lot of mechanical equipment. In design, they used mostly an entire

floor to house the mechanical equipment. With this, the total area of the

mechanical space on the
second floor is 31,841 sq.
ft. After calculating the

areas other than the

mechanical floor space,

= DAYLIGHTING CONCEPT SECTION

such as the draw tower

Section of AMRL

and first floor mechanical
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room, there is a total of 35, 626 sq. ft. of lost rentable space. Out of 117,000 sq.

ft, 30.4 % of this area is given to the mechanical equipment.

The AMRL is served by 19 units, ranging from 1,000 cfm to 20,650 cfm. The
amount of minimum outside air to the AHU’s varying between 300 to 20,650
cfm. As noted before, the rooms serviced by AHU 8, 10, and 11 serve VAV

boxes to control the climate which people occupy.

Clemson AMRL uses two 3,348 MBH gas fired boilers and one 4,094 MBH
electric boiler. There are three 750 gpm/266.6 ton chillers and two 1,125
gpm/375 ton cooling towers. The air supplied to the building is from the fifteen
AHU’s ranging from 1,000-11,300 cfm and four MAH units ranging from 6,800
to 20,650 cfm.

Mechanical System

-Air Handling Units/ Make-Up Air Handling Units
Fifteen total air handling units, three of them serving VAV boxes, and 4 MAH
units serve Clemson AMRL. They provide conditioned air to offices,
laboratories, conference areas, and clean rooms. MAH units were needed to
condition the additional space since an abundance of air was exhausted through
the fume hoods. Appendix A shows the design SA and OA along with the

calculated V from Technical Report 1.
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AHU-1

Air-Handling Unit 1 services 2,568 sq. ft. which houses conference/meeting,
corridor, and office spaces. The design primary supply flow rate was 4,000 cfm.
AHU-2

Air-Handling Unit 2 services 2,968 sq. ft. which houses break rooms, corridors,
restrooms, and office spaces. The design primary supply flow rate was 4,500
cfm.

AHU-3

Air-Handling Unit 3 services 3,228 sq. ft. which houses communication rooms,
corridors, restrooms, conference, and office spaces. The design primary supply
flow rate was 5,700 cfm.

AHU-4

Air-Handling Unit 4 services 2,876 sq. ft. which houses conference/meeting areas,
corridors, and office spaces. The design primary supply flow rate was 5,200 cfm.
AHU-5

Air-Handling Unit 5 services 4,128 sq. ft. which houses laser labs and instrument
rooms. The design primary supply flow rate was 6,300 cfm.

AHU-6

Air-Handling Unit 5 services 4,128 sq. ft. which houses laser labs and instrument
rooms. The design primary supply flow rate was 5,800 cfm.

AHU-7

Air-Handling Unit 7 services 5,080 sq. ft. which houses office spaces and

corridors. The design primary supply flow rate was 5,000 cfm.
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AHU-8

Air-Handling Unit 8 services 5,314 sq. ft. which electrical and data, break,
seminar rooms, along with corridors and the lobby space. The design primary
supply flow rate was 10,600 cfm.

AHU-9

Air-Handling Unit 9 services 5,312 sq. ft. which houses prep labs, electrical
analysis rooms, along with other assorted laboratories. The design primary
supply flow rate was 11,300 cfm.

AHU-10

Air-Handling Unit 10 services 5,005 sq. ft. which houses conference and office
spaces, along with a break and copy/mail/storage room. The design primary
supply flow rate was 7,000 ctfm.

AHU-11

Air-Handling Unit 11 services 5,630 sq. ft. which houses office spaces and
corridors. The design primary supply flow rate was 7,100.

AHU-12

Air-Handling Unit 12 services 1,828 sq. ft. which houses office spaces, a HAZ
MAT room, corridors and equipment rooms. The design primary supply flow rate
was 3,100 cfm.

AHU-13

Air-Handling Unit 13 services 1,752 sq. ft. which houses a clean room, a gowning

vestibule, and device lab. The design primary supply flow rate was 1,600 cfm.
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AHU-14
Air-Handling Unit 14 services 528 sq. ft. which houses the STM lab and its
respectful prep room. The design primary supply flow rate was 1,000.
AHU-15
Air-Handling Unit 15 services 1,232 sq. ft. which houses the maintance room and
office space along with the draw tower. The design primary supply flow rate was
6,.800 cfm.
MAH-1—4
See Appendix B for the supply air values for these units supplying the laboratory
spaces.

-Cooling Towers
Two 375 ton, 1,125 gpm cooling towers are located on site. The cooling towers
provide condenser water for the 15 AHU’s.

-Chillers
Three 266.6 ton, 750 gpm chillers are located at the AMRL.

-Boilers
Two 3,348 MBH gas fired
boilers and one 4,094 MBH
electric boiler are located at

Clemson’s AMRL.

Boilers
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-Energy Recovery Coil
Clemson’s AMRL uses three energy recovery coils on the air side portion of the
system. They are located in fume hood exhaust ducts to recuperate energy They
provide cooling for the condenser water loop from the cooling towers and heat for
the hot water loop from the boilers.

-Variable Air Volume Boxes
The conditioned air from AHU 8, 10, and 11 is ducted to several variable air
volume (VAV) boxes, which are located in the ceiling plenum. The boxes are
selected for specific ranges of cfm. There are also different gpm rates for the hot
water reheat coils to each of the VAV boxes.

-Basic System Operation
Clemson’s AMRL contains of both air-side and water-side mechanical equipment
and systems. The air-side consists of AHU’s, MAH’s, and VAV boxes. An
example of the air-side schematic is shown in Appendix C. The water-side
operation consists of a hot water system and a condenser water system. The hot
water system is shown in Appendix D and the condenser water system is shown in
Appendix E.

-Outdoor and Indoor Design Conditions

-Outdoor Design Conditions:
The 2004 ASHRAE Fundamentals handbook provides weather data in Chapter
27. Table 1 below shows the location data. Table 2 illustrates the design outdoor

conditions
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Latitude 34.50
Longitude 82.72
Elevation 771 feet

Table 1:TI.ocatoin

Summer Conditions Design Dry Bulb: 93 °F
Winter Conditions Design Dry Bulb: 19 °F

Table 2:Desidgn DB

-Indoor Design Conditions

Table 3 below illustrates the indoor design conditions.

Dry Bulb
Temperature: 74 °F
RH: 50%

Table 3:Indoor Air
Requirements
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Design Considerations

-Co-Generation
Co-generation is one alternative to the design of Clemson AMRL building. A
building using co-generation makes electricity of site, and thus less energy loss
due to transmission. The heat from the burning fuel, can be utilized and help heat
the building.

-Ground Source Heat Pumps
Ground source heat pumps were also taken into consideration. With the climate
allowing for such a design, this would also be a great benefit to the owner. Since
the building takes setting in a non urban environment, this also makes this design
appealing. Similar to a GSHP, one could use water source heat pumps and store
water in a large tank underground to help with the load of the building.

-Thermal Storage
Thermal storage was another alternative to the design to help decrease energy
costs. One could produce ice in the evening, when utilities are cheaper, and store
it for the following day for cooling. Energy recovery wheels are also an option in
design. The only downfall is that desiccant wheels can only be used to the
laboratory spaces. Enthalpy wheels are able to recover energy and moisture since
they mix the exhaust and supply air streams. A desiccant wheel does not transfer
contaminants. Instead, the wheel is flushed with supply air in the purging section

of the rotor.
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Mechanical System Design
Rising costs in fossil fuels and energy must make owners and designers aware of
more efficient and greener systems. In order to obtain the energy reduction in the
existing building, chilled beams incorporated with DOAS will be one of the
options used in this study.

-Introduction
There are two different chilled beams, passive and active. One can incorporate a
chilled ceiling with overhead or under floor ventilation, and or chilled slab with
under floor ventilation. With overhead ventilation, there is a limited capacity to
absorb heat gains. Under floor ventilation has improved capacity to absorb heat
gains and excellent in comfort conditions. A chilled slab with under floor
ventilation has a cooling capacity up to 70 W/sq. m (6.5 W/sq.ft.). Exposed
lighting 1s required with this type of set up.

- Passive versus Active
Passive chilled beams have a chilled surface formed into a linear finned coil,
which is surrounded by a pressed steal casing. These are able to be suspended
from the ceiling, with flush mounts also available. Warm air rises to the ceiling
and enters the top of the beam, where it is cooled by contact with the cold coil.

The cool air then descends into the room through slots underneath the beam.

Active chilled beams incorporate tempered ventilation air supplied through
ducting in the beam itself. The tempered air leaves the supply ducting through

slots with a higher velocity that induces warm air into the beam and through the
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cooling coil, reducing its temperature. A simple schematic is shown in Figure 4.
The supply and chilled room air mix and enter the room out of the slots under the
beam. With active chilled beams, room temperature is achieved by controlling of
individual or groups of beams. They have a cooling capacity up to 100 W/sq m
(9.29 W/sq.ft.) and also have integrated lighting as option and can be fully

recessed.

20-70%
less OA

than VAY DOAS Unit

W/ Energy
Recovery

Figure 4: System Schematic ‘

The advantages of chilled beams include low maintenance since there are no
internal fans or filters. Low fan speed is used to deliver air to the outlet diffusers
which in return, have a low energy requirement. The chilled beams also operate
at relatively high chilled water flow temperatures, meaning the chillers have to do
less work than for a fan coil system. Expecta CWT of 55-65°F in chilled beams,
compared to 40-45°F They can be incorporated into the fire suppression system to
eliminate extra plumbing, and some chilled beams contain everything from

lighting, data lines, and fire suppression systems.

Energy recovery wheels will also be incorporated into the re-design. The only

downfall is that desiccant wheels need to be purged in order to utilize laboratory
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exhaust. Enthalpy wheels are able to recover energy and moisture transferring it
between exhaust and supply air streams. A purged desiccant wheel does not
transfer contaminants. Instead, the wheel is flushed with supply air in the purging

section of the rotor as shown in Figure 5.

Figure 5: Desiccant Configuration

Using active chilled beams in the redesign process, there isn’t any significant
issues present. Space is available for extra equipment, but coordination with
plumbing will be a must for the spaces due to the units. There will be a decrease

in AHU sizing along with the associated ductwork.
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Chilled Beam Analysis
Background:
Dedicated Outdoor Air Systems, DOAS, are becoming widely known and used in
the industry. DOAS systems are usually integrated with a parallel system. The
parallel system used in the analysis is Active Chilled Beams. Using a DOAS
system not only reduces the duct, shaft, and equipment sizes, but also drastically
reduces fan energy, increases humidity control, and decreases initial costs. The
entire latent loads are met by the DOAS along with some of the sensible loads.
The remaining sensible heat is to be conditioned by the active chilled beams. An
enthalpy wheel along with a desiccant wheel will be used in the design to

maximize heat recovery.

DOAS supplies cool dry OA to the system. This ensures that active chilled beams
can be applied without condensation concerns. As long as the panel temperature
remains above the space dew-point temperature, condensation will not occur. .
Figure 6 below shows the air flow of the active beam, along with the high

induction diffusers. With a lower

room dew-point temperature, the
lower the supply water temperature
can be. Similarly, a lower mean plate

temperature would allow a higher rate

of heat removal. Radiant loads are

Figure 6: Active Chilled Beam

treated directly and the supply air does
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not exceed that required. Remember that the lower the SAT, the less sensible
cooling will be needed by the beams. Another advantage is that it could be
incorporated into the automatic sprinkler piping system.

Calculations:
As shown in Figure 7 below, the set-up of the Dual Wheel DOAS system is

illustrated. Below are calculations based on points across the system.

v

Figure 7: Dual Wheel DOAS
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Example using AHU-1, All numbers are included in Appendix F
Latent Load:
Occupancy = 20 people for AHU-1
Q 1atent = 200 Btu/h*person (0.0586 kW/person)

Q 1atent = 200Btu/h*person x 20 people = 4000 Btu/h (1.172 kW)

Outdoor Air Conditions:

Dry Bulb =93 °F

Humidity Ratio = 118 gr/lbma (0.01689 kg/kg)
Desiccant Wheel:

Make: Xetex

Model: AIRotor 2500
Sensible Effectiveness: £s=0.76

Latent Effectiveness = 0.65

Volumetric Flow Rate 10,280 )
DOAS AHU With Dual Wheels

Face Velocity: 525 sfpm
-Points of Interest (Figure 7)
Space Air Conditions (Point 4):
Dry Bulb Temperature = 79 °F
Humidity Ratio = 66 gr/lbma (0.0094 kg/kg)

Supply Air Temperature: 74 °F
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Design Conditions (Point 1):
Woaew = -&s X (Woa — Wrasw) + Woa
=-(0.76) x (0.01689 kg/kg - 0.0094 kg/kg) + 0.01689 kg/kg
=0.011198 kg/kg (78.39 gr/lbma)
DBToa.sw= -eL X (DBToa — DBTgw.sw) + DBToa
=-(0.65)x (93°F - 74°F) + 93°F
=80.65°F
Design Conditions (Point 3):

Q latent = 068 X Cfm X AW

Y
W — W _ atent
oA Ra = ( 0.68 x cfm )

102,800Btu/ h
0.68x10,280cfm

=66 gr/lbma — (

=51.29 gr/lbma (0.00733 kg/kg)
DBT;=72°F

Design Conditions (Point 2):

WB — B Qlalent + W Space
0.68 x cfim

_ —102,800Bzu/h
0.68x10,280cfm

+ 66 gr/lbma

=51.29 gr/lbma (0.00733 kg/kg)

DBT,=67 °F
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Selecting Quantity of Chilled Beams
Taken from the article “Ceiling Radiant Cooling Panels as a Viable Distributed
Parallel Sensible Cooling Technology Integrated with Dedicated Outdoor Air
Systems” by Dr. Stanely A. Mumma and Christopher L. Conroy, is the process

used to determine the amount of CRCPs per square foot.

Define Room Design Conditions
Dry Bulb Temperature: 74 °F
Relative Humidity: 40-60%
Room Dew Point Temperature: 54°F
Minimum Rate of Heat Removal Needed
The table in Appendix G is taken from the article mentioned above. The
amount of heat removal is based on the room’s dry bulb temperature and
RH. The following shows RH and heat removal respectively:
40% RH — 95 W/m®
60% RH — 32 W/m’
Sensible Cooling Served by Chilled Beams
Building Area: 111, 270 sq ft.
Occupancy: 514 people
Combined Sensible Load: 3 W/sq. ft.
Building’s Total Sensible Load:
Qo= 3 W/ sq. ft. x 111,270 sq. ft.

=333,810 W (1,139,294 Btu/h)
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Outdoor Air Supply: 20 scfm/person

Ventilation Air:
M-dot = 20 scfm/person x 514 people

= 10,280 scfm

Sensible Load Achieved by DOAS
Qpoas= M-dot x Cp x AT
Qpoas=10,280 x 0.244 x (93-54) °F
Qpoas= 97,824 Btu/h

Sensible Load Achieved by Chilled Beams
QBeams™ QTotal - Qp0AS

Beams— 1,139,293 Btu/h- 97,824 Btu/h
QBeams= 1,041,469 Btu/h
Selected Chilled Beam
TROX—DID300 @ 76 W/m* with L, of 3000mm

Opous _ 1,041,46900u/ h
btu

hf’

Beam Coverage:
Oseav 24,10

=43,214.48 sq ft
Total number of Chilled Beams:

BeamAreaCoverage _ ( 43,214.48 ) sq. ft

AreaOfBeam 54.896

=788 Active Chilled Beams
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Re-Sizing of AHU’s
Due to using chilled beams with DOAS, the beams were able to take care of the
sensible load in the building, therefore reducing OA with the DOAS. Table 4

below shows the difference in size from the original scheme to the new DOAS

scheme.
DOAS
Original Design Vot Resized
AHU # SA(cfm) | OA(cfm) | (cfm) OA (cfm)
1 4000 1800 324 594
2 4500 1800 257 594
3 5700 1800 462 594
4 5200 1800 317 594
5 6300 6300 1784 2079
6 5800 5550 1784 1832
7 5000 400 399 132
8 10600 1050 737 347
9 11300 3350 1167 1106
10 7000 800 561 264
11 7100 550 600 182
12 3100 2550 276 842
13 1600 1100 365 363
14 1000 300 275 99
15 6800 2000 253 660
Totals 85000 31150 9561 10280

Table 4: AHU Information

Architectural Engineering Senior Thesis Report -30



David Anderson

Clemson University AMRL

Schematics of Proposed DOAS with Chilled Beams
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Lighting Analysis

Background:
The lighting in Clemson AMRL is comprised of 24”’x 48 florescent fixtures with
parabolic and lens troffers. Fixtures include T8, TS lamps using rapid start
ballasts, and down lights incorporating quad compact fluorescents inside the
building. Metal Halides provide lighting on the exterior. The use of low voltage
lighting 1s not permitted at Clemson University, due to the university’s
specification 16501, “Interior Lighting”.

Lighting Compliance
Maximum lighting power densities are suggested by Standard 90.1. Not only
does lighting consume energy, but it also creates heat in the space, which in return
increases cooling loads. Table 9.5.1 makes suggestions on the maximum lighting
density according to each space. Appendix H shows this table.

According to the lighting calculations given by IDC, the calculated W/ft* are as

follows:

Area Wi/sq. ft. Area W/sq. ft.
Office 1.10 High Bay 0.65
Office 1.32 Haz Mat 1.08
Office 1.50 Waste

Office 1.68 Storage 1.95
Prep Lab 1.44 Mech 0.39
Lab 1.68 Mech 0.40
Lab open 1.85 Mech 0.43
Corridors 0.82 Mech 0.49
Corridors 0.83 Mech 0.55

Table 5: W/sq ft Calculations
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By the space by space calculations and in accordance to Appendix D, all spaces

exceed except the corridors, an office area, the high bay area, Haz Mat, and the

mechanical rooms.

It may be possible to achieve the same amount of output, with less energy, by

selecting high efficient TS lamps to replace the standard T8 lamps. There is a

possibility that the spaces could be supplied with fewer lamps and still achieve the

same lighting requirements. T5 lamps tend to be more expensive than the T8

lamps, but life expectancy is far greater and thus gives a better life cycle cost.

Replacing the existing 40 Watt T8 with a 32 watt TS lamp shows a reduction in

power density, thus decrease in energy. Table 6 below shows the results after

analysis.
W/Lamp #
Space Area W/Lamp proposed Lamps
Office 3200 40 32 106
office 2600 40 32 98
Office 3400 40 32 143
Prep
Lab 4100 40 32 148
Lab 3500 40 32 147
Lab
Open 4200 40 32 194
Waste 600 40 32 29
Watts Watts proposed Power Density Power Density proposed
4224 3379 1.32 1.06
3900 3120 1.5 1.20
5712 4570 1.68 1.34
5904 4723 1.44 1.15
5880 4704 1.68 1.34
7770 6216 1.85 1.48
1170 936 1.95 1.56

Table 6: Proposed Lighting Densities
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The total reduction in the lighting densities was significant. The original lighting
scheme reached 41, 155 watts for the building. With the proposed re-design and
decreasing the areas in need, the watts achieved were 34, 243 watts. This results

in a 20% reduction in energy usage alone.
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Construction Impact Analysis
The installed cost of a CRCP system is approximately $8/sq.ft. For the VAV
system to handle the same loads, the AHU’s alone cost about $2/scfm, the
ductwork an additional $4/scfm and the VAV boxes at $6/scfm. The total amount
for the VAV system is approximately $12/scfm. Which after running calculations
and interpolating them with Table 7, we are to find that there will be $129,840
decrease in initial cost. Also shown in Appendix I is a sample of the reduction of

costs comparing VAV with a DOAS in a 186,000 sq. ft. building in Philadelphia,

PA.

SHV 1003 HVAC 3,024,000
SHV 1010 heat/cooling equipment 700,000
SHV 1020 AHUMAU 300,000
SHWV 1030 reheat coils 110,000
SHV 1040 delmmdification 100,000
SHV 1030 exhaust fans 70,000
SHV 1060 ductwork 400,000
SHV 1070 piping and supports 520,000
SHV 1080 pumps 24,000
SHV 1090 Phoenix Control System 400,000
SHV 1100 msulation 350,000
SHV 1200 LEED Commissioning 50,000

Table 7: Installation/First Costs

The initial cost was $3,024,000 shown above in Table 7. The price for the chilled
beam units is approximated to be $2,764,000. This is 81% of the cost of a
standard VAV system. Keep in mind that replacing fan with pump energy, the

initial $5,658,000 system will begin to look appealing.
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Schedule impact was minimal since the same amount of time is required during
the erection of a CWP CAV/VAYV system as with a DOAS with Chilled Beams.
With DOAS, AHU’s will be smaller and ductwork will be significantly less. The
only possible impact would be the extra pump installation or contractor
unfamiliarity with the proposed system. Since this type of system is more
abundant in Europe and Australia, and not here in the United States, finding
contractors that are familiar and comfortable with this design may be short.
Contractors may also apply a premium cost with such a design. Coordination

would be very similar on the CW and Air sides, with similar equipment.
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Overall Cost Analysis
The design cooling and heating loads for the major equipment are calculated

using Carrier’s Hourly Analysis Program. HAP is used to estimate the annual

consumption of energy for the AMRL as well.

Carrier’s HAP was used to simulate and model the Clemson AMRL’s energy

consumption. In order to compute this, weather conditions were properly selected

for the buildings site. HAP inputs the correct weather data for the design and

simulation city, which was from 2001 ASHRAE Fundamentals Handbook.
Energy Sources and Rates

The Clemson AMRL is serviced by both electricity and natural gas energy. The

electric service is provided by Duke Power. The rates can be seen in Figure 8.

The natural gas service is provided by Piedmont Natural Gas. The rates can be

seen in Figure 9.

EATE:
L Basic Facilities Charge 333.54
I Diemand Charge Summmer Months Winter Months
A On-Peak Demand Charge per month Tune 1 — Septemiber 30 October 1 — Mav 31
For the first 2000 EW of Billmg Demand per month F13.16 per EW 57.69 per KW
Far the next 3000 KW of Billmg Demand per month $11.67 per EW 56.40 per KW
For all over 5000 KW of Billing Demand per moanth 5040 per KW 54.74 per KW
B. Economy Demand Charge per month 51.01 per KW 51.01 per EW
L Energy Charge
A All Op-Peak Enerzy per month 4.3937 cents per KWh 43937 cents per KWh
B. All Off-Peak Ensrgy per mounth 1.7334 cents per KWh 1.7336 cents per kWh
DETEFMINATION OF ON-PEAE AND OFF-PEAE HOURS
Summer Months Winter Months
Cn-Peak Pertod Hours 1:00 pm. — 2:00 pm. G200 am. — 1:00 p.m.
Mondsy — Friday Monday — Friday
Off-Peak Period Hours All other weekday hours and all Samrday and Sunday hours.

Figure 8—Duke Power Costs
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Rate Facility RateTherm

Claz=ification Charge Units NovemberMarch Units
250.00 First 15,004 1.19344 First 15,004
]:m 1.50 Next 15,000 1.13250 Next 15,000
Next 75,000 1.08538 Next 75,000
Mext 163,000 1.04020 Mext 163,000
Mext 330,000 (.95000 Mext 330,000
Orvar 600,000 0.97052 Orvar 600,000

RateTherm
April'Oetober
1.12654
108143
1.05278
1.02163

0.55405
0.97032

\Figure 9—Piedmont Natural Gas Costs\

The following are charts computed from Carriers HAP. These charts are related

to the original VAV system. Table 8 shows the annual costs of the VAV system,

whereas table 9 shows the annual costs of a DOAS with Chilled Beams

application.
Sample Building

Component ($)
Air System Fans 1,379,405
Cooling 925,442
Heating 7,019
Pumps 88,394
Cooling Tower Fans 932,159
HVAC Sub-Total 3,332,418
Lights 2,389,184
Electric Equipment 3,016,649
Non-HVAC Sub-Total 5,405,833
Grand Total 8,738,251

Sample Building

Component ($)
Air System Fans 69,342
Cooling 229,434
Heating 3,354
Pumps 169,355
Cooling Tower Fans 115,958
HVAC Sub-Total 587,444

Lights 2,378,390
Electric Equipment 3,003,020
Non-HVAC Sub-Total 5,381,410
Grand Total 5,968,853

Table 8.  Annual Costs VAV

Table 9. Annual Costs DOAS w/
Chilled Beams

As shown in the above Tables, there is a $2,769,398 savings per year in

operational costs. Which translates to a 31% cost reduction yearly.
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The following pie charts represent the comparison of annual component costs for
VAV systems versus DOAS with Chilled Beams. Figure 10 represents the VAV

system, whereas Figure 11 represents the parallel DOAS.

Air System Fans 15.8%

34.5% Electric Equipment

Cooling 10.6%

Heating 0.1%
Pumps 1.0%

Cooling Tower Fans 10.7%

27.3% Lights

Figure 10: VAV Component Cost

Air System Fans 1.2%

Cooling 3.8%

Heating 0.1%

Pumps 2.8%

Cooling Tower Fans 1.9%

50.3% Electric Equipment

Figure 11: DOAS w/ Chilled Beams
Component Cost
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-Life Cycle Analysis

As stated previously, the initial cost of the existing system was $3,024,000.
Carrier’s HAP simulated the yearly energy consumption to be $8,738,251. The new
proposed DOAS with Chilled Beams had an initial cost of $2,764,000 for the beams and
$2,894,160 for the remaining equipment, which totals $5,658,160 for an initial. The
simulated yearly consumption of energy for the proposed system is $5,968,853. The
DOAS with Chilled Beams was $2,634,160 more than the initial cost of the existing
system, but saves $2,769,398 per year. With this proposed system, the payback would be

less than one year for this building.
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Conclusions
The increasing fuel cost is important to any building owner, which reflects on
how much money they have to spend. Initial costs are usually the selling point in
which system is to be chosen, but it is wise to compute yearly costs and paybacks
to see which system is more efficient on cost basis. As seen above, the initial cost
of the DOAS with Chilled Beams is 47% more than that of the existing
CAV/VAV system. By simulating building conditions and performance, its found
that the proposed re-design will pay for itself in just one year, and continue

savings for the buildings lifetime.

Lighting loads are usually the greatest load in building. With Standard 90.1, they
use a cap of 1.1W/sq. ft. in design. With the existing building, many spaces were
well above this figure. After analysis, it was found that using all TS lamps in the
building would save 20% in energy consumption, thus reducing mechanical loads

and yearly energy costs.

The construction impact was insignificant since reducing sizes in equipment, this
was time was made up by implementing more pumps for the chilled beam CW
loop. The only drawback would be finding contractors educated in this field of
systems, and not having to pay an extra premium since system in unfamiliar here

in the U.S.
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IDC Architects designed mechanical system is sufficient. This proposed re-
design is an applicable option to the one that already exists. There are many ways
to save energy and reduce costs, but most owners are unaware. Awareness of
energy use and fossil fuel consumption will allow utilization of new technology

and have less impact on the environment.

This senior thesis represents paths of design. Technology updates daily, and it is
important that engineers continue their learning beyond the books and educate
others along the way. With fossil fuels diminishing, owners need to be aware of
energy saving systems. Planning for the future will help ensure a safe
environment for our children, along with allowing them to plan for their children

and thus keeps the cycle going.
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Appendix A: Design Conditions and Calculate V

Design | Design | Calculated
SA OA
AHU # (cfm) (cfm) Vot (cfm)
1 4000 1800 324
2 4500 1800 257
3 5700 1800 462
4 5200 1800 317
5 6300 6300 1784
6 5800 5550 1784
7 5000 400 399
8 10600 1050 737
9 11300 3350 1167
10 7000 800 561
11 7100 550 600
12 3100 2550 276
13 1600 1100 365
14 1000 300 275
15 6800 2000 253
Appendix B: MAH Flow Rate
Unit CFM
MAH-1 19,525
MAH-2 | 20,400
MAH-3 | 20,600
MAH-4 | 19,150
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Appendix C: Air Side Schematic For a Sample of 4 AHU’s

|.5i £ Ii—‘:l
b= E 5 &
il 1
33 i S
T 44D OB s 9E fﬂ - ull

" EeEHE \CED-EIHE-¥ ' =
¥ ﬁ . PR B a
o L\':I!D—“I;l.l?l;—“ll Bl
L 5
= L
1E 8 %"ZE
P%Es 0
a3 2 =
$F. | [T9=E -
TS |Z 528 N
13 i ;i
E 1=
=kF =k —
[ > Tls |EI -
28 Ll
3| 3 z
b I."m—HI:‘I;I:‘—Ec" st
3 EE eme B I
5 &
E &
T §E J
-F g %l
ot
Hda EJI. i
D SIHE Y -
LFs 48 é‘
OEO—HLHS -+, E
7
= B 238
19 i
t_E_E BlE
mw% .
1= =[] é.,
SR HE =t
E
5 F
it} g E e % -
ES B L -"
® -
Hid S é.
LOE-EIHE~-F T
E )
.I'R‘l—HIFHﬁE'% =
Lt —
e g §
;o ds= B g
P L ESEﬂ Bz j\ ]
B e wim F E : & W
5 5
E%98 =]

Architectural Engineering Senior Thesis Report -46



David Anderson

Clemson University AMRL

Appendix D: Hot Water Schematic

T

B— I
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Appendix E: Condenser Water Schematic
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Appendix F: Q latent Calculations

Q lat

AHU # People | kw/person | (kw)
1 20 0.0586 1.172
2 12 0.0586 | 0.7032
3 23 0.0586 | 1.3478
4 20 0.0586 1.172
5 104 0.0586 | 6.0944
6 104 0.0586 | 6.0944
7 17 0.0586 | 0.9962
8 74 0.0586 | 4.3364
9 23 0.0586 | 1.3478
10 45 0.0586 2.637
11 44 0.0586 | 2.5784
12 6 0.0586 | 0.3516
13 5 0.0586 0.293
14 14 0.0586 | 0.8204
15 3 0.0586 | 0.1758
30.1204
514 0.0586 | 30.1204

Appendix G: Table 2-Information Pertinent to the CRCP Cooling Selection

TABLE 2
Information Pertinent to the CRCP Cooling Selection

Column 1 2 3 4 5 6 7

DOAS supply DPT Panel I Mean panel temp. [
Room design DBT | Room design | Room design DPT | with 20 scfm/person | room DPT+3°F | assuming rﬁ+5°F Btu/h-ft*
°F (°C) % RH °F (°C) °F (°C) °F (°C) °F (°C) (W/m*)
72 (22) 40 46 (8) 37(3) 49 (9) 54 (12) 30 (95)
72(22) 60 57(14) 51(11) 60 (16) 65 (18) 10(32)
78 (26) 40 52(11) 44(7) 55(13) 60 (16) 30(95)
78 (26) 60 63 (17) 58 (14) 66 (19) 71(22) 10 (32)
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Appendix H: Table 9.5.1 Lighting Power Densities Using the Building Area Method

TABLE 9.5.1 Lighting Power Densities Using the Building Area Method

Lizhting Power Density

Building Area I:rpea (Wifez)
Automotive Facility 0.5
Convention Center 12
Cowmt House 12
Dhinmg: Bar Lounge Leizure 1.3
Dhnmg: CafeterzaTast Food 14
Dz Faoaly 1.6
Diormmtory 1.0
Exarcise Center 1.0
Gymznasium
Haalth Care-Clinie
Hospatal 12
Hotel 1.0
Library 3
Manufactmring Facility 1.3
Iotal 1.0

Votion Picture Theater 12
Winlti-Fammly 0.7
Museum 1.1
Offica 1.0
Parking Garage 0.3
Pamutentiary 1.0
Parformung Axts Theater 1.6
PolicaFira Station 10
Post Office 1]
Eehzious Buldmz 3
Fetail 1.5
School Unrversity 12
Sports Avena 1.1
Towmn Hall 1.1
Transportation 1.0
Warshousza 0.8
Workshop 14

*In cases where both zeneral building area fype and 2 specific bmlding area type are
listed, the spacific bmldmz area type shall apply.
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Appendix I: First Cost Example of DOAS vs. VAV

- - : Units Panel- Cost
Cost item Unit Cost Units VAV Cooling/DOAS Savings $
. $1,000/ton 506 ton 306 ton
SLll $284/kW) | (1780 kw) [ (1076 kwy | 200000
. $25/gpm 1215 gpm 737 gpm
Chilled Water Pump ($400/L/s) (76.5 L/s) (46.4 Ls) 11,950
$1/ 2 ($11/m?)
DOAS 186,000 ft 186,000 fi*
Ductwork $4/ 12 ($43/m?) |(17 300 m2)| (17 300 my) | S°%:000
VAV
$2/cim ($4.25/L/s)| 135,000 25,000 cfm
VAV cfm (11 800 L/s)
e $4/cim ($8.50/L/s)| (73720 [100% Ventilation| 179000
DOAS L/s) Air
Electrical Service $50/kW 630 kW 372 kW 12,400
11t (0.3 m)
" $35/ft2 ($376/m?) | No Depth Plenum
Frazlalielions of Facade Reduction | Depth/Floor or L
4308 ft2 (400 m2)|
Integrated Thermal s - )
and Fire $D'B§’; Ei r:fi’fm ) N/A [11281’5%%&”:2] 120,900
Suppression Piping g
- - : 79,200 ft2
Drop Ceiling $1.50/ft* ($16/m?) MN/A (7365 rm?) 118,800
Mechanical Shaft .
Impact on Lost Sl ﬁgz N/A 500 1 (47 ) 62,500
Rental Space ($1,344/m?) Saved

Savings Subtotal

1,405,300

$13/ ft2 ($140/m2) . 79,200 ft2

Net Savings

375,700
or 2/ft2
(22/m?)

Table 1: First cost comparison of the panel-cooling/DOAS vs. a conven-
tional all-air VAV system serving a six-story 186,000 ft* (17 300 m?) build-
ing in Philadelphia.
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Appendix J: Cut Sheets for Enthalpy Wheel

AlRotor

by XeteX

Air-to-Air Heat Recovery

XeteX Inc.

(e 3530 East 28th Street
; Minneapolis, MIN 33406
(612) 724-3101
(612) 724-3372 Fax
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AlRotor

General

The AlRotor heat recovery unil is a rotary heat
exchanger which operates on the air-to-air prin-
ciple of heat transfer and has the following fea-
fures:
B Available in 16 sizes, with a nominal flow
range

of S00-28, 000 cfm.

B Total enerpy recovery efficiencies as high as
.

B Rotor has smooth air channels to ensure a
low pressure drop and reduce the risk of
fouling.

B Rotor surface is manufactured absolutely

amooth
allowing for tight fitting seals between air-

Slrems.

B Available with electronic speed control for
varighle rotor capacity.

B Hyvgroscopic rotor provides latent and
sensible heat recovery,

Design

The BVA heat recovery unit is constructed Som
a rigid wbular steel welded frame, with insulated
palvanized sheet metal cover plates and hatches.
The frame is reinforced o prevent deflect of the
rotor from static pressure drops (o less than 0003",

The rotor is assembled from alternate lavers
of flat and corrugated thin sheet alumimmm. The
smooth channels formed by this construction en-
sure that the air flow is laminar, thereby ensuring
that the pressure drop is low and minimizing the
risk of fouling by dirt or dust. Dry particles up o
G900 microns shall pass freely through the rotor
without clogging the media. The rotor media can
be cleaned with low temperature steam without de-
prading unit performance.

The hyvgroscopic rotor equally transfers both
sensible and latent heat. Moisture is transferred
between airstreams in the vapor stage so0 media
remains dry and no drain pan is required.

--.______-‘ =

The rotor, which may be removed from the
frame, ismountedin sealed permanently-lubricated
spherical ball bearings. The bearings can be ser-
viced or replaced without removing the rotor from
the case.

The exchanger is sealed with brush seals be-
tween airstreams and around the perimetor of the
rotor, Because of the the smooth rotor surface, the
brush seals provides an extremely effective seal
with very little contact pressure, resulting in ex-
tended service life.

Anadjustable purging sector is provided o en-
sure continuous cleaning of the rotor and to virtu-
ally eliminate cross-contamination between the
exhaust air the supply air.

The standard AIRotor heat recovery unit issup-
plied witha perimeter sel fadjusting drive beltand
worm pear drive for on/off operation.

For installations where there is a requirement
for controlling heat recovery capacity and/or rotor
frost control, the heat recovery unit is equipped
with an electronic control unit that varies rolor
speed from maximum speed down Lo an automa tic
purge cvcle of 1/20 rpm.

— — b "
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AlRotor

Specification Accessories
HRW RV -a-beg-d-g-f RV AT-x-x=x-x

Flanged Duct Connections o1
RVE 0800, 0700, 0850, Epoxy Treated Rotar 02

1000, 1180 Filter Sections
2" Pleated 03

RVA 0600, 0700, 0850, Washable Filters 04

1000, 1250, 1500,
1750, 2000, 2250, :
2500, 2750, 3000 Control Options

Constant Speed Drive

Speed Detector fwialam Contad) 05
(Standard with Bact. Spd Control)

Rotor Type [No =Non Hygros.
_Hy = Hygroscopic

Drive Unit [K = Constant Speed |

R = Electronic Speed | Electronic Speed Control
Control (ESC) Frost Contral L
— = Economizer Control or
Purge 0= Without Summer Changeover 08
Sector 1= With
Unit 1,2,3, 4,56 7.8 int
Confia. (Soe Below) S Description of Controls
= i Frost Control monitors the exhaust temperature
Air Flow = Horizontal — leaving exchanger and reduces rotor speed o pre-
B = Verical ) venl exhaust emperature from dropping below
selpoint.
. . Economizer control monitors supply dischar
Rotor Conflguratlon temperatire and reduces mmammpgﬁvmt dff
A, Hosizonial :‘fﬂ“—’:' charge from rising above

selpoint.
J Summer Changeover control

monitons outdoor air and retum
air temperatures and antomati-

@L‘ cally switches rotor to maxi-
A&

Dirive mum recovery speed when the

Uit outside air temperature is
higher then the return air tem-
perature,

S perifiraiona el dhmaratons s et to chargs Wb retie

Architectural Engineering Senior Thesis Report -54



David Anderson

Clemson University AMRL

AlRotor

TECHNICAL SPECIFICATIONS

Dimensions and Weights

w.‘?‘\}"\\"l\-\\'-\ ’

R —

L

MCCEL # T Tt | ConstantSpeed Drive
RVE-0600 4T | S0 | 425 | 1580 |10 | &g ] The AlRotor constant speed drive is
RVE-0700 I | 310 | 1425 | Zz2d [0 | oo 158 prowided with OnAOffdry contacts for
AVELDHE0 ECT N IE N N ER T A T80 control by a thermostat or building
AVECTT00 TE |40 [1% | w0 (2040 | om 768 contro] oysies, An options] speed
RUT 1900 e e 30 detector is available which closed a
AV TE00 B2is | 6321 | 14@6 | 5i08 |Zo0 | 158 EET]

TTE0 | 607 | % | e | 087 [35i0 |15 | 60 normally open contact when wheel
V-2 100 g5d [ 622 [dee [ 7Ras [3non [ 1se 735 stops turmng for over 20 mimites.
VA-Z250 I I I A [ i

RWA-Z500 9R74 | @074 | 1702 | o0 [4567 | 238 | I0de Electronic Speed Control
AVAZ750  |10B5E |10B5@ | 1532 [1079 |G058 | 23 | 1210 The AlRotor Electronic speed
WA SO0 |11843 |11843 | 1532|1063 |5561 | L | Ti6 contro] consiets of & b ool

AlRotor Drive System

AlRotors are driven with a belt arund the perimeter
of the rotor.  An AC gear reduced motor with perma-
nently sealed bearings is easily serviced through an
access panel in the comer of the wheel housing., A
spare belt can be provided with each wheel to reduce
downtime in the event of belt failune.

center and dnve motor. The control
center incorporates functions for
purging, speed detection, motor pro-
tection mmd alarm. For spead control
the comtrol center is built to receive
0-10 VDC or 4-20 mA input from
temperature controller,

Frost, Economizer, & Summer/

Winter Changeover Control

The AlRotorcan be supplied with built-in tempem-
ture controller that mtomatically modulates rator speed
to prevent frost bui ld-up, reduce heat recovery to pre-
vent overheating space {economizer), and switch to
maximum recovery during the summer (W5
Changeover). AlRotor is supply with integral control
panel, digital tempemture readowt, and four remote
mounted temperature sensors,

Sipecifranon arad dimaraons s mhject o changs bt it
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AlRotor

Sipecifranon arad dimaraons o mhipct o chargs kot rntio

PERFORMANCE CHARTS
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Example

Given the following conditions:
Supply Airflow = 5000 cim

Return Airflow = 5000 cfim
Maximum Pressure Drop = 0.5" WG

Select AlRotor 1750

Froan the charts:
Pressure Drop = 0.40"

Effectivenass = 775
—
=
- —
=
1 .,
O e
™ = I
= I e e S B
w__w S5 B - T
— . i —
P
= =E=Eco
- -]
= —y — =
==== -
-
(50008 & S - ="
O = I
- 1Y
= —" B
- [— e S i
—_— _'_'_,_o—"
= | |
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AlRotor

PURGING AND LEAKAGE
AIRFLOW

In rotary heat exchangers a cerfain amount of
leakape inevitably takes place, in both directions,
between the supply air and exhanst air sides, the
leakape air being transferred by the rotor.

The purging sector is used to clean the rotor Lo
eliminated leakage from the exhanst air to the sup-

Tl ADJUSTABLE
PURGE FLATE

Purge Sector Detail

b low,
When installing a unit provided with a purg-
ing sector, the fans should be located sothat P11 =

P4 and
P2=P3, as shown in the figure below. [frequired,

plyv air side. A detail of the purge sector is shown L
P4 P3
o ! == ==
E4 Rt
-1 — -
il - L
== P1 P2 ==
aA &
1 —

Purge Schematic

anadjusting damper may be used to obtain the re-
quirad pressure balance.

The chart below shows the leakage flow
throught the purging sector. Allowance for high
differential pressures should be made when select-

ing the fan.
Purge Airflow Chart
AlRotor Mode Bpprogimate leakage through the purging sector and ssals
HYGROS0OPC ROTOR & 20 RPM
w G = 1 1000 F0 RS 2500 2750 o]
.l II / ."(
3 !I ||I Illl / -x ;"'II // r/
= | II I|I I'Ir J"II{ ."fl A //
% k1] il |I / i X‘ ."ll / //
: iy / /1
gL / / AlAT Y
s T 1 ATV
NI
E 1 [I]] / er ;x ;"'II .-"'I'l ;/
c |||I / / /1
£ 15 LU HH )"f / /1
5] 16 1200 1400 1600 1200 2000

Laakage ar Aow, CFI

Sperifcaiionn el dimerons e whjec tnchangs. ket ot
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PSYCHROMETRIC ANALYSIS

Sensible Only Wheel (Non-Hygroscopic) c VI T 17
‘J' k]
The Sensible Only wheel or non-hyvgroscopic wheel does not absorh ¢ * F o _fg ::
moisture and transfers only sensible heat. This process is shown in SN -'?; M.
Example #1 on the adjoining psvchrometric chart. Humidity Y, .-";‘:‘;ff F}a\ L }I\-, =
transfer only ocours with a sensible wheel when the outside air ST P2 .
is below the dewpoint of the exhaust air as indicated in Ex- # AL | -
ample #2. The warmer exhaust air condenses on the cold  f'e "’\ M
wheel and evaporates as it rotates through the supply air- ;‘ - kY =
stream. A drain pan is required for a Sensible Only f ¥, /":‘{/ 2:\{,{//}‘/ 7 = :
wheel 1o collect the condensate that runs off, ': e A ’é"‘?\ P \_‘ ,
a EA "}R\ e "
§ o a
T n

N n 1 » a k] " i a (2 \ = o (L] 1
R LS TR RATL -

SA = Supply Air
RA = Return Adr

OA = Oulside Air
EA = Exhaust Ar

Enthalpy Wheel (Hygroscopic) - T T T T b
™
[
The Enthalpy or Hygroscopic wheel transfers both sensible and % N ',, ?::"*, »745:
latent heat. This hvgroscopic process is shown in Example #3 Fii i M
on the adjoining psyvchrometric chart. Humidity and tem- ¥, ”{; I'I,-"'r 7] LA
perature effectivensess are the same so the condition of the . STV & B
air varies along a straight ling plotted betwesn the two > / LA, B 1 B ,.:
inlet conditions. Humidity is ransferred in the A A :ﬁ'j" A
vapor stage so the air deesn’t condense and the & n LBLS N
heel stavs die i 5 #/’N )\ ‘
wheel stays dry. & ALY 7AH ~ h
e A A Example #3] N
PN L W S S I DVl
4 =5 ;:ﬁgiﬁ :\(,_,,}/* \ n
[ 2 e

. = = d [ _b-v;: S N :

N = s S N S N N N

& n Ll n E [ i C i [E El ] ™ i

Sy anina wad dhrarmons we ohper o changs. wobr o

AlRotor

TEANE (F WAEEH AR O (ETAR

A0 ST IRFIE LN AR
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GEMERAL SPECIFICATION

ROTARY ATR-TO-AIR HEAT EXCHANGER

Fumnish an “ATR.olor™ rotary air-in-air heat ecchanger
manufactred by XeteX, Inc. Exchanger shall include
hygroscopic rofor, constant or variahle apeed drive, rotation
detector with alamm conmection, and spead comtroller with
temperare Sensoms,

ENTHALPY RECOVERY WHEEL

Exchanger shall be constructed of akemate Layers of
corugated and flat aluminum sheet material. Both sides of
the exchanger shall be completely smooth with less then
0L005" variation between altemnate layers to alow for
optimum sealing surface for brush seale. The rotor shall
have smooth air channels to ensure laminar sirflow for low
pressure drops. Dy particles up to S microns shall pass
froely through the rotor without clogging the media. The
rodor media shall be capable of being cleaned with low
temgseratre sheam without degrading unitper formance. The
rodor media must be made of aluminum which is coated to
prohibit compsion,  All surfaces shall be coated with a
nommigrating adsorhent specifically developed for the
selective transfer of water vapor.
* Vepification in writing mumst be presented from
independent laboratory evaluations confinming that the
desiccant adsorhent surface does freely transmit water vapor
without detectable gaseous cross-contamination. Spocially
fomulated aluminum compound of “Micro-Sieve™ shall
pemanenty bond the selective adsorhent desiccant to the
hygroscopic {enthalpy ) recovery ATRodor by Xete X
* Sensible and latent recovery efficiencies must be clearly
documented through a certification program conducted in
accordance with ASHRAE 84-1991 and ART 1060
standands that verify actual performance to be dndepen-
dent phenomeanda and there (5 no regson to expect that
o fefficiencies). . will be agual. Performance is derived by
assuming equal sensible and laent recovery effectivensss,

UNIT HOUSING

The rotor housing shall be constrocted using a heavy duty
welded tubular steel frame (rotors under 42 shall have a
heavy duty galvanized frame) with galvanized sheet metal
cover plates and inspection haiches, Adjustable brush seals
must be provided along the periphery of the rotor and
hetween fhe inlet and outlet air passages to effectively
prevent air leakage and cress-contamination hetwoen
airflows. Total airflow between aistreams from leakage and
purge shall be less than 10% @ 25%w.g. differential
pressure between airflows  HRotor and casing shall he
reinforoed to prevent deflection from differential pressures
to less than 03 inches Allrotorsshall be mounted on sealed
pemanendy- lubricated spherical bearings. All rotors over
42" in diameter must have flanged or pillow block bearings
thatcan be serviced or replaced without removal of the rotor
from the rotor housing,

FURGE SECTOR

* The unit must be provided with a factory set, field
adjustable purge sector designed to limit cross contamina-
tion at qualified appropriate design conditions to operate at
less than (4 percent of that of the exhaust air sream
concentration. Independent laboratory evaluations nmst
indicate purge sector configurations, rofor construction,
gasses, air pressure differentials, rotor spoeds and other
phenomena that constitute “appropriaie design conditions™
required to limit crosscontamination and air leakage.

DRIVE SYSTEM/SPFEED CONTROL

The retor drive systemshall consist of a selfadjusting belt
arpund the mtor perimeter driven by an AC motor with gear
reduction. The variable spoed drive shall be specifically
designed for heat wheel applications to include: an AC
inverter, soft startstop, rotation detec tion w/alamm contacts,
automatic self cleaning jog cycle, and selfteating capability.
The spoed controller shall be capable of accepting any
control signal (potentiometer, WD, and mA).

AUTOMATIC TEMPERATURE CONTROL

The Eemperature cantrol system shall consist of an integral
control panel with remote temperature ensos mounted in
each of the four aimtreams to monitor exchamger
performance. The control shall modulate rotor speed to (1)
prevent frost build-up, (2) reduce heat recovery for
eopnomizer mode, {3 switch to maximum heat recovery
when outdoor temperature is higher than indoor tempera-
e, A rotation detectorfalam shall be built into control
panel with contactor provided for conmection building
control system.
* Wefer to independent performance tests of XeteX
AlRotor Total Energy Recovery Wheels conducted,
evaluated and verified for the specifled characteristes
by research asdstants from the Department of
Mechanical Englneering, Undversity of Minnesota,
Mimneapolis. Detailed Techmical Reports that certify
Thermal Effectiveness and Cross-Contaminaton per-
formance are avallable on request.

XeteX Inc.

3530 East 28th Strest
Minnezpelis, MN 35406
(612) 724-3101

(612) 724-3372 Fax

Form 1.J204 01 Printed in TI2A
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Appendix K: Cut Sheets for Chilled Beams

2M9/EN/3

Active Chilled
Beams

Type DID300

TROZETECHNIK

Gebroder Troe GrrkH Fleptone +48/2845/202-0

TEksfan +40/ 2B 45/ 202-265
woww. traxctechnike.com
e-rmal tro@rtmocs

Heinrich-Troe-Platz
[- 47504 Meukirchaniluyn

Architectural Engineering Senior Thesis Report -60



David Anderson

Clemson University AMRL

Description - Construction

Deacription - Construction
Conetruction - Dimenaions
Casing arrangsmsnta

Asasmbly

Iretallation

Cantrol componants

MNomenclabis

Performance overview Ly, 1200,150016800
Parformance overview Ly 2100, 2400, 2700, 3000 12

E- S T S

10
11

Description

Active chiled beams type DIDRO0 use a combination

of air and water systerra. They combire the air flow
charactengtice of ceiling diffusers with the energy benefite
of lnad dissipation using watar.

The prirary valumes flow equired far fresh air is supplisd
through a duct into which nozzles ans fitted,

As a result eecondary reom air is induced through vertical
water cols,

Inthe mixing ssction of the type DICRO0 the conditionsd
saecondany air is mixad with the primary air and dischanged
it the room via glota, The type DID300 can ke used for
cooling andfor heating.

Optiorally a condereation tray can be providad below each
col. if the mom dew point tamperature is reached reautent
condareation is frapped n the traya, Tvo dranags spigots
are provided with locking caps.  necessary the cepe can
b rermiowiad on eita to drain the condensate,

Caution!

In the version without condensation drip trays, the
chilled water flow temperature should be salected to
jprevent it from falling g-abwﬁe oo dl ewpoint.

Technical data Ly = 1200

Technical data Ly = 1500
Technical data Ly = 1800

Technical data Ly = 2100

Technical data Ly = 2400
Technical data Ly = 2700

Technical data Ly = 3000

Crder detaila

Construction

The type DIDZ00 i parficulary suitable for uss in low
cailing woid spaces becauss of ite shallow corstruction.
Thus the typs [I0SE0D is ot only euitakde for new buldings
bt b= aleo ided for refurbishment projects.

When connacted appropriataly they can be used for
individual room corntrol or form grouped Zone contral,
Ciontrod companents (walves) ane available on reguest.

[eapite the armal primary air volumes the uss of a coil with
the anargy medium of water gives a dispropontionataly high
cooling and heating parformance.

The standard type DID30 is corstructsd &3 a 2-pips of
A-pips ayatan.

The discharge nozzles in the primary air duct ars available
inthres differsnt sizas, selection depancing on volume flow
retes.

The nduction path grille can be supplied sither in a
perforated or bar grils format.

Because of the varisty of pessibla csilng systems, options
ara evalable for integration nto various calings.
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Performance overview DID300 — cooling
Ly = 1200 mm, 1500 mim, 1800 mm

Raferenca valuas

tew = 16 "3 Water fiow tamperature, cooling
ter = 16 %5 Primary ar tempsaraturs
Vg = 17010 Waber volumea flow rate, coolng '5»,, Lo
Vo In l's: Supply ar volume fios rata Vo ey :
Ve In's: Primary air volme o rate G g — |
In'wWatt Total cool Oy + Oy Y
g:' In'Watt: Cacling mrgndt}'d'l;e primary ar Vit =
Qy Inwatt Cooling capacity of the secondary ar ¥
i nWeTE  Sp=cii; cooling capacity
R in Fa: Prmary aF pressure dop L
AP In kFa; Waber prassune dop

IncEA): A-wsalkghted Sound power level
Inms; Time Sveraga alr vakooity

See pages 18, 19, 20 and X for selection example

2-pipe syatem |ié Ei -pipe system

Takile 1 ]' Tabls 4:
Ly = 1200 mm Ly = 1200 mm
r I8ty = 24 ° W= 02 mes m alr et =24
Fioom ar temperatl 240G i Rioom alr femparaty 24°C
Gy [ B[ 2. ]'{

A
=
e I P = e e e o e e

Foom mp T

Tzl | Von | V2 T T | Ve Ve | G| D 3

bps iiﬂﬁwﬁ'ﬂ e 0 A 5 e Limuﬁ&ﬁuﬁﬁnﬂ&aﬁrg
A | Ta | e | A | e | RN - l & M 0| | Sl | T B ia | av | e 1Y
-] | T | S |G| oad | @ -3 AR ] S| || saE|me| ™ a8 | T |17
L] B | | S| RN | e | W | AE | S| ®jE| T [T T T T T T T T T e |nd| 0| e M| WS W |8 L

Tahle 2: Tabls 5:

Ly = 1500 mm Ly = 1500 mm

Foom ar tamperature 1 = 24 G Room alr temparatura k= 24 °C

Ve | an [ W | s AETE R P A 3
Eﬂiiﬁwﬁ'ﬂ &.ﬁ:ﬁﬁ !ELLMHHIE vﬁur;:hhﬂ:
LY 18| | 28 |G| e = ik | | e A A 48| B ) e | 4e0| & 14| @ | |ED
-] | | S |G| TR M AT | || A ] AR R R nl B o LD
o || |3 Me | TS it |||z FyF—T  ————"T———=—=— c 2| | W | e CARERE NE B

Foom ar temperatune 1, = 26 °C f Room air temparaturs b, = 28 °C

E

e [ | o e e e | L] " ot | e e e b o e
A 18| o) 16d | GaE | SeE ) = i | e | 5A ] A | w0 | 98| Bda | B4 14 | |20
= - | Sl || TR o ar | W A B 54| A | e | a4 | BEx| A BT ¥ | |20
a | iDa| 68 | AN | ae | w0 an | s | o |ea [P e e e [+ B | b | e | TTI| B4 | 54 | 46 | & (2D

Talhle 3: Tabl= &:

Ly = 1800 mm Ly = 1600 mm

Foom ar tamp Aoom alr temparaturs

oz [ e [ Ve E t Piain | | o [ G [ S

B Tl Bl Loty Db CHELRAL ]
A 10| e t L] A T @k | W | S
= = | P r] B 55 | W | 2| T
a | | iee s [ c 34 | v | am | see

Foom ar temperaty T Room alr femparatur b, = 26 °C

e [ [ [ o s glal < re (] e s e [l e B s
A i | W2 S |45 | 0| = W | & || S0 l A T | owh | e | 40| B2 | eq 14 | @5 || as
= | il | S | AT | Tes | T 218 | T Ra B 8 | v | | 45 | 2 kL] Fx ] ¥ | M|z
o | 0] 490 | A58 | e ] ik | Al B L c B | | D | 46D | B3| T 2 | B2l

Architectural Engineering Senior Thesis Report -62



David Anderson

Clemson University AMRL

Referance values
e = 187G
or = 18
Ve = 210

Fioom ar tempsraturs ts = 24 °C

Warkar figa temparaturs, cooling
Primary ar temperatune
Warkar volume Tiow rats, cooling

Vo nlE Supply air volume fow rate
ey e Primary ar volume Tioe rata
Clogs nwatt  Fotal coaling capachy Gn, + Oy
G, nwatt Goolng capachy of the primary air
0, nwatt Goolng capachy of the sscondary ar
In mE: ecific: cooling capacity
%: i Pa: Erna'_.' ar pr%ma drop
Ap In kPa: Watsr pressus diop
[ I dBja; Acwelghted sourd powsar kvl
N nmE Tme Svarage ar velocly
Z-pdpe system
Table 7:
Ly = 2100 mm

=
FajraF,

i3 il

FRPEF

EEL |
fo— i v

Performance overview DID300 - cooling
Ly = 2100 mm, 2400 mm, 2700 mm, 3000 mm

4-pipe aystem

Table 11:

Ly = 2100 mm

Room ar temperature 1n = 24 °C

:

Mozl | e [ W] Ge | By o | B | erd | Lag
A |s=
-] i
S |+
Room ar tamp
Wozh | Van
B i
e ] ¥ 3 I E
& | s |is) e | saz| esa) a | 2 | ss | el
R R T R kA
Table 12
Ly = 2400 mm
Room ar temperature 1; = 24 °C
Hozis [ Vs [T S wr | Fea | TeavE|
bps Liw&&t V¥ “"Eﬁ
& | se [res] e |sea] me | s | we | s |ee]es
B |54 | sma s e m | s | sa ] ve|as
o |4 || sas |mas| e | o | as |52 ] m|es
Aoom Ar temperature 1y = 26 “C
e [ [l ] Gl kw2
= G5 | 1ES| SO | WO EEE| S8 | | EE |10E| 62
& | 54 |139] 440 |aua|sosa) T | 25 [ sa | ve|es
o | 4o a7 ems e [qvas) a | as | se | m|es
Tahle 13
Ly = 2700 mm
H.l:l:fﬂﬂrtﬂ'ﬂpﬂ'ﬂﬂ.ll'ﬁtn-..d-"c
Wl | Van |V o | o [T
Li&u&t&t a7 o
- SN | VRO | A7 | ki | BRI M | e | D) RS
& | s |im| s |aw | eea) om | ozs |52 | w|es
o |2z |iea| sea | sea|soes] 71 | as | se | @fes
Room ar temperature 1, = 26 °C
G | W | "
e e s b= e
& |z [ aa] e [ara]aa ] @ | oaa | s Jrie]ee
B TR RE R AT RECET I R W
o | s |iea| ear | oo e w | as | e | @|es
4:
L]

£
B
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Technical data - cooling DID300 Ly, = 3000

Cormction factor =
ﬁeacn:m—&g-:ﬁnrﬂ]are&r%imm \\l s 1‘3/;9 l'(/
face section Ly, 3000 mm o — /; <
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=] ng7 | 0e7 [ o s i ] o ol =
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%0 D98 Y i
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Aerodynamic data

DID300 L, = 3000

Dl mlrwar
Purchass ol gocde and services e subject o Gebrlcer Trew GmbH siedard mere and
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Order Details

Bpecification text

The active chillsd beam ty pe DICE3 suitable for dsaling with high
int=rnal themal loads wsing a combination of air and wabsr
oomprizes o casirg with inbsgral pimary air duct fided with teo
zate of industion noezles sis relabsd to primary air fow rate. Balow
tha primarny air duct tvo coile which can optionaly be fitsd with
oondermabe rays. The inducton grils below the coils can be sither
@ perfomatsd plabe or a bar grils. The coils can be ussd sither fora
he=arting or cocling opermtion (2-pipes oystsr) oo well o o hsating
ard cooling opemtion (4-pips syotem]

Inthe munq.lnumnon of the unit ths conditicned secondary air is
mieed with the primary air and dischargsd herizontally (soanda
arfimcd] o the reom via shots,

'I':hg:urﬁ comprisss scesrmal casing, sdge profilss and suspansion

Order example without control componsnts

Ths =nd of the casing can be fitted with optional support angles
which are supplied locse. Control componenis can be supplied
loose.
Marterials:
Ths cazing, primary air duck and perforaisd plate induction grlle
ars mads of galvani rruud el chisst, the induction bar grille, side
Frames and snd frames ane mads of sdruded alominium prodles.
Ths cazing s stardard has o gabanized surfacs -ool is
urireated, apticnally casing and ol can be dip coxisd in black
3005), visible surlaoss of the induction grille com
poader-coated in purewhite [RAL 8010 or optionally in another
oolour of the RAL colour soale.
The dizchargs nozzles are mads of black plagtio, the coil of copper
pip=z with formed abuminium fine. The flzdbls hoes ovailables oz
an acosssary is mads of specid plostio with @ shairksss stesl
sheathing.

Manufacture: THO
Typs: 2

Order Code Thear codss da not need ta bs gampletsd for standard products.
[DID300-G-2-A-MHR |« [_1800% 1500 _]+[1w] ¢ [207] +[P1]/ [RAL 8018] s
I
Induction grils: 1000 = 1200 :
Bar [orils) £ } 1800 Casing ard ooi:
Performisd phts LR 1800 0 Stndad
{round-hale sheet metal) }%H 1m0 E?"d"g L =
: coabsd ace
Sl ) i WRALBOS
gl ] 1200 = 1800 P
2100 G2 dip-coabsd according
2400 ta FAL £0Cs
2100 = 2100
2400
A 2700 — Siae colour
: 2400w 2400
Mozl options g I et 0 Standard finih
000 Ertirs vizible surfaces powdsrooaisd
: = Ee FubL 3010 iSE s
Far casing armngemesnis 2700 = 2700 o
T (msepage d) ELLLY F1 Powdsr-coaled to RAL....
% A000 = 3000 (GE TORe) 11
.;:. [nl:'r.n] [nL-"n:.] —— Caontrol componsnts s Pags 7!
5 T EE - Gk vl
B 2)Por mater c=rrazten @ 12 mat Law Total argtn 04 witheut cordanzation tray
e T, \dermion i oordensstion ey wih Ty v | {
g B et ai-zriarad sonil not pomis Lu= Hemiralisrgh KW with condensation tray
g Mot
o t.Nn;i.munu:m'moHE::l I‘:h!'.:-lr:“:fllil n'rnhp-muhh. Bocensories Flexible hoee [FSH 2R (of. page 7)
L m;”?",,ﬁ': ;ﬁ”m,"ﬂ'f_., L“!leng : Pozsbls connections
T bttt snds combination Lanigth in mm
n
g FE12-A./500 [ne= kg r—
E«. PV = Suppart angles Fa12-5 Fa12-80)
x Fs12-U FS12-S/A =00, 750, 1000
E Fa12-A Fa12-LuA
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Appendix L: Cut Sheets for Lamp Selection

APPLICATIONS

The Controlume Seres Is Ideal for harsh or wet environmenits wheare materdak such as steel and aluminum may
deteriorate. Applicatiors requiring emergency poswer, Impact resistance, battery backup, Irstant-on starting or
hot-restrike such as storage areas, water treatment plants, Industrial spaces, parking garages, waste-water treatment
faciltties or lodeer rmoms will find this luminaire to be the fiture of chalce.

self extinguizhing, lahtwelght and durable polycarbonate housing construction with a poured sllicon gasket that &
"hot-bonded” to the housing during manufactuing provides excellent molsture and dust penetration resistance.

Innavative < LE. {complete lght emission) LA stabilized clear diffuser made of 100% polcarbonate matenal with
clean architectural styling Incorparates excellent Impact resktance.

Cual concave parabalic reflector with a vacuum metalized finish,
Avallable In 2* and 4' nominal lengths In T&, TS or TSHO lamp sources.
Flush fitting, Integral and captive non-cormosive fiberglass reinforced clips are not prone ta net,

The Controlume Senes 1s conflaurable with multiple modes of operation: AC only mode, Emergency only mode ar AC
and Emergency moda.

LIL listed In the L.5. and Canada for wet lecations Inenvironments up to 60°C. IPGE rated.

MODELS AVAILABLE
Foireioa] ]

[en ][ & ] [wr] I |

Oparaton opthons
HT - & Cparation orly F1 - Sirvdle Fusing
5E - Ermigercy Cparation Only
54 . AC & Emengancy Operaticn

Emrgancy Lamp k.
- 2Lamp &4C
1-1 Lamp Emangandgy
2- 2 Lamp Emargancy
U - Dual woltzge 1200 & 277Y

Lamp Configuration
I17- I Lamp, TH, 17W
214 - T Lamp, TS, 143
224 - 2 Lamp, TSHD, 249
I3Z- I Lamp, TH, 32w
IZ8- I lamp, TS, 280
254 - 2 Lamp, TSHD, B4

Firi ol phoicmatx < uatmra we wem bl wih 1 combguraicn
kg f}.':..",t.. i il s i

Cartast yor n

HL2®  TES I@ﬂ“

@ rapremeint s 21 s T e
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SPEQFICATIONS

Houslng: Self extinguishing, lghtwalght and durable polvcarbonate construction with a poured silicon gasket that is
“hot-bonded” to the housing durng manufacturing. Antl-aging, expanded polyurethane gasketing and flberglass
reinforced chosure clips. 152" condult knodkouts are provided on each end.

optics: Computer dasigned, dual concave high effidency reflector with a vacuum metalized finish.
Lamps: (23 T2, (23 TS ar (2) TSHS lamps are secured with rotary locking lampholders,

Electrical: uLsCUL labeled for wet location. IPGS rated. Frture |s sultable for amblert temperatures up to 60°C.
Fully wired with universal voltage, 60Hz AC, thermally protected, Class B high power factor, non-FCE, Sound rated &,
programmed start, alectronic TS or TSHS ballast or electronlc universal voltage T8 ballasts. Emergency ballasts and
protective fusing are aptional.

Moumnting: The Contralume Seres B designed to be celling mounted, wall mounted, rall mounted, pendant or chain
mounted. Sultable forwet locatiors.

Finlsh: The Controlume Seras 15 avallable with off-white polycarbonate howsing and clear polycarbonate lens.

B4 12Tmm e
e ‘{m"_

The Comreluma b aasy 1o nsal ard mantain. The three-phoe dasign ens, rdlactor, howsing! i
& — thar to form a weatharproot seal and dursble luminaira. Tha no ool dasign alows for A
‘;""- e = Industrys easket retalation. (See drawing at lefi)
1 = Simply remava tha high-cutpat kre by cpaning tha flush arborate clps 21 = 4 dips /
L] dft w2 dips). Famowa tha high-afficency raflecior from the housing by pindhing the tao @) presum
3 dips fogathar ard IHting the feflecior away from the howsing. Nctd: B edlactcr can ba humg from
he heusing using the Incorperatad serdca brackat) Wirng of the alectrenic ballast @n now

Fiberglass reintanced clasps - i mm 112" canduit krodeows ane provided on aach and of the howsing Other housing animy

it luzh to the Fousing. e = ised for mount-
i Ing variriiors.

Anzlly, snap tha

raflector back in

w0a, secura tha

gh-output kns
and ek down

the dora dips.

Senice bracket dlows trou- -
ble-fres Installstionsendos. . Ral Mount

PHOTOMETRY

e

L
S -M[r@f'g,ﬁ

e

i

syl

CTLAHTOZ54
=C Acosm 1.6 5C slong 1.2
Bcuity Lighting Group, Inc. 214 Qdowocd S, ewart, OH £3055 ¢ Holophana Canada, nc 5030 Led i St Sulte 202, Aldmond HI, O L9E
any

. Eurcpe Limkzd, Bond Ave., Wilon Kayne: WBC 1)G, England ! Holophane, A, da OV, a0 Postdl Mo 236, Maucadpen de darea,
53000 Edo. de Wkodcn g bl nt -

o Contact your kel Holophan factory saks repreentathe for spplcation ssustande, and computaaked dasign and oost sudles. For nfommaton on
THATIRR 1% LI TTRL, ML Thfen obhvr Hobopians peoduds and sprame, cal B intkda Sakas Sardce Deparimant 31 T40-345-0531. In Cange call $OG-707-583 or fa BOG-7 075606,
A Scaltny Deangs Campany Lt 'l'.'lrraﬂ#;rd Limkartion of Llabdity Fxfer do ihe Holophar Imbsd matarkd saranty and limEston of hﬂl};:n Hhis peceduct, which ara
pubishad In tha ~Feims and Condions™ secticn of e ounam buysts Quics, and & saalbbka from our bacal Holophana sdes RpRIEnGEE.
HLIMBE W06 BEOOS Aty Ligting Greup, nc. VISE ol wed 5iTe v hodaphangunm Frend in U5
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