EEStUring Extra-Pak® Ice COIMEchnology;

Engineered Modular Ice Tanks
Designed for Thermal Ice Storage Systems
Capacities to 1000 Ton-Hours




WoRLDWIDE CoORPORATE HEADQUARTERS

Since its founding in 1976, EVAPCO, Incorporated has become an
industry leader in the engineering and manufacturing of quality heat
transfer products around the world. EVAPCQO’s mission is to provide
first class service and quality products for the following markets:

= Commercial HVAC

= District Energy

= Industrial Process

= Industrial Refrigeration
= Power

EVAPCO’s powerful combination of financial strength and tech-
nical expertise has established the company as a recognized
manufacturer of market-leading products on a worldwide basis.
EVAPCO is also recognized for the superior technology of their
environmentally friendly product innovations in sound reduction
and water management.

EVAPCO is an employee owned company with a strong empha-
sis on research & development and modern manufacturing plants.
EVAPCO has earned a reputation for technological innovation and
superior product quality by featuring products that are designed to
offer these operating advantages:

= Higher System Efficiency

= Environmentally Friendly

= Lower Annual Operating Costs

Reliable, Simple Operation and Maintenance

With an ongoing commitment to Research & Development pro-
grams, EVAPCO provides the most advanced products in the indus-
try — Technology for the Future, Available Today!

EVAPCO products are manufactured in 20 locations in 9 countries
around the world and supplied through a sales network consisting
of over 170 offices.

EXPERIENCE, INNOVATION,
GUARANTEED PERFORMANCE

EVAPCO engineers are credited as inventors on more than 45 U.S.
Patents and their foreign counterparts. This engineering expertise
speaks for itself and provides an exceptional foundation for various
product development projects. This foundation is the catalyst for
providing customer driven features and benefits in an environmen-
tally safe manner.

ICE-PAK™ [ce-Chilled-Energy stor-
age units feature EVAPCO’s patent-
ed Extra-Pak® ice coil technology*
with elliptical tubes that that in-
crease packing efficiency over round
tube designs. This technology yields
optimum performance and compact
use of space.
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The state of the art Research &
Development Center, located at
EVAPCO’s World Headquarters
in Taneytown, Maryland USA, has
over 60,000 square feet dedicated Fie
to thermal analysis and product de-
velopment. Experienced R&D engineers perform product and ap-
plication research year round in six environment al test chambers.

The Research & Development Center features customized labora-
tories that are designed to conduct tests through a wide range of
environmental conditions. The computerized data acquisition sys-
tem records the data and graphically displays continuous results,
thereby providing the R&D engineers with valuable test information
on a continuous basis. In addition, the R&D Center houses an ice
thermal storage system with glycol chiller for developing charge
and discharge performance ratings, product improvements and ice
storage system controls.

EVAPCO products are the result of extensive research and thermal
testing. As a result, EVAPCO products deliver guaranteed perfor-
mance in order to maximize system performance.

*US Patent No. 6,178,770 Bl




DEsIGN AND CONSTRUCTION FEATURES

HIGH-DENSITY INSULATION HEAVY-DUTY STEEL COIL
= Fully isolates tank = Exclusive EXTRA-PAK® coil technology*
from structure — no cold bridges = ASME B31.5 design and construction
= R-19.5 sides = 300 psig working pressure
= R-13 bottom and top = Hot-dip galvanized after fabrication

= Connections grooved for

mechanical coupling

REMOVABLE ACCESS COVER

= Large size — 20" x 34”
= Easily handled — |5 Ibs.
= Fully insulated
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HEAVY-DUTY CONSTRUCTION INVENTORY MEASUREMENT AND CONTROL

= Corrosion-resistant stainless steel
tank, welded water-tight

= G-235 hot-dip galvanized steel
structural supports

= G-235 hot-dip galvanized steel panels
protect insulation

= Clear sight tube for viewing water level
= Electronic controller with 4-20 mA output signal
= Mechanical relays for ice charge termination and

low level alarm

*US Patent No. 6,178,770 Bl




ENGINEERING DATA & DIMENSIONS
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Latent Weights (LBS) Volumes (GAL)
Model No.

Capacity Shippin Operatin Tank Coil
Ton-Hours Pping P 2| water Glycol

ICE-370TD 370 20,550 57,570 4,115 7' 10" 20' 8" 7'6"
ICE-480TD 480 24,580 72,760 5,345 460 9' 10" 20' 8" 7'6"
ICE-590TD 590 28,320 87,970 6,610 565 1" 10" 20' 8" 7'6"
ICE-476TE 476 23,650 75,380 5,775 455 7' 10" 20' 8" 9'0"
ICE-620TE 620 28,160 95,420 7,495 590 9' 10" 20' 8" 9'0"
ICE-760TE 760 32,730 115,740 9,245 725 1" 10" 20' 8" 9'0"
ICE-625TH 625 29,530 89,460 6,600 600 7' 10" 20' 8" 3"
ICE-815TH 815 34,790 113,230 8,670 750 9' 10" 20' 8" 3"

ICE-1000TH 1,000 40,890 137,160 10,590 955 1" 10" 20' 8" 3"




SELECTION AND PERFORMANCE

Whether the application is air conditioning or process cooling, an
accurate design day cooling load profile is recommended for siz-
ing ICE-PAK™ |Ice-Chilled-Energy storage units and other system
components. Before selecting the system components, it is nec-

essary to make decisions regarding the overall system operation.

Consider the following:

I. Review the electric utility company’s applicable schedules or
tariffs to understand peak demand and hourly energy costs.

2. Review the design day hourly cooling load profile and
determine if full storage or partial storage system design
is preferred. Note that full storage system design should
generally be considered only where peak electrical sup-
plies are limited and/or energy costs are very high.

3. Review the design day hourly cooling load profile and de-
termine if base load or conventional water chillers will be
necessary for cooling during on-peak and off-peak hours.

4. Determine the chilled water system design flow and delta-T.

5. Determine low temperature supply capability of available
or desired glycol chillers.

In summary, the selection process requires defining the 24-hour
design day loads and operating strategy for chillers and ice (see
page 6 for system operating modes), flows and temperatures,
chiller size and temperature limitations. Based on this information,
EVAPCO can provide a custom solution using its evapSelect® com-
puter selection software.

The system design solution is reported in a format as recom-
mended by AHRI Guideline T. Data includes quantity and size of
ICE storage units, minimum required chiller size, hourly glycol
and base water chiller capacities, net ice in storage, and primary/
secondary loop flows and temperatures. A chart that graphically
represents system operation is also included. An example of the
report is shown below.

Size of the glycol chiller is largely determined by the time available
to build ice. Larger chillers are required to build ice in shorter pe-
riods of time.At the start of the ice build mode, the chiller capacity
and glycol supply temperature will be high.As the ice build process
continues, the ice will become thicker requiring a lower glycol tem-
perature resulting in reduced chiller capacity. Chillers sized to build
ice in shorter periods of time must also have a lower temperature
supply capability (see chart below).
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ICE-PAK™ [ce-Chilled-Energy storage units are designed to mini-
mize operating costs, including pumping energy. Pressure drop
through the ICE storage coils is low and comparable to other heat
exchangers that may be used in the system.Below is a chart show-
ing coil pressure drop for a range of unit flow rates using 25%
ethylene glycol heat transfer solution.
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Glycol
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SYsTEM OPERATING MODES

The cooling system controls or building automation system must
vary the modes of operation based on time-of-day, predicted cool-
ing profile, or season of the year.Any or all of the operating modes
described below may be used daily.

Ice BuiLb — Low temperature glycol is circulated through the ICE
storage coils to build ice. Ice build will begin when the bulk tank
water temperature is below freezing and continue until a full build
is reached.The leaving glycol temperature required from the chiller
will decrease throughout the build cycle.The chiller must be select-
ed to supply the lowest temperature required based on the Sum-
mary Selection sheet. This may be 22°F or lower at the end of the
build cycle. The chiller should operate at full load (100% capacity)
during the ice build period.To keep the chiller from unloading, it is a
common practice to set the leaving temperature of the chiller at 2°F
below the final build temperature (in this case 20°F).This will assure
that the chiller remains fully loaded. Ice build continues until termi-
nated by the ice inventory control or operating mode is changed.

Components Settings: Chiller set to supply 20°F glycol. Glycol
Pump GPp is on and Glycol Pump GPs is off.Valve V-1 ports a > c,
Valve V-2 ports b > c.

CHiLLER ONLY DIRecT CooLING — The direct cooling mode is
intended to provide cooling directly from the chiller to the cooling
loop. Often this mode is used after ice build is completed and prior
to the on-peak period while energy prices are still low. All cool-
ing is satisfied by the chiller; thus saving the ice inventory for use
during the high price on-peak period. If the cooling load is greater
than expected, a small amount of ice storage may be needed to
reduce glycol supply temperature during this period. Ideally, this
mode should maximize chiller use and minimize ice storage use.

Components Settings: Chiller is reset to supply the desired system
cooling loop temperature, 42°F for example. Glycol Pumps GPp and
GPs are on.Valve V-1 ports b > ¢,Valve V-2 ports a > c. If the chiller
is unable to handle the cooling load and the supply temperature to
the cooling loop is higher than desired, temperature sensor TS can
modulate Valve V-1 to provide supplemental cooling from storage.

CHiLLER AND Ice MELT —The chiller operates in combination with
the ice storage to meet the cooling needs. The ideal arrangement
is to have the chiller and ice storage piped in series with the ice
storage located downstream, as shown in the schematic above.The
glycol chiller’s supply temperature set point can be reset to a tem-
perature of say 45°F. For a system designed for an |8°F delta-T, the
chiller would provide the cooling from 56°F to 45°F and the ice
storage would provide the final cooling to 38°F Locating the chiller
upstream of the ice storage allows for a higher chiller leaving set
point of 45°F and better chiller efficiency. The chiller may cycle off
automatically when the return temperature approaches the 45°F
set point. When this occurs, the partial storage system becomes a
full storage system.

Components Settings: Chiller is reset to provide 45°F Glycol
Pumps GPp and GPs are on.Valve V-1 modulates flow in response
to TS to provide 38°F Valve V-2 ports a > c.

Ice MELT ONLY — As the name implies, all cooling is provided by
the ICE storage system. Chiller and condenser heat rejection com-
ponents are turned off. Only the glycol primary and secondary
loop pumps will operate.

Components Settings: Chiller is off. Glycol Pumps GPp and GPs
are on.Valve V-1 modulates flow in response to TS to provide 38°F
Valve V-2 ports a > c.

Ice BuiLb wiTH CooLING — Small, nighttime loads (no greater
than 10% of design) may be cooled by the system during the ice
build process by modulating control Valve V-2 to blend some of the
glycol returning from the ICE storage coils fluid into the secondary
loop.The secondary loop return fluid is mixed with the remainder
of the glycol build fluid and returned to the chiller.

Components Settings: Chiller set to supply 20°F glycol. Glycol Pumps
GPp and GPs are on.Valve V- ports a > c,Valve V-2 modulates flow in
response to TS to meet nighttime secondary loop supply set point tem-
perature, 42°F for example.
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MECHANICAL SPECIFICATIONS

Furnish and install internal melt, hot-dip galvanized ice coils with
factory-assembled, insulated, steel tank. System design and perfor-
mance is based on EVAPCO model modular ice tank
with a net latent storage capacity of ton-hours.

CoiL CONSTRUCTION

Coils shall be designed and manufactured to meet the requirements
of ASME Code B31.5 and rated for 300 psig working pressure.

Coils shall be configured to provide countercurrent glycol flow
in adjacent circuits. Coil circuits shall be constructed of continu-
ous 1.05” O.D. all prime surface high frequency induction welded
ASTMA-1008 Carbon Steel Type B tubing. The steel tubing shall be
nominal 16 gauge thickness, formed into an ellipse, and eddy cur-
rent tested for continuous in-process testing. Full-length circuits
with no intermediate butt welds shall be formed into serpentines
and individually leak tested with air under water prior to being
welded into Schedule 40 ASTM SA-53 Carbon Steel Type E, Grade
B pipe headers. Headers and connecting piping shall be sized for
maximum fluid velocity of 10 ft/sec.

Coil circuits, intermediate tube sheets, headers and connect-
ing piping shall be assembled into a heavy-duty steel frame. The
completed coil assembly shall be leak tested with 400 psig air
pressure under water for a minimum of fifteen (15) minutes.The
coils shall be then hot-dip galvanized in a zinc bath deep enough
for full, uniform coverage per ASTM A123/A123M with minimum
Coating Grade 45. After galvanizing, the coil assembly shall again
be leak tested with 400 psig air pressure under water for fifteen
(15) minutes. Coils shall then be mounted on hot-dip galvanized
structural supports. Finished coil connections shall be grooved
for mechanical coupling.

TANK CoNsTRUCTION AND INSULATION

Tank shall be constructed of heavy-gauge (minimum 12 gauge)
stainless steels (Types 304 and 439) with all seams welded water-
tight. All floor, wall and cover support structural members shall
be constructed of G-235 hot-dip galvanized steel and thermally

isolated from the tank to avoid condensation on exterior surfaces.

Tank walls shall be covered with 3” of high density polyisocyan-
urate insulation, having a net thermal resistance (R-value) of 19.5
hr-ft2-°F/BTU.Tank floor and top covers shall be insulated with 2”
of high density polyisocyanurate, having a net thermal resistance
(R-value) of 13 hr-ft>-°F/BTU.

Tank walls and insulation shall be protected by hot-dip galvanized
panels. Top of tank shall be covered with hot-dip galvanized pan-
els, supported by structural members designed to handle external
loads of 300 Ibs/ft?, and sealed to be rain-tight. A large (4 sq. ft.
minimum), removable, insulated access cover shall be provided for
visual inspection of the ice coil.

A clear PVC sight tube shall be provided for visual indication of
water level and ice inventory. A removable cover shall be pro-
vided to avoid shipping damage and prevent algae growth due to
direct sunlight.

Ice INVENTORY CONTROL

The ice tank shall be provided with an electronic ice inventory
controller that measures tank water level changes in direct pro-
portion to change in ice volume on the coil. Outputs shall include
a 4-20 mA analog signal and mechanical relays for low level alarm
and high level ice charge termination.

HEeAT TRANSFER FLUID QuALITY

Coils shall be filled with an industrial grade ethylene or propylene
glycol, premixed with distilled or deionized water and corrosion
inhibitors suitable for all materials found in the ice storage sys-
tem (copper, brass and steel). Dow Chemical Company products
DOWTHERM SR-1 (ethylene glycol) and DOWFROST HD (pro-
pylene glycol) shall be the minimum acceptable level of quality.

TANK WATER QUALITY

Ice tank shall be filled with clean, fresh water meeting the following
quality guidelines.

pH 7.0 to 8.2
Hardness as CaCO3 50 to 500 ppm
Sulfates 250 ppm maximum
Alkalinity as CaCO3 75 to 400 ppm
Chlorides as CI 125 ppm maximum
Total Dissolved Solids 1000 ppm maximum




World Headquarters/
Research and
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] EVAPCO Facilities

EVAPCO, Inc.

World Headquarters & Research/Development Center

EVAPCO North America

EVAPCO, Inc.
World Headquarters

P.O. Box 1300

Westminster, MD 21158 USA
Phone: 410-756-2600

Fax: 410-756-6450

E-mail: marketing@evapco.com

EVAPCO East

5151 Allendale Lane
Taneytown, MD 21787 USA
Phone: 410-756-2600

Fax: 410-756-6450

E-mail: marketing@evapco.com

EVAPCO Midwest

1723 York Road

Greenup, IL 62428 USA

Phone: 217-923-3431

Fax: 217-923-3300

E-mail: evapcomw@evapcomw.com

EVAPCO West

1900 West Almond Avenue
Madera, CA 93637 USA

Phone: 559-673-2207

Fax: 559-673-2378

E-mail: contact@evapcowest.com

EVAPCO lowa

925 Quality Drive

Lake View, IA 51450 USA
Phone: 712-657-3223
Fax: 712-657-3226

EVAPCO lowa

Sales & Engineering

215 1st Street, NE

P.O. Box 88

Medford, MN 55049 USA

Phone: 507-446-8005

Fax: 507-446-8239

E-mail: evapcomn@evapcomn.com
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EVAPCO, Inc. * PO. Box 1300 * Westminster, MD 21158 USA
PHONE: 410-756-2600  Fax: 410-756-6450 ¢ E-mai: marketing@evapco.com

EVAPCO Newton

701 East Jourdan Street

Newton, IL 62448 USA

Phone: 618-783-3433

Fax: 618-783-3499

E-mail: evapcomw@evapcomw.com

EVAPCO-BLCT Dry Cooling, Inc.
981 US Highway 22 West
Bridgewater, New Jersey 08807 USA
Phone: 908-379-2665

E-mail: info@evapco-blct.com

Refrigeration Valves &

Systems Corporation

A wholly owned subsidiary of EVAPCO, Inc.
1520 Crosswind Dr.

Bryan, TX 77808 USA

Phone: 979-778-0095

Fax: 979-778-0030

E-mail: rvs@rvscorp.com

McCormack Coil Company, Inc.

A wholly owned subsidiary of EVAPCO, Inc.
P.O. Box 1727

6333 S.W. Lakeview Boulevard

Lake Oswego, OR 97035 USA
Phone: 503-639-2137

Fax: 503-639-1800

E-mail: mail@mmccoil.com

EvapTech, Inc.

A wholly owned subsidiary of EVAPCO, Inc.
8331 Nieman Road

Lenexa, KS 66214 USA

Phone: 913-322-5165

Fax: 913-322-5166

E-mail: marketing@evaptech.com

Tower Components, Inc.

A wholly owned subsidiary of EVAPCO, Inc.
5960 US HWY 64E

Ramseur, NC 27316

Phone: 336-824-2102

Fax: 336-824-2190

E-mail: mail@towercomponentsinc.com

EVAPCO...SPECIALISTS IN HEAT TRANSFER PRODUCTS AND SERVICES.

EVAPCO Europe

EVAPCO Europe, N.V.

European Headquarters
Industrieterrein Oost 4010

3700 Tongeren, Belgium

Phone: (32) 12-395029

Fax: (32) 12-238527

E-mail: evapco.europe@evapco.be

EVAPCO Europe, S.r.l.

Via Ciro Menotti 10

1-20017 Passirana di Rho

Milan, Italy

Phone: (39) 02-939-9041

Fax: (39) 02-935-00840

E-mail: evapcoeurope@evapco.it

EVAPCO Europe, S.r.l.
Via Dosso 2
23020 Piateda Sondrio, Italy

EVAPCO Europe, GmbH
Bovert 22

D-40670 Meerbusch, Germany
Phone: (49) 2159-69560

Fax: (49) 2159-695611

E-mail: info@evapco.de

Flex coil a/s

A wholly owned subsidiary of EVAPCO, Inc.
Kngsgardvej 115

DK-9440 Aabybro Denmark

Phone: (45) 9824 4999

Fax: (45) 9824 4990

E-mail: info@flexcoil.dk

EVAPCO S.A. (Pty.) Ltd.

A licensed manufacturer of EVAPCO, Inc.
18 Quality Road

Isando 1600

Republic of South Africa

Phone: (27) 11-392-6630

Fax: (27) 11-392-6615

E-mail: evapco@evapco.co.za

Evap Egypt Engineering Industries Co.
A licensed manufacturer of EVAPCO, Inc.

5 El Nasr Road

Nasr City, Cairo, Egypt

Phone: 2 02 24022866/2 02 24044997
Fax: 2 02 24044667/2 02 24044668
E-mail: Primacool@link.net / Shady@primacool.net

Visit EVAPCO’s Website at: www.evapco.com

EVAPCO Asia/Pacific

EVAPCO Asia/Pacific Headquarters
1159 Luoning Rd. Baoshan Industrial Zone
Shanghai, P. R. China, Postal Code: 200949
Phone: (86) 21-6687-7786

Fax: (86) 21-6687-7008

E-mail: marketing@evapcochina.com

EVAPCO (Shanghai) Refrigeration
Equipment Co., Ltd.

1159 Louning Rd., Baoshan Industrial Zone
Shanghai, PR. China, Postal Code: 200949
Phone: (86) 21-6687-7786

Fax: (86) 21-6687-7008

E-mail: marketing@evapcochina.com

Beijing EVAPCO Refrigeration
Equipment Co., Ltd.

Yan Qi Industrial Development District
Huai Rou County

Beijing, P.R. China, Postal Code: 101407
Phone: (86) 10 6166-7238

Fax: (86) 10 6166-7395

E-mail: evapcobj@evapcochina.com

EVAPCO Australia (Pty.) Ltd.
34-42 Melbourne Road

P.O. Box 436

Riverstone, N.S.W. Australia 2765
Phone: (61) 2 9627-3322

Fax: (61)2 9627-1715

E-mail: sales@evapco.com.au

EVAPCO Composites Sdn. Bhd
No. 70 (Lot 1289) Jalan Industri 2/3
Rawang Integrated Industrial Park
Rawang, Selangor, 48000 Malaysia
Phone: 60 3 6092-2209

Fax: 60 3 6092-2210

EvapTech Asia Pacific Sdn. Bhd

A wholly owned subsidiary of EvapTech, Inc.
|0l Business Park, 2/F Unit 20
Persiaran Puchong Jaya Selatan
Bandar Puchong Jaya,

47170 Puchong, Selangor, Malaysia
Phone: (60-3) 8070-7255

Fax: (60-3) 8070-5731

E-mail: marketing-ap@evaptech.com
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