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+ Enable easy, efficient one-person operation
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duct traverse mapping application
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temperature and humidity)
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Mobile Android™ Software

+ Labor-saving capture hood stand
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President’s Message: NEBB Strong

On behalf of the NEBB Board of Directors, | would like to thank the many Chapter representatives and NEBB
professionals who attended the 2015 Annual Conference in Honolulu, Hawaii. The conference venue was
certainly one of the most memorable in NEBB history! In addition to a gorgeous resort, fantastic social events
and great networking with colleagues, the conference offered a truly outstanding technical program. NEBB
owes a huge debt of gratitude to the many volunteers, speakers, exhibitors, sponsors and staff whose efforts
helped to ensure a remarkably successful event.

As we move into late summer, | am pleased to report that NEBB continues to grow in strength and stature.
Our foray into the world of ANSI accredited standards and personnel certification continues with a great deal
of enthusiasm and hard work from our volunteers and committees. In announcing NEBB’s bold plans for
accredited programs, we have captured the attention of government officials, allied industry associations,
specifying engineers and architects, and building owners and managers, who recognize that NEBB has made
a strong commitment to raising the bar to a higher standard than ever before.

Internally, NEBB has made strong moves to bring on extremely qualified, capable staff that can support our
volunteers and committees in their new endeavors. Please join me in welcoming new staff: Glenn Fellman,
Executive Vice President; Ray McGowan, Director of Certification; Cheryl Gendron, Director of Communica-
tions and Events, and Jimmy Nguyen, Certification Associate. You can learn more about their qualifications
and credentials elsewhere in this newsletter.

When | chose the title “NEBB Strong” for this column, what | really had in mind wasn’t our commitment to im-
proving standards and certification programs, nor our excellent staff talent acquisitions. Rather, | had in mind the
actions taken by NEBB over the last several months to enforce compliance with NEBB policies and procedures.
Several NEBB firms have received notices of certification suspension, and some have been decertified because
of failure to meet our minimum requirements. One of the biggest misconceptions we have heard about our
organization in the past is that “NEBB doesn’t enforce their rules.” Nothing could be further from the truth and
there isn’t another certifying organization around that has been as proactive as NEBB in that regard.

While it is always our goal to have the number of NEBB certified professionals and firms grow, it cannot be at
the expense of the principles that have guided our organization for the past 45 years. Decertifying firms and
individuals may temporarily reduce our ranks, but doing so makes NEBB a powerful organization that can
stand proud because of its integrity and adherence to policies and standards. That’s what | mean by NEBB
Strong!

In closing, | want to thank each and every NEBB Chapter, certified firm and certified professional for their
support of NEBB, its officers and directors, committees and staff, as well as for their commitment to quality
work and outstanding customer service. Together, we make NEBB Strong!

Best Regards,

Jim Huber, NEBB President
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Message from NEBB

Executive Vice President

It is an honor and privilege to have been selected to serve as Executive Vice President (EVP) of NEBB. | would
like to express appreciation to the NEBB Board of Directors for giving me the opportunity to work on behalf of
NEBB certified firms, professionals and technicians.

[ am truly blown away by the amount of volunteer time and energy that goes into NEBB. NEBB volunteers do
more for their organization than | have seen any volunteers contribute to an association in my 25 years work-
ing for non-profit organizations. In my first months at the helm of NEBB Headquarters, | have been astounded
time and again by the work undertaken with such vigor by officers and directors, chapter representatives,
certification board members, standards council officials, committee chairs and rank-and-file committee mem-
bers. No question about it — NEBB’s engines are running on all cylinders, fueled by the amazing work of its
volunteers.

When | was interviewing for the NEBB EVP position | learned that | was in for the challenge of my career. Si-
multaneous to NEBB making two enormous commitments, the organization suffered from high staff turnover
in several of its top staff positions and also within its administrative ranks. Those commitments — producing
ANSI-accredited procedural standards and obtaining ANSI accreditation for NEBB personnel certification pro-
grams — are huge undertakings. It begged the question: How can NEBB do both successfully with empty desks
at key positions at the headquarters office? The answer to that question is now clear: Both are moving along
at pace because NEBB volunteers stepped in, took on even greater responsibility, and not only kept the train
on the tracks but actually increased its speed.

Did you know the NEBB bylaws say that if the staff EVP position is vacant, the responsibilities of the job fall
on the shoulders of the volunteer president? That’s right — from late November 2014 to May 2015, my job
functions were performed, without pay, by Jim Huber, NEBB President. That is in addition to fulfilling his duties
as president and running a successful business. Jim not only fulfilled the responsibilities — he did it incred-
ibly well. Credit also goes to the Executive Finance Committee and Board of Directors for giving Jim the extra
support necessary for him to accomplish more than any volunteer in NEBB history has ever been asked or
expected to undertake.

A few months into this year, NEBB’s Certification Director took a position with another organization. For many
organizations, that would have equated to a long pause in certification program development while a re-
placement was sought. But not NEBB! The Certification Board, under the leadership of Chairman Mike Locke,
stepped in and took responsibility not only for making sure current programs continued to run efficiently, but
also for continuing down the path toward ANSI accreditation for NEBB commissioning and TAB certifications. It
is not unusual for me to receive 20 or more emails per day from Certification Board leaders. It is commonplace
for Certification Board volunteers to take part in three or four conference calls per week to conduct NEBB busi-
ness. That kind of commitment is unparalleled in the world of non-profit organizations.

The work performed by NEBB volunteers this year would not have been successful were it not for the staff at
NEBB Headquarters who put in countless extra hours by working early mornings and late into the night. Tiffany }




‘ Suite, Sheila Simms, Connie Vitale and Leonard Maiani set the bar high for myself and new staff members Ray
McGowan, Cheryl Gendron and Jimmy Nguyen. It is wonderful to be a part of the team of hard working profes-
sionals on staff at NEBB today. We mesh together extremely well. Existing staff have been extraordinarily patient
and thorough in helping new staff get up to speed on NEBB programs and activities. New staff have likewise
worked hard to learn as much as quickly as possible, and thereby relieve their colleagues from the wide range
of responsibilities they willingly accepted when staff positions became vacant over the last nine months.

NEBB is now exceptionally well positioned to accomplish its lofty goals and objectives. The organization’s enor-
mously dedicated, hard-working volunteers are bolstered by a highly experienced and capable professional
staff who can take over some of the heavy lifting that rightfully falls within the scope of paid personnel.

As one would expect, with all that has changed in NEBB during the last year things have been a little tumultu-
ous. On behalf of the NEBB Board of Directors, | would like to thank NEBB Certified Firms, professionals and
technicians not only for their patience, but for stepping up to the plate and making sure the organization con-
tinued forward on its path to completing remarkable accomplishments.

Tom Brokaw once said, “I’s easy to make a buck. It’s a lot tougher to make a difference.” NEBB volunteers do
both.

Glen Fellman
NEBB Executive Vice President
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System Effect

Supplied by: Leonard Maiani | NEBB Technical Director

Many projects have systems that fall short of the design team’s expectations. Among the many pitfalls, is a
relatively new twist called “System Effect.” System Effect is the term used to identify any system configuration
that causes a fan to operate at less than its cataloged performance and is an unmeasurable force, making
it doubly troublesome. These performance robbing configurations can be caused by the manufacturer of
a package system, the design team, the installer or a combination of the three. Whatever the reason and
whoever caused it, it is a phenomenon that will need to be addressed if the performance of the given system
has fallen below an acceptable level. Design personnel, as well as installers need to understand System
Effect and how to minimize its effect on a system when the need arises. This article explains the phenomenon
and provides insight as to how to deal with it when it occurs; it was adapted from the NEBB publication
“NEBB Environmental Systems Technology,” by W. David Bevirt, PE.

System Effect is the derating or loss of capacity of a fan
caused by poorly designed duct fittings at, or close to, the
fan discharge and inlet. In addition to the generally unknown
problem of System Effect, TAB technicians cannot measure
system effect in the field. Approximate fan capacity losses
caused by System Effect can only be calculated using di-
mensional measurements of the ductwork connections and
data from tables and charts found in the Air Movement and
Control Association (AMCA) Publication 201-Fans and Sys-
tems. This information also has been reprinted in ASHRAE
and SMACNA duct design publications.

Fans of different types, and even fans of the same type, but
supplied by different manufacturers, will not

termine the actual system curve. The System Effect Factor
for any given configuration is velocity dependent and will,
therefore, vary across the range of flow volumes of the fan
(see Figure 6-31).

In the example illustrated in Figure 6-30, the point of inter-
section between the fan performance curve and the actual
system curve is Point 4. The actual flow volume will, there-
fore, be deficient by the difference from Points 1 and 4. To
achieve design airflow volume, a System Effect Factor equal
to the pressure difference between Points 1 and 2 should
have been added to calculated system pressure losses and
the fan selected to operate at Point 2. Because the System

necessarily react with the system in exactly
the same way. It will be necessary, therefore,
to apply judgment based on actual experience
in applying the System Effect Factors.

1. System Effect Factors

’ CURVEA

CALCULATED DUCT SYSTEM
WITH NO ALLOWANCE

FOR SYSTEM EFFECT

CURVE B /
ACTUAL DUCT SYSTEM — 7
WITH SYSTEM EFFECT

SYSTEM EFFECT LOSS
AT DESIGN VOLUME

Figure 6-30 illustrates a deficient fan/system

SYSTEM /
EFFECT AT /
ACTUALFLOW  ,
VOLUME

performance resulting from undesirable flow
conditions. It is assumed that the system pres-
sure losses have been accurately determined
(Point 1, Curve A) and a suitable fan selected
for operation at that point. However, no al-
lowance has been made for the effect of the
system connections on the fan’s performance.

FAN CATALOG
PRESSURE-VOLUME
CURVE

DEFICIENT
PERFORMANCE

DESIGN PRESSURE

| DESIGN VOLUME

To compensate for this System Effect it will f
be necessary to add a System Effect Factor to
the calculated system pressure losses to de-




Effect is velocity related, the ‘difference represented be-
tween Points 1 and 2 is greater than the difference between
Points 3 and 4.

Figure 6-31 shows a chart with a series of 24 System Effect
Curves. By entering the chart at the appropriate air velocity
(on the abscissa), it is possible to read across from any line
(to the ordinate) to find the System Effect Factor for a par-
ticular configuration. The necessary data and tables needed
to enter the chart and determine the System Effect Factors
required by duct connections to HV AC system fans will fol-
low in this section.

The System Effect Factor is given in inches of water gauge
(Pascals) and must be added to the total system pressure
losses as shown in Figure 6-30.

The velocity value used in the chart will be either the inlet
or the outlet velocity of the fan, depending on whether the
configuration in question is related to the fan inlet or the out-
let. Most fan catalogs include fan outlet velocities, but for
centrifugal fans, it may be necessary to calculate the inlet
velocity. The necessary inlet dimensions usually are included
in fan catalogs.

The System Effect Curves are plotted for stan-

outlet duct in place and no inlet duct. The system designer
should examine catalog ratings carefully for statements
defining whether the published ratings are based on tests
made with outlet ducts, inlet ducts, both or no ducts. If in-
formation is not available, assume that the tests were made
with only an outlet duct.

AMCA Standard 210, Laboratory Methods of Testing Fans for
Rating, specifies an outlet duct with an area that is not great-
er than 105% nor less than 95% of the fan outlet area. It also
requires that the included angle of the transition elements
should not be greater than 15° for converging elements nor
greater than 7° for diverging elements.

Figure 6-32 shows the changes in velocity profiles at various
distances from the fan outlet. For 100% recovery, the duct
(including the transition) should extend straight from the fan
at least two and one-half equivalent duct diameters. It will
need to be as long as six equivalent duct diameters as outlet
velocities approach 6,000 fpm (30 m/s).

If it is not possible to use a full length outlet duct, a System
Effect Factor may need to be added to the system resistance
losses.

dard air with a density of 0.075 In’fr (1.2041
kw'm3). Since the System Effect is directly
proportional to density, values for other densi-
ties can be calculated thus:

(1250)

(1000)

(750)

Actual Standard

System = System x

Actual Density 0

Effect Factor Effect Factor

Standard Density

or as an equation: 50

Equation 6.9 s

(175)

SEFI X d2 (150)

SEF2 f— .

1

(100)

When all the applicable System Effect Factors
have been added to the calculated system
pressure losses, the horsepower shown in the
catalog for the actual point of operation (Fig-
ure 6-30, Point 2) may be used without further
adjustment.

(75)

System effect factor, pressure loss (in w.g. or Pa)

(50)

2. Fan Outlet Conditions

@5)

a. Outlet Conditions

Fans intended primarily for use with duct sys-
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tems are usually tested by AMCA with only an
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Figure 6-31. System Effect Chart
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In these cases, the static pressure available to
overcome system resistance can be increased
by converting some of the fan outlet velocity
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pressure to static pressure.

To achieve this conversion efficiently, it is
necessary to use a connection piece between

15%

75%

FAN HOUSING

CENTRIFUGAL 100% EFFECTIVE DUCT LENGTH

the fan outlet and the duct that allows the air-
stream to expand gradually. This expansion fit-
ting is called a diffuser or evase, and it should
not have an angle greater than 7°.

The efficiency of conversion will depend upon
the angle of expansion, the length of the dif-

\.

fuser section and the blast area/outlet area

A

)

i —

>

ratio of the fan.
% c. Centrifugal Fan-Qutlet Duct Elbows

——

Y
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AR

W

Values for pressure losses through elbows
are based upon a uniform velocity profile ap-

FAN HOUSING
AXIAL

IN EFFECTIVE DUCT LENGTHS.

TO CALCULATE 100% EFFECTIVE DUCT LENGTH, ASSUME A MINIMUM OF 2.5% DUCT DIAMETERS
FOR 2500 (12.5 M/S) OR LESS. ADD 1 DUCT DIAMETER FOR EACH ADDITIONAL 1000 FPM (5 M/S)
EXAMPLE: 5000 FPM (25 M/S) = 5 EQUIVALENT DUCT DIAMETERS. IF DUCT IS RECTANGULAR

WITH SIDE DIMENSIONS a AND b, THE EQUIVALENT DUCT DIAMETER IS EQUAL TO
TRANSITIONS (slope of elements not greater than 15° for converging and 7° for diverging) INCLUDED

proaching the elbow. Any non-uniformity in the
velocity profile ahead of the elbow will result
in a pressure loss greater than the published
value.

4ab
m

Figure 6-32. Uniform Velocity Profile at Fan Discharge Outlet Duct

To determine the applicable System Effect Factor, calculate
the average velocity in the outlet duct and enter the System
Effect Chart (Figure 6-31) at this velocity. Select the appro-
priate System Effect Curve from Table 6-2. The ratio of blast
area to outlet area or dimensions may not be included in fan
catalog data. It may be necessary to obtain this information
from the fan manufacturer, or 0.7 can be used for most fans.

It should be noted that the System Effect Factor includes only
the effect of the system configuration on the fan’s perfor-
mance. Any additional friction losses due to additional duct-
work and fittings should be added to the calculated system
pressure loss.

The amount of this increased loss will depend

upon the location and orientation of the elbow
relative to the fan outlet. In some cases, the effect of the
elbow will be to further distort the outlet velocity profile of
the fan. This will increase the losses and may result in such
uneven flow in the duct that branch takeoffs near the elbow
will not deliver their designed airflow.

Wherever possible, a length of straight duct should be in-
stalled at the fan outlet to permit diffusion and development
of a uniform flow profile before an elbow is inserted in the
duct. If an elbow must be located near the fan outlet, then it
should have a minimum radius to duct diameter ratio of 1.5
and should be arranged to give the most uniform airflow pos-
sible, as shown in Figure 6-33.

b. Outlet Diffusers or Evases Table 6-2. System Effect Curves for Outlet Ducts

0, 0, 0, 0,
When the relgtlvely high velocity No Duct Eﬁecli?/éoDuct Eﬁec%i?léoDuct Eﬁec?i(\)/éoDuct Eﬁe;t(i)\(/)e/oDuct
airstream leaving the blast area of
a fan gradually expands to fill the anrei?/irr?/ 0% 50% 80% 90% 100%
duct, the kinetic energy (velocity
pressure) decreases and the po- gl:?f;t:r;z System Effect Curve
tential energy (static pressure) in- 04 P RS U W —
creases. The process, which takes 0:5 p R-S U W o
place in the outlet duct often is re- 06 R-S ST UV W-X o
ferred to as “static regain.” 07 S U WX o o
In many systems, it may be feasible 08 U V-w X - -
to use an outlet duct that is con- 0.9 v-w W-X — — —
siderably larger than the fan outlet. 1.0 - — — - —




IMI Hydronic Engineering Inc.
introduces the ...
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Engineering
GREAT Solutions

Giving you more by giving you less

TA-COMPACT-P is a new pressure independent You always have great access to setting and
balancing and control valve delivering precise hydronic measuring points, even in small fancoil cabinets.
balancing and high control stability. Minimal space around the valve is required.

Unique diagnostic features ensure trouble-free TA-COMPACT-P works in all installing positions. You
commissioning and simple detection of possible can even install the innovative valve with the actuator
system failures. You can measure flow, temperature, facing downwards. This great feature is also supported
power, pressure drop and also available differential by our actuators boasting high IP protection.

pressure.

Victaulic is the exclusive North American representative for IMI Hydronic Engineering’s IMI TA Product brand.
For more information please contact 1-855-55 ASK TA. w7 R =]
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ASHRAE Conference Speaker
Credits School’s HVAC System

and IAQ for Rising Attendance

John Parris Frantz | JPF Communications Inc.

“The first year our new George Rogers Clark (GRC) High
School opened, we achieved the highest student atten-
dance figures in our school district’s history and | attri-
bute that mostly to its (unprecedented) indoor air quality
(IAQ),” said Paul Christy, superintendent, Clark County
Public Schools, Winchester, KY.

Christy presented his school district’s newest green fa-
cility design, the $60-million GRC, to a packed room of
70 engineers attending the American Society of Heating,
Refrigerating and Air-Conditioning Engineers (ASHRAE)
2015 Annual Conference in Atlanta June 27 - July 1.
Chaired by Thomas Rice, director of sales, SEMCO LLC,
a Columbia, MO-based manufacturer of chilled beams
and energy recovery equipment, the educational semi-
nar, “Energy Performance of Active Chilled Beam Instal-
lations,” was one of dozens of workshops, seminars,
forums and technical paper sessions presented by more
than 300 speakers during the 5-day conference. ASHRAE
Distinguished Lecturer, Stephen Hamstra, P.E., president,
Greensleeves Energy Solutions, Findlay, OH, also teamed
with Rice and Christy to present his ASHRAE Technol-
ogy Award-winning Davis Building HVAC design at the
University of Findlay.

Christy, who was the district’s operations director
(maintenance and construction projects) during the
300,000-square-foot, two vyear-old school’s design
phase, was instrumental in choosing an HVAC system
featuring an 80-well geothermal field that supplies ac-
tive chilled beams and several dual-desiccant wheel
dedicated outdoor air systems (DOAS) that maintain
50% relative humidity (RH). “I didn’t know in the begin-
ning what type of system we would eventually have, but
| did know | wanted high IAQ and low energy costs,” said
Christy, whose previous position afforded him diverse
HVAC concept experiences before assuming his current
superintendant role.

Originally, Christy had considered a geothermal system
supplying 350 water source heat pumps (WSHP), howev-
er his maintenance director balked at the labor and cost
of maintaining that much equipment and the significant
mechanical room space it would require.

Christy instead chose the second option of 572 low-main-
tenance chilled beams for classroom cooling and heating,
although large rooms, such as the cafeteria, gym and au-
ditorium still rely on several WSHPs. Designed by consult-
ing engineer, Charles H. Wade, P.E., vice president, KTA
Engineers, Lexington, KY, each classroom has four chilled
beams operating at 450-cfm or 15-cfm/person.

The upfront capital cost of the current design with chilled
beams was $19.50 per square-foot, which was slightly less
than the geothermal/WSHP option and other more conven-
tional HVAC approaches. Besides upfront capital cost and
space savings, using chilled beams versus WSHPs also re-
duced construction costs because they required fewer geo-
thermal wells, less geothermal system piping and greatly
reduced ductwork.

The original design’s outdoor air dehumidification specified
air-cooled rooftop units with a single energy wheel. Instead,
Christy opted for a dual-wheel DOAS to handle outdoor air
as well as indoor air dehumidification. It also cools ventila-
tion air to a 43°F dew point, which eliminates the potential
of chilled beam condensation. “The DOAS’ recirculation
mode during minimum night and weekend ventilation pe-
riods has been huge for our energy savings goals,” Christy
said. “Our maintenance staff has learned this system’s
sophisticated controls and is now utilizing its greatest ef-
ficiency potential.”

Soon after opening, Christy quickly discovered he had to
train teachers to keep windows shut and trust that the
DOAS’s constant volume and 50% RH would enable supe-
rior air comfort at a higher 75°F thermostat set point versus
the old high school’s ingrained culture of 68°F classroom




set points. “All of the district’s other (more conventional)
buildings receive occasional ‘too warm’ complaints, but
we’ve had minimal complaints even at the higher 75°F rec-
ommendation at GRC,” Christy said.

While teacher complaints have been few, praise for chilled
beam technology’s reduced operational noise versus con-
ventional ventilation systems have been plentiful, accord-
ing to Christy. “Many teachers can’t believe the system is
operating because they can’t hear anything,” Christy said.

Maintenance for the chilled beams is a manufacturer-rec-
ommended vacuuming of the coils every five years. “My
maintenance department loves this system because there
aren’t 350 WSHP fan filters to change periodically and no
drain pans to deal with,” said Christy.

Even though it’s 100,000-square feet larger than its prede-
cessor and operates 35% more energy intensive technology,
such as computer labs, GRC’s energy costs are $100,000
lower annually than the old high school. The 1,800-stu-
dent school is operating at 31-kBtu/s.f., which is 66%
less than the national high school average of 96-kBtu/s.f.
GRC’s kBtu/s.f. surpasses all other Kentucky high schools
and lowered Christy’s school district buildings’ average to
62 from 75-kBtu/s.f. “High efficiency lighting and a better
building envelope (than the old school) contribute to this
facility’s overall utility savings, but the HVAC is a large part
of it,” Christy added.

While pump, heating and cooling electric costs are similar
to the other HVAC system options, fan energy is more than
50% less with chilled beams versus WSHPs, according to a
preliminary energy modeling Christy commissioned during
the design phase. “Today we’re saving slightly more fan en-
ergy than what the preliminary energy modeling predicted,”
Christy said.

Christy provided tips for the seminar’s attending engi-
neers considering future chilled beam/DOAS designs.
Chilled beam condensation (raining in the classroom) is
not a consideration if humidity control is planned properly
with a DOAS. “We have not had one instance of condensa-
tion from the chilled beams in our two years of operation,”
Christy said.

Another important point for consideration is air comfort.
Two chilled beams in a typical size classroom may not be
as adequate as the four chilled beams specified per class-
room at GRC.
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Kentucky taxpayers appear to be getting their money’s
worth out of the new high school. Besides the $100,000
in annual energy savings, which Christy said will be
applied to three more teachers to reduce teacher/stu-
dent ratios, the increased attendance figures generated
$50,000 in federal incentive funds. U.S. News and World
Report lists GRC as the 17th best high school in Ken-
tucky and 1,726th on a list of more than 22,000 schools
nationally. The school’s IAQ and its affect on attendance
and productivity figured heavily in the high ranking, ac-
cording to Christy.

Christy now hopes to duplicate GRC’s HVAC success at the
Robert D. Campbell Junior High with a chilled beam/DOAS
design, but without geothermal because it’s a retrofit.

Christy summed up the seminar with the comment, “stu-
dents have to be present (attendance) and comfortable
in order for true learning to take place.”
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Alternative Cooling Sources for
Data Centers

John Peterson | Hewlett Packard Critical Facilities
Duke Hartman | Makai Ocean Engineering, Inc.

ABSTRACT

As ASHRAE and others aim for buildings to achieve net-zero
energy use, including energy-intensive mission critical facili-
ties, by the year 2030, designers will need to consider alter-
nate cooling systems that can be reliable and more efficient.
The tools and design techniques to achieve this goal are tar-
geted to be in place by 2020; this is less than 5 years away.

With the expansion of cloud computing and increasing de-
mands for online services, the number of data centers will
be growing throughout the world. As the need for energy to
support these data centers rises, the need to find and use
efficient cooling sources will also increase. Using electricity
from power plants to generate cooling is less efficient than
using more localized cooling sources. To reach the energy
saving goals, designers will need to broaden their choices to
find the most beneficial options available.

Opportunities for utilizing cooling water directly from rivers,
lakes and oceans has become a viable option for end us-
ers to save energy, avoid ozone depleting refrigerants and
save space. Such systems are presented to see the possible
benefits and costs that might be associated with installation
and maintenance. Lake and river water has a long history of
industrial cooling that are easily applicable to data centers.

facilities, the additional requirement to meet higher reliability
standards will also be reviewed.

1. WATER SOURCES

For most heat transfer applications, water is the best me-
dium for moving and rejecting heat. Water can move more
heat per unit (gallon or liter) than any other liquid, and is
far more efficient than air systems. Because of this, chilled
water is often used to pull heat from airstreams and water-
cooled equipment. Water is most dense at 39.2 degrees F
(3.98 degrees C), which is the temperature often found in
deep lakes. Since about 3% of the water on earth is fresh
water, systems should be considered to operate with salt
water and other non-potable water sources.

Alternate cooling systems offer several benefits including
reduced consumption of potable water, reduced space for
equipment and eliminating noise that is associated with
cooling towers or similar systems. Refrigerant volume is also
reduced or eliminated, and lower needs for protection from
weather degradation, vandalism, as well as protecting oper-
ating personnel from hazardous space conditions.

Rivers have long been utilized to support power plant opera-
tions. The water temperature of rivers tends to vary the most

To meet the high reliability standards for data
centers, the potential advantages, disadvan-
tages and lessons learned from the unexpect-
ed will be reviewed. Lastly, effects on the sur-
rounding environment will be discussed based
on existing projects from around the world.
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The first system in the U.S. at Ithaca, NY, which

serves about 51 megawatts of cooling starting
in 2000, will be presented for lake water use. A
data center in Hamina, Finland will be reviewed
for using seawater. The potential efficiencies,
comparisons of savings of equipment and

other advantages and disadvantages are also
illustrated. For data centers and other critical




and they are also more closely regulated upstream, down-
stream and across borders of nations.

Lakes have a more constant temperature according to the
depth available, as the deep water within a lake is less af-
fected by weather and other events.

Deep ocean water, like deep lake water, has a very stable
temperature year-round and can be used for direct cooling.
Even in hot, tropical locations deep ocean water can be reli-
able to achieve 59 degrees F (15 degrees C) at 1,640 feet
(500 meters) below the surface and about 41 degrees F (5
degrees C) at about 3,280 feet (1,000 meters).
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Figure 2: Average ocean water temperature by depth for most
tropical locations

While the temperature of surface ocean water can fluctuate
seasonally, it can also be a valuable source of cooling. In
hot regions such as the Middle East, surface seawater that
can be as high as 32 degrees C (90 degrees F) is used for
condenser cooling on conventional systems, because it is far
more efficient than air cooling, and evaporative cooling is not
allowed due to water use restrictions.

For discussion here, geothermal systems are typically
closed loops of piping used to transfer heat to and from
the ground. The piping installation can be extensive, which
may be cost prohibitive, but the system tends to be storm-
proof and mostly protected from other external incidents.
With data centers that are only rejecting heat, saturation
of the geothermal ground loop is an issue to be overcome.
When the ground has absorbed too much heat, the cooling
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Figure 3: Vertical geothermal well field supporting a building
installed beneath ground features

water returns from the loop at a higher temperature. As the
system operates the temperature spirals upward. With no
means of removing the heat from the ground, the operators
will need to either let the field rest in a fallow state or use
heat rejection equipment to quickly restore the geothermal
field back to its original state.

2. COOLING SYSTEMS COMPARISONS

2.1 Conventional Cooling Systems

A conventional cooling plant that does not take advantage of
natural cooling reservoirs is composed of several pieces of
expensive and sometimes sensitive equipment. The chilled
water removes the heat from the load then uses a chiller to
move the heat from chilled water system to the condenser
water system. A cooling tower then rejects the heat to the
atmosphere. Each water system requires pumps to move the
water.

These systems require specialized care and, at times, com-
plex operational and maintenance procedures. Based on the
type of cooling refrigerants, there are hazards related to the
personnel and the environment as well as standards and
regulations on the minimum equipment performance, the
type of acceptable refrigerant per country and other safety
considerations for having and operating the equipment. Most
existing systems also rely on evaporative cooling as the
method to reject heat to the atmosphere, and the chemical
and water use of this method have come under more scru-
tiny in the last few years.
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Figure 4: Conventional chilled water plant with heat rejection to the
atmosphere after several steps of moving heat

Redundant components are installed to prevent loss of cool-
ing during equipment failures. Since there are many opera-
tional components and complex modes of operation, loss of
cooling may occur more frequently with inexperienced per-
sonnel or poorly maintained equipment.

2.2 River, Lake, Ocean and Geothermal Cooling Systems

A cooling system that utilizes a natural reservoir such as
a river, lake or ocean for heat rejection can reduce or re-
place conventional refrigeration equipment. The refrigeration
equipment, such as a chiller, can be removed if the source
water temperature and flow can support the chilled water
system temperature and flow needed. It may also be pos-
sible to operate the chilled water system at higher tem-
peratures to better match the water source temperatures
more readily. In some cases, the river/lake/seawater cooling
system can operate a significant number of hours per year
without conventional cooling, but a conventional chiller plant
may be desired to provide redundancy and to mitigate the
risk of a potential rise in water temperature during periods of
elevated ambient temperature.

Geothermal systems in closed loops can act in the same
manner as cooling towers, reducing the need for potable
water and space that the towers normally need. For data
centers operating at higher temperatures, geothermal water
may be connected directly to centralized or unitary cooling
equipment to reject heat. Again, it should be noted that the

geothermal system will need a means of heat rejection to
ensure that the ground is not saturated with heat. Another
strategy for a geothermal system is to use it as a base heat
sink system with other equipment available as a back-up.

Combinations of the above systems can also be used, with
the heat sink replacing the cooling tower only or by providing
a reduction in size or number of chillers and/or cooling tow-
ers. Such hybrid systems add complexity but typically still
yield much better efficiencies than a traditional cooling plant
system.
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Figure 5: Cooling plant using River/Lake/Seawater for heat rejection

2.3 Efficiency Comparisons

A high-efficiency optimized chilled water cooling plant with
all-variable speed drives and other energy saving measures
will have an operational coefficient of performance of ap-
proximately 6.0, which equates to about 0.6 kW per ton of
cooling. This optimized cooling plant might have chillers op-
erating at 0.4 kW per ton and the cooling towers at around
0.1, with the remaining energy of 0.1 kW per ton needed for
the pumps.

For comparison, the river/lake/seawater cooling system will
not need chillers or cooling towers. There may be more pump
energy required as factors of location, height, water depth
and more should be considered. Even if the pump energy
were doubled, the energy use compared to an excellent chill-
er plant is about one third. For a megawatt (MW) of cooling
required the amount of savings would be about 0.135 MW;
over the course of a year this would be over 1 million kWh.

.......................................... . (conﬁnued on page 39) >
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Discount
Pricing!
Call NEBB to order
your training
courses and to
receive a discount

from standard
ASHRAE pricing!

NEBB ®

8575 Grovemont Circle
Gaithersburg, MD 20877
Phone 301.977.3698
Fax 301.977.9589

http://www.nebb.org

Technical Training
E-Learning Courses

NEBB - ASHRAE E-Learning Opportunity

NEBB has partnered with ASHRAE to
provide our members with HVAC Systems
and Control Systems technical training
programs offered by ASHRAE. We have
organized the following training courses into
modules most important to our disciplines.

These training courses and modules can be used to train new
employees or provide existing personnel additional expertise. All of the
courses are online and can be taken at your own pace. The bundled
price deal is limited to a total of 12 months duration for all of the
courses in that given module.

Self-Directed Learning
Ideal for Certified Professionals and Technicians

Self-Directed Learning course books offer a convenient and flexible
approach to continuing education in the HVAC&R field.

The SDL learning format allows for review and study at your own pace
and provides exercises that evaluate your progress.

Includes:
e Course book with complete set of exercises
e Examples on how to apply the principles you've learned
e Skill development exercises

BSC (Cx) Training

Level: Basic Cost: $ 206.00 for all 6 Time Limit to
courses Complete: 12
Months

The following DDC control courses are provided to increase the student’s
knowledge of DDC control systems, their application and basic
understanding of how they operate.

e Introduction to HVAC Control Systems Course

Sensors and Auxiliary Devices Course

Control Diagrams and Sequences Course

DDC Introduction to Hardware and Software Course

DDC Networks and Protocols Course

DDC Specification, Installation and Commissioning Course




Retro Commissioning (RCx) Training

Time Limit to
Complete: 12
Months

Level:
Advanced

Cost: $ 206.00 for all 6
courses

The following DDC control courses are provided to increase the student’s
knowledge of DDC control systems beyond the basic course provided
under the BSC Cx course shown above.

Introduction to HVAC Control Systems Course

Electric Controls Course

Pneumatic Controls Course

Analog Electronic Controls Course

Control Diagrams and Sequences Course

DDC Networks and Protocols Course

Commissioning Testing Technician Training

Time Limit to
Complete: 12
Months

Level: Basic Cost: $ 346.00 for all 12

courses

The following courses are provided to increase the student’s knowledge of
basic HVAC and DDC control systems.

HVAC Courses

e An Introduction to HVAC Systems Course

e Thermal Comfort Course

e Ventilation and IAQ Course

e Hydronic Systems Course

Controls Courses

e Energy Conservation Course

Special Applications Course

Introduction to HVAC Control Systems Course

Basics of Electricity Course

e Control Valves and Dampers Course

e Sensors and Auxiliary Devices Course

e Control Diagrams and Sequences Course

e DDC Specification, Installation and Commissioning Course

These courses are offered as an additional training resource and are not intended to
replace the NEBB Building Systems Commissioning Training seminars and content.

Discount
Pricing!
Call NEBB to order
your training
courses and to
receive a discount

from standard
ASHRAE pricing!

Fundamentals
°'HVAC
Control
Systems

NEBB ®

8575 Grovemont Circle
Gaithersburg, MD 20877
Phone 301.977.3698
Fax 301.977.9589

http://www.nebb.org

Discount Pricing!

Call NEBB 301.977.3698 to order your training courses and to receive a discount from standard ASHRAE pricing!
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TECH CORNER

Test & Balance/Commissioning

Calculator for Android & IPhone

Billy Bivins | National True-Test

Ever been in the field or office and wanted to be able to get
some quick calculations but just couldn’t remember the for-
mula? The Test & Balance/Commissioning Calculator has
some of the most common calculations that are used on a
daily basis by Mechanical Engineers, Professional Engineers
(PE), Commissioning Agents (Cx), Test & Balance Profession-
als (TAB), Facility Engineering Staff, and HVAC Service Tech-
nicians while trouble shooting or checking out HVAC systems.

This Calculator includes the following:

Cooling MBH Calculation: With the known Altitude, CFM,
Entering and Leaving Dry Bulb and Wet Bulb Temperatures,
this calculator will output the work being performed by the
cooling coil in Total, Sensible, Latent MBH, Tons of Cooling
and Condensate Gallons per Hour.

Heating MBH Calculation: With the known Altitude, CFM,
and Entering and Leaving Dry Bulb, the calculator will give
you the Sensible Heating Loads.

Water MBH: With the known GPM and Entering and Leaving
Water Temperature, the calculator will give you the amount
of heat that is being transferred into the water.

Humidification: With the known Altitude, CFM, Entering and
Leaving Dry Bulb & Wet Bulb Temperatures this calculator
will output the work being put back into the air stream such
as Steam Pounds per Hour, Total MBH and Gallons per Hour
added.

Sheave Change: Able to calculate the needed sheaves and
belts to increase or decrease the fan RPM to achieve desired
CFM. Also calculates required BHP for change, Belt length
and gives both Motor Pitch and Fan Pitch Diameter for user
preference for which sheave is most desired to change to get
to the desired CFM. (Belt length does not work with tensioner
or 3 pulley systems.)

Traverse Points: Able to put in duct size and note if it has an
internal liner or not and will output location points to perform
traverse in rectangle and round ducts.

GPM: Calculate the GPM based on one of the following com-
binations:

e Known Cv & AP (PSI)

e Known design AP of fixed Orifice, Design GPM, Actual
AP (PSI)

e Known design AP of fixed Orifice, Design GPM, Actual
AP (Ft)

Brake Horse Power: Calculate Brake Horse Power for Single
and 3 Phase motors.

Test & Balance /
Commissioning
Galculator

Cooling MBH Heating MBH
_‘

Water MBH Humidification B8

-~

—

Sheave Change Traverse Points

Find GPM Brake Horse Power

Electric Duct
Heater

Psychrometric
Properties
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Electric Duct Heater: Calculate KW / MBH for Single and 3
Phase Duct heaters based on Amps & Volts.

Psychrometric Properties: Find all the Psychrometric Prop-
erties of any known Dry Bulb and Wet Bulb Temperature of
Air at any given Altitude.

This App was also recently cited as one of the top 15 HVAC
apps for Technicians by HVAC Classes.

For more information for an Android device please visit
google play store at: https://play.google.com/store/apps/
details?id=com.igdit.ntti.hvac_calc
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OR

For more information for an Apple 10S device please visit
iTunes at: https://itunes.apple.com/us/app/test-balance-
commisioning/id986159791?mt=8

Billy C. Bivins Ill began working with National True-Test, Inc.
in 2004. During college, Billy worked on CAD files for Na-
tional True-Test, Inc. Upon graduating from Auburn University
in 2009 with a bachelor’s degree in Mechanical Engineering,
he began working full time. Now as a supervisor he has been
responsible for numerous test and balance projects, such as
the 800K square foot, 12 story Children’s Hospital Expan-
sion Facility in Birmingham, AL, and the 1 Million square
foot Grandview Medical Center in Birmingham, AL. Billy is an
Eagle Scout, NEBB Certified Professional and has also com-
pleted the 10-hour Occupational Safety & Health Administra-
tion (OSHA) Hazard Recognition Training for the Construction
Industry.

Disclaimer: NEBB has not reviewed or approved this soft-
ware and the publication of this information should not be
construed as an endorsement or approval from NEBB.

The Tough
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e Superior Accuracy on Turbulent Outleté
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2015 NEBB Annual Conference
Sea of Change: A World of Opportunities Recap
Tiffany Suite, NEBB Operations Manager

The 2015 NEBB Annual Conference was held in beautiful Honolulu, Hawaii, this past April and the promises that were made to
deliver a beautiful, fun and informative meeting were exceeded and then some! Between the deep sea fishing, golfing, unbeat-
able weather, breathtaking views, informative educational and technical sessions and an unforgettable Get Acquainted Party,
everyone had something to do.

.- During the Opening Session on Thursday evening, Mr. Bob Gray pre-

' ' sented part one of his “Welcome to Your Brain” session. It was well at-
tended and received by all. He dazzled the audience with his memory
demonstrations, methods and tests. The Get Acquainted Party that fol-
lowed was held on the pool deck overlooking the ocean. From the live
statue and dancers to the succulent food and wonderful music it was
a memorable night for all who attended. The Closing Session on Sat-
urday included awards for golf and deep sea fishing, and Mr.
Bob Gray presented part two of his “Welcome to Your Brain”
session which focused on face and name recall skills. In ad-
dition, NEBB presented ASHRAE with a $10,000.00 check for
our Golden Circle Donation. It was a great way to close out a
wonderful meeting.

">

Lots of planning goes into hosting a meeting of this size and
nature. The NEBB 2015 Annual Conference was a remarkable
event. We would like to thank our wonderful volunteers for the
countless hours of dedication and sacrifice they provided to
make this happen. Volunteers are not paid — not because they
are worthless, but because they are priceless.

We look forward to another productive and fun
NEBB Conference next spring in historic, unique
and beautiful Albuquerque, New Mexico. Be sure
to mark your calendar for April 14-16, 2016. Reg-
istration will be available later into the fall. H
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NEBB Leadership Tour Boland, July 2015

Current NEBB President, Jim Huber visited the Gaithersburg, MD, headquarters of NEBB Certified firm Boland, along with NEBB
staff Glenn Fellman, Executive Vice President, and Cheryl Gendron, Director of Communications and Events. The group was
treated to a tour of the 300 employee firm by Allen King, Boland Service Team Leader and long-time NEBB volunteer (Certified
Professional in BSC-TAB and active member of the National Marketing Committee.)

A highlight of the tour included a
walk through the Louis J. Boland
Business Center which serves
as a state-of-the-art education
facility. Many NEBB profession-
als and technicians have studied
various NEBB disciplines there as
Boland has hosted past seminars
in Building Systems Commission-
ing and Sound Vibration (plus an
upcoming seminar in November:
Building Systems Commissioning
[BSC] Testing Technician Seminar
and Optional Exam).

The visit proved an excellent op-
portunity for Jim Huber and the
NEBB staff to personally thank
both the company president, Jim
Boland, and vice president Sean
Boland for their past and continu-
ing support of NEBB activities. Il

Introducing New NEBB Professional Staff

The summer months marked a turning point for NEBB with
the acquisition of new professional staff who will significant-
ly bolster the ability of NEBB to accomplish its many goals
and objectives.

In May the Board of Directors an-
nounced the appointment of Glenn
Fellman as the organization’s new
Executive Vice President. Fellman will
lead our headquarters office and serve
& as NEBB’s chief staff officer. Jim Hu-
H- ber, NEBB President, stated, “I am de-

lighted that Glenn Fellman has agreed
to join our organization. Glenn brings with him the leadership,
knowledge and management skills that NEBB has been look-
ing for as we continue to improve and develop our programs,
standards and training.”

While Fellman has dedicated more than 25 years to the as-
sociation management profession, he is well-versed on is-
sues affecting the built environment. He served as execu-
tive director of the Indoor Air Quality Association (IAQA) for

more than 13 years, during which he simultaneously served
as executive director of the Indoor Environmental Standards
Organization (IESO) for over a decade. Prior to his time with
IAQA and IESO, Fellman worked with the National Air Duct
Cleaners Association (NADCA), National Air Filtration Associa-
tion (NAFA) and other non-profit organizations representing
indoor environmental professionals. Fellman was also pub-
lisher of the award-winning monthly newspaper, Indoor Envi-
ronment Connections, for 14 years.

“Working on behalf of NEBB certified firms and profession-
als is a tremendous honor,” Fellman said. “I look forward to
bringing my experience in personnel certification program
administration, standards development, publishing and or-
ganizational management to one of the HVAC industry’s fin-
est organizations.”

In June, NEBB welcomed Raymond McGowan as the orga-
nization’s new Certification Director. Ray’s selection came
after an exhaustive national search for the ideal candidate
to guide NEBB and its Certification Board through the pro-
cess of obtaining ANSI-accredited certification. “McGowan’s
experience and education are an outstanding match to the




qualifications we sought in a Certification Director,” said Hu-
ber. “We are fortunate to have him at our service and | am
confident his leadership will expedite and improve our path
toward accreditation.”

McGowan is an energy professional
with 30 years of experience in the
commercial and residential building
industry, including ANSI/ISO compli-
ant window energy rating and label-
ing program development and imple-
mentation. He has also been active
in building energy code development
and implementation for ASTM, IECC, and ASHRAE 90.1.
McGowan has served as a consultant for energy efficiency
program developers, was involved in the development and
implementation of ENERGY STAR product labeling programs,
and management of US DOE/State Department cooperative
agreement projects. For the last decade he was a Senior Pro-
gram Manager for the National Fenestration Rating Council
(NFRC). Prior to then he held senior positions at D&R Interna-
tional, LLC., The Cadmus Group, and Baltimore Aircoil.

L]

In July, Cheryl Gendron joined NEBB
staff as the organization’s Director of
Communications & Events. Like Fell-
man and McGowan, Cheryl’s selection
was the culmination of a carefully or-
chestrated search. Cheryl is a highly
motivated and efficient professional
with over 20 years of combined expe-
rience in association management, strategic planning, board
and committee liaison work, event facilitation, reporting and
project management. She has been awarded both the es-
teemed Certified Association Executive (CAE) and Certification
Meeting Planner (CMP) designations. From 2003 through June
2015, Grendon served as Meeting Manager with Outreach and
Membership for the National
Fenestration Rating Council
(NFRC). She was responsible
for all aspects of meeting
planning and on-site coordi-
nation for NFRC’s member-

a perfect fit for NEBB. Already in the short time she has
worked for NEBB she has developed strong relationships
with our volunteer leaders and has demonstrated sound
judgment in organizational management, communications
and meeting planning. We are fortunate to have her on
board at our Gaithersburg, MD, office,” said Huber.

Also new to the NEBB staff is Jimmy
Nguyen, Certification Associate. Nguy-
en serves in a support staff capacity
to program managers for NEBB firm
and personnel certification programs.
His extensive knowledge of computer
systems will be instrumental as NEBB
prepares to upgrade its hardware and
software to efficiently handle the organization’s diverse pro-
grams, data-bases and information systems. Nguyen most
recently served as an Administrative Associate for a multiple
association management company where he worked on
behalf of the Indoor Air Quality Association (JAQA) and the
Restoration Industry Association (RIA). His duties included
information technology (IT) management, membership ser-
vices, assistant bookkeeper and other administrative func-
tions. Prior in his career Nguyen worked in customer service
in the banking industry.

Glenn, Ray, Cheryl and Jimmy join a team of full-time pro-
fessionals working on behalf of NEBB certified firms, pro-
fessionals and technicians. Other NEBB professional staff
include Tiffany Suite, Operations Manager; Sheila Simms,
Certification Manager; Leonard Maiani, Technical Director;
and, Connie Vitale, Executive Assistant for Administration &
Finance.

NEBB staff are here to serve you 8:00 a.m. to 5:00 p.m.
(EDT) Monday through Friday. Please refer to the box be-
low for their direct contact information. Il

NEBB Staff Contact Information

ship meetings and business
conferences, and also served
in a marketing capacity with
responsibility for NFRC mem-
bership relations, promotional
materials, social media pro-
grams and industry outreach.

“Cheryl’s friendly, profes-
sional, hands-on approach to
organizational management
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Name & Title Direct Dial Email

Glenn Fellman, Executive Vice President 301.591.0485 | glenn@nebb.org
Cheryl Gendron, Director of Communications & Events 301.591.0488 | cheryl@nebb.org
Ray McGowan, Certification Director 301.591.0487 | ray@nebb.org

LLeonard Maiani, Technical Director

301.977.3698

leonard@nebb.org

Jimmy Nguyen, Certification Associate

301.591.0486

jimmy@nebb.org

Sheila Simms, Certification Manager

301.591.0483

sheila@nebb.org

Tiffany Suite, Operations Manager

301.591.0484

tiffany@nebb.org

Connie Vitale, Executive Assistant for Administration & Finance

301.591.0480

connie@nebb.org




NEBB NEWS

NEBB Seminars & Certification: The Gold Standard

For more information or to register
visit www.nebb.org or call 301.977.3698

SEPTEMBER 28 - 30, 2015

NEBB Cleanroom Performance Testing (CPT)
Certified Professional Seminar & Optional Exam
Holly Springs, NC

NEBB Cleanroom Performance Testing Seminar for Certified
Professionals provides hands-on, practical training needed for
Cleanroom Performance Testing. Participants benefit from case
studies and an interactive laboratory session in which they ap-
ply theories learned in class. Participants also gain experience
operating a variety of testing equipment, while learning about
practical challenges and remedies in cleanrooms.

Learning Objectives:

¢ Understand the NEBB Procedural Standards for Certified
Testing of Cleanrooms

e Learn best practices for Certified Testing of Cleanrooms
in healthcare setting, pharmaceuticals and other appli-
cations

e Review critical guides, standards and codes for clean-
room testing

e (Case studies focusing on real-life scenarios and solu-
tions

SEPTEMBER 28 - 0CTOBER 02, 2015

NEBB Fume Hood Testing Seminar and Optional
Exam for Certified Professionals

Kansas City, MO

Chemical fume hoods are one of the most important items
of safety equipment present within the laboratory. Therefore
it is vitally important that they are properly used and main-
tained. Chemical fume hoods serve to control the accumula-
tion of toxic, flammable, and offensive vapors by preventing
their escape into the laboratory atmosphere.

Learning Objectives:

The seminar will provide attendees with an overview of labo-
ratory HVAC concepts. This will include discussions of envi-
ronmental safety enclosures, such as fume hoods, biological
safety cabinets and other containment enclosures and review
of the various HVAC systems that are currently employed in

laboratory design. In addition, the basic operation of fume
hoods and other containment enclosures and their respective
applications and features will be presented.

The NEBB Procedural Standard for Fume Hood Performance
Testing will be reviewed with emphasis on the requirements
for NEBB Firm certification, NEBB Certified Professional cer-
tification, instrumentation and reporting requirement, and
testing requirement. Detailed presentations will be provided
for the three primary fume hood performance tests: Airflow
Velocity Tests, Airflow Visualization Tests and Tracer Gas Con-
tainment Tests. Instructors will also provide hands-on dem-
onstrations of fume hood operations. The seminar will em-
phasize proper testing procedures, reporting requirements
and the evaluation of test results. NEBB’s theme is “Perfor-
mance Delivering Professionals.” In concert with that theme,
the seminar will conclude with a session on trouble-shooting
fume hood issues and problem resolution.

OCTOBER 21 - 23,2015

NEBB Building Enclosure Testing Certified
Professional Seminar and Exam

Chicago, IL

Building Enclosure Testing (BET) is an important and growing
field. It addresses a distinct need within the building and con-
struction industry - the ability to test and quantitatively report
the performance of the air-tightness of today’s building en-
closures. BET is a process involving evaluation, verification,
and documentation that the building’s design and construc-
tion meet defined performance expectations.

Learning Objectives:
The two-day seminar provides attendees with an overview of
building enclosure testing concepts including:
e Discussions of air barrier enclosures from design to ma-
terial selection and installation
e Review of various testing methods and procedures cur-
rently specified and their correct application
e Basic operation of the blower door equipment, software,
respective applications and features will be presented




¢ How to analyze and trouble shoot enclosure issues fo-
cusing on the use of thermal imaging

NEBB’s theme is “Performance Delivering Professionals.”
The seminar will conclude with a session on trouble-shooting
air barrier leakage issues and problem resolution.

OCTOBER 24 - 28, 2015

NEBB Sound and Vibration Certified Professional
Seminar & Optional Exam - Fall 2015

Deerfield Beach, FL

The NEBB sound and vibration measurement is a valuable
service to building owners who strive to maintain quality en-
vironments and minimize maintenance costs. Sound mea-
surement and analysis plays an important role in providing
acceptable space usage for various commercial, manufac-
turing and industrial activities. Vibration measurement and
analysis is a proven predictive maintenance activity that
helps minimize repair and downtime costs for rotating ma-
chinery.

Learning Objectives:

e |earn how to satisfy specification and customer re-
quirements, know how and when to perform readings

e Learn how to make basic troubleshooting/diagnostic
determinations

e Learn how to make simple recommendations, to guide
appropriate parties towards possible remediation solu-
tions

NOVEMBER 02 - 04, 2015

NEBB Building Systems Commissioning (BSC)
Testing Technician Seminar and Optional Exam
Gaithersburg, MD

NEBB has started a training and certification program for
testing technicians that perform Commissioning and Retro-
Commissioning. This training program will instruct techni-
cians on the art of testing HVAC systems, control systems,
electrical and other building technical systems. The Seminar
is to include both classroom and interactive training.

Successful NEBB Commissioning firms have found that qual-
ified testing technicians vastly improve the quality of their
commissioning projects and improve their profitability.

Each student will receive a copy of the new NEBB Testing
Technician Handbook and will be instructed on the general
process of Cx and RCx. Students will also be instructed on
the best practice procedures in performing:

e Basic Cx & RCx instruments and there use

e Job Site Safety

e System Inspections
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System Assessments

Start Up Verification

TAB Verification

Functional Tests

Cx & RCx paperwork, check sheets and forms

The training course will cover the basic testing procedures
for the following building systems:

e HVAC Systems

e (Control Systems

e Plumbing Systems

e Fire Protection Systems

e Electrical Systems

e Fire Alarm Systems

e Security Systems

A certification test will be given on the last day of the seminar
for those individuals wishing to receive certification. Please
note that the certification test is administered nationally and
requires a separate registration process than the seminar.

NOVEMBER 09 - 11, 2015

NEBB TAB Certified Professional Review Seminar &
Optional Exam- Fall 2015

San Diego, CA

Building owners and tenants are concerned that the environ-
mental performance of buildings must be optimal while the
operating cost should be minimal. These goals can only be
accomplished when a building’s HVAC and hydronic systems
are properly balanced. Three major steps used to achieve the
proper operation of the HVAC and hydronic systems and a
desirable climate are testing, adjusting and balancing (TAB).

The review will cover engineering principles, charts, diagrams,
problem solving and techniques involved with TAB work. In
addition to practical TAB experience, seminar attendees must
have a minimum working capability in mathematics, including
geometry and second-year high school algebra.

Important: Attendees should be aware that these are review
Seminars and attending the Seminar alone is insufficient for
successful completion of the Certified Professional exams. The
material presented, along with time allocated, is only meant
to provide an overview of the engineering principles and field
practices required of project-management level personnel.

Reserve your place now!
For additional information, brochures
and registration visit
www.nebb.org




NEBB NEWS

Calendar of Upcoming Events

For more information visit www.nebb.org

@ SEPTEMBER 20 - 21, 2015
2015 MAEBA Annual Recertification Seminar (All Day Event)
For more information, please contact Trish Casey at 610.828.5738

September

1 2 3 4 5 @ SEPTEMBER 21 - 22, 2015
6 7 8 910 11 12 Mid-South Chapter Annual Recertification Seminar 2015 (All Day Event)
AT RY St. Simon Island, GA
@) @)@ 23 24 @) 26 - TR A
27 28 (29 Registration now available.

‘ For more information please contact:

Ginger D. Slaick, Executive Vice President

Mid-South Environmental Balancing Bureau (MEBB)

5425 Sugarloaf Parkway, Suite 2202, Lawrenceville, GA 30043
Tel: 678.407.2754, Email: gslaick@midsouthEBB.com

@ SEPTEMBER 25, 2015
Michigan (MEBB) Annual Recertification Seminar (All Day Event)
Grand Traverse Resort and Spa, Traverse City, M
Traverse City, MI
Annual Recertification Seminar and Golf Outing.
For more information, please contact Aneta Torrence.
Tel: 843.771.3035

@ SEPTEMBER 25, 2015
Capital MarVa Recertification Seminar (All Day Event)
Linthicum, MD
Annual membership meeting followed by recertification seminar.
For more information, please contact Tiffany Suite.
Email: tiffany@capitalmarva.org

@ SEPTEMBER 28 - 30, 2015
NEBB Cleanroom Performance Testing (CPT) Certified Professional
Seminar & Optional Exam
www.nebb.org or call 301.977.3698 to register

@ SEPTEMBER 28 - OCTOBER 02, 2015

@ NEBB Seminars NEBB Fume Hood Testing Seminar and Optional Exam for Certified
@ NEBB Meetings Professionals
@ Chapter Meetings www.nebb.org or call 301.977.3698 to register




@ OCTOBER 08, 2015
North Central NEBB: 2015 Annual Educational Seminar (All Day Event)
Radisson Hotel, Roseville, MN
For more information, please contact:
: Carol Daniels
0 0 Tel: 763.593.0941
:; :; ;3 é o Email: carol@smarca.com

@5 @9 @7) @9 29 30 31

@ OCTOBER 08 - 9, 2015
FEBB Business Meeting & Recertification Seminar (All Day Event)
For more information or to register, please contact:
Florida EBB
Terry T. Wichlenski
7801 Tiburon Drive,
Largo, FL 33773
Tel: 727.240.4254
Email: FebbCoordinator@gmail.com

@ OCTOBER 16 - 17,2015
2015 NEBB Board of Directors Fall Meeting (All Day Event)

@ OCTOBER 21 - 23, 2015
NEBB Building Enclosure Testing Certified Professional Seminar
and Exam
www.nebb.org or call 301.977.3698 to register

@ OCTOBER 24 - 28, 2015
NEBB Sound and Vibration Certified Professional Seminar & Optional
Exam - Fall 2015
www.nebb.org or call 301.977.3698 to register

@ NOVEMBER 02, 2015

November Wisconsin EBB Recertification Seminar (All Day Event)
Wisconsin EBB Chapter
11001 W. Plank Court, Wauwatosa, WI
1 : 5 6 7 Tel: 414.543.7622
8 (9) (10 12 13 14

1316 1718 19 20 21 @ NOVEMBER 02 - 04, 2015

22 23 24 25 26 27 28 I . ..

5 NEBB Building Systems Commissioning (BSC) Testing Technician
Seminar and Optional Exam

www.nebb.org or call 301.977.3698 to register

@ NOVEMBER 09 - 11, 2015
NEBB TAB Certified Professional Review Seminar & Optional Exam -
Fall 2015

@ NEBB Seminars www.nebb.org or call 301.977.3698 to register

@ NEBB Meetings

@ Chapter Meetings
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NEBB NEWS
NEBB ANSI Accredited Standards Developer (ASD)

Development and Committee

NEBB, a not-for-profit 501(c)(6) organization, is an American National Standard Institute
(ANSI) Accredited Standards Developer (ASD), and the premier international certification
association for individuals and firms that deliver high performance building systems. In
addition to standards development, NEBB establishes, promotes and maintains high quality
programs for the certification of Firms, Professionals and Technicians.

A

%4% StandarﬂﬁM

As an ANSI ASD, NEBB is currently developing two standards and has submitted them for
approval as American National Standards in compliance with ANSI’s Essential Requirements:

e Whole Building Technical Commissioning Standard
e Technical Retro-Commissioning of Existing Buildings Standard

The “NEBB Standards Council” oversees the development of NEBB standards in conjunction with project subcommittees.

NEBB'’s current project subcommittee is the NEBB Standards Committee. Members of the NEBB Standards Committee are clas-
sified by the NEBB Board of Directors as Provider, User or General Interest representatives in accordance with the following
definitions:

Provider

An individual employed by or other-
wise representing an organization that
provides building systems testing and
analysis services shall be classified as
a Provider.

User

An individual employed by or otherwise
representing an organization that pur-
chase, uses or specifies building sys-
tems testing and analysis services shall
be classified as a User.

This category includes, but is not limited
to, design engineers, architects, owners,
builders, and mechanical contractors.

General Interest

General interest members are neither
Providers nor Users.

This category includes, but is not limited
to, educators, researchers, representa-
tives of regulatory agencies, represen-
tatives of industry organizations, and
manufactures of related products.

The NEBB Standards Committee is established by the NEBB Board of Directors, and is the ANSI consensus body responsible for
developing and maintaining standards. In accordance with the NEBB Procedures for American National Standards, membership
of the NEBB Standards Committees must be sufficiently diverse to ensure reasonable balance without dominance by any single
interest group. Membership on NEBB standards committees is open to any person directly or indirectly affected by the standards.

If you wish to apply for membership on the NEBB Standards Committee, please complete the two forms provided on our web site:
NEBB Standards Committee Volunteer Application and NEBB Potential-Sources-of-Bias-Conflict-of-Interest Form and return to
the NEBB Secretariat, Tiffany J. Suite, with a current resume for consideration.

Questions regarding the NEBB ANSI Standards Committee and its activities may be directed to:

NEBB

Attn: Tiffany Suite

8575 Grovemont Circle

Gaithersburg, MD 20877

Phone: 301.977.3698 Fax: 301.977.9589
Email: tiffany@nebb.org

BECOME A VOLUNTEER!
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In Memoriam

It is with deep regret that we report the deaths of the following NEBB volunteers. NEBB is honored to recognize
those who contributed to the NEBB organization and the field of balancing and commissioning. Please note
that this information is only that which has been volunteered to us by colleagues, friends and family. Please
feel free to email the NEBB Communications Staff to share additional information on a deceased certificant or

volunteer for future recognition.

Victor Congi

Victor “Vic” Congi passed away
Thursday, June 4, 2015 after a
15-month battle with pancreatic
cancer. He leaves behind his
wife, six children and two
grandchildren. Vic started with air
balancing in 1976 and became
certified in several disciplines over
his long career. He worked with
his company, Carter Air Balance, to become a NEBB
Certified Firm in 2001. He was a dynamic contributor to
NEBB and was active with several leadership positions
including being on the Northern California/Hawaii
Chapter Board of Directors since 2006 as Marketing
Director, was President-Elect and would have been
Chapter President in January 2016. At a national level
he participated as an active member of the Marketing
and Chapter Affairs Committee, and was instrumental in
working with the California Energy Commission as Chair
of the Title 24 Committee. Vic was a regular attendee at

various NEBB events including the annual meeting. He
made a significant contribution to our organization and
the industry; he will be deeply missed.

Patrick J. Reilly

Pat Reilly passed away Tuesday, May
26, 2015 at New York’s Memorial Sloan
Kettering Cancer Center. He leaves behind
his wife, mother, and two children. Patrick
graduated from SUNY Buffalo with a BA in
Geology, BSME and an EMBA. He became
President of John W. Danforth Company
in Buffalo, New York, in 2011. He was a
life-long learner and worked to expand
his knowledge through seminars, conferences and
industry professional affiliations. Patrick actively worked
to support NEBB activities and was named President of
the Western New York Chapter of NEBB in 1996.




|E 2016 NEBB
Annual Conference

April 14-16, 2016 | Hyatt Regency Albuquerque

/dﬂhghe/qw

NEW MEXICO

BECOME A SPONSOR!

Sponsorship Invitation for the 2016 NEBB Annual
Conference

A wide range of sponsorship opportunities are available to
build your relationships within the valuable NEBB com-
munity of expert commissioning professionals. Read more
at the detailed 2016 NEBB Sponsorship Brochure at www.
nebb.org.

The NEBB Annual Conference attracts NEBB members, com-
pany leaders and executives. The opening session includes

PARTICIPATE AS A SPEAKER!

Call for Abstracts for the 2016 NEBB Annual Con-
ference

NEBB is seeking speaking proposals for the 2016 NEBB
Annual Conference, April 14-16, in Albuquerque, New
Mexico.

Lend Your Expertise; Grow your Influence.

The NEBB Annual Conference is a highly-anticipated con-
ference featuring prominent speakers and technical ses-
sions to enhance the professional development of NEBB
Certified Professionals and Certified Technicians. NEBB is
the premier international association of certified firms that

keynote address by industry leaders, followed by technical
sessions and a vendor exhibit which provides a landscape of
emerging technologies and products. The 2016 NEBB Annual
Conference will be held in beautiful and historic Albuquerque,
New Mexico, at the Hyatt Regency. Located in the foothills of
the Sandia Mountains, the hotel will offer attendees the per-
fect launching point to explore the history this culturally-rich
area has to offer with the opportunity to expand their educa-
tion within a state-of-the-art meeting facility.

As a sponsor, you will receive:
e Acknowledgment in attendee materials as official
conference sponsor
e Sponsor’s logo at the event website and a URL hot-
link from the conference website directly to your
homepage
¢ Onsite event signage highlighting your sponsorship

Reserve your sponsorship early to receive recogni-
tion in the conference registration site as well as the
meeting brochure. Please respond with your sponsorship
confirmation by December 1, 2015.

Interested parties are encouraged to contact Cheryl Gendron,
Director of Communications & Events at cheryl@nebb.org.

perform testing, adjusting and balancing of heating, ven-
tilating and air-conditioning systems in addition to build-
ing enclosure testing, building systems commissioning,
building systems retro-commissioning, fume hood testing,
sound and vibration testing, and cleanroom certification.

Conference organizers are interested in receiving ab-
stracts on technical and informational sessions with a fo-
cus on presentations by industry experts on various topics
related to the NEBB disciplines.

Interested parties are asked to submit a presentation ab-
stract along with speaker bios to Cheryl Gendron, Director
of Communications & Events at cheryl@nebb.org, no later
than September 30th, 2015.




> SYSTEM EFFECTS - (continued from page 6)

Table 6-3. System Effect Factor Curves for Outlet Elbows
Outlet No 12% 25% 50% 50%
Olast/Nea | Elbow | Oulet | Effective | Effective | Effective | Effective
POSITION C Position | Duct Duct Duct Duct Duct
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Figure 6-33. Duct Elbows at Fan Qutlet 0.8 c QR R S U-v 2
) ] D Q-R R S u-v
Table 6-3 lists System Effect Factor Curves which can be A T U U W
used to estimate the effect of an elbow at the fan outlet with 0.9 B S ST T-U W
or without the use of a straight piece of outlet duct in be- ¢ R S a1 v
tween. These losses are in addition to the dynamic pressure A - U UV W
losses normally calculated for the ductwork and duct fittings. 10 B ST T U w
: C R-S S T v
d. Axial Fan-Outlet Duct Elbows D fes S ! v
SYSTEM EFFECT CURVES FOR SWSI FANS
Tests run on tubeaxial fans with two and four piece mitered el- For DWDI fans determine SEF using the curve for SWSI fans. Then apply the
bows at varying distances from the fan outlet indicated a negli- appropriate multiplier from the tabulation below
gible System Effect Factor (SEF) for outlet elbows at or in close MULTIPLIERS FOR DWDI FANS
proximity to the tubeaxial fan outlet. Further outlet elbow tests ELBOW POSITION A = AP x1.00
’ . - PP ELBOW POSITION B = AP x 1.25
were run on tubeaxial fans while varying the hub to tip ratio and ELBOW POSITION C = AP x 1.00
number of blades with little evidence of a SEF (see Figure 6-34). ELBOW POSITION D = AP x 0.85
. . . . Refer to Figure 6-33 for Elbow Positions
Tests run on vaneaxial fans with two and four piece mitered ‘

elbows at varying distances from the fan outlet
resulted in System Effect Curves as shown in
Figure 6-34. Changes in the number of blades
on the vaneaxial fan did not have any apprecia-
ble effect on the System Effect Curves shown
in Figure 6-34 for vaneaxial fans.

TUBEAXIAL FAN SHOWN

! % EFFECTIVE
* DUCT LENGTH

e. Turning Vanes VANEAXIAL FAN SHOWN

Turning vanes usually will reduce the dynamic
pressure loss through an elbow, but where a
non-uniform approach velocity profile exists,
such as at a fan outlet, the vanes may actu-
ally serve to continue the non-uniform profile

. % EFFECTIVE
DUCT LENGTH

beyond the elbow. This may result in increased sor | No | 12 2% 0% 100%
losses in other system components down- Elbow| Duct | Effecte | Fhoat® | oo | Fheare
stream of the elbow. Tubeaxial Fan [284Pc| — = = = -
Vaneaxial Fan 2Pc V) u-v v w =
f. Fan Volume Gontrol Dampers
Vaneaxial Fan 4 Pc w —_— —_ -— =
Dampers can be furnished as accessory equip-
ment by the fan manufacturer; however, in - :
many systems, a volume control damper will Figure 6-34. System Effect Curves for Outlet Duct Elbows-Axial Fans
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be located by the designer in the ductwork at or near the
fan outlet.

Volume control dampers are manufactured with either op-
posed blades or parallel blades. When partially closed, the
parallel bladed damper diverts the airstream to the side of
the duct. This results in a non-uniform velocity profile beyond
the damper, and flow to branch ducts close to the down-
stream side may be seriously affected (see Figure 6-35).

The use of an opposed blade damper is recommended when
volume control is required at the fan outlet and there are
other system components, such as coils or branch takeoffs,
downstream of the fan. When the fan discharges into a large
plenum or to free space, a parallel blade damper may be
satisfactory.

For a centrifugal fan, best air performance usually will be
achieved by installing the damper with its blades perpen-
dicular to the fan shaft; however, other considerations may
require installation of the damper with its blades parallel to
the fan shaft.

Published pressure losses for

er manufacturer’s cataloged pressure loss when the damper
is installed at the outlet of a centrifugal fan.

g. Duct Branches

Standard procedures for the design of duct systems are all
based on the assumption of uniform flow profiles in the sys-
tem (Figure 6-37).

If branch takeoffs or splits are located close to the fan outlet,
non-uniform flow conditions will exist and pressure loss and
airflow may vary widely from design intent. Wherever pos-
sible, a length of straight duct should be installed between
the fan outlet and any split or branch takeoff.

3. Fan Inlet Conditions

Fan inlet swirl and non-uniform inlet flow can often be cor-
rected by inlet straightening vanes or guide vanes. Fan in-
lets located too close to walls or obstructions, or restrictions
caused by a plenum, cabinet or fan accessories will decrease
the usable performance of a fan. Cabinet clearance effect or
plenum effect is considered a component part of the entire

control dampers are based

upon uniform approach veloc-
ity profiles. When a damper is
installed close to the outlet of a

[11f

N — K

fan, the approach velocity pro-

- N

file is non-uniform and much
higher pressure losses through
the damper can result. Figure

DIVERTED FLOW

PARALLEL BLADED DAMPER ILLUSTRATING

OPPOSED BLADED DAMPER ILLUSTRATING
NON-DIVERTING FLOW

6-36 lists multipliers which
should be applied to the damp-

Figure 6-35. Parallel vs. Opposed Dampers

2
VOLUME CONTROL
DAMPER
~
BLAST AREA SSP
OUTLET AREA MULTIPLIER
0.4 7.5
0.5 4.8
0.6 3.3
0.7 2.4
0.8 1.9
0.9 1.5
1.0 1.2

[9)

=

SRR
[T

AVOID LOCATION OF SPLIT OR DUCT BRANCH
CLOSE TO FAN DISCHARGE. PROVIDE A STRAIGHT
SECTION OF DUCT TO ALLOW FOR AIR DIFFUSION.

Figure 6-36. Pressure Loss Multipliers for Volume Control Dampers

Figure 6-37. Branches Located Too Close to Fan




system, and the pressure losses through the cabinet or ple-
num must be considered as a System Effect when determin-
ing fan capacities.

a. Inlet Ducts

Some fans intended primarily for use as exhaust air fans may
be tested with an inlet duct in place or with a special bell
mouth inlet to simulate the effect of a duct. Figure 6-39 il-
lustrates the variations in inlet flow that may occur. A ducted
inlet condition is shown as (a), the un-ducted condition as (d),
and the effect of a bell mouth inlet as (f).

Flow into a sharp edged duct as shown in (c) or into an
inlet without a smooth entry as shown in (d) is similar to
flow through a sharp edged orifice in that a vena contracta
is formed. The reduction in flow area caused by the vena
contracta and the following rapid expansion causes a loss
which should be considered as a System Effect. This loss
can be largely eliminated by providing the duct or fan inlet
with a rounded entry as shown in (e) and (). If it is not practi-
cal to include such a smooth entry, a converging taper will

substantially diminish the loss of energy and even a simply
flat flange on the end of a duct will reduce the loss to about
one-half of the loss through an unflanged entry.

AMCA Standard 210 limits an inlet duct to a cross-sectional
area not greater than 112.5% nor less than 91.5% of the
fan inlet area. The included angle of transition elements is
limited to 15° converging and 7° diverging.

b. Inlet Elbows

Non-uniform flow into the inlet is the most common cause
of deficient fan performance. An elbow or a 90° duct tum
located at the fan inlet will not allow the air to enter uniformly
and will result in turbulent and uneven flow distribution at
the fan impeller. Air has weight and a moving airstream has
momentum, therefore the airstream resists a change in di-
rection within an elbow or tap fitting as illustrated in Figures
6-40 and 6-41.

The System Effect Curves for round section elbows of given
Radius/Diameter (RD) ratios are listed in Figure 6-40. The

VANED FLEXIBLE

ALTERNATE METHOD

NNECTIONS
B l-';-“

UNIT

FRONT ELEVATION

FLEXIBLE EQUAL
GONNS. EQUAL ELBOW(S) CONNS.  spaces ¥ANED
' RADIUS
*‘“‘_| :1 ELBOW
I UNIT ]
el R
—— MINIMUM SLOPE FLE)@T_“E_'—?
NNECTION
GOOD CONNECTIONS g\, POOR
NOT RECOMMENDED *ALTERNATE GOOD

LIMITED HEAD ROOM USING
SQUARE VANED ELBOWS

SIDE ELEVATION

FOR LOCATION FOR

FLEXIBLE .~
CONN.

RECOMMENDED
LOCATION FOR
FLEXIBLE
CONN.

UNIT -

TYPICAL CONSTRUCTION OF “PANTS”
CONNECTION ON TWO-FAN UNIT

Figure 6-38. Typical HVAC Unit Connections

a UNIFORM FLOW INTO FAN
ONADUCT SYSTEM

b UNIFORM FLOW INTO FAN WITH ¢ VENA CONTRACTA AT DUCT
SMOOTH CONTOURED INLET

ZAS

INLET REDUCES PERFORMANCE

?r‘?\

d VENA CONTRACTA AT INLET REDUCES
EFFECTIVE FAN INLET AREA

e IDEAL SMOOTH ENTRY TO DUCT fBELL MOUTH INLET PRODUCES

FULL FLOW INTO FAN

Figure 6-39. Typical Inlet Connections for Centrifugal and Axial Fans
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System Effect Factor for a particular elbow can be obtained
from figure 6-31 using the average fan inlet velocity and the
tabulated System Effect Curve. This pressure loss must be
added to the friction and dynamic losses already determined
for that particular elbow. This System Effect Factor loss only
applies when the elbow is located at the fan inlet as shown
in Figure 6-40.

Refer to Figures 6-42 and 6-43 for the System Effect
Curves for other inlet elbows and 90° duct turns which
produce non-uniform inlet flow. Note that when the duct
turning vanes and/or a suitable length of duct is used
(three to eight diameters long, depending on velocities)
between the fan inlet and the elbow, the System Effect
Factor is not as great or nonexistent. These improvements
help maintain uniform flow into the fan inlet thereby ap-
proaching the flow conditions of the laboratory test setup.
Some fan manufacturers can furnish design and System
Effect information for special inlet boxes for particular
flow and entry conditions.

Example 6 O

A centrifugal exhaust air fan rated at 0.5 in.w.g. (125 Pa)
with an outlet velocity of 2000 fpm (10 m/s) is mounted on
a roof without a discharge air duct, as the discharge is “top
angular down” to prevent rain from entering. The rectangular
exhaust air duct through the roof is connected by a round
flexible connection directly to the fan (as shown in Figure
6-41). Find the corrected fan static pressure capacity using
System Effect Factors.

Solution

Fan outlet (assume blast area ratio equals 0.7):

From Table 6-2, No outlet duct = “S” curve

From Figure 6-31, “S” curve@ 2000 fpm (10 m/s) = 0.2
in.w.g. (50 Pa)

Outlet System Effect = ().2 in.w.g. (50 Pa)

Fan inlet:

From Figure 6-41, 45% of 0.5 in.w.g. (125 Pa) = 0.23
in.w.g. (56.Pa)

Total System Effect:

Fanoutlet = 0.20in.w.g. (50 Pa)
Fan inlet = 0.23in.w.g. (56 Pa)
Total = 0.43in.w.g. (106 Pa)

Corrected fan static pressure:

Fan rated capacity
Total System Effect
Actual fan capacity

0.50 in.w.g. (125 Pa)
0.43 in.w.g. (106 Pa)
0.07 in.w.g. (19 Pa)

The fan now has only 14% left of its rated capacity.
c. Inlet Vortex (Spin or Swirl)

Another major cause of reduced performance is an inlet duct
condition that produces a vortex or spin in the airstream en-
tering a fan inlet. An example of this condition is illustrated
in Figure 6-44. The ideal inlet condition is one which allows
the air to enter axially and uniformly without spin in either

LENGTH
OF DUCT.|
(IN DIAM.)

SYSTEM EFFECT CURVES

LY D’l\ngT bucTbleT
075 QR s u
1.0 R ST UV
20 RS T U-v
30 ST U V-W

THE REDUCTION IN CAPACITY AND PRESSURE FOR
THIS TYPE OF INLET CONDITIONS IS IMPOSSIBLE
TO TABULATE. THE MANY POSSIBLE VARIATIONS IN
WIDTH AND DEPTH OF THE DUCT INFLUENCE THE
REDUCTION IN PERFORMANCE TO VARYING
DEGREES AND THEREFORE THIS INLET SHOULD BE
AVOIDED. CAPACITY LOSSES AS HIGH AS 45% HAVE
BEEN OBSERVED. EXISTING INSTALLATIONS CAN
BE IMPROVED WITH VENES OR THE CONVERSION
TO SQUARE OR MITERED ELBOWS WITH VANES.

Figure 6-40. Non-Uniform Flow into a Fan Inlet Induced by a 90°
Round Section Elbow—No Turning Vanes

Figure 6-41. Non-Uniform Flow Induced into Fan Inlet by a Tap
Fitting into a Regular Duct




direction. A spin in the same direction as the impeller rotation Inlet spin may arise from a greater variety of approach condi-
reduces the pressure-volume curve by an amount depen- tions and sometimes the cause is not obvious.
dent upon the intensity of the vortex. The effect is similar to

. . . Some common duct connections that cause inlet spin are
the change in the pressure-volume curve achieved by inlet

illustrated in Figure 6-45, but since the variations are many,
vanes installed in a fan inlet which induce a controlled spin no System Effect Factors are tabulated. It is recommended
and so vary the volume flow rate of the system. that these types of duct connections be avoided but, if this
is not possible, inlet conditions usually can be improved by

A counter-rotating vortex at the inlet will result in a slight the use of vanes to break the spinning vortex (Figure 6-46).

increase in the pressure-volume curve but the horsepower
will increase substantially. d. Inlet Duct Vanes

Where space limitations prevent the use of op-
timum fan inlet connections, more uniform flow

(ﬁ&% @ SYSTEM EFFECT CURVES can be achieved by the use of vanes in the inlet
= S R/D o N@ pB2r b2t elbow. Numerous variations of vanes are avail-
T 1 = N P__RS able, from a single curved sheet metal vane to
1 multi-bladed airfoil vanes.
a. TWO PIECE MITERED 90° ROUND SECTION ELBOW — NOT VANED
SYSTEM EFFECT CURVES The pressure drop through elbows with these
Lenary R/D  pN@. 2B 5B devices are part of the system pressure loss-
(N DIAM) @ ;’755 g RQS TSU es. The cataloged pressure loss of proprietary
__{_“f‘____@ 1.0 R P TRY vanes will be based upon uniform airflow at the
S 2.0 R-S T u-v H H
| oo o U v entry to th.e glboyy. If the a|rf|on approaching
b. THREE PIECE MITERED 90° ROUND SECTION ELBOW — NOT VANED the elbow is significantly non-uniform because
SYSTEM EFFECT CURVES of the disturbance further upstream in the sys-
Lenay R/D  pNQ. 2R R tem, the pressure loss through the elbow will
(N DIAM) 0.5 P-Q RS T be higher than the published or calculated fig-
0.75 Q-R S U . .
i ‘g 1.0 R ST UV ure. The effectiveness of the vanes in the elbow
T 20 RS T UV also will be reduced
IRk | 3.0 ST u V-w :

c. FOUR OR MORE PIECE MITERED 90° ROUND SECTION ELBOW — NOT VANED

e. Straighteners

Figure 6-42. System Effects for Various Mitered Elbows without Vanes Airflow straighteners, often called egg-crates,
are used in an attempt to eliminate or reduce
swirl or vortex flow in a duct. An example of an

H
a _’i—f SYSTEM EFFECT CURVES egg-crate straightener, Figure 6-47, is repro-
LeNGTH _T_ R/H NQ 2R eR duced from AMCA Standard 210.
(IN DIAM,) 0.5 o Q S R
_I 5 075 P R ST f. Enclosures (Plenum and Cabinet Effects)
E Z 1.0 R S-T uU-v . .
S 20 s TU v Fans with plenums and cabinets or next to

walls should be located so that air may flow
unobstructed into the inlets. Fan performance

a. SQUARE RADIUS ELBOW WITH INLET TRANSITION — NO VANES

o R SYSTE':CTFFECTZEURVE; is reduced if the space between the fan inlet
Qo R/ ouer puct obcr and the enclosure is too restrictive. It is com-
Z y 05 s ™ v mon practice to allow at least one-half impeller
_l ;g \T, \l,]v‘(, WVYX diameter between an enclosure wall and the

fan inlet. The inlets of multiple, double-width
centrifugal fans located in a common enclo-

b. SQUARE RADIUS ELBOW WITH INLET TRANSITION — 3 LONG SPLITTER VANES

THE INSIDE AREA OF THE SQUARE DUCT (H X H) IS EQUAL TO THE INSIDE

AREA CIRCUMSCRIBED BY THE FAN INLET COLLAR. THE MAXIMUM sure should be at least one impeller diameter

PERMISSIBLE ANGLE OF ANY CONVERGING ELEMENT OF THE TRANSITION apart if optimum performance is to be expect-
IS 15, AND FOR A DIVERGING ELEMENT7 " = | 2H_ . . :

Y ed. Figure 6-50 illustrates fans located in an

enclosure and lists the System Effect Curve for
restricted inlets. -

Figure 6-43. System Effects for Square Duct Elbows
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Figure 6-44. Example of a Forced Inlet Vortex (Spin-Swirl)

The manner in which the airstream enters an enclosure in
relation to the fan inlets also affects fan performance. Ple-
num or enclosure inlets or walls which are symmetrical with
the fan inlets will cause uneven flow and/or inlet spin. Fig-
ure 6-51 illustrates this condition, which must be avoided
to achieve maximum performance from a fan. If this is not
possible, inlet conditions usually can be improved with a
splitter sheet to break up the inlet vortex as illustrated in
Figure 6-52.

Figure 6-47. AMCA Standard 210 Flow Straightener
g. Obstructed Inlets

A reduction in fan performance can be expected when an
obstruction to airflow is located in the plane of the fan inlet.
Structural members, columns, butterfly valves, blast gates
and pipes are examples of more common inlet obstructions.
Some accessories, such as fan bearings, bearing pedestals,
inlet vanes, inlet dampers, drive guards and motors also may
cause inlet obstruction.

Obstruction at the fan inlet may be

=

4'4,:/‘)
(ﬁ \‘J] \
R
IMPELLER
ROTATION
—

ROTATING SWIRL

ROTATION
/

COUNTER-ROTATING
SWIRL

classified conveniently in terms of the
unobstructed percentage of the in-
let area. Because of the shape of inlet
cones of many fans, it is sometimes
difficult to establish the area of the fan
inlet. Figures 6-53 and 6-54 illustrate
the measurement methods used for
this purpose. Where an inlet collar is
provided (Figure 6-53), the inlet area is
calculated from the inside diameter of
this collar. Where no collar is provided,
the inlet plane is defined by the points of
tangent of the fan housing with the inlet

IMPELLER

Figure 6-45. Inlet Duct Connections Causing Inlet Spin

cone radius (Figure 6-54).

SPLITTER

ROTATING SWIRL

Jspumn
VANES

ROTATING SWIRL

The unobstructed percentage of the in-
let area is calculated by projecting the
profile of the obstruction onto the profile
of the inlet. The adjusted inlet velocity
obtained is then used to enter the Sys-
tem Effect Curve chart and the System
Effect Factor determined from the curve

VANES listed for that unobstructed percentage
\ SPLITTER of the inlet area.
IMPELLER VANES IMPELLER
ROTATION ROTATION
— ~— h. Inlet Boxes
CORRECTED CORRECTED COUNTER- Inlet boxes have been manufactured for

use with centrifugal and axial fans in-

Figure 6-46. Corrections for Inlet Spin

stead of elbows in order to provide pre-
dictable inlet conditions and maintain




stable fan performance. They may be
used to protect fan bearings from high
temperature or corrosive gases. The fan
manufacturer should include the effect
of any inlet box on the fan performance
and, when evaluating a proposal, it
should be established that an appropri-
ate loss has been incorporated in the
fan rating.

Field fabricated inlet boxes have been
used for years on industrial centrifugal
fan applications with predictable re-
sults. The dimensions of the inlet boxes
have been established by extensive
field testing. Figure 6-55 shows the
inlet box configuration and dimensions
based on the size of the fan wheel of
the centrifugal fan. The inlet box allows
a 90° connection to the fan with almost
no horizontal duct.

The inlet box should be made of a metal
gauge equal to that of the fan scrolls
and it should be bolted tightly to the
fan inlet ring, with the flexible connec-
tion at the return air duct connection to
the inlet of the box. This requires the
box to be adequately supported by the
fan base. The vibration isolation pad or
mountings must be designed to include
the weight of the inlet box.

When an inlet box is used, a duct fit-
ting loss coefficient (C) of 1.0 should be
used for the inlet box. This is multiplied
by the velocity pressure (VP) (based on
the return air duct velocity) to obtain the
loss in in.w.g. (Pa). No additional Sys-
tem Effect Factor should be calculated.

4. Factory Supplied
Accessories

Unless the manufacturer’s catalog clear-
ly states to the contrary, it should be as-
sumed that published fan performance
data does not include the effects of any
accessories supplied with the fan.

If possible, the necessary information
should be obtained directly from the
fan manufacturer. The data presented in
this section are offered only as a guide
in the absence of specific data from the
fan manufacturer.
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Figure 6-48. Fan with Inlet Vanes and
Access Door

Figure 6-49. Fan with Inlet Screen and
Outlet Damper
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L DISTANCE SYSTEM EFFECT
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Figure 6-50. System Effect Curves for Fans Located in Plenums and Cabinet Enclosures and

for Various Wall to Inlet Dimensions
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INLET PLANE

Figure 6-51. Enclosure Inlet
not Symmetrical with Fan Inlet,
Prerotational Vortex Induced

Figure 6-53. Free Inlet Area Plane—Fan with Inlet
Collar

W

POINT OF TANGENT
WITH FAN HOUSING SIDE
/AND INLET CONE RADIUS

INLET PLANE

Figure 6-52. Flow Condition of Figure
6-51 Improved wuth Splitter Sheet

Figure 6-54. Free Inlet Area Plane—Fan without
Inlet Collar
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If available, use the fan manufacturer’s
allowance for drive guards obstructing
the fan inlet. System Effect Curves for
drive guard obstructions situated at the
inlet of a fan may be approximated us-

FAN

< 1.55D >

ing Figures 6-53, 6-54 and Table 6-4.

c. Belt Tube in Axial Fan

D With a belt-driven axial flow fan, it is
usually necessary that the fan motor
3 be mounted outside the fan housing. To

WHEEL protect the belts from the airstream and

INLET DUCT

also to prevent any leakage from the fan
housing, manufacturers, in many cases,

Figure 6-55. Centrifugal Fan Inlet Box
a. Bearings and Supports in Fan Inlet

Some fans require that the fan shaft be supported by a bear-
ing and bearing support in the fan inlet or just adjacent to it.

These components may have an effect on the airflow to the
fan inlet and on the fan performance, depending on the size
of the bearings and supports in relation to the fan inlet open-
ing. The location of the bearing and support, that is whether
it is located in the actual inlet sleeve or stepped out from the
inlet, also will have an effect.

In cases where manufacturer’s performance ratings do not in-
clude the effect of the bearings and supports, it will be neces-
sary to compensate for this inlet restriction if possible by use of
the fan manufacturer’s allowance for bearings in the fan inlet.

If no better data is available, an approximation may be made
as described under 3(g). Obstructed Inlets in the above sub-
section.

b. Drive Guards Obstructing The Inlet

Most fans may require a belt drive guard in the area of the
fan inlet. Depending on design, the guard may be located at
the plane of the inlet, along the casing side sheet or it may be
stepped out due to stepped out bearing pedestals.

In any case, depending on the location of the guard on the
inlet velocity, the fan performance may be significantly af-
fected by this obstruction.

It is desirable that a drive guard located in this position be
furnished with as much free opening as possible to allow
maximum flow to the fan inlet. Guards and sheaves should
be designed to obstruct as little of the inlet as possible and
in no case should the obstruction be more than 1/3 of the
inlet area. However, the guard design must comply with any
Occupation Health and Safety Act requirements or any other
applicable codes.

provide a belt tube. Most manufactur-
ers include the effects of this belt tube
in their rating tables; however, in cases
where this is not reflected, the appropriate System Effect
Curves obtained from Table 6-4 may be used.

d. Inlet Box Dampers

Inlet box dampers may be used to control the airflow volume
through the system. Either parallel or opposed blade types
may be used. The parallel blade type is installed with the
blades parallel to the fan shaft so that, in a partially closed
position, a forced inlet vortex will be generated. The effect
on the fan characteristics will be similar to that of inlet vane
control.

The opposed blade type is used to control airflow volume by
increasing the system pressure loss when the damper isin a
partially closed position.

If possible, complete data should be obtained from the fan
manufacturer giving the System Effect of the inlet box and
damper over the range of application. If data is not available,
System Effect Curves “S” or “T” from Figure 6-31 should be
applied in making the fan selection.

e. Inlet Vane Control

To maintain fan efficiency at reduced flow conditions, airflow
quantity often is controlled by variable vanes mounted in the
fan inlet.

Table 6-4. System Effect Curves for Inlet Obstructions

% of Unobstructed Inlet Area systi:;uﬁgﬁt;ﬁ;'m
100 No Loss
95 v
90 U
85 T
75 S
50 Q
25 P




These are arranged to generate a forced inlet vortex which
rotates in the same direction as the fan wheel.

Inlet vanes may be of two different basic types:

1) Integral (built-in)
2) Cylindrical (add on)

The System Effect of a wide open inlet vane must be ac-
counted for in the original fan selection. This data should be
available from the fan manufacturer. If not, the System Effect
Curves of Table 6-5 should be applied in making the fan se-
lection using Figure 6-56.

Table 6-5. System Effect Curves

Vane Type System Effect Curve
1. Integral (built-in) “Q” or “R”
2. Cylindrical (add on) “S”

Example 6 P

A 49 inch (1245 mm) SWSI fan installed in a built-up housing
has the fan inlet, which includes factory-built inlet vanes and
belt guard, located 18 inches (450 mm) from the plenum wall.
On the discharge side, a 1.5 inch R/W elbow [duct size is ap-
proximately the same as the 38 x 53 inch (950x1325 mm) fan
discharge] is located 30 inches (750 mm) from the fan.

The fan inlet is 56 inch (1400 mm) diameter, the blast ratio
is 0.7, and the outlet velocity is 2000 fpm (10 m/s) when the
fan capacity is 27,620 cfm (13,040 L/s at 2.0 in.w.g. (500 Pa)
SP. Find the percentage increase in static pressure because
of System Effect (see Figure 6-57).

Solution (U.S.)

1) From Figure 6-32, the equivalent duct diameter of 50.64
inches is obtained:

EDD - | 4ab _ [4x38x53
m T

EDD = 50.64 inches

This is multiplied by 2.5 to obtain the effective duct length
of 126.6 inches. With the elbow located 30 inches from the
fan discharge, a 25% (30/126 x 100 = 24%) effective duct
is used with an assumed 0.7 blast area ratio in Table 6-3
to select System Effect Factor Curve “R-S” for a “C” outlet
elbow position (Figure 6-33).

Using the chart in Figure 6-31, for 2000 fpm, a pressure loss
of 0.25in.w.g. is obtained (curve “R-S”) for the fan discharge.

2) On the fan suction side, using Figure 6-50, System Effect
Curve “S” is obtained:
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Figure 6-56. Typical Normalized Inlet Valve Control Pressure

L/diam. = 18/56 = 0.32
Inlet velocity = cfm/area = 27,620/(11282/144)
Inlet velocity= 1615 fpm

From Figure 6-31, using Curve “S”, a pressure loss of 0.14
in.w.g. is obtained.

3) The inlet vane controls (wide open), which are built in, use
System Effect Curves “Q” or “R”.

Using “Q” in Figure 6-31, another 0.28 in.w.g. pressure loss
is obtained using the 1615 fpm fan inlet velocity.

4) Assuming that the belt guard and drive obstruct the inlet
about 25%, System Effect Curve “S” from Table 6-4 again is
used with Figure 6-31 to obtain 0.14 in.w.g. pressure loss.

5) Finally, all of- the estimated System Effect Pressure losses
are totaled:

1. Fan discharge loss- 0.25in.w.g.
2. Suction loss- 0.14 in.w.g.
3. Inlet vane loss- 0.28 in.w.g.
4. Belt guard/drive loss- 0.14 in.w.g.

Total System Effect Pressure Loss-  0.81 in.w.g.

Percentage increase in fan static pressure due to System Ef-
fect: 0.81/2.0(x100) = 40.5%

Solution (Metric)

1) From Figure 6-32, Equivalent duct diameter.
EDD= 1266mm

Effective duct length:
DD _Jib _\l4x950x1325
4 o
EDD = 1266 mm




EDL = 1266x2.5 = 3165 mm

With the elbow located 750 mm from the fan discharge,

750/3165x100 = 23.7% effective duct.

Use 0.7 blast area ratio in Table 6-3 for a “C:” outlet elbow
position (Figure 6-33) to obtain System Effect Factor Curve
“R-S”.

At 10 m/s in Figure 6-31, 63 Pascals is obtained for the fan
discharge loss.

2) On the fan suction side, using Figure 6-50, System Effect
Curve “S: is obtained.

L/diam. = 450/1400 = 0.32
Inlet velocity = Q/A = 13,040/1t(0.7)2 1000
Inlet velocity = 8.47 m/s

From Figure 6-31, the “S: curve shows a 35 Pascal pressure
loss.

3) The inlet vanes (wide open), which are built-in, use System
Effect Curves “Q” or “R”.

Using “Q” in Figure 6-31, another 70 Pascal pressure loss is
obtained using the 8.45 m/s fan inlet velocity.
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4) In Table 6-4, a 25% obstruction for the belt guard and
drive indicates an “S: curve. A value of 35 pascals is obtained
from Figure 6-31 for 8.47 mis.

5) Finally, all of the estimated System Effect pressure losses
are totaled:

1. Fan discharge loss- 63 Pa
2. Suction loss- 35 Pa
3. Inlet vane loss- 70 Pa

4. Belt guard/drive loss- 35 Pa
Total System Effect Loss- 203 Pa

Percentage increase in fan static pressure due to System Ef-
fect: 203/500 (x 100) = 40.6%

Unfortunately, many system designers, installers and TAB
firms do not know about System Effect and, afterwards, they
do not understand why the systems that they have designed
and installed do not work properly. The fan manufacturer
usually gets blamed for fans that do not “perform.” Some-
times both could be at fault and then the problem is com-
pounded. H

PLENUM

FLEX. CONN.

RA
DUCT

%E 38 x 53 in. (950 x 1325 mm)

SUPPLY DUCT UP

PLAN VIEW
(NO SCALE)

Figure 6-57. Drawing for Example 6 P

This article was adapted from the NEBB ENVIRONMENTAL
SYSTEMS TECHNOLOGY publication by W. David Bevirt, PE,
which is available for purchase at www.nebb.org
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Additionally, since the river/lake/seawater system does not
require potable water for heat rejection, over a million gal-
lons of fresh water per MW of cooling load would be saved.

Table 1. Comparison of traditional chilled water systems and
river, lake and ocean water cooling

Traditional River, Lake,
Equipment Chilled Water | Ocean Cooling
kW/ton kW/ton

Chiller 0.40 - 0.54 —
Chilled Water Pumps 0.05-0.08 0.05 -0.08
Cooling Tower 0.08 - 0.12 —
Condenser Water Pumps 0.07 - 0.11 —
River/Lake/Ocean Pumps — 0.08 - 0.13
Total 0.6 - 0.85 0.13-0.21
Minimum Difference 0.39

2.4 Reliability Comparisons

Geothermal systems for data centers will likely be set as a
reserve system to reduce load during peak demand times, if
possible. The risk for river, lake and ocean water cooling sys-
tems from storms, watercraft, and biological sources (fish,
shellfish, etc.) should be noted and explored based on the
location. Although pumps can be placed in parallel, the pip-
ing for a river, lake or ocean water cooling is often not redun-
dant. Due to this, the piping at the shore line can be buried
or otherwise hidden since this is the most vulnerable section.

While typical mechanical plants are more flexible for loca-
tion, they also have vulnerabilities due to having more equip-
ment that can fail without a rigorous maintenance program.
For high-availability needs, this can be an issue if personnel
are inexperienced or not trained in the details of the system
such as refrigerant types, condenser water treatment chemi-
cals, controlling valves and energy management system, or
balancing to achieve optimum efficiency.

3. EXISTING SYSTEMS

There are many projects around the globe where river, lake
and ocean water is used for purposes beyond industrial, and
many of these locations are where electricity, fuel and wa-
ter are not abundant. Among the best locations are islands,
and such projects are either in design or underway, such as
Mauritius and Honolulu, HI, or complete, such as the HSBC
Building, Hong Kong and the more detailed examples below.

3.1 Cornell Lake Source Cooling Project

Cornell University in Ithaca, NY, underwent the first lake
source cooling project in the USA. The system began op-
eration in 2000 and supports 70 MW of cooling load for the
university as well as other buildings in the city. The cost was
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about US$59 million and offset the cost of 6 new chiller
plants on the campus. By comparison with the old chiller
plant systems the average energy savings is about 86%.

The lake source cooling system draws from a depth of 250
feet (76 meters) to get water at 38.8 degrees F (3.8 degrees
C) to 41 degrees F (5.0 degrees C). This water is then cycled
through a heat exchanger near the shore of the lake then
back out to the lake at a depth where the outlet temperature
matches the average stratified lake temperature.

The cooling water system for the university is a closed loop
and therefore needs less water treatment. Pumps supporting
the water flow on each side of the heat exchanger operate
as needed to ensure adequate cooling is available for the
university year-round.

Before, during and after the lake source cooling project, Cor-
nell University studied the environmental impact of the proj-
ect as well as the impact of two other nearby waste water
treatment plants. The annual reports for over 14 years show
that the weather and tributaries had the most impact on the
temperature, phosphorus, fluorescence and other measured
items. In addition, the waste water treatment plants had
larger attributed impacts to the lake than the lake source
cooling project.

10,400 1t

Figure 6: Cornell Lake Source Cooling project diagram

3.2 Ocean Gooled Data Center

In 2009 Google purchased a former paper plant in Hamina,
Finland, originally built in 1954 and converted it into a data
center. The original building used a sea water tunnel 1476 feet
(450 meters) long for cooling and this was reused for the data
center. Since the location is on the Gulf of Finland, the water
temperatures are consistently cold at 33.8 degrees F (1.0 de-
gree C) to 37.4 degrees F (3.0 degrees C); the tunnel is far
enough below the surface to avoid any issues of freezing. The
building went operational in May, 2010, and has been touted
as one of their most energy efficient data centers.




In addition to the data center being able to use a low temper-
ature, the discharge back to the Gulf of Finland is tempered
with fresh seawater to discharge water back into the gulf
at temperature closer to the intake to minimize the environ-
mental impacts.

Figure 7: Inside the data center cooling plant rows of pumps flank
their associated heat exchanger

4. WATER SOURCE RISKS

Rivers, lakes and oceans all experience changes over time.
The piping for a river, lake or ocean cooling system needs to
be designed to withstand potential changes of the underwa-
ter landscape, which are often quite predictable over the life
of a system. A periodic inspection and maintenance program
for the submerged piping system is designed to catch and
repair any degradation.

Geothermal systems are largely protected from storms
and other external forces since the piping is installed be-
low ground. However, a geothermal system’s performance
is limited by its size. As the heat rejection for a data center
is continuous, the potential for saturation of the geothermal
well field grows as it is used. Operators may wish to use the
geothermal system during peak electrical demand periods
during the warmer months to reduce energy costs and still
maximize the use of the geothermal system.

In each country, government agencies exist to regulate the
installation and operation of these projects. Since ariver, lake
or ocean water project is only rejecting heat and not alter-
ing the water quality, most authorities will allow a project
to move forward after a proper review of permit applica-
tions. Typically, the developer must show an effort to miti-
gate adverse impacts to the environment during installation
and operation. In the U.S., projects are required to follow the
Environmental Protection Agency’s rules in Section 316(b) of
the Clean Water Act that regulate the design and operation of
intakes for facilities that draw more than 2 million gallons per
day of cooling water. Designers of systems in the U.S. should
be familiar with these regulations, as well as any others at
the state and local level.

For rivers, risks of sandbars, century-low river flows and
other dangers should be considered to determine whether
mitigation strategies would be warranted. Although they oc-
cur less often than earthquakes, tornadoes or other disas-
ters, each hazard should be examined thoroughly.

In general, lakes pose less risk than rivers since the water flow,
temperature and shifting from flooding is much less likely.

Ocean water cooling systems must be designed to withstand
forces from waves, currents, and any anticipated maritime
and seismic activity. Underground tunneling may be consid-
ered to avoid wave and current forces and disturbance by
others in the shore crossing zone. While these risks require
a careful design, there are several long-standing systems in
some of the toughest ocean environments, one of which has
been in continuous operation for more than 28 years.

The risk of pipe failure, although similar in possibility to fail-
ures of traditional piping systems, may require additional
time and resources to locate and fix or replace a failure.
When operating a data center, other means of redundancy
may be required.

Where natural cooling water sources are not available, geo-
thermal can be considered to achieve deep savings while
within close proximity of the building. Piping failure of geo-
thermal systems is usually found during the installation.
Other causes, such as corrosion, are not typical. And should
a geothermal well fail, it can be quickly isolated to allow the
rest of the system to continue operating.

5. CONCLUSION

The energy and operational cost savings of geothermal, river,
lake and ocean cooling systems are significantly large enough
1o be considered as an attractive alternative to traditional cooling
systems. The viability of using these natural resources must be
evaluated on a site-by-site basis, but with projected electrical
price increases and grid reliability concerns, leveraging local re-
sources to save energy, water and cost is becoming a potentially
viable option for many new and upgrade projects. Il
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