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View From The Tower

All good things must come to an end ~ I have very
much enjoyed being the President for the past two
years at CTT and it has certainly been an honor and
privilege serving as your CTT President. I cannot
fathom how we used to have Presidential terms
for only one year, there is so much to learn in the
first six to nine months and then three months lat-
er your term is complete? Two year terms began
back in eatly 2000 and have been advantageous for
the President, the Board of Directors (BOD) and
especially the CTT staff ever since! It allows for
more continuity and success in the endeavor for all
concerned. The CTT staff has done an exceptional
job as CTT continues to grow both domestically as
well as internationally. The BOD that served un-
der me deserves recognition as well, the extra time and effort by all
these individuals should not go unnoticed. Beyond these individu-
als, there are many additional CTT members that are committed to
advancing CTT into the coming years, my hat is off to the many
dedicated experts within CTI that put in countless volunteer hours
to better our organization!

The thermal certification program and STD-201 began back in the
early 1960’s and tower certification has been occurring since the
early 1980’ and has been one of the most recognized means of
certifying package towers throughout the world. There are over
60 participating manufacturers in this program and it continues to
grow!  Mike Womack, the Thermal Certification Administrator
took over this task from Tom Weast over the past several years and
has done a fabulous job. This program is recognized throughout
the world as the leading certification program for package towers.

Material/Products Certification is building mo-
mentum now as well and CTT anticipates the same
great success in this program that Thermal Certi-
fication has had. Denny Shea, Matetial/Product
Certification Administrator is heading up this pro-
gram. Materials that meet specific criteria called
out in specifications, and having CTT material cer-
tification called out within these specifications, will
ensure that owner operators will get exactly what
they specify. Having CTT certification will help to
protect this as well since additional testing and pro-
tocol will be required to be met prior to obtaining
this CTI certification. This certification will also
be monitored annually to verify the integrity and
acceptance of the Material/ Product. Please help
me to embrace this new CTT feature and look for good things in the
near future regarding this Matetial/Product Cettification!

It is a changing world we live in now and CTI continues to grow
and address these changes. We now have the first female President
taking the office of CTT!l It is with great pleasure that I will be
relinquishing my Presidency to Helen Cerra of ChemTreat as she
will be taking office in February 2018. Please welcome her and her
BOD with open arms as CTI maintains its well established domi-
nance in the Cooling Technology Industry! As always never forget
to ask not what CTI can do for you, rather ask what you can do for
CTT and by all means, join in, get involved, learn, educate others,
participate and thrive!

Sincerely and respectfully,

Bill W. Howard, P.E.

CTT President

Cooling Technology Institute’s 2018-2019
President Elect Helen Cerra

Helen is a Technical Staff Consultant with
ChemTreat, Inc. located in Richmond, Virginia.
She has over thirty years of professional experi-
ence in all aspects of water treatment, including
boiler, cooling, waste treatment and environ-
mental/tregulatory affairs.

She has authoted/co-authored papers for and
made presentations at various trade organiza-
tions including, American Society of Heating,
Refrigerating, and Air-Conditioning Engineers
(ASHRAE), Cooling Technology Institute
(CTT), Electric Utility Chemistry Workshop
(EUCW), International Water Conference
(IWC), Virginia Society of Healthcare Engi-
neers (VSHE) and National Association of
Corrosion Engineers (NACE).

With a concentration on Legionella minimiza-
tion, Helen is Secretary of the ASHRAE Stand-
ing Standard Project Committee 188 as well as
Chair of the ASHRAE Technical Committee
3.6, Water Treatment. In addition, she is active
on the Water Treating and Program Committees
with Cooling Technology Institute (CTT), hav-
ing been a past member of their Board of Di-
rectors. She is currently Chair of GDIL-159, the
task group expanding CTI Guidelines for Con-
trol of Legionella. Helen holds a B.S. in Chemi-
cal Engineering from Lehigh University and is
a member of American Institute of Chemical
Engineers (AICHE) and ASHRAE.
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Administrator's Corner

What is CTI’s Mission Statement?
Our Mission

As a broad based industry association, our mission is to advocate and promote, for the benefit
of the public, the use of all environmentally responsible cooling technologies. This includes
wet cooling towers, air-cooled condensers, dry coolers, indirect cooling, and hybrid systems.
We accomplish encouraging:

¢ Education on these technologies
Development of codes, standards, and guidelines

Vicky Manser ¢ Development, use, and oversight of independent performance verification
CTI Administrator and certification programs

¢ Research to improve these technologies

¢ Advocacy and dialog on the benefits of cooling technologies with Govern-
ment Agencies and other organizations with shared interests

¢ Technical information exchange

Help CTI help you!lllll
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Blade Dynamics

Nicola Romano, COFIMCO Srl

Introduction

Scope of this paper is to study how the mechani-
cal and aerodynamic properties of the blades affect
the vibration transmitted to the hub by the blades
itself and, consequently, to the structure.

Vibration is the consequence of variable loads act-
ing on the blades and of their response: the root
connection to the hub transfers the blade dynamic
behavior to it and, consequently, to the support-
ing structure causing vibration. The variable loads
are of aerodynamic nature. The other main loads,
blade weight and centrifugal force, are steady.

This paper will focus on the blade’s response. In-
vestigating on the supporting structure’s behavior
is not in the scope of this study.

The main parameters that determinate the blade’s response are:

Nicola Romano
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Fig. 2.1: Blades’ dimensions
(*) BOF: Blade Operating Frequency

The aerodynamic load is time-dependant because
of localized variations of the air flow encountered
by the blade during its path. Those flow perturba-
tions find their origin in two main reasons:

* Physical obstacles in the flow

* Flow asymmetry due to wind or other fans, see
Fig. 2.2

The aerodynamic load is time-dependant because of localized varia-
tions of the air flow encountered by the blade during its path. Those
flow perturbations find their origin in two main reasons:

a. Blade’s stiffness and mass distribution
b. Blade’s acrodynamic features
c.  Mechanical and aerodynamic dissipation

* Physical obstacles in the flow
d. Load’s shape, amplitude and frequency

* Flow asymmetry due to wind or other fans, see Fig, 2.2
The above parameters combine among them resulting in the fol-
lowing quantities, all influencing the blade’s dynamic behavior:

* Ratio Pulse Duration to Blade Natural Period

* Blade’s deflection and Centrifugal Force

* Aerodynamic Damping

* Mechanical Damping
The mentioned elements will be studied separately.

References
a. HARRIS’SHOCK AND VIBRATION HANDBOOK,
5th EDITION, Chapter 8.11
b. CTI 2015 Paper n. TP15-17

Loads

Extensive CFD simulations have been cartied out in order to evalu-
ate the loads acting on the blades, both with calm environmental
conditions (Wind Speed WS=0) and with high wind. Those simula- \
tions were focused on different blades’ sizes and count. In particu- M
lar, 3 different blades are shown in this study, with the following .
features, see fig, 2.1: |
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ent flow areas; the latter has a relatively lower duration defined by
the actual obstacle width and the fan’s RPM.
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An important difference needs to be highlighted when considering
loads arising from wind (or from the presence of other fans running
nearby) and the ones coming from structural obstacles: the former
is characterized by a relatively longer duration due to different flow
areas; the latter has a relatively lower duration defined by the actual
obstacle width and the fan’s RPM.

The two different load conditions are related to the different Angle
of Coverage (AoC) of the low-flow and high-flow areas. The fol-
lowing figure 2.3 explains this aspect: generally, structural obstacles
(beams, driving shafts, etc.) have an AoC quite narrower and inde-
pendent from the working conditions or external factors.

On the contrary, flow asymmetries due to wind or other fans can be
much wider and depend on wind speed, fan position in the bay, etc.

Fig. 2.3b: Narrow flow
perturbation

Fig.2.3a: Large flow
asymmetry due to wind

The result of such a difference can be seen in the load’s time history
acting on the blade, see fig. 2.4:

* Long, irregular pulses of high amplitude in the first case
* Short, regular pulses of lower amplitude in the second case.

H

100a -

Fig. 2.4a: Load from high speed wind (Blade A)

Fig. 2.4b: Load from ACC bridge (Blade A)

The most proper way of studying blade’s dynamic is by means of
modal analysis. Usually, the first 2 modes (fig. 2.5) are enough for a
good response accuracy.
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Fig. 2.5a: First mode’s shape
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Fig. 2.5b: Second mode’s shape

The said approach would allow the evaluation of the blade’s re-
sponse to any time-dependant load, see fig. 2.6, but wouldn’t be very
helpful in understanding the influence of the several parameters on
the blade’s behavior. A simpler model will therefore be used.
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Fig. 2.6: Aerodynamic load and blade’s response
(tip displacement — time history)

Simplified Blade Model

In order to ease the understanding of the blade’s dynamic, the three
blades of table 2.1 are converted into three more simple spting-
lumped mass systems (Fig. 3,1) hinged at the root. Each system has
the same mass distribution as the blade it is simulating. A spring
of proper stiffness K is added at the root in order to provide the
system with the same Natural Frequency fn of the related blade.
Thetefore, with the same natural petiod Tn =1 / fn.
The system is subjected to the following loads:

* an aerodynamic force Fa (t) = XFai (t),

* its own weight W = XWii,

* a centrifugal force CF = X CFi and

* an elastic action due to the connection to the hub Mel = - K

*(0—00).

All the above loads have a moment around the hinge. As long as all
the forces are steady, the system lays in a static equilibrium where
the resultant of the moment of all the loads around the hinge is
zero. The elastic action is the one that gets transferred to the hub
and can be measured by means of strain gages applied on the elastic
component. In the following it will be referred to as Root Bending
Moment (RBM).

For a fan blade, the forces Wi and CFi are steady while the force
Fa(t) is time dependant. For the purpose of this study, it is of inter-
est to evaluate the response of the blade to Fa variations. When the
aerodynamic force changes, the system moves from its steady posi-
tion. In this situation, from the above equations it can be seen that
two main things happen:

1. the Root Bending Moment (RBM) changes according to the
rule RBM=-K*(0-060) — ARBM=-K*A0
2. the moment of the Centrifugal Force (MCF) changes as
well according to the rule
MCF = - X Fci * Zi * sinf
— AMCEF = - X Fci * Zi * A(sinf)
It is evident that the value of K defines how stiff or soft the blade
is. Both RBM and MCF have a stabilizing effect, reacting to the
change from the equilibrium position. The RBM variation is the
main factor responsible for the vibration transmitted to the hub.
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Fig. 3.1: Simplified Blade model and loads

Therefore, a simple way for reducing the vibration is to reduce the
amount of stabilizing reaction due to the RBM and leaving most
of the stabilizing job to the centrifugal force. This can be obtained
reducing significantly the value of the stiffness (K) and allowing a
relatively large displacement variation (A0).

For a better understanding, the spring-mass system’s response to
two different dynamic load situations will be studied:

a.  single pulse

b. periodic pulses

Single Pulse

The response of a linearly elastic system to a single pulse depends
on:

* the amplitude of the load pulse,

* the pulse’s shape and duration and

* the blade’s frequency.

More precisely, on the ratio between the pulse’s duration t and the
system’s natural period

T =1/f.
For the scope of this study, a rectangular step pulse will be consid-
ered, see fig. 4.1 and reference (a). Different pulse’s shapes wouldn’t
change the result of a relevant amount for the purpose of this study.

Itis a known fact that, see ref. (a), for an un-damped SDOF system,
the spectrum of the maxima response to a step pulse is of the form
shown in the following fig. 4.1 in terms of ratio Dynamic Response
to Static Response (DR / SR). It can be seen that the higher the
ratio W of pulse duration (1) to Blade Natural Period (T ), the higher
the maxima response.

The maxima response spectrum shows that, for a value of W > 0.5,
the system’s maximum response is not affected by the ratio anymore
while the Residual Response depends largely on it.

In order to evaluate the response of our simplified model, some

damping is introduced (see chapter 6) and numerical integration of
the dynamic equation is carried out.

Fad(t) = Fa Ostst

Fad(t)=0 =t

Fad(t)

Fig. 4.1a: Rectangular step pulse
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Fig. 4.1b: Maxima and Residual response
spectrum of an un-damped SDOF system.

As a reference system, a 34 ft fan running at 100 RPM will be con-
sidered. Three different obstacle widths (defined by the “Angle of
Coverage — AoC”) will be taken in to account:

(10° AoC — CT driving shaft)
(30° AoC — ACC bridge)
(90° AoC — High Wind)
Therefore, considering the fan’s RPM, the pulse’s durations will be,
respectively:

11 =10.017 s; 12 =0.05s; 13 =0.15s.
The pulse’s amplitude Fa has been chosen equal to 40% of the
nominal aerodynamic load.

1. Structural obstacle type 1
2. Structural obstacle type 2
3.  Low flow — High flow areas

Numerical simulations lead to the system’s response shown in Fig.
4.2 for the 3 blades under investigation in terms of
RBM =-K*(0-00)
It can be seen that the blades’ response gets larger with larger AoC
for all blades.
The response of Blade A is the largest, not only because of the
higher nominal load acting on it compared with the one acting on
the other blades (see Table 2.1), but mostly because of its ratio
W=1/T,
much closer (or above) to the value of 0.5 where the DR reaches its
maximum value (see Fig. 4.1b).
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Fig. 4.2: Blades’ response to single pulse (RBM — N*m)

AoC 10 30 80
A 0.116 0.35 1.05
@ 0.076 0.228 0.68
[ | 0.047 0.14 042

Table 4.1

CTI Journal, Vol. 39, No. 1




The Industry's Most Trusted

Source’in Componen ts!

Dynamic B i
Fabricators Eamsstomm e

We are known for

- =
—-
-

providing ic . ' )
solutions pesulting in

guality agvantages

and competitive

pricing. Providing SEemscE_ .

excellent customer
service is our #1
priority. It's what
keeps our customers
coming back.

Your Complete
Cooling Tower
Supply Source
with Locations
in Wapato, WA
& Elmore, AL.

Fiberglass Pipe
Saddles, Tanks,
Access Hatches,
Doors, Molded . !
Stairs & Distribution =
Splash Boxes. =

Your dynamic partner
in cooling tower components...

Dynamic Fabricators

Tofl-Free 877.604.6525
www.dynafab.net » Email us at: sales@dynafab.net




The different values of the ratio W are shown in the table above.
It can be seen that only the Blades A and B have a ratio above 0.5.

The time history responses for Blade A and Blade C are shown in
Fig. 4.3.

Fig. 4.3: Blades A & C response (RBM — N*m) for AoC = 90°

Cyclic Loads

Once the response to a single pulse is understood, the behavior of
the system in case of cyclic (petiodic) loads can be investigated. In
fact, being the BOF higher than the pulses’ frequency, the load can
be considered as a sequence of single pulses. Therefore, for a fixed
fan speed, pulses that, when applied singularly, cause the higher
response, when applied cyclically cause the higher response as well.

For this purpose, the same RPM is considered and the same 3 flow
perturbations are considered with AoC of 10°, 30° and 90°.

With the same procedure used in chapter 4, numerical integrations
were carried out. The results are shown in the following fig. 5.1 for
the 3 blades.

It can be seen that Blade C has always a lower response compared to
the stiffer ones. For all the AoCs investigated, Blade C’* s responses
is much lower than Blade A’s and in the range of 60% of Blade B’s
(see Fig. 5.1b).
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Fig. 5.1a: Blades max response (RBM fluctuation — N*m)

It is also confirmed that the Blade A has the highest response for
an AoC close to 45° while the blades B and C have their highest for
AoC = 90° as for the single pulse case.

A singularity can be noted at AoC = 90° for Blade A: despite a high
maximum response to the single pulse according to the Fig. 4.2, its
response to the cyclic load is low, similar to Blade B’. This is due to
what is called “Residual Response™ that gets to zero for ¥ =1 /T
=1 (see Ref. a for further details.)

Load Transmission

In agreement with the action-reaction principle, the Root Bending
Moment

12

2000 =

. wilede B

Fig. 5.1b: Detail of Fig. 5.1a - Comparison between
Blade B and Blade C (RBM fluctuation — N*m)

RBM =-K* (6-060),

that the spring of the simplified model exerts on the blade, gets
transmitted to the hub and, consequently, to the drive chain and
supporting structure.

From the above consideration, it is obvious that the higher the
RBM, the higher the load acting on the structure. In the same man-
net, the higher the RBM variation, the higher the load vatiation act-
ing on the structure. As a result, higher vibration.

Going back to the actual blades, a similar situation can be seen: a
structure subject to highly variable loads tends to respond with high
displacement, meaning high vibrations.

While in the simplified model the spring at the hinge transfers the
RBM to the hub, in the actual blade, clamped at the root, the stress
close to the clamp gives a measure of the transferred RBM. A highly
variable stress results in a highly variable RBM.

The below figure 6.1 sketches how the alternate stress measured at
blade root, symptomatic of an alternate RBM, gets transferred to
the hub and, consequently, to the drive chain and supporting struc-
ture. Rapid variations of the RBM results in “rocking’ effect of the
fan supporting structure, especially in its weakest direction. In an
ACC, the “rocking” vibration in the horizontal direction perpen-
dicular to the bridge is a common phenomenon.

Fig. 6.1: RBM transmission to the drive chain and supporting structure

Damping

A significant help in reducing the vibration amplitude comes from
damping, as well known from the technical literature, see Fig. 7.1.
Two kinds of damping have to be considered when dealing with fan
blades: aerodynamic damping (AD) and mechanical damping (MD).
AD is proportional to the fan speed, while the MD is more related
to the mode’s frequency. At high speed, the AD dominates, but at
low speed the MD becomes important (i.e. with VFD driven fans).
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Therefore, a device able to increase the damping would be of great
help.
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Fig. 7.1: SDOF response for various damping values (har-
monic load)

This was the goal that led Cofimco to develop the innovative 35F
blade equipped with low-stiffness FRP shaft and embedded fric-
tion-based damper: a combined action of low stiffness and high
dissipation capability that brings the blade to cope well even in
particularly tough working condition as, for example, temporary or
transient resonance.

On-Site Measurements

Several test room and on site measurements have been carried out
to verify the ability of 35F’s mechanical features to reduce vibra-
tion amplitude. Thanks to its mechanical characteristics, matching
with the concepts discussed in the previous chapters, significant vi-
bration amplitude reduction was achieved compared with the usual
values recorded on sites equipped with standard blades, see below
table 8.1 and ref. (b) for further details:

Direction
Fan type X ¥ I
mmy's
30 ft - B Conventioral B-type blades 25 23 57 e
30 ft - & FRP + € Shaft C blades (%) Fi 18 r A | :
32 ft - & Conventional B-type blsdes 31 | a2 2 | ce
32 ft- 6 FRP + C Shatt C Bladies (%] Fi 1 ¥

(*) FRP + C : Fiber Reinforced Plastic & Carbon fibers

Table 8.1: Comparison between on-site measured vibration.
Note:
C. T. measurement - conventional B-type fan replaced by FRP + C Shaft C-type fan
A. C. C. measurement — see below fig. 8.1
The achieved reduction in the vertical direction is higher than 63% (RMS Values).

Fig. 8.1: A.C.C. test

Note:

X: horizontal, parallel to the bridge (ACC) or dtiving shaft (CT)
Y: horizontal, perpendicular to X

Z: vertical

o iy

The below figure 8.2 shows the stress recorded on two different 34
ft ACC fans:

120

45
103786
4670

0.9%

Ratio [Alternate REM J Desion REM)

Table 8.1: Fans features

(*) Measurement on VFD at resonance speed

The strain gage, on both blades, was stuck on the blade at around 50
mm (= 2”) from the clamping to the hub. A preliminary calibration
with known load allowed the evaluation, from the measured stress,
of the bending moment variation at blade root.

The ability of the C-type blade to contain the alternate RBM is evi-
dent, Tab. 8.1: while the ratio (A-type to C-type) of the Design RBM
is 1.8, the ratio of the Alternate RBM is 3.89, more than double.

Despite the different duty points of the 2 installations, the measure-
ments confirm what stated in the previous chapters: a stiff blade
transfers all the RBM variations to the hub, while a softer blade
“uses” the centrifugal force to reduce the amount of RBM varia-
tions transmitted to it.

Furthermore, the larger displacement of the C-type blade allows
a higher aerodynamic and structural dissipation of the oscillation
kinetic energy. This holds the oscillation energy below critical levels.

Notes:

a. In both measurements shown in figure 8.3, the strain
gage was applied on blades already installed. Therefore,
the stress due to the blade weight is not included. Being
constant, this stress component is not relevant for the
purpose of this paper.

b. Both measurements were taken in calm environmental
conditions, with negligible wind.

Tema Finbary

tima (ah

Fig. 8.2a: Stress recorded on Blade C (speed ramp)

Fig. 8.2b: Stress recorded on Blade A (fixed speed)
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Conclusions

The theoretical analysis, as well as on site measurements, show sig-
nificant benefits using axial fans equipped with FRP or FRP + Car-
bon low-stiffness-shafts blades.

The following goals are achieved using the innovative blade con-
figuration (low stiffness shaft and dampening device):

Vibration amplitude and loads induced by large fan blades in the
supporting structure are greatly reduced thanks to the low-stiffness
blades;

Fan blades are able to withstand severe working conditions and
manage the high abrupt loads frequently caused by broad obstruc-
tions or flow asymmetries on large fans;

The high energy dissipation due to the combined action of aero-
dynamic damping and the embedded friction-based damper allow
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the fans’ blades to cope with cyclic load keeping the blade alternate
(fatiguing) stress within low limits.

As a consequence, the drive system’s life, as well as the fan’s, is ex-
tended and the supporting structure preserved from high amplitude
vibration which leads to stress on the components and structural
noise.

On the other hand, the larger displacement of a flexible shaft blade
requires a taller fan stack with more room for the blade to oscillate
without interfering with fixed structural elements.

It must also be considered that, when using a flexible shaft blade,
the connection of the shaft to the airfoil and of the shaft to the hub
must be able to withstand the larger displacement and strain that
occur over the life of the part.
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Time and Temperature Dependent

Deformation Behavior of PP Fllis

Nina Woicke, Daniel Dierenfeld
Enexio Water Technologies Gmbh

Abstract

Mechanical behavior of plastic components are
not only dependent on the pure load or load case
(e.g. bending vs. pure compression), but also on the
loading time and temperature. In this paper a sim-
plified viscoelastic deformation model, based on
the Findley creep model, has been derived to take
these factors into account.

The model can be applied to a various range of
polymer materials and types, however it has been
fitted and validated to a specific fill type made from

polypropylene.
Introduction

Besides the thermal performance, the mechanical behavior is the
second most important property of the fill in a cooling tower. Ad-
ditionally, to the final failure of the blocks [see also (Woicke & Di-
erenfeld, Mechanical Behavior of Polymer Fills, 2015)], the specific
deformation under load is important information for the design of
the whole cooling tower.
Nowadays, a lot of different block type fills are used in cooling tow-
ers. They vary in the following parameters:

* Material (PP, PVC and sometimes PE)

¢ Design

* Fill weight/Foil thickness

* Type of bonding
When an engineer cares about the mechanical behavior of a cooling
tower fill, he has several concerns:

* Behavior at different temperatures

* Deformation for short term loads (e.g. during installation or

maintenance)

* Creep deformation under static loads
Predicting the mechanical behavior of all fills would then need a lot
of testing, because all factors are linked and important for the selec-
tion of fill and sizing of support structure.
The aim of this paper is to introduce and validate a deformation
model for cooling tower fills, to help to reduce the testing effort
without losing the validity of the results.
The model is mainly based on a commonly used material model,
which will be modified to the specific characteristics of cooling
tower fills.

Viscoelastic material modelling
of polymers

The model, which will be presented in this paper, will focus on the
strain behavior within a cooling tower fill in its operation condi-
tions. It is not valid to extrapolate it to higher strains (approx. 1.2%),
where additional failure modes (like break of bondage or secondary
creep) may occut.

Linear models

To model the mechanical behavior of polymers, normally a connec-
tion of simple elements is used (Ferry, 1980). The most common

Nina Woicke

element is the spring element, where the strain e
and the stress o are linked proportional by an elastic
modulus:

Equation 1: 0 =E - £
The second most common element is a linear
damping element, where the strain rate is linear to

the stress. This behavior of a so called Newtonian
fluid is as follows:
Equation 2: a=1n-&

There are two general possibilities to connect these
elements: Parallel or in series.

In case you connect a spring element and a damping
element parallel, you get a so called “Kelvin-Voigt”
element:

Equaton3:0 =E-s+7n-£

If you divide the damping factor 7 by the modulus E, you get the
so called characteristic relaxation time t,. Then this equation looks
like that:

jetat
quation 4: R™F
Equation 5: c=E-ge+ E-tg-¢

In case of a connection in series of a spring and a damping element,
the resulting element is called “Maxwell” element:

Equation 6: g +6=E-¢&
Lg

In case of a creep test (constant stress o), the resulting strain of a
Maxwell element looks like the following equation:

0o Jg

= — .t
E | Etg

Equation 7: £
A graphical representation of all elements and connections can be
seen in Figure 1.

Non-linear models

As shown by other publications [e.g; (Findley, Lai, & Onaran, 1989)],
polymers often can’t be modeled by this simple linear theory. One
has to use either a much more complex linear equation with a high
number of parameters (Woicke, 2006) or use a non-linear equation.
In the first case, a lot of parameters mean a lot of independent test-
ing, so this is rather unpractical for industrial use.

Since creep (deformation under constant load) is the major load
case for cooling tower fill, the so called Findley model as a non-

linear model can be used (Findley, Lai, & Onaran, 1989):
Equation 8: =gty th

By comparison of Equation 8 with Equation 7 there are some simi-
larities. Since ¢, and e, are fittable material parameters, following
definitions are chosen to accommodate for these similarities:

Equation 9:

Equation 10:
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tR is chosen with the exponent n to resemble the idea that this pa-
rameter is a relaxation time.

This results in the following equation with the three parameters E,
t, and n:

9o 9o
= —+4 -
E  Etgh
Findley et al. have shown, that for various polymers (including PE

and PVC), n is independent of the stress and temperature and that
its value is normally below 0.2 (Findley, Lai, & Onaran, 1989).

Influence of the temperature

The materials normally used for cooling tower fills (mainly PP and
PVC) are used in other industrial products as piping or plastic tanks
as well. Therefore, data is published on these materials, also ap-
plicable for cooling tower fill. One of the standards often used in
Germany is the DVS 2205-1 (DVS, 2015).

This standard has first been published in 1974 and has been re-
viewed constantly since then. The newest version of the DVS 2205-
1 is from 2015. The benefit of this standard is that it has tabulated
values of the temperature dependent E-modulus. In Figure 2 you
can see the data from that table (DVS, 2015) for PP together with an
exponential fit, in analogy to the Arrhenius equation (Clark, 2002):

tﬂ

Equation 11: £

Equation 12: E(T,) = E(Ty) - e @ (T>~Ty)

Out of convenience, T, has been fixed to 23°C (296.15K or 73.4°F).
Then, you can define a temperature scaling factor S (see also Figure
3):

Equation 13: § = pa(T2—23°C)

E(T) =S -Eazc
In analogy to the E-modulus, here the assumption is made, that the
relaxation time is scaled by the same factor:

tr(T) = S(T) - troaec
That transforms Equation 11:

Equation 14:

Equation 15:

4] 4]
= +
1+ T
S Eyzec ST Eggec - tgasec

Influence of the fill specifics

So far, all considerations in the model were purely made for the ma-
terial itself. Even though, the material is an important factor in the
overall behavior, additionally, the influence of different fill designs
and weights have to be considered in the model.

Equation 16: £ th

Equation 17:
Eriy = S+ Emateriar2zec * [ (design, bonding) - f (weight)

Equation 18:
trrin = S * tr materiarzsec - f (design,bonding) - f (W‘?ight)

The functions for design, bonding and weight will substantially re-
duce the fill modulus compared to the overall material modulus. In
this paper the function concerning design, bonding etc. will not be
covered. This is then the work of further investigations.

Test set-ups

All tests used for this investigation are pure pressure tests (between
two flat plates) for cube size fill installations.

There are two test modes, which were chosen:

1. The fill is loaded in steps and each load step is maintained
for 5 minutes before the next step, the load of each step is
identical. This test set-up simulates short term loads as they
are applied during installation or maintenance. The actual
load value is adapted to the individual weight of the fill.

18—

2. Thefillisloaded onceand then the creepis measured over time.
This test set-up simulates the loading of a fill during operation.
Please note: All data is acquired from new fill. So some long
time effects (as aging of the material) are not included
Since this investigation is for the linear regime of the fill, this inves-
tigation focusses the first steps of this load tests, but single test have
been done to test as well the limit of the model (see 5.3).

All tests have been conducted for the same fill design (KFP 627)
and all fills have been thermally welded. The reference block had a
void ratio v of 0,971. The void ratio is calculated by:

specific fill weight

Equation 19: v=1

material density
In Table 1 is an overview about the different test sets conducted. All
results used in this paper are third party data.

In Figure 4 pictures of test set-up 2 (left) and 3 (right) can be seen.

Results and discussion

Fit of the model and influence of the
temperature

To fit the data, Equation 11 was used as a base, where E was accord-
ing to Hquation 17 and t, is according to Equation 18.

For the fit of the model parameters (n, t, and E_) the first set of
tests has been used. In this case, the same load steps were chosen
for all three temperatures. In Figure 6 the results and the fit for
23°C (73.4°F) can be seen.

In this fit, n is 0.12, which is in the same order of magnitude as the
data from Findley (Findley, Lai, & Onaran, 1989) and ranks between
PVC and PE.

One effect, which can be observed, is that in the beginning of ev-
ery test there is initial creep due to the fact that the blocks have
waved edges and small offsets (see Figure 5). These offsets are in
the magnitude of 0.1-0.2% of the block size and are not critical for
the overall deformation. This is a one-time effect and will not be
considered in the deformation model, but corrected case by case in
the step loads as can be seen in Figure 6.

With the same model parameters, only with a changed S (see Equa-
tion 14 and Equation 17), the two other temperatures were fitted to
the test data. Figure 7 shows these fits for 45°C (113°F) and 65°C
(149°F).

For higher temperatures the fit starts to deviate stronger, especially
the third step. This is comparable to the deviations seen in 5.3 and
shows the limit of the presented model.

Influence of fill sizes

To rule out the question of influence of fill sizes in test set #2, the
same stress is applied to test set-up 64 times larger, consisting of
4 single blocks, instead of one small block. The temperature, test
mode, stress level and time steps are kept constant.

The overlay of the results can be seen in Figure 8. The bigger block
size has slightly higher strains. This could be an effect of the addi-
tional edges within the set-up, but is negligible in the overall preci-
sion of the tests.

Limits of the model

To define limits of the presented model, a test until failure of the
block has been conducted within test set #2. The compatison of
this test with the model of the test before is shown in Figure 9. One
can see that the model fits well for the first half of the curve. Then
for each step the correlation gets worse. So the model is only ap-
plicable for stresses up to 50% of the failure stress.
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Influence of the fill weight

To check the influence of different weights, four different classes
with adapted stress levels have been tested. To fit this extra param-
eter, Equation 16 has been adapted:
Equation 20:

%o %o

- + 11 e t"
Sy St Epzec (Sy-Sp)MM - Exgec - trasec

£

There is one additional parameter S to be fitted to the measured
data (see Figure 10). All other data has been kept constant.

In the tested regime, there is a linear behavior between the mea-
sured data and the void ratio v (see Figure 11).

Extrapolation of this data is critical, because the deformation be-
havior changes with very thin foils as well as with very thick foils.

Obviously, in reality, the scaling factor should be 0, when the void
ratio is 100%. Since this is not the case for the linear approach, it is
to be expected, that at a high void ratio (very thin foils) will lead to
an accelerated reduction of the E-modulus.

On the other hand, for a void ratio of 0 the E-modulus of the theo-
retical fill should be the same as for PP. If you use the extrapolation
of the data presented in Figure 11, again you don’t end up with this
number but a 5 times lower value. So at a certain point, the behavior
will change.

Therefore this linearity can only be used for interpolation and not
for extrapolation.

Influence of the test mode

To check, if this model fits as well to a pure creep test, in the fol-
lowing test set #3 the fill has been tested for pure creep over a
longer time (1 000h= 3 600 000s). The results have been compared
to the model fitted before to this fill. Figure 12 shows these results.
The model predicts about 0.1% higher strain, which is in the same
magnitude as the “starting effect” presented in 5.1. Besides that, the
overall time dependent behavior could be predicted very well.

Summary and outlook

In this paper a deformation model based on the Findley creep mod-
el was presented and modified to fit the characteristics of cooling
tower fill.

Then model has been validated by test done with PP fills, showing
the following aspects:

* The temperature dependent parameter could be derived from
a widely used standard
* The time exponent is in the same magnitude as other polymers
reported by Findley
* The behavior of load step and creep tests could be predicted
with the same model
* The limits of the deformation model is at about 50% of the
maximum stress level
* In the typical void ratio regime for cooling, a linear behavior
of different fill weights could be derived from interpolation
Based on these results, the necessary testing can be reduced to
two sets of measurements (one at low weight, one at high weight)
at room temperature per design (including bonding method) and
material.

Probably, even further reduction in measurements is possible, but
for that further investigations have to be made:

¢ Comparison to PVC

* Influence of the different designs

* Influence of the bonding method

* Influence of bending vs. pure pressure

By these measures one can get a complete view on the mechanical
behavior of cooling tower fills.
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Figure 3: Temperature scaling factor S for PP based on DVS 2205-1

Figure 4: Test set-up #2 (left) and #3 (right)
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Abstract

It is well known that phosphorous-based corrosion in-
hibitors cause fouling with calcium if they are not ad-
equately treated with a stabilizing product to prevent
foulant precipitation. This shortcoming makes this sta-
bilizing product an essential component of any phos-
phorous-based inhibitor program. In this paper, a new
corrosion inhibitor will be presented that provides a
single-component replacement for the aforementioned
dual-component system. This new inhibitor can not
only replace phosphorous-based inhibitors used for mild
steel corrosion control; laboratory testing has shown the
product has corrosion inhibition properties for zinc and
galvanized metal and can also reduce white rust forma-
tion in high pH, high alkalinity water chemistry. This new inhibitor per-
forms well across a wide range of hardness conditions and pH values, it al-
lows for the reduction of the product used to stabilize phosphorous-based
inhibitors, and is an environmentally friendly alternative for corrosion con-
trol. It has also shown excellent compatibility with other commonly used
corrosion inhibitive chemistries. To demonstrate this new corrosion inhibi-
tors performance benefits, both laboratory and pilot testing performance

data will be presented.

Introduction

Since the ban on chromates over thirty years ago, the cooling water indus-
try has predominantly relied on phosphorous-based corrosion inhibitors.
Initially, these treatment programs were stabilized phosphate programs that
used sulfuric acid to control pH and limit calcium phosphate saturation.
Over time, these programs transitioned into alkaline phosphate and all or-
ganic phosphonate programs; largely in response to industry trends to re-
duce the use of sulfuric acid and operate at higher cycles of concentration.
Both of these trends drove the pH and hardness values for a typical cooling
water systems to a higher range, which in turn increased the drive for cal-
cium phosphate or calcium phosphonate precipitation. This precipitation,
if not controlled, can result in system fouling, loss of corrosion inhibitor
and thus loss of corrosion protection. To combat these problem, the wa-
ter treatment professional must increase the dosage of calcium phosphate
inhibitor to control system fouling, 1-2 As more stringent water conserva-
tion efforts continue to loom, the challenge posed with using phosphate-
based inhibitors in high hardness, high pH water will likely become more
and more challenging.

Further exacerbating treatment challenges, phosphorous-based chemistries
are increasingly facing both local and federal regulations to control the con-
tamination of surface water. Since the 1972 Clean Water Act, controls to
limit phosphorus discharge from point sources have grown exponentially.
Figure 1 depicts the total active discharge permits containing restrictions on
phosphorus levels. In 2005 only 3,705 permits had any phosphorus limits
while 10 years later in 2015, 12,643 such permits were active representing
over a 300% increase in restrictions.3-4

Active phosphorus effluent limit permits by year, 1973-2015 [Soutce of
Data: US. Environmental Protection Agency Permit Compliance System
data-base retrieval, 2016].

This paper presents a new corrosion inhibitor chemistry that provides a
replacement for phosphorous-based inhibitors and all the problems and
looming regulations with which they are associated. This new inhibitor
forms a protective film on both steel and galvanized surfaces and does
not pose a fouling concern with calcium. Furthermore, the new inhibitor
chemistry is made from sugar via a unique oxidation process that converts
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Simplifying Corrosion Control
With A Safer Choice Inhibitor

Eric C. Ward

glucose to sodium glucarate. This paper will present this
glucarate based corrosion inhibitor (GBCI) as a viable
alternative to the phosphorous-based inhibitors used
today.

Laboratory Evaluations

Corrosion testing of the GBCI product was predomi-
nantly based on the use of electrochemical test methods.
This methodology allows for quick assessment of inhibi-
tor performance, including general corrosion rate and
inhibitor mechanism. All electrochemical tests were per-
formed using a Gamry Series G 300 Potentiostat in both
1L jacketed Gamry corrosion cells and 200mlL jacketed
Gamry EuroCells. Two commonly used methods were
utilized for these evaluations: Linear Polarization Resis-
tance (LPR) and Tafel polarizations.
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Figure No. 1

LPR

LPR experiments provide quick estimations of general corrosion rates and
allow for unlimited monitoring of corrosion rates within a system over
time. An LPR experiment is conducted by applying a potential range to a
working metal electrode that extends £20mV from the measured potential
of the electrode at rest, or open circuit potential (OCP), or corrosion po-
tential (Ecort). These graphs are generally linear and the slope of the line
can be used to calculate the corrosion current density in amps/cm2, which
can then be converted to a corrosion rate. The small polarization range is
non-destructive to the metal surface, allowing these tests to be run repeat-
edly on one specimen.

Tafel Polarizations

Tafel plots provide more detailed information on the inhibitor mechanism
of corrosion inhibition. A Tafel plot is generated by applying a potential
range to a working metal electrode that extends £250mV from Ecorr. For
cach applied potential, a current is measured that can be plotted on a loga-
rithmic scale of measured current versus each applied potential. The lower
portion of the curve that lies between -250mV from Ecorr is known as the
cathodic curve. The upper portion of the curve between +250mV from
Ecorr is known as the anodic cutve. Ecortt is indicated by the inflection
point where the measured current drops to very low amperage between
the two curves. The introduction of an inhibitor to an electrolyte solution
can suppress one or both of these curves. The degree of suppression and
shape of these curves can then predict the possible mechanisms of corro-
sion inhibition.
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Carbon Steel Corrosion
Inhibition

Simulated Cooling Water Test
Methodology

One-liter corrosion cells were modified to allow for a simulated cooling
water feed, blow-down and an Oxidation-Reduction Potential (ORP) sys-
tem to control the oxidizing biocide feed into the system. Each system was
aerated and equipped with a C1018 carbon steel working electrode. These
modifications allowed for the evaluations of corrosion inhibitor programs
in more “realistic” cooling water conditions, including the continuous feed
of water treatment formulations with make-up water or more concentrated
(high cycle) water to raise the cycles of concentration in the cell and a
separate biocide feed controlled to a specific free halogen concentration.
Each cell was equipped with an inlet water feed and an outlet water feed
that equaled approximately 0.70mL/min. This chosen feed rate allowed
for a turnover volume within the cell of approximately 1.0-liter per day,
which provided a turnover rate of around three days. Tests could then be
started at a predetermined cycle of concentration, with a more concen-
trated, higher cycle water being fed into the system. This design allowed for
a test to be started at a low cycle of concentration and fed to a higher cycle
of concentration within a 3-day period. It also allowed for the continuous
feed of treatment formulations, which were added to the incoming feed
water to maintain their desired dosages. A diagram of the modified corro-
sion cell can be seen in Figure 2.

Figure No. 2 Modified corrosion cell with simulated cooling water feeds.

The purposes of these tests were to evaluate the GBCI as a vi-
able alternative to the traditional “all organic” programs used in
the Heating, Ventilation and Air-Conditioning (HVAC) segment of
water treatment today. The make-up water chemistry and general
parameters chosen for these tests can be found in Table 1. The
table provides conditions for both the make-up water and the water
at five cycles of concentration, which is considered a “typical” op-
erating condition.

Component

Table 1: Simulated HVAC Cooling Water for Simulation Testing

The LSI values of the simulated HVAC cooling water as the cycles
of concentration are increased are shown in Figure 3

As representatives of common “all organic” formulations used in the
industry, two formulations containing either 1-Hydroxy Ethylidene-1,1-
Diphosphonic Acid (HEDP) or 2-Hydroxyphosphonoacetic Acid (HPA)
were prepared. These formulations were then used for comparative testing
to comparable formulations containing the GBCI product. A “low LSI”

and “high LSI” version of each formulation was prepared, with the “high
LST” version being used for testing when the cycles of concentration were
carried to concentrations greater than ten. Additional common compo-
nents used in these formulations included a copolymer of Acrylic Acid and
2-Acrylamido-2-MethylPropane Sulfonic Acid (AA:AMPS), a polyacrylic
acid homopolymer (PAA), a polymaleic acid homopolymer (PMA), 2-Phos-
phonobutane 1,2,4-tricarboxylic acid (PBTC) and tolyltriazole (TTA).

Figure No. 3 LSI values per cycle of concentration of the simulated HVAC water.
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In addition to the common industry formulations, another set of formula-
tions were prepared using the GBCI product. Both the HEDP and HPA
components were temoved from these formulations. With there being no
phosphorous-based components to require stabilization, the AA:AMPS
copolymer was also removed. Each of these formulations can be seen in
Table 2.

Table 2: Simulated HVAC Cooling Water “all organic” Formulations

Langelier Saturation
Index [LSI)

0912010

The optimization of treatment methods with the GBCI product revealed
that the product’s performance is improved with an initial passivating dos-
age of a higher concentration that can then be reduced to a maintenance
dosage of a lower concentration; the latter of which can then be fed into
the system via formulation.

For all tests presented in this section, an initial passivating dose of
25.0mg/L GBCI was added to the test water alteady containing 25.0mg/L
dose obtained from its formulations given in Table 2. The combination
of these two dosages provided a 50.0mg/L total active dose of the GBCI,
which was then allowed to deplete to the 25.0 mg/L dose obtained from
the formulation.

Oxidizing Biocide Compatibility

LOW RANGE HYPOCHLORITE BIOCIDE TESTS: The simulated
HVAC cooling water and parameters shown in Table 1 were chosen for
these evaluations. The water was started at 1.0 cycles of concentration and
then fed to 5.0 cycles of concentration to observe inhibitor performances
at lower calcite saturations that can be more corrosive. The “low LSI”
formulations were chosen for these evaluation and were fed with the 5.0
cycle water feed. A separate hypochlorite/make-up water solution was fed
via ORP to maintain a low level of free chlorine within the range of 0.15-
0.25mg/L. This GBCI “low LSI” formulation, plus passivating dosage, was
then compared to the two commonly used “low LSI” industry formula-
tions, all of which are shown in Table 2.

#1444 CTI Journal, Vol. 39, No. 1
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The test results reveal that the GBCI formulation, with slug dose, per-
formed better than both industry standard formulations. These finding
are significant, as the HEDP-based formulations degraded in the presence
of hypochlorite to produce significant concentrations of ortho-PO4 that
were in the range of 3.2 to 5.1mg/L PO4. The HPA-based formulation
degraded in the presence of hypochlorite to produce significantly higher
concentrations of ortho-PO4 that were in the range of 1.2 to 7.9mg/L
PO4. These numbers would seem to indicate the vast majority of the
HPA was degraded in the presence of hypochlorite. This finding was not
necessarily a surprise, given HPA’s well known incompatibility to oxidizing
biocides. The GBCI-based formulation performed better, with no phos-
phorous present in the water. These test results can be found in Figure
4. The provided PO4 range in the legend of Figure 4 indicates the low to
high ends of PO4 concentrations measured in solution throughout test-
ing. The increase in ortho-PO4 is directly related to the degradation of
phosphonate in the presence of hypochlorite. It is important to note that
both the HEDP and HPA formulations are frequently used as “indirect”
methods of adding ortho-PO4 to the system via their degradation when
used with oxidizing biocides. Yet, even though the generated ortho-PO4
was adequately stabilized, these formulations were unable to perform better
than the GBCI formulation.

Corrasion in Simulated HVAC Cooling Water
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Figure No. 4 Corrosion test results of “low LSI”
formulations in Simulated HVAC Water.

HIGH RANGE HYPOCHLORITE BIOCIDE TESTS: The simulated
HVAC cooling water and parameters shown in Table 1 were again chosen
for these evaluations. The water was started at 1.0 cycles of concentration
and then fed to 5.0 cycles of concentration. The “low LSI” formulations
were chosen for these evaluation and were fed with the 5.0 cycle water feed.
A separate hypochlotite/make-up water solution was fed via ORP to main-
tain a higher level of free chlorine within the range of 0.40-0.60mg/L. This
GBCI “low LSI” formulation, plus passivating dosage, was then compared
to the commonly used “low LSI” HPA industry formulation, both shown
in Table 2.

The test results reveal that the GBCI formulation, with slug dose, per-
formed better than the HPA-based formulation. It should also be noted
that the GBCI treated system experienced a significant overfeed of hy-
pochlorite throughout the first 96 hours of testing, where free chlorine
readings wete frequently above 1.0mg/L. Despite this ovetrfeed of hypo-
chlorite, the GBCI formulation maintained lower corrosion rates than that
of the HPA formulation, which was not subjected to the high free chlorine
concentrations. Figure 5 depicts both the corrosion rates and free chlorine
measurements for these tests, with the corrosion rate plotted on the prima-
ry y-axis and mg/L free chlorine plotted on the secondary y-axis. Note that
the intended range for free chlorine is highlighted in green to emphasize the
free chlorine overfeed for the GBCI treated system.

STABILIZED BROMINE BIOCIDE TESTS: The simulated HVAC
cooling water and parameters shown in Table 1 were again chosen for these
evaluations. The water was started at 4.0 cycles of concentration and then
maintained at 4.0 cycles of concentration throughout the test. The “low
LSI” formulations were chosen for these evaluation and were fed with the
5.0 cycle water feed. The stabilized bromine was slug-fed into the system

to achieve 10.0mg/L total bromine with each dose. A new slug dose was
then added each time the measured free bromine fell below 1.0mg/L. The
GBCI “low LSI” formulation, plus passivating dosage, was then compared
to the commonly used “low LSI” HPA industry formulation, both shown
in Table 2.

The test results reveal that the GBCI formulation, with slug dose, again
performed better than the HPA-based formulation. Figure 6 shows that
the initial corrosion rates for the GBCI treated system were significantly
better than the HPA treated system, but as the test progressed both treat-
ments provided very similar performances, with the GBCI formulation be-
ing slightly better.
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Figure No. 5 Corrosion test results of “low LSI”
formulations in Simulated HVAC Water.
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Figure No. 6 Corrosion test results of “low LSI”
formulations in Simulated HVAC Water.

Performance in High Hardness Water

The simulated HVAC cooling water and parameters shown in Table 1 were
chosen for these evaluations. The water was started at 5.0 cycles of con-
centration and then fed to 10.0 cycles of concentration to observe inhibitor
performances at higher calcite saturations that can cause fouling concerns
with phosphate-based chemistries. The “high LSI” formulations wete cho-
sen for these evaluation and were fed with the 10.0 cycle water feed. A
separate hypochlotite/make-up water solution was fed via ORP to maintain
a low level of free chlorine within the range of 0.15-0.25mg/L. The GBCI
“high LSI” formulation, plus passivating dosage, was then compared to the
commonly used “high LSI” HEDP industry formulations, both shown in
Table 2.

The test results reveal that the GBCI formulation, with slug dose, pet-
formed significantly better than the HEDP-based formulation. Figure 7
depicts both the corrosion rates and ortho-PO4 measurements for these
tests, with the corrosion rate plotted on the primary y-axis and mg/L ortho-
PO4 plotted on the secondary y-axis. Note that the GBCI treated system
maintained very good corrosion rates throughout testing, while the HEDP
treated system failed at around 18 hours. This time period would coincide
with calcium concentrations reaching around 300mg/L Ca as CaCO3. The
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incompatibility of the high calcium concentrations and HEDP are further
emphasized by the separation of the soluble (filtered) versus total (unfil-
tered) ortho-PO4 concentrations measured during testing. This separation
can be attributed to the loss of phosphate corrosion inhibitor in the pres-
ence of high calcium concentrations, which is also reflected by the increas-
ing corrosion rates that occur at around 18 hours.

Carrosion in Simulated HVAC Cooling Water
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Figure No. 7 Corrosion test results of “high LSI”
formulations in Simulated HVAC Water.

Mechanism of Inhibition

Tafel polarization experiments were performed using the same water chem-
istry given previously in Table 1. These test were performed on an un-
treated electrode and one treated with the GBCI to observe how its Tafel
polarization graph compared to that of the untreated electrode. These re-
sults can be seen in Figure 5. Note there appears to be significant suppres-
sion of both the cathodic and anodic branches of the Tafel curves. These
observations seem to indicate that the GBCI may provide both anodic and
cathodic protection.

Tafel Polarization Graphs of GBCI vs. a Blank
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Figure No. 5 Tafel polarization plots of a GBCI
treated electrode compared to an untreated electrode.
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Figure No. 6 Tafel polarization plots of increasing
concentrations of GBCI treated electrodes.

Further Tafel polarizations were performed to evaluate the shifts in both
branches of the Tafel curve as the concentrations of the GBCI were in-
creased. These results can be seen in Figure 6. Note that the 100mg/L
dose continues to show further suppression of both the cathodic and an-
odic cutves; but that the 200mg/L dose only showed suppression of the
anodic branch. The combined analysis of both Tafel experiments seems to
indicate the GBCI has an effect on both the cathodic and anodic corrosion
reactions, either directly or by a general film-forming mechanism. How-
ever, the continued shift in the anodic curve with increasing concentration,
coupled with an anodic shift in the corrosion potential, both seem to indi-
cate the influences on the anodic reaction may be greater.

Calcium Tolerance

As discussed in the introduction, many of the commonly used phospho-
nates for scale and/or corrosion inhibition also have a tendency to precipi-
tate with calcium. In most cases, these undesired characteristics are well
known in the industry. The purpose of these experiments was to compare
the calcium tolerance of GBCI to that of many of the commonly used
phosphonates chosen as part of the “all organic” corrosion inhibitor pro-
grams common in the industry today. The calcium tolerance of GBCI was
compared to that of various water treatment products. These products are
shown in Table 3.

Product
1-Hydroxy Ethylidene-1,1-Diphosphonic Acid

2-Phosphonabutane 1,2 4-ricarboxylic acid
-Hydroxyphosphonoacetic Ackd
Polyacrylic Acid

Table 3: Products tested for calcium tolerance comparisons to GBCI

Tests were conducted by adding a known volume of stock calcium chlo-
ride solution to 30mL glass vials containing 20.0mL of an 800mg/L NaCl
salt solution. These conditions obtained a final concentration of calcium
ions of 200.0mg/L as Ca with total dissolved solids of approximately
1000mg/L. To each of these calcium salt solutions were added varying
volumes of product stock solutions to obtain increasing concentrations of
active product that ranged from 0.00 to 320mg/L active product. The pH
of each solution was adjusted to a range of 8.90 to 9.10. Each vial was
then capped and placed in an oven set to 50°C for four hours. Each vial
was then removed and percent transmittance was measured using a HACH
DR 900 colorimetet.
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Figure No. 7 Calcium Tolerance of GBCI
compared to that of other commonly used products

These results can be seen in Figure 7. Note that HEDP and HPA exhibit
the poorest calcium tolerance, with indications of precipitation at active
product concentrations of 20mg/L or less. HEDP and HPA are both
common choices for “all organic” programs used by the water treatment
professional today. These results would indicate these types of programs
would likely struggle in high hardness water. PBTC was the best perform-
ing phosphonate, which was an expected result given its well-known cal-
cium tolerance. PAA performed similarly, with both needing well over
80mg/L active product before any measurable precipitation occurred. In
strong contrast, the GBCI performed remarkably well, showing no signs
of precipitation at the highest concentrations tested. These results would

v
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indicate that the GBCI could be an excellent choice for high hardness water
or in systems operating at high cycles of concentration.

Galvanized Metal Corrosion
Inhibition
Passivating Conditions

Using zinc electrodes, LPR test were conducted in a simulated cooling wa-
ter chemistry representative of the conditions typically recommended for
passivating a galvanized system. The GBCI product was compared to a
typical dosage of ortho-PO4 that would be used for protecting carbon steel
at these water conditions. An untreated system was also evaluated as a con-
trol. For all systems, 5.0mg/L PAA and 20.0mg/L AA:AMPS copolymer
were added for calcium carbonate and calcium phosphate control. The
specific water conditions are shown in Table 4.

Table 4: Simulated Passivating Cooling Water for Galvanized Towers

Test results can be seen in Figure 8. Note the resulting corrosion rates for
GBClI indicate comparable corrosion rates to that of the untreated system.
In contrast, ortho-PO4 maintained higher corrosion rates throughout the
test.

Zinc Corrosion in Simulated Galvanized Cooling Water
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Figure No. 8 Corrosion rates for zinc in passivating water conditions.

Further evidence of the compatibility of GBCI with zinc is shown in the
pictures in Figure 9. The formation of white rust is visibly evident on
the electrode treated with ortho-PO4 while the Waterline treated system
showed no sign of white rust.

GBCI

Figure No.9 Zinc electrodes of various treatments in passivating water conditions.
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White Rust Inducing Conditions

Using zinc electrodes, LPR test were conducted in a simulated cooling wa-
ter chemistry representative of the conditions that would promote white
rust formation on newly exposed galvanized metal. The GBCI product
was again compared to a typical dosage of ortho-PO4 that would be used
for protecting carbon steel at these water conditions. An untreated system
was again evaluated as a control. For all systems, 3.0mg/L PBTC, 5.0mg/L
PMA, 2.5mg/L PAA and 20.0mg/L AA:AMPS copolymer were added to
control calcium carbonate and calcium phosphate in these more stressed
conditions. The specific water conditions are shown in Table 5.
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Table 5: Simulated Aggressive Cooling Water for Galvanized Towers

Test results can be seen in Figure 10. The GBCI maintained corrosion
rates below that of an untreated system for a significant portion of testing.
Meanwhile, ortho-phosphate again indicated higher corrosion rate than
that of the untreated system.

Zinc Corrosion in Simulated Galvanized Cooling Water
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Figure No. 10 Corrosion rates for zinc in aggressive waterconditions.

The photographs in Figure 11 reinforce the LPR test data by showing sig-
nificant white corrosion deposits on both the phosphate and untreated
electrode. In stark contrast, the GBCI treated electrode had significantly
fewer areas containing these localized white deposits.

Blk

PO4 GBCI

Figure No. 11 Zinc electrodes of various
treatments in aggressive water conditions.

As a follow-up to the previous test in aggressive galvanized system water, a
dosage curve of GBCI was generated to see its full effectiveness of GBCI
as a zinc corrosion inhibitor. For these evaluations, individual dosages of
0.00, 100, 200, 400 and 800mg/L active GBCI wete added to individual
corrosion cells containing the aggressive water. LPR test were then con-
ducted to monitor the corrosion rates of each cell. These results can be
found in Figure 12.
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Zinc Corrosion Inhibition with GBCI
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Figure No. 12 GBCI Dosage Cutrve for zinc
metal in aggressive water conditions.

Test results indicated a clear trend in the reduction in zinc corrosion rates
and applied dosage of the GBCI product. 100mg/L active GBCI pet-
formed compatably to the blank, while 800mg/L active GBCI reduced zinc
corrosion rates to below 0.50mpy. These results suggest the GBCI product
may be able to provide a significant degree of corrosion protection of gal-
vanized surface in high pH, high alkalinity water conditions.

Additional testing was then conducted using electroplated galvanized metal
coupons instead of zinc electrodes. These test were performed in two
modified 14L aquariums equipped with aeration and circulation. The tem-
perature was maintained at around 95°F. To each aquarium, a very aggres-
sive water chemistry was applied that was very conducive to white rust
formation. The specific water conditions are shown in Table 6.

Table 6: Simulated Aggressive Cooling Water for Galvanized Towers

Each aquarium was treated with 10.0mg/L active maleic acid homopolymer
to control calcium carbonate precipitation. 3.0mg/L tolyltriazole was also
added. One aquarium was treated with 200mg/L active GBCI while the
other was not treated with any additional inhibitor. Four galvanized cou-
pons were then degreased in acetone, rinsed and hung in each aquarium
to then be removed weekly for visual observations and coupon analysis.
Figure 13 depicts the front side of the coupon removed after one week.

Figure 14 depicts the back of each coupon.

Figure No. 13 Front of galvanized coupons after one-week
submersion in water Blue dot: 200mg/L GBCI
| Red dot: no inhibitor

Figure No. 14 Back of galvanized coupons after one-week
submersion in water.Blue dot: 200mg/L GBCI
| Red dot: no inhibitor

Conclusions

While ongoing field trials will confirm the results, the laboratory perfor-
mance data for both carbon steel and galvanized metal are very encouraging
for the GBCI product’s future in the industry. The product has several key
benefits that can provide the water treatment professional a simplified ap-
proach to water treatment.

* For carbon steel, the GBCI has demonstrated the ability to outper-
form the existing phosphorous-based corrosion inhibitors at various
conditions. With its excellent compatibility in high hardness water,
there is no concern over corrosion inhibitor loss to calcium precipita-
tion. This characteristic makes it a good alternative to the current
alkaline phosphate and “all organic” corrosion programs used in the
industry today. With no concern of fouling with calcium, phosphate
stabilizing copolymers can also likely be eliminated or significantly
reduced.

* For galvanized metal, the product offers a possible alternative to the
recommended passivation procedures for when starting up new gal-
vanized towers. Meanwhile, it would also be protecting carbon steel
surfaces.

In addition, the GBCI product has demonstrated remarkable stability to
oxidizing biocides as well as excellent formulation compatibility with other
water treatment additives. When one considers the ongoing phosphorous
regulations occurring on a global level, the GBCI appears to be a very
good option as the alternative inhibitor for the industry.
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Wet-Dry Technology to Abate the

Visible Plume From An Existing

Cooling Tower

Mark Scholl, Alliant Energy
Jean-Pierre Libert, Evapco Inc.
Darin Baugher, Evaptech, Inc.

Project Back-

ground

In 2015, Alliant Energy (owner) un-
dertook a test project to reduce the vis-
ible plume and its associated negative
consequences in one cell, cell #4, of
a 10 cell cooling tower at a combined
cycle power plant located in Wiscon-
sin. Not only was the plume severely
reducing visibility at an adjacent Oper-
ations Center, causing yard operations
to be suspended at times for safety, but
icing also occurred on the parking lot and walkways, causing safety con-
cerns. Additionally, plume would reduce visibility on a well-traveled
country road north of the facility, and on heavy fog days, the plume
would drift over the neighborhood located to the north-east of the
plant, causing ice to form on resident’s driveways and walkways.

Jean-Pierre Libert

Figure 1: Plume from Cooling Tower Blowing
East over Utility Operations Yard

Several different options were investigated to reduce the plume, and the
owner chose the EvapDri wet/wet-dry technology for a demonstration
test.

The innovation of this technology is that the water to be cooled can
be sprayed over the finned coils as an evaporative fill media (which
retains summer-time efficiency) or flow inside the tubes as a dry heat
exchanger.

What is EvapDri?

EvapTech (OEM) has developed a new wet/wet-dry plume abatement
cooling tower. It combines wet fill and metallic heat exchangers in a
counterflow cooling tower in a parallel-path wet-dry arrangement. The
heat exchangers consist of elliptical finned-tube coils. This technology
offers two main advantages: water conservation and plume abatement.
Two key features include a low profile and the ability to retrofit exist-
ing equipment without significant modifications. The aesthetics of the
existing tower remain unchanged and the footprint is not altered. No
additional permitting is required and the system pumping head is not
increased.

In wet mode of operation, a portion of the recirculating water is
sprayed over the coils using them as fill media. As the coils operate as
wet fill, the entire tower works as a wet (evaporative) cooling tower. A
schematic of the wet mode of operation is shown in Figure 2.

In wet-dry mode of operation, a por-
tion of the recirculating water flows
inside the coil tubes while they stay
dry outside. The remaining part of the
recirculating water is sprayed over the
wet fill. A schematic of the wet-dry
mode of operation is shown in Figure
3.

In wet-dry mode of operation, the am-
bient air flowing over the coils heats up
and mixes in the plenum with the satu-
rated air from the wet fill. This lowers
the relative humidity of the air leaving
the tower and reduces the plume vis-
ibility. At the same time, the amount

Mark Scholl of water consumed by the tower is less
because water evaporation only occurs in the wet fill.

WET MODE

Hot Saturated
Discharge Alr

Fan

Drift
Eliminataors

4= Hot Water
Wet Fill | in

nr—ENipti-fin Coil

Figure 2: Wet Mode of Operation

The application of this technology in a cooling tower offers plume
abatement and water conservation at the same time. Because the heat
exchanger coils are located at the same level as the wet fill, this technol-
ogy can be applied to new cooling towers as well as to the retrofit of
existing cooling towers without dramatically changing their existing ge-
ometry. The height of the air inlet, fill air travel and plenum height are
essentially the same as a conventional counterflow wet cooling tower so
the overall height of this wet-dry cooling tower is the same as a typical
cooling tower.

Technological Challenges

The use of heat exchanger coils does not convert this technology to a
closed water loop. The recirculating water sprayed over the fill is still
exposed to the atmosphere. In wet-dry mode, the recirculating water
flows inside the tubes so the material used for the tubes must be cor-
rosion-resistant inside. Typical tube material in closed water loops is
carbon steel but for this application a corrosion resistant stainless steel

must be selected.
@ CTT Journal, Vol. 39, No. 1
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TFigure 3: Wet-Dry Mode of Operation

Typical carbon steel coils are hot dip galvanized for corrosion protection.
The stainless steel wet-dry coil tubes resist corrosion, but they are still gal-
vanized. Why? Steel fins are tension-wound on patented elliptical tubes by a
proprietary process. Even though there is a strong contact between fin base
and tube surface, tests have demonstrated a significant difference in ther-
mal performance between bare stainless steel coils and the same coils hot-
dip galvanized. Elliptical finned-tube coils need to be galvanized to maxi-
mize heat transfer by enhancing the bond between fin base and tube wall.
Austenitic stainless steels, such as 304 and 316, are subject to liquid metal
embrittlement (LME) by molten zinc when welded to galvanized steel (Ref-
erence 1). LME can lead to cracking and potential leaks in the system. On
the other hand ferritic stainless steels like 409, 439 and 444, are immune to
attack by molten zinc so they are not subject to LME. They have corrosion
resistance comparable to 304 and 316, which have a successful track record
in cooling tower environments. In this application, the tubes are made of
stainless 439 and headers and plates are made of stainless 409Ni. The fins
can be either carbon steel or stainless 439.

Serpentine tubes assembled in a coil like the one shown in Figure 4 have
multiple passes. The water-side pressure drop must be measured and known
as a function of water velocity inside the tubes.

When operated in wet-dry mode, another challenge of this technology is to
balance the water pressure drop inside the coils against the pressure drop
of the water cascading through the wet fill. In a typical application the dry
area and the wet area are evenly distributed. To increase plume abatement
or water conservation, the dry area can be expanded and the wet area re-
duced accordingly.
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Figure 4: Elliptical Finned-Tube Coil

Cooling tower spray nozzles typically operate at a relatively low pressure
of 0.07 to 0.14 bar (1 to 2 psi) but the water-side pressure drop through a
coil is of 0.28 to 0.55 bar (4 to 8 psi). Fortunately, the coils are installed at

-

the same level as the wet fill which is typically 3.05 to 6.10 m (10 to 20 feet)
above the water level in the basin. By connecting the bottom header of the
coil with vertical pipes that

drop down below the water level in the cold water basin, a siphon
leg is created. In general “A practical siphon, operating at typical at-
mospheric pressures and tube heights, works because gravity pull-
ing down on the taller column of liquid leaves reduced pressure at the
top of the siphon (formally, hydrostatic pressure when the liquid is not
moving).” The application of Bernoulli’s equation to a siphon to calcu-
late the flow rate can be found here: (https://en.wikipedia.org/wiki/
Siphon#Explanation_using_Bernoulli.27s_equation)

Figure 5: Siphon Principle

The height of the siphon is equal to the distance between the coil and the
water level in the basin, and that distance is practically equal to, or even
greater than, the pressure drop through the coil. So in wet-dry mode of op-
eration the siphon assists in balancing the water pressure loss through the
wet fill and the heat exchanger coils as it naturally pulls down the expected
water flow through the coils without requiring the use of a booster pump.
We validated this concept by physically testing it in a laboratory setting and
measuring the flow through the coil in a typical geometry of installation,
as shown in Figure 6.

Figure 6: Validation of Siphon in the Laboratory

Field Validation - Challenges

Installing this new technology into an existing operating cooling tower was
the ideal way to prove the wet/wet-dry concept would adequately reduce
plume, as it would provide a direct side-by-side comparison of perfor-
mance. However, since the original cooling tower design never contem-
plated the addition of plume abatement equipment, the engineering team
was presented with a variety of design and construction challenges. Once
the decision to proceed was made, the owner wanted to install the wet/wet-
dry “proof of concept” as soon as possible. This meant working in the
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cold winter weather of December and January. The construction crew mo-
bilized in December 2015 to begin with the retrofit of one cooling tower
cell at the site.

Existing Tower - Structural
Upgrades

The existing fiberglass cooling tower structure was not deemed to be
sufficient to support the new coils. Rather than use some of the existing
framework to support the new coils, the decision was made to design and
install a 100% independent fiberglass framing system to avoid overtaxing
the nearly 15 year old tower framework. Fach of the 16 coils weighed ap-
proximately 8500 pounds, so a new system of columns and diagonals was
needed in the air-inlet region of the tower (Figure 7). The new framing was
anchored to the cold water basin as well.

Figure 7: New Fiberglass Coil Supports alongside Existing Supports

Construction Challenges

The existing cooling tower distribution header pipe is located at the end
bay of each cell. Rather than supply a new system of headers and laterals,
we were able to reduce costs by field-modifying the existing 30" diameter
FRP header pipe. The dimensions of the each cell is 52.48” L x 52.48" W/
x 32.88” H. Each cell consists of 8 bays on 6.56” centers in both directions.
Approximately half of the laterals (each of the outer 2 bays) were removed
and capped off, and each of these areas received a new 16” diameter wet
section sub-header and a new dry section sub-header pipe. The inside half
of the tower used the existing system of laterals and nozzles unaltered. All
of the existing fill was removed. The inside half received new high effi-
ciency film fill, with the outer portions containing the coil bundles.
Installing the 8500 pound coil bundles in the pre-existing cell presented a
special challenge, since they had to be “shochorned” through the side of
the tower, not unlike sliding a kitchen drawer in a cabinet. Special industrial
rollers and lifting rigs were employed to carefully move the coils into place.
Near the hot water riser, a section of column had to be cut away to maneu-
ver the coils into place (Figure 8).

Figure 8: First Coil in Place

Weather Challenges

Working on an operating cooling tower in winter presents inherent chal-
lenges. These include fogging and leaks from adjacent cells that resulted
in ice formation. Because the crews were working over water, the cold
water basin was planked over with plywood to prevent debris from entering
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the circulating water system. Cold weather also slowed and complicated
the field pipe work: gluing PVC piping and making fiberglass field joints
required additional time to set and portable heating devices to create a suit-
able environment.

Safety Challenges

Due to the exposed work area where the coils were installed, temporary
supports were needed for worker access and safety. Coils weigh approxi-
mately 8500 pounds each, so since the new coils were lifted by crane any
“swing” had to be eliminated. Workers had to be conscious of pinch points
during coil installation. Also, with up to 40 workers spread out across the
ten cell tower, exceptional communication was a must to prevent delays in
schedule and to maintain a safe environment.

Startup activities

In February 2016, water was turned on over cell #4 with the valves set up
to operate in wet-dry mode and the fan was turned on. The air inlet is 12.33
feet tall without louvers. The tower is set on a common conctete basin with
a centrally located flume leading to the cold water pumps. Water is piped
in from the plant via two underground headers which combine to feed
each of the ten 30” risers, each having a single thermo-well installed at the
base with dual taps placed further up to facilitate flow measurement with
a Pitot tube.

The modified cooling media includes 16 elliptical finned-tube coils paired
with new high efficiency film fill to balance the wet performance of the
coils during wet mode operation. There are two banks of coils, each placed
adjacent to the air inlet on either side of the tower. The tower is also fit-
ted with new drift eliminators to further reduce the discharge air mass by
reducing the drift discharge to an estimated 0.0005% drift rate.

Measurement of the effluent air
and plume characteristics

As part of the effort to determine the effectiveness of the plume reduction,
after a few weeks of operation in wet-dry mode, we attempted to perform
a plume abatement test in accordance with Cooling Technology Institute
(CTI) Standard ATC-150, with mixed results. A number of operation pa-
rameters and safety requirements prevented us from conducting a complete
plume abatement test.

Figure 9: Clear Boundary between Dry and Wet Areas in the Tower Plenum

Plume abatement test Standard ATC-150 was used as the basis of con-
ducting plume reduction testing (Reference 2). The standard dictates both
environmental and equipment operating conditions which must be present
during testing along with the acceptable locations and methods to take the
required measurements.

Temperatures wetre collected using 4-wire precision platinum resistance
temperature detectors (RTDs). Temperature data was collected every 30
seconds with a data acquisition system having a resolution up to 0.01°E
RTDs were used for entering wet-bulb, entering dry-bulb, hot water, ex-
haust wet-bulb, and exhaust dry-bulb temperatures. Cold water temperature
from the retrofit cell could not be isolated from the adjacent cells.

The exhaust and inlet air temperatures were averaged over several hours of
measurement. Exhaust air velocity, air wet-bulb and dry-bulb temperatures
were measured over the fan for 5 minutes at each of the 20 positions speci-
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fied by ATC-150. The final exhaust temperatures were determined by find-
ing the most stable 3 minutes out of the 5 minutes recorded. Some points
where temperatures drastically changed showed a slope as readings ap-
proached steady-state. This slope was seen in the transition from no plume
to visible plume, as the measurements approached the center of the fan.

The pitot measurement found a water flow rate of 90.4% of design flow.
The measurement showed a relatively well developed flow.

The cold water temperature from cell #4 could not be measured because
the tower sits on a common basin and it was not possible to isolate it from
the other cells. The lack of accurate hot and cold water temperatures alone
(the temperature range) eliminate drawing firm conclusions because this
data point forms the foundation of plume abatement petformance curves
used for analysis as part of the CTI Standard.

The wind velocity and directions were measured with a weather vane locat-
ed upwind from the tower. During stack measurements, the wind velocity
was higher than specified by the standard, well above the limits of 6.5 MPH
average and 10 MPH gusts. Because of the high gusting winds, anemometer
readings above the fan were erratic, which added scatter to the averages. A
significant number of readings fluctuated more than 200 FPM between
minimum and maximum instantaneous readings while others pushed over
500 FPM fluctuations. This caused us to question several of the recorded
data points.

The test conditions detailed by ATC-150 define both the methods and op-
erating chatactetistics required to achieve an acceptable test per the code.
The purpose of the defined methods and operating limits is to provide
reliable plume abatement test results with a low level of uncertainty. Unfor-
tunately, compromises were made on site to address operational availability
and safety in the taking of measurements. During testing, most data sets
were collected in accordance with the defined testing methodology using
calibrated instrumentation, but several data sets were collected from uncali-
brated plant instruments.

The main goal of the testing efforts was to derive a quantified result of the
leaving air relative humidity and temperature to compare it to the theoretical
predictions, using the Tower Plume Indicator defined by ATC-150. Some
test conditions and compromises due to plant operation and safety con-
cerns added a substantial amount of uncertainty in the test results. The un-
certainty is high enough to not be able to calculate an accurate Tower Plume
Indicator. Furthermore the sensitivity analysis, discussed below, shows the
effect of key parameters on the results. Because of these challenges and un-
certainties, it is not possible to draw a definitive quantitative conclusion on
the plume reduction outcome using CTI Standard ATC-150 guidelines with
a reasonable level of accuracy. When we calculate the effluent air relative
humidity using common sense assumptions the anticipated result between
measured effluent air relative humidity and predicted effluent air relative
humidity lies within a +/- 5% tolerance on the measurements.

Figure 10: The 4th Cell from the Left Is Operating In Wet-Dry Mode

Visual observations of the tower retrofit clearly demonstrate the plume
abatement achieved is significant when compared to the adjacent cells (Fig-
ure 10). The owner installed a time-lapse camera on the roof of the plant
building with web access to visualize the plume in real time day and night.
Images leave little doubt that the retrofit effectively provides a significant
reduction in plume versus the pre-retrofit operation.

Additional measurements and testing following the comprehensive retrofit
of the remaining cells will yield quantifiable results. During future testing
we intend to add testing measurements within the tower plenum above the
dry and wet sections to further validate our predictions and provide the
owner with additional insight.

Measurement Sensitivity
Analysis

In an effort to gain a better understanding of the test data gathered for our
own internal purposes and a better understanding on the effect of the mea-
surements that were out of code, our test engineers conducted an extensive
sensitivity study which included several variables.

Exhaust Velocity Angle: The measured velocity exiting the fan stack is
not vertical. There is a horizontal vector added due to the characteristics of
rotating axial fan blades (yaw). The yaw correction is used to compute the
vertical component of the velocity to calculate the mass flow of air. If this
correction is removed, in other words if we ignore the angle measurement,
the effect on the calculated exhaust relative humidity would only be 0.1%,
which is statistically irrelevant.

Exhaust Air Traverses: Like the exhaust velocity angle, the velocity mea-
surements themselves showed little statistical significance on the result. No
matter how we skewed the velocity measurements, the calculated exhaust
relative humidity did not significantly change.

The largest impact on the performance uncertainty was found in the leav-
ing air conditions of the four measured quadrants of the fan. The first two
quadrants traversed showed a much lower exhaust relative humidity than
the last two that were measured.

Fan Quadrants Exhaust RH
All Quads

Just Q1

Just Q2
Just Q3
Just Q4

In the table above which compares exhaust relative humidity averaged by
quadrant, each of the quadrants should be symmetrical. Removing one
quarter of the fan should have no statistical bearing on the result. How-
ever, looking at the average of Q1, Q2 and Q4 (removing Q3), the exhaust
RH drops by nearly 6%, which is significant.

This can further be seen in Figure 11 below. The four fan traverses can
be seen distinctly. The first two have a much greater margin between the
exhaust wet-bulb and dry-bulb (indicating lower relative humidity), while
the last two traverses do not.
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Figure 11: Time vs exhaust temperatures. The peaks represent the four dis-
tinct quadrant measurements. The trends show the difference in measure-
ment between the early and later quadrants.

Wind: The large differences between the exhaust air wet-bulb and dry-bulb
are likely due to the wind. The test took place over a time of nearly 5 hours.
There was wind present the duration of the test. Figure 12 below shows
the wind velocity and direction during the length of the test.

It’s subtle, but the wind does shift directions midway through the test. And
when this is overlaid over the exhaust temperatures measured during the
four traverses, it is probable that the wind shift account for the differences
seen in the average exhaust humidity of each quadrant.
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Figure 12: Time vs Wind Speed and Wind Direction. This 3-axis chart shows the
wind speed average and gusts as well as the direction of wind measured by the
wind station. The chart shows the highly inconsistent winds with respect to veloc-
ity and direction. A direction change can be denoted midway through of the test.

Ambient Temperature: There appeared to be recirculation with the tower,
which was measured by wet-bulb instruments located in the air inlet. The
minimum inlet relative humidity was measured to be 39.4% during the
length of the test, while the maximum was measured to be 54.6%.

While this may seem sizeable, the effect on the predicted outlet relative
humidity is only 5%, which is only +/- 2.5% from the trelative humidity
calculated from the average.
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Figurel3: Exhaust measurements. 4 peaks show the 4 radii measured with
some visual steps for the measurement starting from the outside of the fan
stack. The first axis references the temperatures while the second axis is ref-
erence to the wind direction measured.

The sensitivity study showed that high winds and hot air recirculation had
the largest effects on the exhaust temperature measurements, which re-
sulted in a higher than normal uncertainty of the test results.

Benefits

The wet/wet-dry technology provides for both plume abatement and water
conservation, and these are the fundamental advantages of the product. In
addition, the unique positioning of coils in the fill region of a counterflow
tower provides some inherent advantages over traditional plenum mounted
heat exchanger designs. These advantages include:

1. Proven Coil Technology — Although teconfigured in an innovative
way, finned stainless steel coil technology has been used for over 40
years in plume abated cooling towers. The coils are pressure-tested
at the factory and shipped pressurized to ensure they are leak-free.
Coils are durable and are not susceptible to embrittlement, folding
or bonding concerns like non-metallic heat exchangers.

2. Low Profile compared to traditional parallel path wet-dry — With
the coils in the fill area, this means the tower plenum remains a
standard height, thus reducing the overall height of a new tower
from 15’ to 30°, which also makes fan deck access easier and safer.
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3. When installing the coil bundles as a retrofit, tower operational
characteristics, footprint and aesthetics remain intact, thus no per-
mit changes are needed.

4.  Simple Operation — This wet/wet-dry concept eliminates the need
for a complicated system of dampers, actuators and controls, and
instead uses simple butterfly valves (Figure 14) to switch from sum-
mer to winter operation. Dampers are subject to freezing and me-
chanical failures that do not affect flow control valves.

5. Hydraulically speaking, it is self-starting and does not need the as-
sistance of vacuum pumps to prime it or to hold vacuum, like tall
vertical dry coils do.

Figure 14: Valve Actuators on Fan Deck

Surprise Advantages

By doing a full scale test cell in the field, the new technology exhibited
several unexpected benefits to the owner. These include:

1. Same Pumping Head — When originally conceived, the wet-dry
coils were expected to require the addition of booster pumps to
propetly drive water flow. However, lab testing showed, and field
results confirmed, that the existing circulating water pumps can
drive the system with enough head to establish a siphon loop with-
out the need for booster pumps.

2. Reduced Ice Formation — During winter operation, water flows
over the interior sections of the cooling tower only (Figure 15 be-
low), which is far away from the coldest air at the tower air inlet.
This greatly reduces ice formation on the tower framing and lowers
the risk of structural damage.

3. Reduced Sound Levels — With no plenum mounted dampers to
allow sound from the mechanical equipment to escape, the new
design will project less sound than other systems when in wet/dry
mode. Further, air inlet sound levels were measured 3 dB lower
when the tower was in wet/dry mode due to falling water being
well inboard of the tower perimeter (Figure 15).

Figure 15: Falling Water in Wet-Dry operation
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Water chemistry control, passiv-
ation control

Passivation is a process that results in the formation of a protective film
on galvanized surfaces. Passivation protects against the creation of white
rust, which can reduce coil longevity and also prevents zinc from leaching
into the plant discharge water. Passivation of the galvanized coils was ac-
complished in place by reducing the tower pH from 8.3 to 7.8 and adjusting
tower cycles as necessary to minimize effects on cooling water systems.
Zinc concentrations were monitored in the water droplets from the coils
as well as the basin. Zinc loss was minimal during the passivation process.
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Finishing the Job — Completion
of the Remaining 9 cells

With the success of the test cell, the owner and the OEM are curtently
working together to outfit the remaining 9 cells. The lessons learned from
the test cell installations are proving valuable as the team completes the full
scale installation. The tower is expected to be fully operational by January
2017.

Conclusions

Although this wet/wet-dry technology has been utilized for several years in
unitary packaged towers for both plume abatement and water conservation
applications, this is the first large scale installation designed specifically to
reduce troubling plume in a large scale field-erected counterflow cooling
towet.

Using one cell of the existing tower as a plume abated pilot over several
winter months, the owner was able to demonstrate the benefits of the tech-
nology to all stake-holders, including local authorities, neighbors and cor-
porate leadership.

Acceptance of this wet-dry technology opens up new opportunities for the
retrofit of existing cooling towers, as well as easier siting and faster permit-
ting of new plants in densely populated areas where plume abatement and
water conservations are key issues.
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Liquid Metal Embrittlement of Austenitic Stainless Steel When
Welded to Galvanized Steel, R. M. Bruscato, Welding Research
Supplement, December 1992

Cooling Technology Institute (CTI) Standard ATC-150 Accep-
tance Test Procedure for Wet-Dry Plume Abatement Cooling Tow-
ers, July 2011
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Modeling Scale Inhibitor Upper

Limits: In Search of Synergy

Robert J. Ferguson, French Creek Software, Inc.

Existing models for calculating the minimum effective
inhibitor dosage for scale control have been applied to
industrial and oil field scale control treatment optimiza-
tion since the 1970s. Standard correlations are routinely
used in developing the models.1,2,3,4,5,6,7 The models
typically apply to a single inhibitor. There is a driving
force limit for each inhibitor, above which scale control
cannot be achieved regardless of the inhibitor dosage.
Knowing the upper limit is critical for selecting the opti-
mum treatment program and in specifying control limits
for a system such as an open recirculating cooling tower
or membrane system. Limits for individual inhibitors
have been well documented. Studies have been conduct-
ed to determine the impact of blending inhibitors on the
upper driving force limit. Upper driving force limits, as
expressed by calcite saturation ratio, were measured for calcium carbonate
inhibition by individual inhibitors and combinations. Results were evaluated
and blends found to:

* increase the upper limit above that of either inhibitor when applied
alone (synergism),

* decrease the upper limit (antagonism or competitive inhibition), or

* provide an upper limit in between that of the individual inhibitors
(equivalent efficacy).

Test methods, data, and correlations are presented and discussed with re-
spect to mechanisms.

How Inhibitors Work

When reactants are mixed, a solution is heated, cooled, undergoes a pres-
sure change or is otherwise perturbed, the impact of the environmental
changes is not immediate. A finite time passes before the perturbation af-
fects any susceptible reaction. In the case of scale formation, induction
time can be defined as the time before a measurable phase change (precipi-
tation or growth) occurs after perturbation®’ In a pure system, with only
the reactants present such as calcium and carbonate, or barium and sulfate,
scale formation might proceed as follows:

1. Aqueous calcium carbonate molecules congregate, and form larger
and larger clusters.

2. The clusters grow to a ctritical size and overcome the "activation
energy" needed for the change from the "aqueous" to "solid" phase
to occut.

3. The phase change is then observed. In the case of C CO,, pH drops
as the salt changes phase, and the induction time can be defined.

4.  Crystals will then grow.

Scale inhibitors do not prevent scale. They delay the inevitable. The mini-
mum, effective dose for a given water will prevent scale formation, or
growth, until the water has passed through the system. The time until scale
formation or growth is initiated is termed induction time. Scale inhibitors
are induction time extenders. Untreated, there is a baseline induction time
before scale growth occurs (Tinduction 0). This baseline induction time de-
creases as the driving force for scale formation increases. So induction time
decreases as scale driving force like saturation ratio increases.

Equation 1) T 1

induction

k [x Saturation] ™

Inhibitors extend this time by interfering with one of the steps in scale

formation or growth (Textended)

Equation2) T _ = [inhibitor]¥

[x Saturation] M
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Robert J. Ferguson

where

0 is the induction time untreated

induction

is the induction time when treated

extended
inhibitor is the scale inhibitor molar concentration
M is s coefficient related to the number of molecules in
a critical cluster

N is s coeficient

k is a temperature dependent rate constant

8910IL12 a5 defined in

Saturation is the saturation ratio
Table 1.

Induction time has been studied extensively for indus-
trial processes. Original crystallization studies were con-
ducted for sucrose crystallization to maximize produc-
tion. In the case of sucrose crystallization, the objective
is to minimize induction time and maximize crystalliza-
tion. In the case of scale control, the objective is to extend the induction
time until a water has safely passed through the cooling system, or other

Figure 1: Induction Time vs Calcite Saturation Level
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process adversely affected by scale. The induction time, in the absence of
a scale inhibitor, has been modeled for common scales, including barite
(B,SO,) and calcite (C CO,) for oil field brines. Figures 1 and 2 are derived
from this study, and compared to related works.4 The same laboratory
procedures used to model induction time in oil field brines have been found
to apply equally as well to cooling water and other scale forming systems.

Figure 1 profiles the untreated induction time for calcite in the practical
operational range for calcite of 0 to 150x saturation. This range was chosen
because it is the effective range for most scale inhibitors. The 150x satura-
tion level limit is a commonly accepted upper limit for operation with com-
mon inhibitors such as phosphonates and polymers. Figure 2 profiles the
saturation level range for barite, 0 to 80x saturation.

Figure 2: Induction Time vs Barite Saturation Level
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It should be noted that the induction times for both calcite and barite are
several orders of magnitude below the typical residence time in an open re-
circulating cooling water system, oil field production process, or membrane

CTI Journal, Vol. 39, No. 1
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system. As a result, the use of the thermodynamic saturation ratios for
predicting scale is accurate and an acceptable practice in typical operating
ranges for these systems.

Actual induction times in practical operating systems will typically be lower
than those of a pure system. Existing "seed" crystals and deposits provide
a substrate for crystal growth without the necessity for achieving the "ac

tivation energy" for the initial phase change. In other words, it is easier to
keep a clean system clean than to keep a dirty system from getting dirtier.
Other factors can also decrease induction time. Ideally, studies will incorpo-
rate both “seeded” and “unseeded” conditions.

It is imperative that the upper driving force limits for inhibitors be known
so that dosages curves and inhibitors are not applied to waters above the
point where no dosage of the inhibitor will be effective.

Growth on Existing Substrates

At low saturation ratios, below the critical saturation ratio where seed crys-
tal formation occurs, precipitation occurs by growth at active sites on an ex-
isting substrate. For precipitation from a pure solution, the substrate would
be the scale of interest. In an operating practical environment such as oil
field production, an industrial cooling system or a reverse osmosis unit, the

substrate could be any surface where growth might occur.

TABLE 1 - SATURATION LEVEL FORMULAS

Calcium carbonate SL.= (_Ca_)@O_g
KS]) CaC03

Barium carbonate gL = (Ba(COy)
Ksp BaCO3

Strontium carbonate  S.L.= CD(CO3)

Kspsicos

Calcium sulfate L= (Ca)(S0,)

Ksp CaSO4
Barium sulfate SL.= (Ba)(SO,
KspBa.SO-Il
Strontium sulfate SL.= (S1)(SOy
Ksp SrS04
3 2
Tricalcium phosphate S.L.= (Ca)’(PO,)
p Ca3(PO4)2
Amorphous silica SL. = ~ HSiO,
(H20) Ksp Sio2
Calcium fluoride SL.=_(Ca)F)y
Ksp CaF2

2
Magnesium hydroxide S.L.= Mg)(OH)
p Mg(OH)2

Seed Crystal Formation and
Growth

Above the critical saturation ratio, spontaneous nucleation can occur, fol-
lowed by growth on the seed crystals. As the degree of supersaturation
increases, the rate of seed crystal formation increases.

The Behavior of Inhibitor Blends -
Saturation Ratio Limit

Inhibitors have an upper driving force that they can handle. Once this up-
per limit is reached, even increasing inhibitor dosage drastically will not
provide scale control. Inhibitors included in this study are outlined in Table
2. Typical upper limits for single inhibitors are outlined in Table 3.

[T

“PTCPMA blends

It has been known that blending inhibitors can increase the upper limit. The
combination of a phosphonate and PMA, for example, has been observed
to raise the upper limit well above that of the phosphonate alone. Not all
combinations or ratios show this positive effect. Possibilities for the impact
of inhibitor blends on the upper limit include:
¢ The limit for the blend would be the lower of the limits for the inhibi-
tors in the blend
* The limit would be a weighted average of the limit for each inhibitor
when applied alone.
* The limit would be the higher of the limits for the individual inhibi-
tors in the blend.

* The new limit would be higher than the limit for any of the inhibitors
in the blend.

Tahle 3: Typical Treated Limits Comparison

TYPICAL TREATED  STRESSED
SCALE FORMING : MINERAL SATURATION RATIO  TREATRSENT
FORMLULA HAME UM UMIT
Calclum carbonate FeldoH Calcits 1X5 - 1%0 200 - 225
_Calcium sultato C‘Sﬂ.“lh.,ﬁ Gypaum 25.40 40+
Bartin sulfate Barile 80 B0+
iﬁﬂq Celestite 1z 12
E iy Amorphous silica 1.2 x5
Tricakhum CalPoly 1500 - 1500 125,000
phosphate

A laboratory study reproduced the impact of polymaleates observed in
field applications when blended with PBTC, and for the phosphonate blend
of HEDP and ATMP . The study measured the upper saturation ratio limit
for calcium carbonate for the individual inhibitors, and when blended in
various ratios.. Two solutions where prepared:

* An anion solution of bicarbonate and carbonate.

* A cation solution of calcium.
The scale inhibitor, or blend being tested is included in the anion solution.
No inhibitor is added for the blank, untreated, tests.
The test is initiated by mixing the cation and anion solutions. pH is moni-
tored as anion solution is added to the mixture. The additional anion solu-
tion increases carbonate, pH, and the calcium carbonate saturation ratio.

Figure 3: Example Progressive Carbonate Test Plot
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The upper limit for the inhibitor is indicated by loss of control, and a drop
in pH as calcium carbonate precipitates. The solution is also observed for
turbidity. Figure 3 profiles a typical plot of pH as the solution is “titrated”
to the upper saturation limit for the inhibitor.

Care must be taken in the experimental design so that the solubility of
inhibitor salts does not interfere, such as through the formation of Ca-
HEDP. The time for the test must also be less than the treated induction
time to prevent precipitation other than that from exceeding the upper
limit.

In Search Of Upper Limit Synergy: Laboratory

Results

PBTC:PMA Combination: The combination of PBTC and PMA dem-
onstrated the most dramatic impact of blending upon the upper saturation
limit, as depicted in Figure 4. As the blend ratio in the test goes from poly-
mer only to phosphonate only, there appears to be a drop in the upper limit
at high polymer to PBTC ratios, possibly indicating an antagonistic effect
when the polymer is the primary inhibitor. The upper limit failure point in-
creases to a maximum at a ratio of 3 to 1 PBTC to polymer, with the upper
limit of the higher ratios indicating a synergy between the PBTC and lower
levels of PMA. This trend has been observed in field applications.

Antagonism might occur as a result of polymer adsorbing near newly
formed active sites and blocking the PBTC from nearby active sites, or by
changing the surface charge to decrease attraction. In this case, the upper
limit for the blend would be expected to have a lower limit than either
inhibitor alone.

Synergy might occur as a result of polymer attaching near newly formed
active sites and by changing the surface charge to increase the attraction
of PBTC to nearby active sites. In this case, the upper limit for the blend
would be expected to have a higher limit than either inhibitor alone.

Figure 4: IMPACT OF POLYMER TO PHOSPHONATE RATIO
Upon Maximum Saturation for Enhanced PMA and PETC
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HEDP:PMA Combination: The combination of HEDP and PMA dem-
onstrated a similar impact trend to the PBTC:PMA blend.on the upper
saturation limit, as depicted in Figure 5. As the blend ratio in the test goes
from polymer only to phosphonate only, there appeats to be a drop in the
upper limit at high polymer to HEDP ratios, possibly indicating an antago-
nistic effect when the polymer is the primary inhibitor. The upper limit
failure point increases to a maximum at a ratio of 3 to 1 HEDP to polymer,
with the upper limit of the higher ratios indicating a synergy between the
HEDP and lower levels of PMA. The overall impact of blending the phos-
phonate HEDP with PMA upon the upper saturation limit appears to be
less than the PBTC:PMA blend.

Figure 5:IMPUCT OF POLYBMER TOD PHOSPHONATE RATIO
Upon Maximum Saturstion for Enhanced PMA and HEDP
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HEDP:ATMP Combination: The combination of ATMP and HEDP
demonstrated a positive impact upon the upper saturation limit, as depicted
in Figure 6. As the blend ratio in the test goes from HEDP only to ATMP
only, the upper limit failure point increases to a maximum at a ratio of
approximately 1 to 1 HEDP to ATMP, with the upper limit indicating a
synergy between the HEDP and ATMP at all ratios.

Figure 6: IMPACT OF PHOSPHOMATE RATIO
Upen Muirum Saturstion for ATMP and HEDP
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A similar trend in inhibitor effectiveness was observed in similar studies that
demonstrated an increase in petrcent inhibition for phosphonate blends.®

The Behavior of Inhibitor Blends
— Inhibitor Solubility

As mentioned as a caveat for test protocols, inhibitor upper limit tests
should be conducted in a range where the solubility of the inhibitor will
not decrease the limit measured, The formation of salts such as a Cal-
cium—Inhibitor or Iron—Inhibitor have been known to limit the maximum
dosage in a water. Incorporation of copolymer and higher polymers into
a blended inhibitor formulation allows the product to function at higher
dosages, and has been observed to prevent deposition or inhibitor activa-
tion of inhibitor salt solubility limited treatments. A reduction in dosage is
not necessarily observed. The added protective polymer allows the origi-
nal scale inhibitors(s) to function at a higher dosage, a dosage above their
normal solubility. Some might term this Synergy. Others may call it Smart
Formulating, In either, or both, cases, the end result is the addition of an-
other molecule into the formula allows the inhibitors to function at a higher
dosage under the same conditions.

Satwration Ratic

Inhibitor salts can be modelled like any scale. Their solubility, and the
inhibitor dosage required to prevent their precipitation or deactivation, can
be modelled using the same methods used for mineral scale inhibitors. The
degree of supersaturation for the Metal-Inhibitor reactant is calculated.
Studies can be run to determine the impact of copolymer dosage on Metal-
Inhibitor induction time and degree of saturation.

Conclusions

Blending inhibitors can raise the maximum dtiving force limit where the
inhibitor is effective, and demonstrate synergy. Blends can also decrease the
upper driving force limit when individual inhibitors compete for active sites
or modify seed crystals to intetfere with the second inhibitor in a blend.
When present, the degree of synergy or antagonism between inhibitors is a
function of the ratio of inhibitors. A given blend might be antagonistic at
lower ratios, and synergistic at higher ratios.

Recommendations

Inhibitor blends should be evaluated to determine their impact
upon the upper limit of effectiveness for the particular inhibitors,
and ratio. Limits for individual inhibitors should not be assumed to
apply to blends.

Further Work

Additional inhibitors and blends will be studied using the procedure out-
lined for measuring the upper saturation ratio limit.

The impact of inhibitor blends upon induction time extension will be stud-
ied for inhibitors with existing models (Table 4) and blends until the stan-
dard arsenal of phosphonates and proprietary inhibitors has been studied.
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Table 4: Typical Scale inhibitne Models Svallable
inksiizor

terpolymers
Propasetary
podymers

Studies for both upper limit and induction time extension will be run in
both a “clean” system and when “seeded” with the solid phase of the scale
under study.

Scales studied will be expanded to include CaCO,, CaSO,*2H,O, BaSO,,
and where appropriate, Ca:PO,.

As data is available, the laboratory results and trends will be validated to
operating industrial systems.
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Distribution — Distribution — Distribution

James L. Willa, Willa, Inc.

Distribution is at least three times more important
than any other factor in cooling tower performance.
We test cooling towers to make sure they are within
1°F to 2°F of their design. Then in the next few
years the performance quite often drops 10% to
20% because of water maldistribution.

No matter how much water and air you have go-
ing through your tower, it will not perform satisfac-
torily if they are not thoroughly and evenly mixed
throughout the tower.

Construction

In choosing the original site location, try not to lo-
cate the cooling tower near a coal pile or a dirt road.
Make the cold water basin deep enough to hold sev-
eral inches of mud.

Crossflow Cooling Tower Construction
The distribution basin should include a stainless steel /2"’ mesh wire
fence around the perimeter of the flow control boxes, in order to
catch any particles or debris over 2 in size. This fence should
be 8” to 10” tall and should be located one foot from the outside
perimeter of the flow control box, on all four sides. Be certain that
the support strips for this fence do not cover any of the distribution
nozzles. 2" x '/2” pultruded fiberglass angles can be used to fasten
to the distribution deck for fence support. Place the stainless steel
wire against the upright side of the angle. Place another angle on
the outside of the wire fence to secure it. This fence is important
to stop the majority of particles over a %2” in size from spreading
out over the distribution deck and plugging nozzles. This debris can
be collected periodically by kneeling down on the flow control box,
and with a gloved hand pick this debris up and put into a bucket. A
drawing of this fence is at the end of this paper.

This is extremely important in instances where power plant cooling
towers are being replaced. During the down time to replace the
tower, the pipes to and from the condenser to the tower, and the
condenser itself and tube sheets, are all allowed to dry out. When
reactivated, there are pieces of scale and rust that detach from the
pipes to and from the tower and in the condenser and tube sheets,
and flow directly to the cooling tower. This fence mechanism
around the hot water flow control boxes will help control this type
of nozzle pluggage.

Last year, in one instance where I had written this type of fence into
the specification, a field trip revealed they were not being installed.
It turned out that the plant manager had said he did not have per-
sonnel to clean the fences, therefore to not install them. A cost
analysis was run on what this type of nozzle pluggage could cost the
plant in megawatt production. Then, the annual cost to purchase
replacement power was calculated. This calculation method is as
follows. It is based on a 500 megawatt operating generation plant.

Data Used

Financial Calculations — Based on Cur-
rent Full Load Heat Rate

* Plant Unit Size (Net Dependable)

* Assumed Average 2016/2017 Replacement Power Cost

* Assumed Average Plant Capacity Factor

* Hours/Year (52 x 7 x 24)

* Annual Generation (Based on 85% Cap Factor)

* Decrease in Annual MW Hours Due to Tower
Degradation at 10% and 20% Tower Shortage

James L. Willa

* Annual Cost to Purchase Replacement
Power:

o 10% - $172,122; 20% - $475,866

You will note that the loss of 10% cooling tow-

er performance will cost more than the annual

cost of another operator. This operator could

spend his entire time maintaining a clean and

balanced cooling tower distribution system.

The distribution basin should not be allowed to
go behind the vertical short wall between the
fan deck and the distribution deck. This fiber-
glass vertical wall should extend from the un-
derside of the fan deck to the top of the back
wall of the distribution basin. Any nozzles
placed in the area behind the short wall will
quickly plug, This is important as any basin with or without
nozzles that goes under the short wall and behind it into the
plenum area is normally not accessible. If accessible removable
panels are included in the short wall on both sides of each cell,
this area can be reached. However, in order to clean anything
in this area you must have full water flow and airflow, to make it
physically possible to withstand the heat in this area. With cur-
rent safety rules, working in this area with a tower in full opera-
tion is normally prohibited. Therefore, this basin should not be
allowed to go behind the short wall.

A 6” PVC standpipe should be mounted on the far end of the
main header on top the tower, and extended to the level of the
fan deck handrail. This will protect the hot water distribution
main from being damaged by surges in pressure from starting
too many pumps at a time. If water comes out the top of this
standpipe, then the valves on the flow control boxes are closed
too tight and need to be opened more. Power plants quite often
over pump water to the cooling towers.

In order to prevent algae growth in the hot water distribution
basin, a consideration should be given to covering the distri-
bution basin with an extension of the fan deck all the way to
the louver columns. One disadvantage to this is that work in
the distribution area must be done by flashlight and it might
be considered a confined area by the safety department. In this
case, from the distribution cover there should be a fiberglass
wall vertically from the outside edge of this fan deck cover,
down to the top of the outboard distribution basin wall. This
cover will prevent algae from plugging up the nozzles, and will
also appreciably reduce the amount of chlorine necessary in the
cooling tower.

Crossflow nozzles should be placed one foot on center. The
head on crossflow nozzles is only 6” to 8”. Therefore, due to
this low pressure, the crossflow nozzles must be utilized closer
together. The inside diameter should not be smaller than %2”.
They should have a bottom splash plate molded into the nozzle.
Large nozzles have been available, at times, to be used three
foot on center. However, these nozzles generally do not have
a pattern in the center one foot circle, therefore, they are not
satisfactory.

Counterflow Cooling Tower

Construction

There should be a 2” PVC pipe attached to the bottom side of
the main distribution header in each cell, at the far end from the
riser. This PVC pipe should then run down through the fill, in-
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side the casing, to the air inlet level, at a location that can be reached
by the operators at grade. The lower end of this pipe should have
a PVC valve. Most of the debris will collect in the far end of the
main, and eventually fill up and begin to plug the individual lat-
eral arms and nozzles, on that side of the tower. Therefore, the
above described flushing pipe should be utilized once a month by
the operator, going around and opening the valves on each cell and
then after 5 or 10 minutes of flushing, go back through and shut
the valves down. If this procedure is done regularly, it will help a
great deal to avoid plugging of the laterals. A bucket with a screen
bottom should be attached to the lower end of this line, to catch
any debris and allow the flushing water to fall back into the basin.
These buckets should be removed and emptied after the flushing.

The ends of the laterals should have removable PVC caps or PVC
valves to open for cleaning. Install a 4” to 6” PVC standpipe on top
of the end of the main header in each cell. This standpipe should
come up to just below the bottom side of the fan deck, to prevent
overflowing water spilling onto the fan deck. This will serve the
same purpose as in a crossflow tower, to avoid pressure surges in
the main from blowing out nozzles or laterals.

Counterflow nozzles usually have a two to three foot of head,
therefore, larger nozzles can be used, normally three foot on center.

There have been some ceramic nozzles with ceramic turbulators
inside, used in the past. However, their pattern is easily destroyed
by such a minor item as a paper match across the center hole in the
turbulator. Therefore, strict cleaning procedures must be used on
these type nozzles.

Multiple smaller nozzles used on counterflow cooling towers, very
closely spaced, are sometimes used. They have a small inside diam-
eter and are easy to plug;

I have seen a counterflow tower used in a steel mill with the small
nozzles. They were over 90% plugged with iron oxide residue off
the rolling mill. These smaller nozzles are also not used in counter-
flow towers in power plants, due to pluggage.

Film pack fill is difficult to use in industrial size crossflow towers.
Film pack fill, which is often used in counterflow towers, presents
an additional problem for distribution systems. When film pack fill
is used in counterflow towers, it is necessary to have clean water and
adequate chlorine to prevent clogging nozzles and the fill. Remem-
ber that the “clog free” film pack fill used many times is extremely
sensitive to proper distribution, as hot water must be distributed in
every square inch, because the flutes are vertical. Without water be-
ing distributed in every square inch, performance will be lost. Inci-
dentally, “clog free” film fill should be renamed “longer to clog” fill.

Crossflow and Counterflow Construction

There are some other construction features that can serve both
crossflow and counterflow towers. The first and most important is
placing a double screen in the sump area, where the basin flows into
the sump. These screens should have stainless steel framing, 2" to
%4 stainless steel mesh wire, and 6” wide x 6” deep “cups” at the
bottom front, to catch any debris that rolls down the screens when
they are being lifted for cleaning, These screens should be cleaned
after the water head across them exceeds 2” to 3”. There should
be a steel framework over the screens, with a pulley arrangement to
lift the screens for cleaning, They can be lifted with either a hand
operated or an electrical operated hoist. The screens should then be
washed clean on a concrete pad next to the cooling tower, not over
the sump or against the louvers.

Another construction item that can be of help for both crossflow
and counterflow cooling towers, is the installation of a side stream
filter, being fed by a line taken off the cold water pump discharge.
This water will go through a sand and gravel filter. After running
through this filter, the water can be dumped back into the cold wa-
ter basin. Blowdown water can be utilized to back flush this filter
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when it becomes plugged with debris. This blowdown flush water
can then be disposed of with regular blowdown.

The above two suggestions will prevent debris and mud from the
basin getting into the tower. However, when the unit is put back on
line, the scale and rust from the lines and condenser will turn loose
and go to the hot water riser (in both types of cooling towers) to the
distribution system. The basin screens or filters will not help as this
type of debsis is down stream of the cold water basin and/or side
stream filter. They do not prevent the accumulation of scale and
rust coming from the “out of service” unit, plugging the nozzles.
Therefore, the fence around the flow control boxes is your only de-
fense against this type of plugging in a crossflow tower. Your only
defense in a counterflow tower are the flush lines at the ends of the
distribution mains. This is the most prevalent cause of pluggage in
cooling towers, from pipes and condensers on jobs involving unit
turnaround.

Detecting Poor Water Distribution
Crossflow Towers

Water accumulation on the lower louvers, in a crossflow cooling
tower, indicates that water is pouring over the top of the outside
wall of the distribution basin. The valves should be rebalanced
and/or the nozzles cleaned.

If a crossflow distribution basin has a lower water level, which pre-
vents water getting to the far nozzles on the sides and the outside
edges, then the water flow needs to be increased to the cell.

Plugged nozzles in the distribution basin can be observed by a close
inspection of the basin. The water depth in the distribution basin
should be level across the area of the basin.

Another good approach to detecting bad distribution in a cross-
flow tower is to walk through the plenum walkway at the basin curb
level, and notice the temperature of the air coming through the
drift eliminators. It should be a rather constant temperature all the
way across the face of the cell at this level. However, quite often
you will find that it is hotter in the center of the cell. This implies
the nozzles are either not getting water or are plugged around the
perimeter of the distribution basin.

A better way to observe bad distribution is to walk through the cold
water basin, with palms up, feeling the difference in temperature as
you move. The hot areas in a crossflow tower will indicate bottom
plates on the nozzles are missing or hot water is flowing over the
back wall of the distribution basin.

In a crossflow tower when the flow nozzles are plugged on the sides
of the distribution basin, this reduces static pressure on air through
this area and consequently more air flow will go through this area
with less air flow where there is more water. This will result in a
degradation of thermal performance.

Counterflow Towers

The same walk through the cold water basin, with extended palms
up, is also the very best way to distinguish poor distribution if there
are hotter and colder areas in the basin. However, this type of in-
spection will have some problems with the safety department.

Light water flow hitting the cold water basin on the far side from
the risers, on the counterflow tower, indicates plugging of the later-
als. This can be avoided by the previously mentioned blowdown
lines from the end of the mains.

Observations can be made of the water hitting the cold water basin
surface on both counterflow and crossflow towers. The density of
this water will show heavier and lighter areas. Lighter areas will, of
course, represent plugged nozzles.

Of course, another surefire way of noticing bad distribution is a

gradually rising cold water temperature to the plant. This is where
the real damage is being done to the unit.
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Examples Of Poor Distribution

A power plant in the mid-west area had 40 acres of air condition-
ing type counterflow cooling towers, with multiple nozzles with 2"
inside diameter openings. 90% of these nozzles were plugged.

The towers were located approximately a quarter mile from the con-
denser in the plant. The condenser hot water ran through an open
ditch to the vertical lift pumps at the end of the ditch. The verti-
cal lift pumps sent the water to the cooling towers. The so called
“screens” were 2" thick vertical steel bars placed 3” on center. This
situation would, of course, keep 2” x 4” boards out of the pumps,
but little else. This was the reason for 80% to 90% of all the nozzles
being plugged. The plant was being limited on megawatt output,
due to high condenser temperatures and resultant back pressure.

Cleaning Distribution Systems
Crossflow Towers

Lower the water flow to the distribution basin by partially closing
the distribution valves from the main header to the flow control
boxes. With approximately an inch of water in the hot water basin,
clean the screen around the flow control box. Then check each
nozzle to be sure they are open. The best tool for this is shown in a
drawing on the last page of this paper. It consists of a steel rod with
a handle that has a large washer welded near the bottom, to keep
from hitting the plate on the bottom of the nozzle. This tool is
extremely important. The diameter of the lower 2” of the tool, be-
low the welded washer, should be V5” less than the inside diameter
of the nozzles. The big washer 2” above the bottom will prevent
the tool from hitting the bottom plate. If a broom handle or rod
is utilized to clear these nozzles, then the bottom distribution plate
will be knocked off. In essence, you will have reduced the height of
your crossflow tower by six feet (one cube). This is because with
the bottom distribution plate missing it will take at least six vertical
feet of fill to finish spreading the water out as it should have been
from the distribution plate on bottom of the nozzle. Therefore, it
is extremely important to use the above described tool. You can use
gloved fingers to clean these nozzles without detaching the bottom
plate. However, this method requires crawling on your knees rather
than standing up. After all the nozzles have been cleaned, be sure
that all the mud has been swept down through the nozzles. Then,
open the flow control valve and add water back to the proper level.

Counterflow Towers

Be certain that before you start this cleaning procedure, the valves
on the blowdown lines on the ends of the mains have all been open
for several minutes each. If the safety department will allow, a man
should go into the distribution area and remove the caps on the
lateral ends, or open the valves on at least three or four laterals on
each side of the main, beginning at the far side from the riser. After
these laterals have been flushed for a while, repeat the procedure in
the next several laterals until all the laterals have been flushed, then
close the valves or replace the caps. Then go back and unplug any
nozzles with a gloved hand or use a screwdriver to loosen anything
still in the nozzles.

Be certain on both crossflow and counterflow towers that the
screens at the sump are cleaned regularly. Also, be certain the cold
water basin has been cleared of mud when it reaches 10” to 12”
deep. After the mud depth reaches over this depth, it should be
cleaned out with vacuum hoses, either in service ot out of setrvice.
If out of service, wheelbarrows and shovels can be used.

If the cold water basin is cleaned in service, a suction hose from
a tank truck, with a steel nozzle on the end should be used. The
diver should start at the far corners from the sump and sweep the
mud out ahead of himself. During this operation a 2”” x 10” board
should be placed on edge across the bottom of the sump entrance,
to help the mud that is stirred up to resettle. After the vacuum-
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ing has reached all the way to the sump, then of course the board
should be removed.

Balancing Water Flow

For maximum performance it is very important that the water flow
be balanced between cells and throughout each cell.

Crossflow Cooling Tower

Cuta 12” to 14” long piece of 6 diameter steel pipe. Use a welding
torch to cut inverted slots in the bottom edge of this pipe. Place this
pipe, vertical slots down, in the four corners of each distribution
basin, but not over a nozzle. Measure the depth of the water in
this “stilling well”, and record this depth in all four corners of each
distribution basin.

Open the flow control valves on the cells with the lowest water
depth, to full open. On the cells with higher levels, start closing
the flow control valves. Remember that it will take several turns to
make much of a difference in water flow, with this type of valve.
Continue in this process of opening the low level basins and closing
the high level basins, until you get all of the distribution basins to
within plus or minus 17 of the average water depth.

Record on waterproof paper the final set of water depth readings
and the measurement of the exposed valve stems between the face
of the valves and the handles. Then post these recordings in the top
of the stairwell, so that the valves may be reset to the proper levels
after cleaning or maintenance, without going through the balancing
procedure again.

Counterflow Cooling Tower

Go through the access panel in the fan deck, and through the access
panel in the drift eliminators. Take a rubber stopper big enough to
fit tightly into a distribution nozzle. Drill a hole in the center of this
rubber stopper, and insert a 4” long piece of copper tubing. Attach
a clear Tygon tube onto this copper tube and run it up through the
access panels to the top of the handrail on the fan deck. Attach the
tube to this handrail. Plug the rubber stopper into the nozzle clos-
est to the main header and closest to the access panel. Finish this
setup on all of the counterflow cells.

Then measure and record the height of the water in the Tygon
tubes, in inches above the fan deck floor. They should be within 2”
of the average level. In some cooling towers with high plenum ar-
eas, the water level in the tube may be below the fan deck instead of
above the fan deck. Of course, in this instance, the measurement
will be inches below the fan deck. This procedure takes two people
in radio contact. The man on the ground will proceed to close the
valves on the risers to the heaviest loaded cells, and full open the
valves to the lower level cells. It takes several turns on the handle,
of this type valve, to change the water flow rate.

The man on top will continue to monitor the height of the water in
the Tygon tubes. This procedure and cooperation should be contin-
ued between the two operators until the heights in the tubes on all
of the cells are within 2 to 3 inches of the same height.

Record the length of the exposed stem and thread count between
the face of the valve and the handle, similar to that used on a cross-
flow tower. Record on waterproof paper and place in the top of
the stairwell, as on a crossflow. This will allow getting back to a
balanced condition after turning off for cleaning or maintenance.
Be certain to follow through this balancing procedure on either type
of tower. This is most important in maintaining maximum thermal
performance of the cooling tower.

Maintaining The System

Be certain to treat your water appropriately. Do not use a “hot
lime” treatment on your water without proper low pH, as it will
cause calcium carbonate precipitate, which will plug up nozzles.
Maintain a pH so that no calcium carbonate debris will form.
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Conclusion

Follow the above listed recommendations and you will maintain
maximum performance throughout the life of your cooling tower.
This will result in maximum output from the units being served in
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A Fresh Perspective on Controlling

Yellow Metal Corrosion

Jon Cohen, Jeff O’brien, Ray Post

Chemtreat, Inc.

Current methodologies for using azoles to control
yellow metal corrosion have existed for years with lit-
tle advancement. Although these strategies have met
cotrosion rate requirements for a majority of indus-
trial systems, there are still many failutes as a result of
yellow metal corrosion. This paper will highlight some
mechanisms of yellow metal corrosion, new data on
the effects of halogens on azoles, and a new control
strategy.

Introduction

Cooling water treatment programs target three main
areas of control: scale, corrosion, and microbiologi-
cal activity. Within the water treatment community,
this triad is classified as the water treatment triangle.
A triangle was chosen to show the interconnectivity
of each element. Corrosion control changed significantly, like the two
other elements of the triad, after hexavalent chrome was no longer
permitted for use in cooling water treatment. Subsequent corrosion in-
hibitors have been challenged to maintain the high standatds set with
chromate, leading to decreased asset life and an area for improvement
within the water treatment community.

Since the era of acid, phosphate, and hexavalent chrome, many other
combinations have been used. Countless papers have been written in
the last 35 years on the use of phosphonates in cooling water systems.
One of the earliest papers detailing post-chromate cooling water treat-
ments describes three approaches for preventing scale (Strauss and
Puckorius, 1984):
1. Remove the calcium hardness or scaling mineral from the water
prior to use.
2. Keep the scale-forming constituents in solution.
3. Allow the impurity to precipitate as a removable sludge rather
than as a hard deposit.

This article also described the foundation of many modern-day scale
inhibition programs: the use of phosphonates. Phosphonates are not
the only chemistry in play and are never used without other chemical
additives (at least in modern-day treatment strategies); they are always a
component of the formulation. Two common phosphonates, still em-
ployed today, are mentioned in the article, while many others are used
for varying purposes.

Development in organophosphorous compounds has continued over
time. Presentations at the Cooling Technology Institute (CTI) like
Geiger who (Geiger, 2008) discussed the development of high-stress
organophosphates, or Gill presenting (Gill, 2013) synergies of high-
petformance phosphonates with mechanical separation. Both studies
show the continuing importance of organophosphates in cooling water
chemistry.

Puckorius (Strauss and Puckorius, 1984) describes the relationship be-
tween organophosphorous compounds and increases in yellow metal
corrosion rates. Although these compounds were known to have cor-
rosive tendencies, alternatives were not developed until over 25 years
later, when regulatory pressures to reduce or eliminate phosphorous
contaminants from discharge waters provided a greater impetus. (Post,
2014) Although current alternatives like RPC showed promising results
for reducing corrosion rates for coppet, non-phosphorous cooling wa-
ter chemistries for scale inhibition have not had enough market share
to significantly reduce organic phosphate use. Rather, many have been
promoted to replace inorganic phosphate products traditionally used
for steel alloy corrosion inhibition.
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Both Geiger and Gill also discuss challenges with
phosphonate chemistries in the presence of halo-
gens. Phosphonates are not the only chemistry in
cooling water treatment to undergo unfavorable reac-
tions with halogens. Geiger (Geiger, 2008) describes
the need for halogen-resistant azoles in the presence
of halogens. Halogen chemistry, bleach, and bromine
compounds are common microbiocides used in cool-
ing water programs. However, they combine unfavor-
ably with most azoles used for yellow metal corrosion
inhibitors. Previous efforts for controlling this effect
have focused on alternate oxidizing biocides. (Baron,

2016)

Azoles are a class of organic corrosion inhibitors,
generally containing three heteroatoms in or on a
five-membered ring. A previous paper outlined azole
chemistry for several commonly-used azoles in cool-
ing water treatment. (Cohen, 2013) Reactions be-
tween halogens and azoles increase biocide demand and decrease the
effectiveness of the azole as a yellow metal corrosion inhibitor.

Other methods previously investigated include targeted azole feed. Co-
hen, et al. studied the rate of formation and thickness of several azoles.
(Cohen, 2013) Varying azole dose and feed length had significant im-
pacts on the film thickness. These studies did not include the effect of
halogens on film formation or tenacity, but it looked at how targeted
feed ahead of heat exchangers could be accomplished to prevent cor-
rosion on critical system components.

Issues With Current Strategies

While azole use is the cornerstone of corrosion inhibition in modern
cooling water treatment chemistries, high corrosion rates, especially for
coppet, are still fairly common. Several reasons for high corrosion rates
exist, mainly:

* Insufficient azole feed

* Poor halogen control

* Poor pH control

* Other factors like phosphonates and ammonia

The literature suggests azole should be maintained at approximately 2.5
ppm; however, many water treatment programs suggest far higher azole
concentrations. A review of recent bid proposals written by industry
consultants shows azole concentrations to be maintained at 5 ppm or
higher, with several recommending a concentration of at least 10 ppm.
Besides cost being a considerable factor, monitoring azole concentra-
tions on-site is difficult. This point will be addressed in the subsequent
pages. Other industry experts found positive corrosion results with
concentrations as low as 1.5 ppm, although there are no studies to sup-
port that residual concentration’s effectiveness.

As described above, poor halogen control can contribute to poor cor-
rosion inhibition with azole use. Nalco and GE Betz published studies
in the 1990s regarding halogen control and its effects on copper cot-
rosion. Modern halogen feed and control has had a positive impact on
limiting biocide overfeed; however, excursions still occur. Probes fail,
calibration is not maintained, pumps lose prime, or equipment fails.
Likewise, pH impacts the ability of azole films to form and their per-
sistence. pH equipment has similar limitations to halogen control. pH
probes are also highly sensitive to water quality. With increasing use
of reclaimed water, especially effluent waters, pH probe poisoning has
become a greater mode of failure and cause of pH excursions.

Azole control and monitoring also has its difficulties. Currently, the
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only field test for azoles requires the use of an ultraviolet (UV) lamp di-
gestion method. There is no documented literature on the chemistry of
this test method. One manufacturer describes the test as a “proprictary
catalytic ultraviolet photolysis procedure in the presence of a chemical
catalyst to form a dimer or polymer of the triazole” (see Figure 1). This
UV photolysis test method does not differentiate between isomers or
different azoles. Performing this test method in a field application in-
troduces a lot of error and is rarely confirmed with laboratory results.

N~‘:;~ uv
N — (Yellow-colored complex)
- Chemical
N Catalyst
I
H

Figure 1. Chemistry of the UV photolysis
reaction (provided by Hach Company).

Laboratories are able to differentiate between some azole species in
water samples using various techniques, such as HPGC. However,
some azole species are lumped together as total azole. Results from
HPGC can be seen in Figure 2. While these results are more accurate
and can differentiate between azoles, sending samples to a laboratory
and receiving test results is a poor method of maintaining proper water
chemistry. By the time results are provided, tower conditions are differ-
ent from the sampling time and may not correct for current conditions.
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The Solution

As previously stated, chlorinated azoles that are highly resistant to halo-
gens are not new. Some have been in use since the mid-1990s, when
GE Betz introduced the first commercially-available version. Over the
past 20 years, continued research and development has led to greater
halogen resistance. A new, halogen-stable triazole (HST) has been de-
veloped. HST shares its ability to resist degradation in the presence of
halogens with previously released technologies.

Figure 3 shows how tolyltriazole (TTA) corrosion inhibition for copper
reacts to higher-than-normal chlorine concentrations in a cooling tow-
er. The electrochemical measurements show the corrosion resistance
of TTA prior to the addition of chlorine. When chlorine is introduced
at 4 ppm, the ability of TTA to protect copper sutfaces is reduced by
approximately 40 percent. When increased to 8 ppm, corrosion inhibi-
tion is reduced by approximately 60 percent.

In contrast and under the same conditions, HST initially has a higher
potential for copper corrosion inhibition(Figure 4). Both trials were
dosed with the same azole concentration. When chlorine was added at
4 and 8 ppm respectively, a reduction of approximately 5 percent was
demonstrated. In the presence of 8 ppm free chlorine, HST showed
greater performance than TTA prior to chlorine addition.

e

Nao chlorine

4 mg/L chlorine

8 mg /L chloring
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Figure 3. Stability of TTA in the
presence of high chlorine concentration
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Figure 4. Stability of HST in the
presence of high chlorine concentration

Figure 5 shows the corrosion rates using HST versus TTA both before
and after chlorination. Prior to chlorine addition, corrosion rates with
HST were measured around 0.2 mpy, while TTA took much longer to
form a protective film and eventually achieved a corrosion rate of 0.6
mpy. After a shot feed of chlorine, corrosion rates with TTA immedi-
ately rose to 1.5 mpy. Eventually, the protective film reformed, and cor-
rosion rates fell back to 0.6 mpy. With HST, corrosion rates remained
relatively unchanged throughout the trial.

HST has an additional advantage: it will fluoresce at a specific wave-
length. Fluorescence is a common technique for controlling water
treatment chemicals for cooling water systems. Several commercially-
available dyes, such as fluorescein and p-Toluenesolfonic acid (PTSA),
are commonly used. These are often added to water treatment formu-
lations in known quantities and measured with on-line and hand-held
fluorometers to measure and control cooling water chemistry.

A new fluorometer, available in both hand-held and on-line models, has
been developed to measure and control HST in cooling water systems.
Using an HST and a fluorometer, accurate testing can be conducted
on-site, and in-situ HST concentrations can be controlled. Better HST
control equates to lower chemical treatment costs and decteased cop-
per corrosion rates. Excellent correlation between on-site testing with
both the hand-held and on-line meters and with laboratory testing us-
ing HPGC was found with less than a 5 percent deviation. Field testing
also shows little interference in cooling water systems using reclaimed
water as a makeup water source.

Conclusions

Copper corrosion can be challenging because of a variety of factors
that influence corrosion rate and corrosion inhibition. Among these,
are the type of azole used, control and monitoring techniques, halogen
concentration, and organophosphates. To better control yellow metal
corrosion, a new halogen-stable triazole has been developed. HST is
more effective than the more common TTA in forming a stable, corro-
sion-resistant film on yellow metals such as copper. Film formation is
also much faster with HST than TTA. Corrosion resistance with HST is
augmented as a result of its halogen resistance. HST corrosion inhibi-
tion is minimally affected in the presence of halogens at higher-than-
normal concentrations in cooling water systems.

HST feed and control is superior to traditional methods used for other
azoles in cooling water systems. Introducing real-time measurement of
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in product quality. Increased ability to monitor and control HST, com-
bined with superior performance, will enhance cooling water treatment
programs and reduce azole feed.
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CTI Toolkit Version 3.2

...now Windows 10 compatible

A great opportunity to upgrade your CTI Blue Book Version 1.0
and CTI Toolkit Version 2.0 Software

Key Features of CTl Toolkit Version 3.2:

» Air Properties Calculator; fully ASHRAE Compliant
psychrometrics. Interactive.

e Thermal Design Worksheet in the “Demand Curve” Tab which can
be saved to file and retrieved for later review. Now with printable
and exportable graphs.

¢ Performance Evaluator in the “Performance Curve” Tab to evaluate
induced draft or forced draft, crossflow or counterflow cooling tower
performance. Now calculates percent performance or leaving water
temperature deviation. Data can be entered manually or with an input
file. Automatic Cross-Plotting. Now with printable and exportable
graphs.

« New and Improved Help Files guide you through the software, explain
performance evaluation techniques and offer tips for use.
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Now works with Microsoft Windows 10 and
all earlier Windows Operating Systems back to Windows 95
16 MB ram recommended, and 3 MB free disk space required.

Upgrade Now! Only $25/per upgrade from 3.0 for CTl Members ($40 for Non-Members)

To Order, Call (281) 583-4087 or visit CTI’s Website www.cti.org
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“The Performance Curve method is widely recognized as a more
accurate method of determining tower capability from measured
Order Today test data. The new CTI ToolKit Tab Application provides a quick
and easy method for anyone to evaluate a performance test using
Call 281-583-4087 this more accurate method.”
- Rich Harrison, Jr. ATC-105 Task Group Chairman

Bill to:

Phone: Fax:
Email Address:

Ship to:

Phone: Fax:
Email Address:

Charges can be made to Visa, MasterCard or American Express
Card No.: Expiration Date:
Signature: CVV; CVC; CID Code:
Product Unit Price | Quantity Total
CTI ToolKit Version 3.2 (single user license) | System
CTI Member %395 Requirements:
- Microsoft Windows®
. _ Non-member | $450 95108, 2000, XP. and
CTI ToolKit Version 3.2 (Upgrade from V1.0 and V2.0) Windows 10
CTI Member 595
Mon-member | $120
CTI TeclKit Version 3.2 (Upgrade from V3.0)
CTI Member 525
Mon-member $ 40

Shipping for Flash Drive (from Texas):
Pricrity mail $6; 2 Day Air $18; Overnight Domestic $28; / International (DHL) TBA

Multi-user site licenses and educational institution pricing available on request Phone: 281.583.4087
Fax: 281.537.1721

Web: http://lwww.cti.org
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Cooling Technology Institute Sound Testing

Cooling towers are used extensively wherever water is used as a cooling medium or process fluid, ranging
from HVAC to a natural draft cooling tower on a power plant. Sound emanating from a cooling tower is a
factor in the surrounding environment and limits on those sound levels, and quality, are frequently specified
and dictated in project specifications. The project specifications are expected to conform to local building
codes or safety standards. Consequently, it may be in the interest of the cooling tower purchaser to contract
for field sound testing per CTI ATC-128 in order to insure compliance with specification requirements as-
sociated with cooling tower sound.

Licensed CTI SoundTesting Agencies

McHale Performance
4700 Coster Rd
Knoxville, TN 37912
865.588.2654
Fax 865.934.4779
www.mchaleperformance.com
jacob.faulkner@mchaleperformance.com
Contact: Jacob Faulkner

Clean Air Engineering
7936 Conner Rd
Powell, TN 37849
800.208.6162 or 865.938.7555

Fax 865.938.7569
www.cleanair.com

khennon@cleanair.com

Contact: Kenneth (Ken) Hennon

Cooling Technology Institute Certification Program
STD-201 for Thermal Performance

As stated in its opening paragraph, CTI Standard 201... "sets forth a program whereby the Cooling Tech-
nology Institute will certify that all models of a line of water cooling towers offered for sale by a specific
Manufacturer will perform thermally in accordance with the Manufacturer's published ratings..." By the
purchase of a "certified" model, the User has assurance that the tower will perform as specified, provided
that its circulating water is no more than acceptably contaminated-and that its air supply is ample and unob-
structed. Either that model, or one of its close design family members, will have been thoroughly tested by
the single CTI-licensed testing agency for Certification and found to perform as clained by the Manufacturer.

CTI Certification under STD-201 is limited to thermal operating conditions with entering wet bulb tempera-
tures between 12.8°C and 32.2°C (55°F to 90°F), a maximum process fluid temperature of 51.7°C (125°F), a cooling range of 2.2°C (4°F) or
greater, and a cooling approach of 2.8°C (5°F) or greater. The manufacturer may set more restrictive limits if desired or publish less restrictive
limits if the CTI limits are clearly defined and noted int he publication.

Those Manufacturers who have not yet chosen to certify their product lines are invited to do so at the earliest opportunity. You can contact
Virginia A. Manser, Cooling Technology Institute at 281.583.4087, or vmanser.cti.org or PO Box 681807, Houston, TX 77268 for further
information

Licensed CTI Thermal Certification Agencies

Contact Person / Website / Email

Agency Name / Address

Clean Air Engineering
7936 Conner Rd
Powell, TN 37849

Cooling Tower Test Associates, Inc.
15325 Melrose Dr.
Stanley, KS 66221

Cooling Tower Technologies Pty Ltd
PO Box N157 Bexley North
NSW 2207 Australia

DMT Gmbh & Co. KG
Am Technologiepark 1
45307 Essen, Germany

McHale Performance
4700 Coster Rd

Kenneth (Ken) Hennon
www.cleanair.com
khennon@cleanair.com

Thomas E. (Tom) Weast
WwWw.cttai.com
cttakc@aol.com

Ronald Rayner
coolingtwrtech@bigpond.com

Dr. Ing. Meinolf Gringel
www.dmt-group.de
meinolf.gringel@dmt-group.de
Jacob Faulkner
www.mchaleperformance.com

Telephone / Fax

800.208.6162 or
865.938.7555
(F) 865.938.7569

913.681.0027
(F) 913.681.0039

+61.2.9789.5900
+61.2.9789.5922

+49.201.172.1164

865.588.2654
(F) 865.934.4779

Knoxville, TN 37912 ctitesting@mchaleperformance.com
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Cooling Technology Institute Licensed Testing Agencies

For nearly thirty years, the Cooling Technology Institute has provided a
truly independent, third party, thermal performance testing service to
the cooling tower industry. In 1995, the CTI also began providing
an independent, third party, drift performance testing service as well.
Both these services are administered through the CTI Multi-Agency
Tower Performance Test Program and provide comparisons of the
actual operating performance of a specific tower installation to the
design performance. By providing such information on a specific tower
installation, the CTI Multi-Agency Testing Program stands in contrast
to the CTI Cooling Tower Certification Program which certifies all
models of a specific manufacturer's line of cooling towers perform in
accordance with their published thermal ratings.

To be licensed as a CTI Cooling Tower Performance Test Agency,
the agency must pass a rigorous screening process and demonstrate

Licensed CTI Thermal Testing Agencies
License Type A, B*

Clean Air Engineering
7936 Conner Rd, Powell, TN 37849
800.208.6162 or 865.938.7555
Fax 865.938.7569
www.cleanair.com / khennon@cleanair.com
Contact: Kenneth (Ken) Hennon

Cooling Tower Technologies Pty Ltd
PO Box N157, Bexley North, NSW 2207
AUSTRALIA
+61.2.9789.5900 / (F) +61.2.9789.5922
coolingtwrtech@bigpond.com
Contact: Ronald Rayner

Cooling Tower Test Associates, Inc.
15325 Melrose Dr., Stanley, KS 66221
913.681.0027 / (F)913.681.0039
www.cttai.com / cttakc@aol.com
Contact: Thomas E. (Tom) Weast

DMT GmbH & Co. KG
Plant & Product Safety division
Am Technologiepark 1, 45307 Essen, Germany

+49.201.172.1164
www.dmt-group.de / meinolf.gringel@dmt-group.com
Dr. -Ing. Meinolf Gringel

McHale Performance
4700 Coster Rd, Knoxville, TN 37912
856.588.2654 / (F) 865.934.4779
www.mchaleperformance.com
ctitesting@mchaleperformnce.com
Contact: Jacob Faulkner

* Type A license is for the use of mercury in glass thermometers typi-
cally used for smaller towers.
Type B license is for the use of remote data acquisition devices which
can accommodate multiple measurement locations required by larger
towers.

CTI Journal, Vol. 39, No. 1

a high level of technical expertise. Additionally, it must have a suf-
ficient number of test instruments, all meeting rigid requirements for
accuracy and calibration.

Once licensed, the Test Agencies for both thermal and drift testing
must operate in full compliance with the provisions of the CTI License
Agreements and Testing Manuals which were developed by a panel of
testing experts specifically for this program. Included in these require-
ments are strict guidelines regarding conflict of interest to insure CTI
Tests are conducted in a fair, unbiased manner.

Cooling tower owners and manufacturers are strongly encouraged to

utilize the services of the licensed CTI Cooling Tower Performance
Test Agencies. The currently licensed agencies are listed below.

Licensed CTI Drift Testing Agencies

Clean Air Engineering
7936 Conner Rd, Powell, TN 37849
800.208.6162 or 865.938.7555
Fax 865.938.7569
www.cleanair.com / khennon@cleanair.com
Contact: Kenneth (Ken) Hennon

McHale Performance
4700 Coster Rd, Knoxville, TN 37912
856.588.2654 / (F) 865.934.4779
www.mchaleperformance.com
ctitesting@machaleperformance.com
Contact: Jacob Faulkner
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Cooling Towers Certified by CTI
Under STD-201

As stated in its opening paragraph, CTI Standard STD-201 "...sets forth a program whereby the
Cooling Technology Institute will certify that all models of a line of evaporative heat rejection
equipment offered for sale by a specific Manufacturer will perform thermally in accordance with
the Manufacturer's published ratings..."

By the purchase of a CT;I Certified model, the Owner/Operator has assurance that the tower
will perform as specified .

*performance as specified when the circulating water temperature
is within acceptable fimits and the air supply is ample and unob-
structed, CTI Certification under 5TD-201 is limited to thermal oper-
ating conditions with entering wet bulb temperatures between 10°C
and 32.2°C (50°F to 90°F), a maximum process fluid temperature of
51.7°C (125°F), a cooling range of 2.2°C (4°F) or greater, and a
cooling approach of 2.8°C (5°F) or greater. The manufacturer may
set more restrictive limits if desired or publish less restrictive limits if
the CTI limits are clearly defined and noted in the publication.

For each certified line, all models have undergone a technical review for design consistency and
rated performance. One or more representative models of each certified line have been thor-
oughly tested by a CTI Licensed testing agency for certification and found to perform as claimed
by the Manufacturer.

The CTI STD-201 Thermal Performance Certification Program has grown rapidly since its’ incep-
tion in 1983 (see graphs that follow). A total of 61 cooling tower manufacturers are currently
active in the program. In addition, 11 of the manufacturers also market products as private
brands through other companies.

While in competition with each other, these manufacturers benefit from knowing that they each
achieve their published performance capability and distinguish themselves by providing the
Owner/Operator's required thermal performance. The participating manufacturers currently
have 140 certified product lines plus 17 product lines marketed as private brands which result
in approximately 32,000 CTI Certified cooling tower models to select from.

For a complete listing of certified product lines, and listings of all CTI Certified models, please

see.

http://www.cti.org/certification.php

Those Manufacturers who have not yet chosen to certify their product lines are invited to do so
at the earliest opportunity. Contact the CTI Administrator at vmanser@cti.org for more details.
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Current Program Participants

(as of December 31, 2017)

Program Participants and their certified product lines are listed below. Only the product lines
listed here have achieved CTI STD-201 certification. For the most up-to-date information and
a complete listing of all CTI Certified models please visit:

http://www.cti.org/certification.php

Current Certified Model Lists are available by clicking on the individual line names beneath the

Participating Manufacturer name.

Catalog information and product selection data are also available by clicking on the links be-

neath each listed line.

A

Advance GRP Cooling Towers, Pvt.,Ltd.
Advance 2020 Series A Validation No. C31A-07R03

Aggreko Cooling Tower Services
AG Line Validation No. C34A-08R02

Amcot Cooling Tower Corp.
Series R-LC Validation No. C11E-11R02

AONE E&C Corporation, Ltd.
ACT-C Line Validation No. C28B-09R01
ACT-R/ACT-RU Line Validation No. C28A-05R04

Approach Engineering Co., Ltd.
NS Line Validation No. C76A-16R00

Axima (China) Energy Technology Co., Ltd.
EWX Line Validation No. C72A-15R02
EWK Line Validation No. C72C-17R00
ACC Line Validation No. C72B-15R01

B

Baltimore Aircoil Company, Inc.
FXT Line Validation No. C11A-92R02
FXV Line Validation No. C11J-98R10
PF Series Validation No. C11P-12R02
PT2 & PTE Series Validation No. C11L-07R05
Series V Closed VF1 & VFL vaiidation No. C11K-00R02
Series V Open VTO,VT1,VTL &VTL-E
Validation No. C11B-92R06
Series 1500 Validation No. C11H-94R09
Series 3000 A,C,D,E, Compass & Smart
Validation No. C11F-92R18

Bell Cooling Tower Pvt, Ltd
BCT!I Line Validation No. C43A-12R02

C

CenK Endiistri Tesisleri Imalat Ve Taahiit A.S.
LEON Line Validation No. C89A-17R00
LISA Line Validation No. C89B-17R00

Cool Water Technologies
RTAI Line Validation No. C52A-13R02
RTi Line Validation No. C52B-13R01

Composite Cooling Solutions, Inc.
PLC Line Validation No. C79A-17R00

D

Delta Cooling Tower, Inc.
TM Series Validation No. 02-24-01

Decsa
RCC Series Validation No. C42C-14R00
TMA-EU Validation No. C42C-17R00

Dongguan Ryoden Cooling Equipment Co., Ltd
RT-L&U Series Validation No. C71A-15R02
RTM-L Series Validation No. C718-15R00

E

Elendoo Technology (Beijing) Co., Ltd.
EL Line Validation No. C50C-15R02
ELN Line Validation No. C50D-17R00
ELOP Line Validation No. C50B-14R02
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Ebara Refrigeration Equipment & Systems Co.
CDW Line validation No. C53A-13R03
CXW Line Validation No. C53B-14R01

Evapco, Inc.
AT Series Validation No. C13A-99R18
ATWB Series Validation No. C13F-09R08
AXS Line Validation No. C13K-15R03
ESWA & ESWB Series Validation No. C13E-06R09
L Series Closed Validation No. C13G-09R04
L Series Open Validation No. C13C-05R03

G

Genius Cooling Tower Sdn Bhd
MT Series Validation No. C67A-16R00
MX Series Validation No. C67B-16R00

Guangdong Feiyang Industry Group Co., Ltd
LK Line Validation No.C77A-17R00

Guangdong Zhaorin Industrial Co., Ltd
SRN Series Validation No.C95A-17R00

Guangzhou Goaland Energy Conservation Tech
Co., Ltd.

GLH Series Validation No. C96A-17R00

GLN Series Validation No. C96B-17R00

Guangzhou Laxun Technology Exploit
Company, Ltd.

HMK Line Validation No. C45A-12R04

LMB Line Validation No. 12-45-02

PL Line Validation No. C45E-16R01

LC Line Validation No. C45F-16R00

PG Line Validation No. C45G-17R00

Guntner U.S. LLC
ECOSS Line Vvalidation No.C84A-17R00

H

Hon Ming (Guang Dong) Air Conditioning Equip-
ment Company, Ltd.
MK Series Validation No. C66A-15R02

Hunan Yuanheng Technology Company, Ltd.
YHA Line Validation No. C40A-11R03
YHD Line Validation No. C40B-15R00
YCF-H Line Validation No. C40C-16R00

HVAC/R International, Inc.
Therflow Series TFC Validation No. C28B-09R01
Therflow Series TFW Validation No. C28A-05R04

Industrial Mexicana, S.A. de C.V.
Series 1000 Validation No. C60A-15R00
Series 2000 Validation No. C60B-16R00
Series 6000 Validation No. C60C-15R00

J

Jacir
KS Line Validation No. 12-46-01
KSF Line Validation No. C46B-15R00
VAP Line Validation No. C46C-16R00

Jiangxi Ark Fluid Science Technology Co., Ltd.
FKH Line Vvalidation No. C83A-17R00

Jiangsu Dayang Cooling Tower Co., Ltd.
HLT Line Validation No. C94A-14R02

Jiangsu i-Tower Cooling Technology Co., Ltd.
TMH Series Validation No. C75A-16R00
REH Series Validation No. C75B-16R00

Ji’Nan Chin-Tech Thermal Technology Co., Ltd.
CTNX Line Validation No. C91D-16R00
CTHX Line Validation No. C91E-16R00

K

Kelvion B.V.
Polacel CF Series Validation No. C25A-04R02
Polacel XF Series Validation No. 13-25-02

KIMCO (Kyung In Machinery Company, Ltd.)
CKL Line Validation No. C18B-05R03
Endura Cool Line Validation No. C18A-93R08

King Sun Industry Company, Ltd.
HKB Line Validation No. C35A-09R04
HKD Line Validation No. C358-09R04
KC Line Validation No. C35-11R01
KFT Line Validation No. C35D-16R00

Korytko Systems, Ltd.
KDI Line Validation No. C70A-16R01

Kuken Cooling Tower Co.,Ltd.
GXE Series Validation No. C81A-16R00
GXC Series Validation No. C818-16R00

L

Liang Chi Industry Company, Ltd.
Series C-LC Validation No. C20B-09R02
Series D-LC Validation No. C20F-14R02
Series R-LC Validation No. C11E-11R03
Series U-LC validation No. C20D-10R04
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Liang Chi Industry Company, Ltd. (con’t)
Series V-LC Validation No. C20C-10R01
LCTR Line Validation No. C20H-17R00
TLC Line Validation No. C20G-16R00

M

Marley (SPX Cooling Technologies)
Aquatower Series Validation No. 01-14-05
AV Series Validation No. C14D-98R03
MCW Series Validation No. 06-14-08
MD Series Validation No. C14L-08R04
MHF Series Validation No. C14G-04R08
NC Series Validation No. C14A-92R20
Quadraflow Line Validation No. 92-14-02
NX Series Validation No. C14M-15R01
DTW Series Validation No. C14N-16R01
LW Series Validation No. C14P-16R01

Mesan Cooling Tower, Ltd.
MCC Series Validation No. C26G-12R03
MFD Series Validation No. C26J-16R01
MXC Series Validation No. C26H-12R01
MXR-KM, MXL, MXH Series Validation No.C26C-08R08

MITA S.r.l.
PM Series Validation No. C568-16R00

N

NIBA Su Sogutma Kulerleri San, ve Tic, A.S.
HMP-NB Line Validation No. C55A-14R00

Nihon Spindle Manufacturing Company, Ltd.
KG Line Validation No. C33B-12R04

0

OTT Company, Ltd.
OTTC Line Validation No. C44A-12R02
OTTX Line Validation No. 12-44-02
OTTC-C Line Validation No. C44C-14R00
OTTX-C Line Validation No. C44D-14R00

Ocean Cooling Tower Sdn Bhd
YC Series Validation No. C86A-17R00

P

Paharpur Cooling Tower, Ltd.
CF3 Line Validation No. C51A-13R01
OXF-30K Line Validation No. C51B-14R00

Protec Cooling Towers, Inc.
FRS Series Validation No. 05-27-03
FWS Series Validation No. 04-27-01

Q

Qingdao VOFAT Air Conditioning Equipment Co.,
Ltd.
MF Series Validation No. C82A-16R00

R

Reymsa Cooling Towers, Inc.

(Fabrica Mexicana de Torres, SA de CV)
HFC Line Vvalidation No. C22F-10R4
RT & RTM Series Validation No. C22G-13R04

Rosemex, Inc.
RC (RSC/D) Series Validation No. C54A-13R03
RO (ROS/D) Series Validation No. C94A-14R02

RSD Cooling Towers
RSS Series Validation No. 08-32-01

Ryowo (Holding) Company, Ltd.
FCS Series Validation No. 10-27-04
FRS Series Validation No. 05-27-03
FVS Series Validation No. 12-27-06
FWS Series Validation No. 04-27-01

S

Shangdong Grad Group Co., Ltd.
GAT Series Validation No. C88A-17R00

Shanghai ACE Cooling Refrigeration Technology
Col, Ltd.
AC Line Validation No. C80A-17R00

Shanghai Baofeng Machinery Manufacturing Co.,
Ltd.
BTC Line Validation No. C49A-12R01

Shanghai Liang Chi Cooling Equipment Co., Ltd.
LCM Line Validation No. C62A-14R00
LNCM Line Validation No. C62B-16R00
LRS Line Validation No. C62C-16R00

Shanghai Wanxiang Cooling Equipment Co., Ltd.
FBH/HL Line Validation No. C54A-13R03
FKH/FKHL Series Validation No. C94A-14R02

Sinro Air-Conditioning (Fogang) Company, Ltd.
CEF-A Line Validation No. C37B-11R02
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Sung Ji Air-Conditioning Technology Co., Ltd.
SJMO Series Validation No. C74A-16R00
SJCO Series Validation No. C74B-16R00

T

Ta Shin F.R.P. Company, Ltd.
TSS Series Validation No. 08-32-01

The Cooling Tower Company, L.C
Series TCIA Validation No. C29B-15R00

Thermal-Cell sdn bhd
TYH Line Validation No. C40A-11R03

Tower Tech, Inc. a div. of CPK Manufacturing,
LLC

TTXL Line Validation No. C17F-08R04

TTXR Line Validation No. C17F-15R00

Truwater Cooling Towers, Inc.
EC-S Series Validation No. C41A-12R03
EX-S Series Validation No.C41B-12R04
VXS Series Validation No. C41C-13R01

W

Wuxi Ark Fluid Science Technology Co., Ltd.
FBF Line Validation C78A-16R00

Wuxi Fangzhou Water Cooling Equipment Co.,
Ltd.

FKH Line Validation C64A-14R00

FNB Line Validation C64B-15R01

Y

York (By Johnson Controls)
AT Series Validation No. C13A-99R18
LSTE Line Validation No. C13G-09R03

V4

Zhejiang Dongjie Cooling Tower Co., Ltd.
DMNC Line Validation No. C63A-15R00
DHC Line Validation No. C63B-15R00

Zhejiang Haicold Cooling Technology Co., Ltd
SF Line Validation No. C76A-16R00

Zhejiang Jinling Refrigeration Engineering
Co.,Ltd.

JFT Series Validation No. C28C-16R00

JNC Series Validation No. C28B-09R01

JNT Series Validation No. C28A-05R04

Zhejiang Shangfeng Cooling Tower Co., Ltd.
SFB Line Validation No. C73A-15R01

Zhejiang Wanxiang Science and Technology
Company, Ltd.

WBH Line Validation No. C96A-17R00

WBN Line Validation No. C96B-17R00

Always look for the CTI Certified
Label with Validation Number
on Your Equipment

MANUFACTURER’S PUBLISHED THERMAL
PERFORMANCE IS CERTIFIED BY THE
COOLING TECHNOLOGY INSTITUTE UNDER
THE PROVISIONS OF STD-201

Certification Validation Number
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Tower Performance, Inc.
Cooling Tower Specialists
Since 1964, Tower Performance, Inc., has been providing full service to
the utility, cogeneration, chemical, petrochemical, and related industries

by constructing new cooling towers and upgrading and repairing all
makes and models of existing cooling towers.

New Cooling Towers: A

* Counterflow * Crossflow B
* Wood * FRP

Professional Services Include:
* Cooling Tower Evaluations
* Bid Preparations * Wood Analysis

¢ Thermal Engineering
Field Services Include:
* Repair & Overhaul
* Scheduled Maintenance
* [nspection & Evaluations
* Emergency Service
Nationwide Service
New Jersey Office: Arkansas Office: Pennsylvania Office:
Toll Free: (800) 631-1196 Fh: (504) 236-3629 Ph: (215) T78-6027
NJ: (973) 966-1116 Fax: (870) 862-2810 Fax: (215) 938-8900
NY: (212) 355-0746 E-Mail ctowers@ipila.com smormis{@itowerperiormance.com
Fax; (973) 966-5122
E-Mail: stefanguetzovi@iowerperformance. com
Parts Sales: Texas Office:
Toll Free: (800) 314-1695 @ Toll Free: (800) 324-0691
Ph: (970) 593-8637 Ph: (713) 643-0691
Fax: (970) 472-1304 Fax (713) 643-0310
\ E-Mail: jritz@towemperformance. com E-Mail: clowers{@tpitc.com Y
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Gear Company has built a
worldwide reputation for building
quality gear drives and composite drive

i
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shaft assemblies during its 95 year history.
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While others farm-out and piecemeadl,

Amarillo still designs and manufactures its

Ill!r |

gears and builds them in Amarillo, Texas.

Amarillo is SO 9001:2008 quality
cerfified and stands behind their extensive line of
right angle spiral bevel cooling tower fan drives,

including single and double reduction models.
They also 100% manufacture the high
quality A Series drives for drop-in replacement
P = of other manufacturer’s models, complete with

— .. the backing of Amarillo’s warranty.

[

"

—

Tested. Proven. Amarillo:

Want to know more? Please contact our staff of sales
representatives or gear engineers for a quick response

to your fan drive needs.

"Amarillo
Gear
Company LLC

www.amarillogear.com (806) 622-1273

info@amarillogear.com

}:: A Marmon Water/Berkshire Hathaoway Company




GHEST COOLING

\4 u ﬁ.

HIGHEST CAPACITY

The MD Everest tawer offers greater than 85% more
cooling capacity per cell compared with other preassembled
counterflow towers, At 2600 tons, the MD Everest fower is
an ideal one-to-one malch for some of the largest chillers.

INSTALLATION SAVINGS

The MD Everest tower’s design minimizes piping and
electncal connections to reduce installation costs,

HIGHEST VALUE

The MD Everest tower offers significant advantages
compared with other counterflow towers, including
unmalched cooling capacily, energy efficiency, lewer
components, and lower maintenance costs,

LOWER DRIFT RATE

The MD Everest tower achieves a low drift rate, down to
00005 percent of circulating water flow, so less water
escapes the tower.

FASTER DELIVERY & INSTALL

Compared with field-erected altematives, the MD Everest
tower delivers 60% sooner and installs 80% fasier,

*Compared to other single-cell, pre-assembled counterflow cocling towers,

&
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