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7600 Dorsey Run Road Jessup, MD 20794 tel 410.799 6200 fax 410.799. 6416 www. Baltimerehircoil.com

June 15, 2015

Pamela Doughman
California Energy Commission

Water Energy Technology (WET) Program

Baltimore Aircoil Company (BAC) designs and manufactures a complete product portfolio that helps our
customers save both energy and water. BAC has three proposals to meet the objectives and
requirements of the WET Program relative to evaporative cooling equipment on both new and existing
installations.

1. Hybrid Closed Circuit Cooling Tower Optimizes Energy and Water Usage

2. EVERTOUGH™ Construction Reducing Corrosion and Increasing Cycles of Concentration Thus
Reducing Water Usage

3. Energy and Water Savings Retrofit For Cooling Towers

We appreciate consideration of these existing solutions that have proven to save energy and water and
will also make an immediate and significant impact when implemented. Thank you for your
consideration and we look forward to feedback and questions.

Sincerely,

Larry Wei
Director of Marketing



1: Hybrid Closed Circuit Cooling Tower Optimizes Energy and Water Usage

The HXV Hybrid Closed Circuit Cooling Tower has both evaporative (wet) and dry heat exchange sections
that increase the efficiency of the system and allows the tower to operate in a number of modes to
optimize energy and water usage.

Benefit: For San Francisco, CA, the HXV Closed Circuit Cooling Tower will operate dry approximately 50%
of the time. A 900 gpm system will save approximately 500,000 gallons of water annually at
93°F/85°F/78°F design conditions compared to traditional closed circuit cooling towers.

HXV Hybrid Towers

Maxmoed Water Suited for High Temperature Eliminates Plume in
Savings up to 7T0% Process Flunds above 180°F Dry Operation Mode




HXV Hybrid Towers

MODES OF OPERATION

B e Sl e L ]

COMBINED WET/DRY MODE:

This mode employs the use of both colls, the dry finned coil and ha prime
surtace coll. Water & sprayed over the prime surface cofl atowing evaporative
cosling to occur, belare falling over the 31, Turther cooling the spray water

BENEFITS:

Provides the most capacity by emplogng the use of both coils. Water (s saved
i this mode as the finned, dry coil, reduces the amount of heat that nesds
10 be rejected in the prime surface coll Flow thmugh Uhe wet cod can also be
controlled and adjusted as ambient temperature and/or hest load dreps

ADIABATIC MODE:

In this mode, the process fluid bypasses the prime surface omil, and instead
oniy circulales through the dry finned cod. Recirculating waler saturates and
adiabatically cools the incoming cutside air, reducing the air temperature
within 2-3F of the wet-Dulb and grastly increasing the rate of sensile heat
transter

BENEFITS:

Prowides 3 middle capacity range when outside temperatures will not allow for
ry cooling.

Water Censumption

DRY COOLING MODE:

in this mode, the spray water 15 turned of |, sawing pump energy. and the fluid
1e be cooled is crcuiated trough both the hnned and prime surtace coifs.
Both coils receive full flow, utilzing the muxdmun heat transter suriace ares.

BENEFITS:

Mo water consumption occurs in this mode and plume 13 completely
eliminated This is the best mode of operation during artramely cold wea be

Water Consemption




HXV First Cost Benefits

Heat rajection squipment must be sslected %or the maumum heat load at summes
peak air temperatures. |n most climates peak wet-bulb temperatures am signdficantly
lower than peak dry-bulb temperatums. Evaporative cooling squipment based on the
ambiant air wet-bulb therefore has a greater temparatirs driving force, allowing the
use ot lower system temperatums. This greater driving foroe alse allows the uss of kess
heat transher surface area. Since the HXV uhiizes svaporative cocling dunng peak lead
operation it inhessntly benefits from this advantage. Evaporatively cooled urits such
as tha HXV have a plan area and fan horsepower advantage ower the typecal air-cooled
arrangement, saving on support structurms and slsctrical hook-aps. The BV design
also avoids the corrosion and scaling that can be assocated with spraying of standard
wr-cooled equipment on design days for additional capacity. The lowsr process flund
temperatures that can be achieved compared to air-cooled systems and the greatly
reduced fouling factors of closed leop cooling result in lowes first cost of process
squipment such as chillers of refngeration compressors. Lastly, the costs assocuted
with plume abatement ore elimmnated. as the design 15 inhesently plume-free.

HXV Operating Cost Benefits

[ue to its water saving concapt and combined flow design, the HXV offers signdicant
operating rost benefits. Water consumphion 1s minimized throughout the year. Dunng
peak summer operation a large amount of heal load i already transferred by the
finned coil. As the ambisnt temperaturs and/or heat load drops, the amount of
eyaporative heat transfer 15 further reduced by controlling the flow through the wet
coul. This reduces the evaporation loss and blow-down as well as water treatment
requirements compared to conventional svaporative cooling equipment. In the
adiahatic mode only a small amount of water 1s nesded to saturate the air and the
amount of blow-down is reduced aven further. Finally in the dry mode no water is
used at all (while saving the energy assocsated with running the speay pump). With
HXV hybrid umits, wester savings up to 70% as compared to traditional closed circuit
systems is possible. Depending on local water costs and availahility, this advantage
alone can pay for the equipment m as littie as two years through cost savings n
waler use, wates treatment chemicals, and higher system etficences. In addition.
fouling potential associated with open circuit cooling towers s eliminated through
both the closed loop cooling system and the Combinad Flow Technology design of the
HXV, assunng peak efficiency and energy savings over time. Finally, the induced draft
propedier fan design resuits in low fan energy requirements compared to centrifugal
fan unds.

Process Fluid Temperalure

A Wt Bulls Tempeeratine

Closed Circuit Cooling Systems offer the
Lowes! Fiold Temperatures

Cvmnastog M yweamy %

‘1!l!!l'U!I‘

Typical Annual Distribution of Amblert Temperature with the
Threa Operating Modes



2: EVERTOUGH™ Construction Reducing Corrosion and Increasing Cycles of Concentration

EVERTOUGH™ Construction combines BAC's innovative corrosion-protection features to allow for higher
cycles of concentration that reduce water usage due to blowdown compared to standard materials of
construction for new evaporative heat rejection units, including open circuit cooling towers, closed
circuit cooling towers, and evaporative condensers, Additionally, reduced corrosion leads to reduced
leakage and wasted water. Benefit: Doubling the cycles of concentration from an industry average of 3
to 6 will result in 20% in water savings. A 300 ton system will save approximately 200,000 gallons
annually.

What is BAC’s EVERTOUGH™ Construction?

EVERTOUGH™ Construction combines a number of BAC's innovative corrosion protection features
in a single cost-effective package.

TriArmor® Cormosion Protection System
PFRP Compasite Panels
Thermosatung Hybrid Polymer

Warranty

Component-Specific Protection

Cold Water Basin Protected with the TnArmor® Thermosetting Hybrid Polymer Protected Structural
Corrosion Protection System Members
PFRP Hot Water Distribution Basins (Series 3000} BYC AN

FRP Casing Panels and Louvers (Serfes 3000)
PVC Spray Distribution (PT2,¥YCA) . Y
Ll : PVC Sectional Air Inlet Louvers (PT2)



3: Energy and Water Savings Retrofit For Cooling Towers

Cooling tower energy and water efficiency for the existing stock of evaporative heat rejection
equipment will increase through various feature upgrades. This is analogous to retrofitting mechanical
equipment with variable frequency drives (VFDs), or inspecting and maintaining economizers on
packaged rooftop units to reduce energy usage. Incentives to encourage feature upgrades and retrofits
will yield the most immediate and largest benefits.

ENDURADRIVE™ Fan System Retrofit— a belt or gear-drive motor/fan assembly will have inherent power
transmission losses by design. The ENDURADRIVE Fan System retrofit kit is a direct-drive solution that
includes a new mechanical support, a new direct-drive fan/motor assembly, and a custom-programmed
VFD, eliminating power transmission losses associated with gears and belt systems.

Benefit: 10% energy savings by eliminating mechanical losses from power transmission components.

PAPER NO: TPO0S-18
CATEGORY: FANS

COOLING TECHNOLOGY INSTITUTE

RECENT DEVELOPMENTS IN MOTOR
TECHNOLOGY ALLOW DIRECT DRIVE OF
LOW SPEED COOLING TOWER FANS
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Abstracr - Improved reliabiliry of cooling rower fan
drives & now possible due to new advancements in
wotor technology.  This paper discusses the
developmenr of low speed, permanent magnet
motors and how they can be used in direct-drive
applicardons ro elininare the gearbox, NEMA motor,
driveshafr, and disc couplings from cooling rower
designs. A case study is presented where a tower
was refurbished using a direct-drive motor designed
to fit the exact foorprint and height of the existing
gearbox. Design censiderarions, performance data,
mainrenance, and efficiency comparisons will be
discussed.

I INTRODUCTION

The most common sclution for dnvmng the fan m
cumrent cooling tower desipns utihizes an induction
motor, driveshaft disc coupling and gearbox

arrangement, 35 shown m Figwre 1 Few changes to this
design have been made m the last rwenty years.

The motor used 5 nomually 2 standard NEMA
mduction moior. For seduced energy consumption. two
speed motors have been apphed for use when full fan
speed 15 nodt required doe 10 decreased beat load  As the
horsepower requared to drive the fan vanes s the cube
of the fan speed. it 18 advantageons 1o reduce the fan
speed when posmble When the heat Joad decreases
encugh. the dove motor can be nun at half speed.  Thus
lowers the harsepower tequired 10 anly 12 5% of the
rated value [1]. However, when vy mr flow even
slightly above that provided by kalf speed operation is
requuted. 2 Two speed molor mmst be nm At aled
horsepower as there 15 no ofher speed avabble Two
spead motors do provade sodat enerEy savmgs but snb
st be eveled on and off 10 mammtne the desired water

Ine” starts drawmg ngh amps and placing unnecessary
stramn on the mechanical components of the svstem [2]
While providing some flexibality m the tower control
logic, nwo spead morors are not optimal when it comes
10 MAXIUZING enerpEy savings dunng tumes of reduced
heat load.

The use of vanable frequency drives (VFDs) has
become much more commonplace n recent years. Data
from a noted cocling tower manufacturer mdicates that
VFDs are bemg mstalled m the majority of all new
towers bemg constructed Addmnonally most towers
being upgraded or refirbished are also bemg equipped
with VFDs. These dnves have the advantage of a soft
mechanical start, no large startng current draw, and the
abality 10 sun the fan ar any desired speed from zero to
the oaximum design speed for the application [3] The
energy savings reahzed by using a3 VFD are well
recopnized and documented. so no fusther discussion
will be introduced here [4]. Several factors that nms:
be considered when applymng a VED are any crmical
speeds of the mechamcal system. the cooling ability of
the mduction motor at jow speed and the proper
lubncation of the gearbox at slow speeds.  For practical
the fan 15 generally not mun at speeds below

30% of the nonumal desipn speed.

Histonically, the mechamcal components of the fan
drve system. specifically the nght angle gearbox have
mstallanons [3] Gearbox failures. od leaks. il
contammnanon. faled dnve shafts musaligned dnve
shafis and excessve wvibmhon are all significant
problems relared 10 this type of fan dnve system [6),
n

In rins paper, recent developments m motor technology
are presented. It 15 demoastrated how these mnovative
deugns can be used o mprove the rehabidiy and
reduce muntenance associated wath todav’s coolmg
tower mstallations. mmmmntam
rpm. 50 borsepowes PM motor for 2 rewofit application
15 discussed m detnl The possibahity of improved
efficency and lower emergy consumption wath the
proposed solubon 15 discussed.

II. IMPROVEMENTS IN MOTOR
TECHNOLOGY

Increased efficency and mproved power density are
bemp demmanded m the moicr industry To achiewe

magest (PM) motors have lomg Deen recognized as
providoeg hagher efficzencees than comparnable imducton
motors. However, houtanons m terms of motor




control. as well as matenal performance and
cost. have severely restncted thewr use. Due o dranuatic
unprovements tn magnenc and thermal propemies of
PM matenals over the past 20 vears, syachronous PM
{notors now represent viable altemanves. Figures 2 & 3
show typcal efficiencies and power Eactors for various
meotor fypes [8]
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Figure 2 - Typica! Partial Load Efficiencies of
75 HP, TEFC, 1800 RPM Motors
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Figure 3 - Typical Partial Load Power Factors of
75HP, TEFC, 1800 RFM Motors

Another mnovation which merits discussion is the
laounated frame motor technology used n this design.
Lammated frame mofors comsist of a stack of
lapunations permanently nveted under controlled
pressure.  The cast won outer frame is ehminated.
allowmng more room for active (torque producing)
magnetic materzal  Figure 4 below 15 a representanon
showing how the stator frame 15 constructed.

Figure 4 - Laminated Frame Construction

Another advantage of this construction 15 that the air
used to cool the motor 15 m dwect contact with the
electrical steel. There 15 no thermal resistance path as
that winch exists m a traditonal cast won frame with
contact o the stator lams. The heat transfer mechanism
in 2 cast won frame motor 15 hughty dependent upon the
stator to frame it Lanunated frame construction
elimmates ths 1ssue.

In recent years. wdustry donvers have forced the
development of an optumzed. finned, lanunated motor
design.  To umprove the cooling and mcrease power
densuty, fins have been added 1o the extenor of the
stator lammations The addition of the optimized
coolmng fins increases the surface area available for heat
dissipation.  The result 1s improved heat transfer and a
power mcrease of 20-25% s typical for a given
lamunation diameter and core length.  Figure 5 shows
the increased surface area achieved by mcluding these
cooling fins.

Figure 5§ — Finned vs. Non-finned lamination

It 1s thus improved cooling method along with the
higher efficiency and power factor achieved with the
PM technology that allows for increased power density
m these mofor designs.  Power densiry is the key for
bemng able to match the height restniction of the existing



gearbox. For companson. 3 paper sady was performed
1o determune the approxinmate sizes and weights of
vanous motor Types for use m this apphication. The
results are shown in Table 1 below The ratmng 15 30
horsepower at 208 rpm  Each motor was designed for
the same lemperature nse

Height
{m)

idth
()

adth | Wi
(m) Tbs)

3950

Motor Type

Cast Iron Frame
Induction
Finned
Lammated
Frame Induction
Fimed
Lamumated n n n
Frame PM

Table 1 - Motor Size Comparisons

41 23 28

8 2] "

2320

1670

III. CASE sSTUDY

The case smdv mvolves the rewofit of an existing
cooling tower comstructed m 1986 ar Clemson
Unmversity in South Carolina  The tower mformanon 15
as follows

Fan Drameter 18400
Flow 4.250 gallons per mmute (GPM)
Rates per cell - $.500 GPM otal
Motor Informaton.  Frame — 326T

HP-50125

Speed — 1765885 rpm
Gearbox: Size - 155 Ramo -8 51

As chown m the above data this tower is compnsed of
™wo identical cells For this smdy, one cell was
retrofined with the new slow speed PM motor and VFD
while the other was Jeft miact s ongmally constructed
Thus allows for 2 durect companison of the two £ dnve
solutions.  Figure 6 below shows Cell #1 m the ongmal
configuraton. while Figure 7 shows the PM motor
mstalled m place of the gearbox m Cell =2

Figure 7 — PM Motor Instalied in Place
of Gearbox & Driveshaft

Prior 1o the mstallation. the cusrent bemg drawn by the
nvo ongmal mduction motors was measured with the
fans ronmng at full speed  An ammeter was used and
the aurrent was measumed 10 be formy seven (47) amps
rms on both mduction motors. As the mduction motors
are identical. thus 15 2 good mdicanon thar both cells
were operating under the same load condibons  Afler
the PM motor and VFD mstallation was complete. the
curent was agam re-checked and found 1o be only forry
one (41) amps for the PM motor  The mduction motor
on the ongmal denncal tower was stll &awmg forry
seven (47) amps

A power meter was used 10 measure the mput power 1o
both solutions The fans were rmmmg 21 the same
speed  Dats was taken at both the mpet and outpor of
the drmve to alow for a dmect companson of the
mducnon moter | gearbox combwmation t© e PM
motor  The results of the measurements are shown m
Tabie 2 below



Volts, | Amps, Power
Location mean | mos W Factor (%) | == P oeTove o seween Mstor [2-LPEED) varbus |
e | |y | as| ma =
Inpur to 445 . e s
VED. M 477 43 285 776 i ~
Inputo | 450 | 409 | 280 | 861 - =
P-\1 E - < =
Tabie 2 - Power Consumption compnnson LA =
Original blade pitch, manufacturer da i i
From this data, it was determuned that both cells were i R — m e e wm e
runnmng at less than full load and that the load should be il

increased on each cell To tius end, the puch of the
blades on each fan was mcreased o 12°. This change
of pich caused the fans to daw more air thus
ucreasing the load on each motor Further the
increased au flow wmproved the effectiveness of the
overall tower perfonmance Agam.  powes
measurements were made and 3 thud party teshng
service was engaged fo v the nanufachrer’s
results. The data 15 shown m Tables 3 & 4 below:

Locanca Fols, Anmps, nput kW
mean s

< e a7 548 381

Inpur 1o

VED. BM 477 98 336

Table 3 - Power Consumption Comparison, 12°
blade pitch. manufacturer data

Locanon | Volts. mean | Amps mns | [npur kW
Input to B
Induct 478 543 379
o
VFD BM 477 408 330

Table 4 - Power Consumption Comparisen, 12°
blade pitch, testing service data [3]

For the final blade pitch 475 kW less power
consumption was observed on the cell with the PM
motor mstalled  In order w document the savings
realized 3t vanous speeds on fins applicaton mnput
pouunas(ecuﬂcdxmmt«ﬂzm{
motor cell Figure 8 below shows the acnial measured
inpul power for the induchion motor / gearbox solution
and the PM motor solution at vanious speeds.

Figure 8 — Input Power vs. Speed, 127 blade
pitch

As shown m Tables 24, the PM motor solution requires
less mput power for each load pomt (blade putch).
Figure 8 shows the tomal input power in klowans for
each solution over a range of operating speeds from 30-
100%. Agam the PM motor has an advantage over the
mduchion motor | gearbox solution.  Using an average
pnice of $ 08%kWh. the anmual cost savings for vanous
applhcanons and duty cycles are shown m Table 5. This
table does not account for the addmonal savings
aclueved by using a VFD and having the ability to run
at speeds between 50% and 100% of rated

Annual Savings
(*Hizh Speed*sLow Spead)
Applicanon E:suelv 10070 | 75725 | 5050
Power Plant | 24 hrs 53154 | $2488 1822
Hospital 18 hrs. | S2365 1866 | S1367
University | 12hrs. | $1577 | S1244 | $911

Table 5 - Annual Energy Savings Based on
Various Duty Cycles

IV ELECTRICAL CONSIDERATIONS

PM Control Algorithm

In addition to the PM motor design features already
detailed. another challenge of this applm was that
the PM motor had to be run sensorless There was oo
room 1o install 2 speed feedback device. such as an
encoder or resolver. and shil meet the height restriction
of the exishng gearbox In thes harsh environment. a
feedback device would be a liability as far as rehabiliry
15 concerned Therefore. a semsorless PM contol
scheme was developed to satisfv the requmements of
this applicanon.  Several things had to be considered
when fornung thus algonithm  One challenge was the
mertia of the fan. This was taken info account o
prevent the motor fom fallmg owr of synchromsm



when stamng and changing speads.  Figure 9 15 2
porticn of a typwcal stant from rest  Note the smooth
acceleration. and low stamng cument regured A
rypical 480 volt induction motor stared across the line
would draw 347 amps [10], compared to 12 amps for

thas PM design starred on the VED.
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Figure 2 — Motor Starting Performance

Improved Process Control

As mentioned earlier, the addition of the VED allows
the user to more accurately and efficiently control the
process.  Figure 10 shows how the motor speed 15
changed automancally with control lomc as the heat
demand on the system changes with nme.
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Figure 10 — Motor Speed Vanation with
Changing Heat Load

Braking and Condensation Control

The use of a VFD also provades the oppormmaty 1o offer
some additional features that across the lme svstems do
not.  The drive axy be confignured to apply 2 trickle
current 10 the motor Windmes 10 acT as 2 brake dunog
down tme  This prevents the fin Som fee whaehng
due w somunal wmds or adiaceat coohng fTower
nrbulence. However. a mechanical Jockmg mechamsm
should be nsing durmg any moenienance proceduses.

Thus tmckle cutrent also a¢1s as an miemal space heater
by rausing the wmdmg temperature preventing
condensation when the motor is 2ot ruung.

Insulanon Svstem

Inside the fan stack 15 an extremely hunud environment.
Therefore, the msulahon system on the stator windings
st be robust and highly mosture resistant. To this
end. an msulanon system denved from a system
ongmally developed for use by the US Navv was
empioyed This system unilizés an epoxy compound
apphed wvia a vacuum pressure mpregnation (VPI)
system. The VPI system 15 widely recogmzed as a
supenor msulanon system for harsh apphcatons such
as this. This pamicular system has been successfully
emploved on “open” motors in tough apphications such
as otl platforms operating in the North Sea.

V. MECHANICAL CONSIDERATIONS

Shaft Seal

Due 1o the harsh environment inherent with a cooling
tower applicatton. the motor’s drive end is protected by
3 menaihic. non-contacting, non-wWearmg permanént
compound labynnth shaft seal that mcorparates a vapor
blocking nng prevent an mngress of moistuze. This seal
has been proven o excinde all types of beanng
contanunation and meets the requirements of the [EEE-
841 motor specificanon for severe dury apphcations
Tlus type of seal has been successfully used m cooling
tower gearboxes for many vears [11].

Mamtenance

Another consideration 15 overall svstemy mamsenance.
For mater / pearbox cominnation doves. the lnbrication
mterval 15 determmmned by the high speed pear set The
reconmended nhrication mierval for this tvpe of pear
15 Typecally 2500 hours or six months, whichever comes
first. In addinom gear manufachwess secommend a
datly viseal mspection for ol leaks, unusual nomses. or
wibahons  As these umits are mstalled m areas winch
are pot readly accesaible or frequented thus 15 an
unseasonable expectation and burden on manienance
personne]l  When a gear 15 1o be idie for more than a
week. it should be mn peniodically 1o kesp the miemal
components libmcated becamse they are lughly
susceptible 1o amacks by st and comomon. When
bemg stored for an extended period, 1t 1s recommended
that the pearboxes be complesely flled with cal and
then dramed to the proper kevel pnor to resumed
operanon.  Becanse e logh speed mpur has been
elimmated with the dlow speed PM motor design the
lubrrsation cycle can nony be extendad up 10 TwO vears.
The PM motor need not be mspected duly for ol beaks,
as the motar contams 0o ol - As mentioned previously



the VFD can provide a tnickle current 1o heat the stator
windings to a temperature shghtly above ambienr o
prevent moisture from formung inside the motor

Vibration

With the elimination of the high speed mpuz to the
geatbox. the system dwnmamucs from a wibrmnon
standpomt have been sumplified There are no louger
any resomance i5sues with the doveshaft  The
maxinuun rotational excitatton 1S now lunited to the
rotational speed of the fan  The mumber of bearings
the dnve system has been reduced from six to two for a
smgle reduction gearbox and from erght to fwo for 3
double reducnon pearbox This reduces the number of
forcng frequencies present in the system

Noise Leve]

Many cooling towers are m locations where arbome
notse can be an 1ssue. such as hosprtals and miversies.
To thus end. a thurd party testing company was engaged
1o conduct compamtive sound tests between the mvo
cells. Data was taken at both lugh speed and low speed
for both cells. The mduction motor cell was designated
as Cell =1 while the PM motor cell was designated as
Cell #2 Sound level measurements were taken on Cell
=1 while Cell 22 was tumed off There were twelve 30-
second readings taken at lugh speed and rwelve 30-
second readings taken at low speed around the
perumeter of the tower and the fan motor, As there was
no motor outside of the fan stack on Cell £2. only nine
readings were taken on Cell £2 wath Cell =1 rumed off.
A smgle point measurement was taken where the old
induction metor was mounted on Cell #2 w order 10
have some reference to Cell 1. It was not possible ro
mm off the water flow for ether cell ar any nme so
there was a significant amount of background noise. but
as thus condition was the same for both cells. it should
not affect the compamtive dama [9] Average A-
weighted sound pressure results are shown i Table 6
for both high speed and low speed operation.

A-weighted Average
Cell High Low
| Inducnon 813dBA 744 dBA
PM 77.7dBA 65.0dBA

Table 6 - Sound Pressure Data

At high speed. the PM motor cell was 4 6 dBA lower
than the mduction motor cell For low speed operation.
the PM motor cell was 5.4 dBA lower. Although there
may be some shght differences m the background noise
for each cell these likely do not accouns for all of the
nowse level reduction realized with the PM motor
solunon  The removal of the high speed induction
motor from the outside of the fan stack appears to have

the biggest influence on the nowse level of the rower
itself

VI CONCLUSIONS

Coolug tower fan dnves have changed very lintle over
the past rwo decades. Falures of the gearbox
dnveshaft. or disc couplings have been the biggest
users. Increasing energy costs have placed a premuum
on power consumption for all motors and applications.

Many of the problems associated with cooling tower
mamterance and rehability are solved with the PM
motor design. The relatively h:ghepeed(ﬂ'vmlls 1750
rpm) nduchion motor has been eliminated

trself has mot histoncally been a problem. bm the
assoctated resonances and potential vibration concems
have been an ssue. The dnvesha®t and associated disc
couplings have been removed. thus elinunating
problewss associated with misabgnment, improper
lubrication. natural ies, or delanunating of the
drveshaft uself [12]  The right angle spual-beveled
gearbox has been removed Difficult maintenance
muudmlhdlmgmgmempmpcroilﬁll levels.
contamination of the oil. oil leaks. and gearbox fatlures
15 no longer a concem.

New motor technology now provides an alternative
solunion. the duwect drive of coolng tower fans. PM
motor technology combined with the fomed. lammmated
frame design now allows the coastruction of low speed.
compact motors for use in place of the existing gearbox.
Data obmined to date indicates this solution wall
elinunate the problems associated with the nghr angle
gearbox and drive shaft design. By elimmatmg the
gearbox. winch 15 2 sigmficamt sowce of loss m the
systent. improved system efficiencies can be realized
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New High Efficiency Fill — replacing scaled or clogged fill with BAC's high efficiency fill kits are designed
to increase the energy and water efficiency of the cooling tower

Benefit: 7% to 10% energy savings. Up to 5% reduction in water usage by reducing the amount of scale
and build-up that requires additional cleaning, drainage, and blowdown along with less splashout and
drift.

Nozzle Replacement — broken or clogged nozzles causes uneven water distribution over the fill, scale
build up, and decreased efficiency.

Benefit: 2% to 3% energy savings. Up to 5% reduction in water usage by reducing the amount of scale
and build-up that requires additional cleaning, drainage, and blowdown along with less splashout and
drift.



Annual Cooling Tower Efficiency Savings®
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Energy Saving Retrofits

2% 1o 3% Energy Savings ] i Replace Nozzles
........................ i
inbut
‘ 1°F Decmas is Looving Broken or clogged nozzles cause uneven watér distnbution over the
Water Temperature fill, scale busld up, and decreased capacily

© Upgrade or Replace Drive Components

For increased building heal loads, BAC's dnve upgrade kats will
merease the capacity of your cooling lower

To maintain the peak performance of your cooling towes, replace your
motors, drive sheaves, drive bushings and belts with BAC Factory
Authonized Parts

© Install New Fill

Replace scaled or clogged fill with BAC's replacement fill leis
that ane designed wilh state of the art 1l technolegy to restore or
mcrease the capacity of your cooling lower

© Install a VFD

30% to 40% Erergy Savings Adding a Variable Frequency Drive will provide a more efficient
method of operating your cooling tower while extending the kfe of the
maolor and mechamical dnve system
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