‘- 1 - DESCRIPTION Title of the Invention Method and apparatus for
controlling feeding an agent to a cooling water system Field of the
-I'nvention [0001] The present invention relates to a nethod and appar at us
for controlling feeding an agent to an open recirculating cooling water
system Background of the Invention [0002] An open recircul ating cooling
wat er systemfor an industry or an air conditioner enploys a heat
exchanger such as a refrigerator where water being heated by heat-exchange
is cooled by evaporating a part thereof in a cooling tower and rel easing
| at ent heat, and cool ed water is circulfated. [0003] Water in an open
recirculating cooling water systemis circulated and a part thereof is

| ost by evaporation, whereby corrosion, scaling or sline problens occur
frequently. Various kinds of waterprdeatdmoyagents (hereinafter

"agent(s)") are added to cooling water in an open recirculating cooling
wat er sygtied @ Pr|vwentntdie: 2on
Method and apparatus for controlling feeding an agent to a

cooling water system

Field of the Inventiocn

[0001]

The present invention relates to a method and apparatus
for contrelliing feeding an agent to an open recirculating

cooling water system.

Background of the Invention
[(0002]

An open recirculating cooling water system for an
industry or an air conditioner employs a heat exchanger such
as a refrigerator where water being heated by heat-exchange
is cooled by evaporating a part thereof in a cooling tower
and releasing latent heat, and cocled water is circulated.
[0003]

Water in an open recirculating cooling water system is
circulated and a part therecf is lost by evaporation,
whereby corrosion, scaling or slime problems occur
frequently. Various kinds of water treating agents
(hereinafter “agent(s)”) are added to cooling water in an

open recirculating cooling water system to prevent the



"probl ens. Such agents include phosphates for preventing corrosion,

wat er - sol ubl e polyners for preventing scaling, and sterilizing agents for
.preventing sline adhesion. [0004] Water of the cooling system shoul d
contain the above agents at a determ ned concentration or higher than it

continuously to achi eve enough effects.

is not only wasteful in costs but also causes sonetines adverse effects.
concentration of an agent in a cooling water systemis accordingly

necessary to

and econom cally. [0005] JP 11- 2113864 descri bes a met hod for controlling

feeding rate

be controlled so that objects are achieved nost effectively

of a water treating agent to a cooling water system which

includes a step of calculating a total feeding anount of the agent based
on a fl owdaatlerdet ergidieciddnes il owet gshipia agefbr feediag: teyi ce; a
step of calculating a nunber of cycles of concentration (hereinafter
"nunber aforreecles” wertercyelleslef wangents atd O ewiniciood i sp Wat@r based
on an electrical conductivities of make-up water and circulating cooling
wat er ; aastde tafr idal ulgatd grg tev dor atrisorentoss based athesreiri geration
capacity of a refrigerator, and a |load and operation tine of the
refrigerdtdd4la step of cal cul ating nmake-up water quantity based on the

cycl es of

Water of the cooling system should contain the above

agents at a determined concentration or higher than it

continuously to achieve enough effects. However, excess

feeding of agents is not only wasteful in costs but also

causes sometimes adverse effects. A concentration of an

agent in a cooling water system is accordingly necessary to

be contrclled so that objects are achieved most effectively

and economically.

[0005]

JP 11-211386A describes a method for controlling

feeding rate of a water treating agent to a cooling water

system which includes a step of calculating a total feeding

amount of the agent based on a flow rate determined by a

flowmeter of an agent feeding device; a step of calculating

a number of cycles of concentration (hereinafter “number of

cycles” or “cycles of concentration”) of cooling water based

on an electrical conductivities of make-up water and

circulating cooling water; a step of calculating evaporation

loss

based on a refrigeration capacity of a refrigerator,

and a load and operation time of the refrigerator; a step of

calculating make~up water quantity based on the cycles of

However, excess feeding of agents

A



"3 concentration and the evaporation |loss; and a step of calculating a
target concentration of the agent in the cooling water and controlling
-feeding rate of the agent such that a concentration of the agent in the
cooling water is wthin a range of the target concentration. Patent
docunent 1: JP 11-211386A [0006] As a load on a refrigerator fluctuates

seasonally, a

set value of a load thereon is required to be changed at an

each season, which is troubl esome. Sumary of the Invention [0007] An

obj ect of the present invention is to provide a nethod and apparatus for
controlling feeding an agent to a cdbﬂ?ﬁg wat er system whi ch enabl es
controlling a feeding rate of the agent easily. [0008] A nethod according
to a first aspect for controlling feeding an agent to an open

recir cul atdarmg:roood 4 ingn watcert hes ystgem wheren Wabef; | snd eci stceb abBd bet ween a

heat exchanger

and a cooling tower, wherein the nethod has a step of

cal cul at iaeg caullegaichpfa tthver ooldarg-drovert basedt orha aghiff erenclee bet ween a

t enper at ure of

circulating forward water sent out fromthe cooling tower

and a temperiding evadfer and controlling feeding rate of the agent such

that a concentration of the agent in the cooling water is

within a range of the target concentration.

Patent document 1: JP 11-211386A

[G006]

As a load on a refrigerator fluctuates seascnally, a
set value of a load thereon is required to ke changed at an

each season, which is troublesome.

Summary of the Invention
[0007]

An obiject of the present invention is to provide a
method and apparatus for controlling feeding an agent to a
cooling water system which enables controlliing a feeding
rate of the agent easily.

[0008]

A method according to a first aspect for controlling
feeding an agent to an open recirculating cooling water
system where water is recirculated between a heat exchanger
and a cooling tower, wherein the method has a step of
calculating a load of the cooling tower based on a
difference between a temperature of circulating forward

water sent out from the cooling tower and a temperature of



"4 circulating back water returning to the cooling tower, and a step of
controlling a feeding rate of the agent based on the |oad of the cooling
-tower. [0009] A nethod according to a second aspect is characterized in
that, in the above first aspect, a sumof a blowdown water quantity and a
w ndage | oss is calculated based on a quantity of the circulating water,
the difference between the tenperatures, and a nunber of cycles, and the
feeding rate of the agent is cal cul ated based on the sumthus calcul ated
and a predeterm ned concentration of the agent in the circulating cooling
water. [0010] A nethod according toathird aspect is characterized in
that, in the above second aspect, the cycles of concentration is
cal cul ated based on electrical conductivities of the cooling water and

make- up waitrefal a {14 Ha AN vappar atdisi aetef digcido eod pind ht @spectatora
controlling feeding an agent to an open recirculating cooling water system

has a nechan sM arcrdevilderfora THagdih@ttaige codling aeder hdsodighn atleat
exchanger; a cooling tower for cooling the cooling water; and a feeder
for feedilmgda aatére taoedtimyg tagent. to the circul ating

[0009]

A method according to a second aspect is characterized
in that, in the above first aspect, a sum of a blowdown
water guantity and a windage loss is calculated based on a
quantity of the circulating water, the difference between
the temperatures, and a number of cycles, and the feeding
rate of the agent is calculated based on the sum thus
calculated and a predetermined concentration of the agent in
the circulating cooling water.

[0010]

A method according to a third aspect is characterized
in that, in the above seccnd aspect, the cycles of
concentration is calculated based on electrical
conductivities of the cooling water and make-up water.
[C011]

An apparatus according to a fourth aspect for
controiling feeding an agent to an open recirculating
cooling water system has a mechanism or device for
circulating cooling water through a heat exchanger; a
cooling tower for cooling the cooling water; and a feeder
for feeding a water treating agent to the circulating

cooling water, wherein the apparatus has a calculator for



"cool i ng water,

| oad of the cooling tower based on a difference between a tenperature
-circulating forward water sent out fromthe cooling tower and a

wherein the apparatus has a calculator for S calculating a

of

tenperature of circulating back water returning to the cooling tower; and
a controller for controlling a feeding rate of the agent based on the
| oad of the cooling tower. [0012] 1In the present invention, the feeding

rate of the agent can be easily controlled based on the | oad of the
tower cal cul ated based on a difference between the tenperature of

cool i ng

the circulating forward water which is 3ent out fromthe cooling towe
the tenperature of the circulating back water which is returning to t

cool i ng

tower, w thout seasonal setting of paraneters. [0013] 1In the

r and
he

cool i ng twen,: dihei£ceolidg wat ernd Sc&o0l 8d Hywe evepas@témngaa part thereof
and releasing |atent heat. Consequently, the greater the |oad of the

cool i ng

iOTsrdte Heaalgein the eMaparaitonnt assrafl dhengodbingraat er,

accordingly, the larger the bl omdown water quantity. The |oad of the
cool i ng twewerr camtbewalfawrated: hasediron tdesr drdu atémge wat ere quant i ty
and the difference between the tenperature of the circulating forward
wat er anditmeilating back water returning to the cooling tower; and a

controller for controlling a feeding rate of the agent based
on the load of the cooling tower.
[0012]

In the present invention, the feeding rate of the agent
can be easily controlled based on the load of the cooling
tower calculated based on a difference between the
temperature of the circulating forward water which is sent
out from the cooling tower and the temperature of the
circulating back water which is returning to the cooling
tower, without seascnal setting of parameters.

[0013]

In the cooling tower, the cooling water is cocled by
evaporating a part thereof and releasing latent heat.
Consequently, the greater the load of the cooling tower, the
larger the evaporation loss of the coeling water, and
accordingly, the larger the blowdown water quantity. The
load of the cooling tower can be calculated based on the
circulating water quantity and the difference between the
temperature of the circulating forward water and the
temperature of the circulating back water. Accordingly, in

the present invention, the blowdown water quantity is

and



‘tenperature of the circulating back water. Accordingly, in the present

i nvention, the bl owdown water quantity is 6 calculated based on the | oad,
-and the required feeding rate of the agent can be cal cul ated based on the
bl owdown water quantity. [0014] The cooling water is also |lost fromthe
cooling tower by w ndage. The sum of the w ndage | oss and the bl omdown
wat er quantity can be cal cul ated based on the quantity of the circulating
wat er, the above tenperature difference and the cycles of concentration,
in view of the balance of salts in the cooling water system The cycl es of
concentration can be cal cul ated based @ the el ectrical conductivities of
the nake-up water and the cooling water. The optinumfeeding rate of the
agent can be cal cul ated based on the predeterm ned concentration of the

agent inddecetldd®amat en ad thewsumef dhe wadage | ossiang thee
bl omdown water quantity. Brief Description of the Drawings [0015] Fig.1

is a flowditagr amedf: adredid cdialiing GDAddwH atele SysdeBwitivihZed s a
graph showing the result of Exanple 1. Fig.3 is a graph showing the result

of Conpargtarvaty .
[0014)

The cooling water is also lost from the cooling tower
by windage. The sum of the windage loss and the blowdown
water quantity can be calculated based on the quantity of
the circulating water, the above temperature difference and
the cycles of concentration, in view of the balance of salts
in the cocling water system. The cycles of concentration can
be calculated based on the electrical conductivities of the
make-up water and the cooling water. The optimum feeding
rate of the agent can be calculated kased on the
predetermined concentration of the agent in the cooling

water and the sum of the windage loss and the blowdown water

quantity.

Brief Description of the Drawings
[0015]
Fig.l is a flow diagram of a recirculating cocling
water system.
Fig.2 is a graph showing the result of Example 1.
Fig.3 is a graph showing the result of Comparative

Example 1.

graph showing the results of Example 2 and

o]

Fig.4 is



"Exanple 1. Fig.4 is a graph showing the results of Exanple 2 and 7 -
Conparative Exanple 2. Detailed Description [0016] Fig.1l is a diagram
.showing a flow of a cooling tower systemto which a nethod and appar at us
for controlling feeding an agent to a cooling water system according to an
enbodi mrent of the present invention are applied. Cooling water
(circulating back water) heated by a refrigerator 12 and returning to a
cooling tower 1 is sprayed froma water spraying device 2 of the tower 1
and is cooled through gas- liquid contact with air taken into the cooling
tower 1 by a fan 5, and then is colledted in a bottomtank 4 referred to
as a pit. The cooling water in the bottomtank 4 is circulated to the
refrigerator 12 through a circulation punp 10, a circul ation supply pipe
11, and aceidaGilaticom dmgiuen 2 pi pe 13. [0017] Make-up water is supplied

t hrough a make-up water line 9 at an anount corresponding to evaporation

| oss E, wi ndage |oss Wof the sprayed water and bl owndown water quantity B
bl own froma blow valve 8 of a blowline 7. The make-up water is supplied

into theDbattioet aakc4ipaias to keep the
[0016]

Fig.l is a diagram showing a flow of a cooling tower
system to which a method and apparatus for controlling
feeding an agent to a cooling water system according to an
embodiment of the present invention are applied. Cooling
water (circulating back water) heated by a refrigerator 12
and returning to a cooling tower 1 is sprayed from a water
spraying device 2 of the tower 1 and is cooled through gas-
liguid centact with air taken into the cooling tower 1 by a
fan 5, and then is collected in a bottom tank 4 referred to
as a pit. The cooling water in the bottom tank 4 is
circulated to the refrigerator 12 through a circulation pump
10, a circulation supply pipe 11, and a circulation return
pipe 13.

[0017)

Make-up water 1s supplied through a make-up water line
9 at an amount corresponding to evaporation loss E, windage
loss W of the sprayed water and blowdown water quantity B
blown from a blow valve 8 of a blow line 7. The make-up
water is supplied into the bottom tank 4 so as to keep the
water level in the bottom tank constant, regardless cf how

the evaporation loss and the windage loss vary and the



‘water |level in the bottomtank constant, regardl ess of how the evaporation
| oss and the wi ndage |oss vary and the - 8 blowdown is carried out
.appropriately. The water level in the bottomtank is controlled
automatically by a ball tap valve or the like. The bl owdown is carried out
appropriately when the water quality of the cooling water system has
degraded. [0018] For the purposes of preventing corrosion of pipes and
apparatuses by the cooling water, a water treating agent is fed by a
treating agent feeding device 14 installed on the <circulation return pipe
13 through which the cooling water retturns to the cooling tower 1.
However, the position of feeding of the treating agent is not |limted
thereto. [0019] A nethod for controlling feeding the treating agent

accor di ngevddie Rrsesentr gy entt erpprMddr ba descrited vel@w. 1e{4020] In
general, the evaporation loss in the open recirculating cooling water
system i shgr Gparbionaink d o kentdredd eof ddwencooldaigl it dwera dfathetgystem The
make-up water quantity is cal cul ated based on the evaporation |oss and the
W ndage kassel mrt h@ecddlkeng tTowerh lcartbwrhe snurdreriagf a@ycl es (cycl es of
concentration) in the

appropriately when the water quality of the cooling water

system has degraded.

[0018]

For the purposes of preventing corrcsion of pipes and
apparatuses by the cooling water, a water treating agent is
fed by a treating agent feeding device 14 installed on the
circulation return pipe 13 through which the cooling water
returns to the cocling tower 1. However, the position of
feeding of the treating agent is not limited thereto.

[0019]

A method for controlling feeding the treating agent
according to the present invention will be described below.
100201

In general, the evaporation loss in the open
recirculating cooling water system is proportional to the
ioad of the cocling tower of the system.

The make~up water quantity is calculated based on the
evaporation loss and the windage loss in the cooling tower
and the number of cycles (cycles of concentration) in the
open recirculating cooling water system. Concentration of

the treating agent in the cooling water can be calculated

based on the feeding rate of the treating agent, the load of



"open recirculating cooling water system Concentration of the treating
agent in the cooling water can be cal cul ated based on the feeding rate of
.the treating agent, the load of - 9 the cooling tower, and the nunber of
cycles of the cooling water. [0021] 1In general, the treating agent
concentration Cin the open recirculating cooling water system can be
calculated by the follow ng equation (1). C= (GMN (1) where C
treati ng agent concentration (g/n8) G feeding rate of treating agent
(g/H) N nunber of cycles (-) M make-up water quantity (nmB8/Hr) [0022]
The make-up water quantity can be repr esent ed by the follow ng equation
(2). M=E+ B+ W(2) where E evaporation loss (n8/H) B: bl owdown water
quantity (nB/H) W w ndage |oss (nB/H). [0023]

the cooling tower, and the number of cycles of the cooling

water.
[0021]
In general, the treating agent concentration C in the
open recirculating ccooling water system can be calculated by
the following eguation (1}.
C = (G/M)- N (1)
where
C: treating agent concentratiocn {g/mﬂ
G: feeding rate of treating agent (g/Hr)
N: number of cycles {(~)
M: make-up water quantity (m’/Hr).

[0022]

The make-up water guantity can be represented by the
following egquation (2).

M=E+ B+ W (2)
where
E: evaporation loss (m’/Hr)
B: blowdown water quantity (m®/Hr)
W: windage loss (m’/Hr).
[0023]

Furthermore, the sum (B + W) of the blowdown water
quantity B and the windage loss W can be represented by the
following equation {3).

B+ W=E/(N-1) (3)



"Furthernore, the sum (B + W of the bl omdown water quantity B and the

w ndage | oss Wcan be represented by the follow ng equation (3). B + W=
B/ (N- 1) (3) 10 - [0024] The equation (3) is derived as follows. That is,
the nunber of cycles N of the cooling water indicates the ratio of

di ssol ved salts concentration in the circulating water to that of the
make-up water, and is defined by the followng equation (4): N = CR CM(4)
where CR = dissolved salts concentration in the circulating water CM =

di ssol ved salts concentration in the make-up water [0025] In consideration
of the mass bal ance of the salts in ~tha cooling water system in the case
where the cooling water systemis operated in a steady state, the anount
of dissolved salts contained in the make-up water is equivalent to the
anount of{izskol ved salts contained in the bl owmdown water and w ndage
water. Therefore the nunber of cycles is represented by the follow ng
equation (5). TGEMeguEREBn+ (W) (@(5) degr06826] as follows. That is, the

number of cycles N of the cooling water indicates the ratio
of dissolved salts concentration in the circulating water to
that of the make-up water, and is defined by the following
eguation (4):

N = Cr/Cy (4)
where
Cg = dissolved salts concentraticon in the circulating water
Cu = dissolved salts concentration in the make-up water
f00Z25]

In consideration of the mass balance of the salts in
the cooling water system, in the case where the cooling
water system is operated in a steady state, the amount of
dissolved salts contained in the make-up water is equivalent
to the amocunt of dissoived salts contained in the blowdown
water and windage water. Therefore the number of cycles is
represented by the following eguation (5).

Cy*M = Cg(B + W) (5)
[00z6]

Following eguation (6) is derived from the equations

(4) and (5):
N =M/{B + W)
= (E+ B+ W) /(B + W ' (6)

[0027]



"Fol l owi ng equation (6) is derived fromthe equations (4) and (5) : N
(B+W =(E+B+W/(B+W (6) [0027] - 11 This equation (6) is

.transforned and, thereby, the above-described equation (3) is obtained.
In general, the concentration of salts in water is proportional
conductivity of the water. Therefore, the nunber of cycles

[ 0028]

the electrica

of the cooling water system can be cal cul ated based on the follow ng
equation (7) by neasuring the electrical conductivities of the make-u

wat er

and the cooling water. N = SR/'SM (7) where SR electrical
conductivity of the cooling water (Sfc%ﬂ “SM electrical conductivity of

the make-up water (S/cm [0029] The electrical conductivity can be
nmeasured easily and pronptly, and the neasurenent of the electrical

conductivity Tear bepracessed as anLIGGimidl sirgnaleyramasutiang it by

el ectrical conductivity sensor, so that the nunber of cycles N of the
cool i ng vEdiere -siesstemisan dapudeter niedi cashtyihased

roozg]

In general, the concentration of salts in water is
proportional to the electrical conductivity of the water.
Therefore, the number of cycles of the cooling water system
can be calculated based on the following equation (7) by
measuring the electrical conductivities of the make-up water
and the cooling water.

N = HuSg/USy (7}
where
USg: electrical conductivity of the cooling water (puS/cm)
1Sy: electrical conductivity of the make-up water (uS/cm)
[0029]

The electrical conductivity can be measured easily and
promptly, and the measurement of the electrical conductivity
can be processed as an electric signal by measuring it by
electrical conductivity sensor, so that the number of cycles
N of the cooling water system can be determined easily based
on the measurement of the electrical conductivity. In the
case where wvariatiocns in water quality of the make-up water
are small, a known value of the electrical conductivity may
be used and the measurement of the electrical conductivity
0of the make-up water may be omitted.

[0030]

p

M

to



‘on the nmeasurenent of the electrical conductivity. In the case where
variations in water quality of the nake-up water are small, a known val ue
.of the electrical conductivity may be used and the neasurenent of the
el ectrical conductivity of the nake-up water may be omtted. [0030] 12
The sum (B + W of the bl owdown water quantity B and the w ndage |oss W
can be represented by the following equation (8. B + W= RAT/[580(N - 1)]
(8 Wwere R circulating water quantity (nB/hr) AT: tenperature difference
(AT = T2 - T1) between the tenperature T2 (C) of the circulating back
water and the tenperature Tl (C of "t hé Tircul at i ng forward water. [0031]
The equation (8) is derived as follows. In general, heat rel ease due to
| at ent heat of evaporation in the cooling tower is equal to heat quantity
whi ch the coolthegswat R reeigi ves cheomiicheldiwef agerat@antihe Heatd rel ease
in the cooling tower is a product of the evaporation loss E (n8/hr) and
t he | at enfhehedindafge dvapomatdeon dd ,reanckddre- dieaty quentidlylavimd t he cool i ng
wat er receives fromthe refrigerator is a product of the

equation (8.

B + W= R-AT/[580- (N ~ 1)] (8)

Where

R: circulating water guantity (m*/hr)

AT: temperature difference (AT = T, - T;) between the
temperature T, (°C) of the circulating back water and the
temperature T: (°C) of the circulating forward water.

[0031]

The equation (8) is derived as follows.

In general, heat release due to latent heat of
evaporation in the cooling tower is equal to heat quantity
which the cooling water receives from the refrigerator. The
heat release in the cocling tower is a product of the
evaporation loss E {(m°/hr) and the latent heat of
evaporation Hy, and the heat quantity which the cooling
water receives from the refrigerator is a product of the
temperature drop AT (°C) between the circulating back water
returning to the ceooling tower and the circulating forward
water sent out from the cooling tower, the circulating water
quantity {(m’/hr), and the specific heat of water at constant
pressure C,. Consequently, the following equation (9) is
derived.

E‘H, = R-AT*Cp (9)



‘tenperature drop AT (C) between the circulating back water returning to
the cooling tower and the circulating forward water sent out fromthe
.cooling tower, the circulating water quantity (nB/hr), and the specific
heat of water at constant pressure C. Consequently, the follow ng equation
(9) is derived. EHL = R-ATCP (9) 13 - [0032] The equation (9) is
transforned and, thereby, the evaporation loss Eis represented by the
foll owi ng equation (10). E = RATCp/HL (10) where Cp: specific heat of
wat er at constant pressure (kcal - % C- 1) HL: |atent heat of
evaporation of water (kcal kg-1) [0033 VWhen Cp is 0.998 kcal kg-" C-1 and
HL is 578 kcalkg-1 at a water tenperature of 40C, the evaporation loss E
is represented by the foll ow ng equation (11). E = RAT/580(nB/hr) (11)
[0034] ThHeosguation (11) is substituted into the above- described equation
(3) and, thereby, the equation (8) is
The eguation {9) is transformed and, thereby, the
evaporation loss E ig represented by the following equation
{10} .
E = R-AT-Cp/Hg (10}
where
Cy: specific heat of water at constant pressure
(kcal-kg™-°C™)
Hy: latent heat of evaporation of water (kcal-kg™)
[0033]
When C, is 0.998 kcalkg™°C™ and Hy is 578 kcalkg™ at a
water temperature of 40°C, the evaporation lcoss E is
represented by the following equation (11).
E = R-AT/580 (m°/hr) (11)
[0034]
The equation (11) is substituted into the above-
described equation (3) and, thereby, the equation (8) is
obtained.
B +W = RAT/[580- (N - 1}] (8)
[0035]
The number of cycles N in the equation (8) is
calculated based on the electrical conductivities of the
make-up water and the cooling water, as described above.

However, it is also possible to calculate the number of

cycles based on chloride ion concentration, potassium ion



‘obtained. B + W= RAT/[580(N - 1)] (8) [0035] The nunber of cycles Nin
the equation (8) is calculated based on the electrical conductivities of
.the make-up water and the cooling water, as descri bed above. However, it
is also possible to calculate the nunber of cycles based on chloride ion
concentration, potassiumion 14 concentration, nmagnesiumion
concentration, or the like. For exanple, the nunber of cycles can be
calculated by dividing the chloride ion concentration in the cooling water
by that in the make-up water. The circul ating water quantity Ris

cal cul ated based on the ampunt of discharged water fromthe punp 10, and
may be neasured by a flowreter. In the case where the punp is
inverter-controlled so as to increase and decrease the circul ating water

quant ity ddnddte raaiireyl atddrg shateri cuatdn dan i amyorbe ealid at ege based on
the inverter signals. These are substituted together with the neasurenent

of AT | ntfort keaaguat,i amg Surared;, diherellgs tden sumafcdle:dal avwdown wat er
gquantity and wi ndage loss (B+ W is calculated. [0036] The feeding rate
of the tdeatidigoagémt cAllglibe) itoe hendeed rattioit hien syst emalksireguiatatent to
t he product of
by that in the make-up water. The circulating water
quantity R is calculated based on the amount of discharged
water from the pump 10, and may be measured by a flowmeter.
In the case where the pump is inverter-controlled so as to
increase and decrease the clrculating water guantity R, the
circulating water quantity R may be calculated based on the
inverter signals. These are substituted tcgether with the
measurement of AT into the equation (8) and, thereby, the
sum of the blowdown water quantity and windage loss (B + W)
is calculated.
[0036]
The feeding rate of the treating agent A (g/Hr) fto be
fed into the system is equivalent to the product of
{(predetermined concentration of the agent) - {blowdown water
gquantity + windage loss), that is, (predetermined
concentration of the agent)- (B + W). Therefore, the feeding
rate of the treating agent A is calculated according to the
following equation and the wvalue of (B + W) calculated from
the equation (8).
[Feeding rate of the treating agent A] = [predetermined

concentration of the agent] R-AT/[580 (N - 1)].

[C037]



"(predeterm ned concentration of the agent) (bl owmdown water quantity +

w ndage loss), that is, (predeterm ned concentration of the agent)(B + W.
.Therefore, the feeding rate of the treating agent A is cal cul ated
according to the follow ng equation and the value of (B + W cal cul ated
from the equation (8). [Feeding rate of the treating agent Al =

[ predeterm ned concentration of the agent] RAT/[580(N - 1)]. [0037] - 15
The treating agent feeding device 14 is controlled by a controller so that
the treating agent is fed at the above- described feeding rate, thereby,
the concentration of the treating agehP in the cooling water system can be
kept at the desired concentration. The feeding rate of the treating agent
can be controlled either by controlling the tinme of feeding the treating
agent, by conthel lri-egtting amewrt refdidisecharige nat g Ofcdhe Jiaedi ng, devi ce,
by controlling the nunber of punps operated, or the |ike. However,

control | idaghtddig dr M afhdeadiang tde tneaidag: agentead dh e pupe- (f eedi ng
the treating agent by a tiner) is nobst convenient. The controller of the

devi ce 1l4iasendibees fidweliabpvvertdesaidistby Wailed d¢enpetiatak vsn Tdf arlde T2, t he
el ectrical conductivities of the nake-up water and the cooling water, and
t he operateadn i grgntofirt hdepump 11ityg pracessess tde aboves kept at
the desired concentration. The feeding rate of the treating
agent can be controlled either by controlling the time of
feeding the treating agent, by contrclling the amount of
discharge rate of the feeding device, by contrclling the
number of pumps operated, or the like. However, controlling
the time of feeding the treating agent with one pump
(feeding the treating agent by a timer) is most convenient.
The controller of the device 14 receives the above-described
water temperatures T; and T, the electrical conductivities
of the make-up water and the cooling water, and the
cperation signal of the pump 10, processes the above-
described calculations, and then outputs control signals to
the treating agent feeding device 14.
[0038]
Cares to be taken in measuring the above-described
temperatures T; and T, are as follows.
f0039]
The temperature of the circulating water is influenced
by the temperature of the pipes. Therefcore, in the case
where the system is provided with long circulation pipes, in

winter or the like in which the pipe temperature tends to



"descri bed cal cul ati ons, and then outputs control signals to the treating
agent feeding device 14. [0038] Cares to be taken in nmeasuring the
.above-described tenperatures Tl and T2 are as follows. [0039] The
tenperature of the circulating water is influenced by the tenperature of
the pipes. Therefore, in the case where the systemis provided with |ong
circulation pipes, in winter or the l[ike in which the pipe tenperature
tends to 16 decrease, the tenperature of the circulating water in the
vicinity of a refrigerator differs fromthat in the vicinity of the
cooling tower. Consequently, it is pretérable that the tenperature is
neasured in the vicinity of the cooling tower. For exanple, the
tenperature of the circulating back water is preferably neasured on a

vat er di siddRHdon Wati@mpd bl o f GUatd on- (eI U iy R Pecd nid henyicinity

of the cooling tower, at ‘an upper potion of a tower™ packing, or the Iike.
The tenperiatidfi@ loft he 16 mGyeaid g formwadth watah 45t prefeiablyceaspred in
the vicinity of an outlet of the pit, in the circulation forward pipe in

the vici rift yhef dded irepaldweg: .t owRInseafudrhel i ki & |wefe pasld athaf the
tower packing is unsuitable to neasure the tenperature to calculate AT of
t he whol ehef terpesystem Hecausesur®el in the vicinity of the cooling
tower. For example, the temperature of the circulating back
water is preferably measured on a water distribution plate,
in the circulation return pipe in the vicinity of the
cocling tower, at an upper poticon of a tower packing, or the
like. The temperature of the circulating forward water is
preferably measured in the vicinity of an outlet of the pit,
in the circulation forward pipe in the vicinity of the
cooling tower, or the like. A lower portion of the tower
packing is unsuitable to measure the temperature to
calculate AT of the whole of the system because the
temperature varies significantly depending on the part
thereof.
[0040]

The change of the temperature of the circulating
forward water delays due to a residence time in the cooling
tower. Even when the temperature of the circulating back
water lowers rapidly, the temperature of the circulating
forward water sometimes does not lower rapidly, and an
apparent temperature difference (drop) AT of the ccoling
tower may become negative, so that the load of the cooling

tower cannot be measured accurately within a short time.



‘tenperature varies significantly depending on the part thereof. [0040]

The change of the tenperature of the circulating forward water del ays due
.to a residence tinme in the cooling tower. Even when the tenperature of the
circulating back water lowers rapidly, the tenperature of the circulating
forward water sonetines does not |lower rapidly, and an apparent
tenperature difference (drop) AT of the cooling tower may becone negative,
so that the |oad of the cooling tower cannot be neasured accurately wthin
a short tinme. 17 Consequently, the feeding rate of the agent is preferably
cal cul at ed based on an average tenperature difference in a tinme period of
0.5 to 10 hrs. EXAMPLES [0041] The Conparative Exanpl es and the Exanpl es
will be described bel ow. [0042] [Conparative Exanple 1] A treating agent

was fed 1Q Sﬁ% trlg/d %b‘@{e‘er Aelq1q %ga’r?ga“’ééoéhé ! r{@tisegt%}é/%e S Ng a

controller CO a tiner, a concent t1on agent in

cooling d%ﬂd%lé@@&'ﬁ%g&EQﬂla&?%@éﬁ%dﬁ MU AN B ShoWEd et g B o

time period of 0.5 to 10 hrs.
EXAMPLES
[0041]

The Comparative Examples and the Examples will be
described below,
[0042]

[Comparative Example 1]

A treating agent was fed to a cooling tower for a
compressor intermittently by using a controller controlled
by a timer, and a concentration of the agent in cooling

water was measured, results of which are shown in Fig.3.

3

The ccoling tower has a holding water volume of 4 m” and a

water circulating rate of 160 m’/hr.

[0043]

The agent was fed to the water at an interval of every
three hours, and a feeding rate thereof was adjusted at
every season with reference to variation of a load. When
the load varied widely, the feeding rate was changed widely
in a range from 100 to 800 mg/L.

[0044]
[Example 1]
The treating agent was fed to the above cooling tower

according to the method of the present invention.



"The cooling tower has a holding water volune of 4 nB and a water
circulating rate of 160 nB/hr. [0043] The agent was fed to the water at an
.interval of every three hours, and a feeding rate thereof was adjusted at
every season with reference to variation of a | oad. Wen the |oad varied
wi dely, the feeding rate was changed widely in a range from 100 to 800
ng/ L. [0044] [Exanple 1] The treating agent was fed to the above cooling
tower according to the nethod of the present invention. - 18 The
predet erm ned concentration of the agent in the cooling water was set at
200- 250 ng/ L. Tenperature sensors (pl aftinum tenperature neasuring
resistance Pt1 00 were arranged at a distribution plate and at an outl et
of a pit of the cooling tower, and a tenperature difference therebetween

was measured aheeyele@Re iRl @ontdreedicngr alfe tmas Lalrauliat etheat an
interval of every three hours based on an average tenperature difference,

and the ;aganihgvas fad wls the: faed 0@- 250 endyL US| Ngnse thaphs agen s prep.  The
feeding rate was controlled by changi ng an operational tinme of the
di aphr agnogaunm i rigue riadnipoy aofu tedh enec00l 1 gy troveetr s aad-ana? €1 0 € reetat i ng
arranged at a distribution plate and at an outlet of a pit
of the cooling tower, and a temperature difference
therebetween was measured at every one minute.

A feeding rate was calculated at an interval of every
three hours based on an average temperature difference, and
the agent was fed at the feeding rate by using a diaphragm
pump. The feeding rate was contrelled by changing an
operational time of the diaphragm pump.

Operation of the cooling tower and water circulating
rate were monitored by start and stop of a circulation pump.
When the pump was out of operation, the Lemperature
difference was not measured.

[0045]

Results thereof were shown in Fig.2. As shown in Fig.Z,
the concentration of the agent in the circulating water was
kept at 200-250 mg/L for 20 days.

[0046]

[Example 2, Comparative Example 2]

A treating agent was fed to a cooling tower of an open
recirculating cooling water system installed at Kurita Waterx
Industries Co., Ltd. according to a method of JPl1-211386A

(Comparative Example 2) or a method of the present invention



‘rate were nonitored by start and stop of a circulation punp. Wen the punp
was out of operation, the tenperature difference was not neasured. [0045]
.Results thereof were shown in Fig.2. As shown in Fig.2, the concentration
of the agent in the circulating water was kept at 200-250 ng/L for 20
days. [0046] |[Exanple 2, Conparative Exanple 2] A treating agent was fed
to a cooling tower of an open recirculating cooling water systeminstalled
at Kurita Water Industries Co., Ltd. according to a nmethod of JP11-211386A
(Conparative Exanple 2) or a nethod of the present invention 19 (Exanple
2). Results thereof were shown in Fig.a4% —-[0047] The cooling tower had the
follow ng specs. cooling capacity: 100RT hol di ng water volune: 2n8 water
circulating rate: 20nB8/hr nunber of cycles: 4 object to be cool ed:

refrigeratar, electri calpconductiyl ty, of  mekeswp yat grg; 2645/ m el ectri cal
conductisgtfﬁﬁ co&ling wat er : f%o ﬁérﬁ [0618] 13

[0047]
The cooling tower had the following specs.

cooling capacity: 100RT
holding water volume: 2m’
water circulating rate: 20m*/hr
number of cycles: 4
object to be cooled: refrigerator
electrical conductivity of make-up water: 26 mS/m
electrical conductivity of cooling water: 100 mS/m

[0048]

As shown in Fig.4, the concentration of the agent in
the cocling water varied in a wide range accerding to
Cemparative Example 2, while it was controlled stably
according to Example 2. As the method of Comparative
Exanmple 2 did not correspond to the load of the cooling
tower, the agent seemed to be fed excessively and its
concentration became high during a period when the load was
lowered. As the method of Example 2 corresponded to the

measured load of the cooling tower, the concentration of the
agent was controlled to be stable by following variation of
the load.
[0049]

Although the present invention has been described in

detail by using a specific embodiment, it 1s apparent to



“As shown in Fig.4, the concentration of the agent in the cooling water
varied in a wi de range according to Conparative Exanple 2, while it was
.controlled stably according to Exanple 2. As the nmethod of Conparative
Exanple 2 did not correspond to the |load of the cooling tower, the agent
seened to be fed excessively and its concentration became high during a
period when the load was |owered. As the method of Exanple 2 corresponded
to the neasured |oad of the cooling tower, the concentration of the agent
was controlled to be stable by follow ng variation of the |oad. [0049]

Al t hough the present invention has beeAUdescribed in detail by using a
specific enbodinent, it is apparent to 20 those skilled in the art that
various nodifications may be nade without departing fromthe spirit and

the scoperRfse &1 1AREEH WV eMd WhatThe: PraseHo@PPl dLalshon hey based on
the Japanese Patent Application filed on July 30, 2007 (Japanese Pat ent

Appl i cat ixfarieNe:i t2QRF &M%mngarﬂidnno@wqg@heﬁt bynd efies encspe thie the
application in its entirety. 21 - CLAIMS 1. A nethod for controlling
feedi ng arcagent ih& =t iepen
The present application is based on the Japanese Patent
Application filed on July 30, 2007 (Japanese Patent
Application No. 2007-197640), and incorporates by reference

the application in its entirety.



‘recirculating cooling water system where water is recircul ated between a
heat exchanger and a cooling tower, wherein said nmethod conprises: a step
.of calculating a | oad of the cooling tower based on a difference between a
tenperature of circulating forward water and a tenperature of circulating
back water; and a step of controlling a feeding rate of the agent based on
the I oad of the cooling tower. 2. The nethod for controlling feeding an
agent to an open recirculating cooling water systemas clainmed in claim1,
wherein a sumof a bl owdown water quantity and a wi ndage 10ss is

cal cul ated based on a quantity of the élrculating water, said difference
bet ween sai d tenperatures, and a nunber of cycles, and the feeding rate of
the agent is calcul ated based on the sumthus cal cul ated and a
predeterm ned concentration of the agepatmkn the circulating cooling water.
3. The method for controlling feeding an agent to an open recirculating

cool i ng viat er asyst@eMsascdl aiomeddin iglaifbed i ngMer eigedihe £yl espof
concentration is cal cul ated based on ™ electrical conductivities of the

cool i ng waderr and take-dadp 122 waier . s tehhevitetdoghfor tontrol ling feeding
an agent to an open recirculating cooling water systemas clained in claim
2 or recirculated between a heat exchanger and a cooling tower,
wherein said method comprises:
a step of calculating a load of the cooling tower based
on a difference between a temperature of circulating forward
water and a temperature of circulating back water; and

a step cf controlling a feeding rate of the agent based

on the load of the cooling tower.

2. The method for controlliing feeding an agent to an open
recirculating coeoling water system as claimed in claim 1,
wherein a sum of a blowdown water guantity and a windage
loss is calculated based on a quantity of the circulating
water, said difference between saild temperatures, and a
number of cycles, and the feeding rate of the agent is
calculated based on the sum thus calculated and a
predetermined concentration of the agent in the circulating

cooling water.

3. The method for controlling feeding an agent to an open
recirculating cooling water system as claimed in claim 2,
wherein the cycles of concentration is calculated based on

electrical conductivities of the cooling water and make-up



"3, wherein the feeding rate (g/H) is determned to be a product of the
predeterm ned concentration of the agent in the recirculating cooling
.water systemand R- AT/ [580 (N- 1)], where Ris the circulating water
gquantity, and AT is the tenperature difference between T1(C) of the
tenperature of the circulating forward water sent out fromthe cooling
tower and T2(C) of the tenperature of the circulating back water returning
to the cooling tower. 5. An apparatus for controlling feeding an agent to
an open recirculating cooling water system conprising: neans for
circulating cooling water through a heatk ~exchanger; a cooling tower for
cooling the cooling water; and a feeder for feeding a water treating agent
to the circulating cooling water, wherein said apparatus further

conpri ses;s¢@ans for calculating a | oad of the cooling tower based on a

di fference between a tenperature of circulating forward water sent out
fromthe cooling tower and a tenperature of 23 circul ati ng back water
returning to the cooling tower; and neans for controlling a feeding rate of

the agent basede @athbe Feadcehrt-Be1¢ael iFREALAWEEn agent to an open
recirculating cooling water system as claimed in claim 2 or
3, wherein the feeding rate (g/Hr) is determined to be a
product of the predetermined concentration of the agent in
the recirculating cooling water system and R* AT/{580 * (N~
1y

where R is the circulating water quantity, and AT is

the temperature difference between T:{°C) of the temperature
of the circulating forward water sent out from the cooling
tower and T2(°C) of the temperature of the circulating back

water returning to the cooling tower.

5. An apparatus for contrelling feeding an agent to an
opéen recirculating cooling water system comprising:

means for circulating cooling water through a heat
exchanger;

a cooling tower for cooling the cooling water; and

a feeder for feeding a water treating agent to the
circulating cooling water,

wherein said apparatus further comprises:

means for calculating a load of the cocling tower based
on a difference between a temperature of circulating forward

water sent ocut from the cooling tower and a temperature of



6. The apparatus as clained in claim5, wherein said neans for controlling
a feeding rate of the agent determnes the feeding rate (g/H') to be a
~product of the predeterm ned concentration of the agent in the
recirculating cooling water systemand R AT/ [580 (N-1) ] , where Ris
the circulating water quantity, and AT is a difference between T1(C) of
the tenperature of the circulating forward water and T2(C) of the
tenperature of the circulating back water.

- 23 -~

circulating back water returning to the cooling tower; and
means for controlling a feeding rate of the agent based
on the load of the cooling tower.
6. The apparatus as claimed in claim 5, wherein said means
for contrelling a feeding rate of the agent determines the
feeding rate (g/Hr) to be a product of the predetermined
concentration of the agent in the recirculating cocling
water system and R+ AT/[580 - (N-1}1,
where R i1s the circulating water guantity, and AT is a
difference between T1(°C}) of the temperature cof the
circulating forward water and T,(°C) of the temperature of

the circulating back water.



