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tion described hereinbelow solves or at least alleviates the aforementioned
problems asso- This invention relates to systems for controlling  ciated
with the prior art by utilizing function blocks the operation of cooling
towers.                  having fixed functional relations to provide cal-
Various methods have been utilized for con-    5    culating features which
are generally only avail- trolling cooling tower water temperatures. For
able through the use of computers. Measurements example, in some instances
the watertemperature   of the temperature and relative humidity of the is
controlled so as to be substantially constant  outside air are taken and
processed through the through the use of analog equipment. An inherent  use
of the function blocks to determine the wet disadvantage of this approach
is that system    10   bulb temperature of the outside air. This wet bulb
efficiency cannot be optimized since the water   temperature is adjusted by
a predetermined quan- temperature remains substantially  constant.     tity
and used as a basis for comparison with the Another approach
istovarythewatertemperature      cooling tower watertemperature, and the
speed of set point in response to changes in weather con-  fans of the
cooling tower is caused to increase or ditions. This approach typically
requires a com-    5   decrease depending on whether the cooling tower
puterto calculate the set point temperature which,  water temperature is
too high or too low for in turn, is utilized to modify the speed of fans
optimum operation of the overall system. within the cooling tower. A still
another approach  The invention will now be further described, by is to
optimize the overall cooling system by      way of illustrative and
non-limiting example, with varying the cooling water temperature. The
latter   20   reference to the accompanying drawings, in  ' two approaches
require the use of a computer      which: which is costly to acquire and
maintain due to the  Figure 1 is a schematic diagram of a cooling hardware
and/or software required andthetrained   tower and a control logic module
embodying the personnel required to operate same.              invention;
Because of the foregoing, it has become desir-   25  Figure 2 is a
schematic diagram of a moisture able to develop a system for optimizing the
water  ratio logic module, an energy content (enthalpy) temperature within
a cooling tower without the    logic module and other function blocks which
use of a computer or analog equipment.            make up the control logic
module of Figure 1; US patent no US-A--4252751 discloses a
Figure 3 is a schematic diagram of function system for controlling the
operation of a cooling   30   blocks which make up the moisture ratio
logic. tower, the system comprising means for deter-     module of Figure
2; mining the wet bulb temperature of the air sur-    Figure 4 is a graph
illustrating the relationship rounding the cooling tower and producing a
signal  between 'the evaporation pressure [err] of water representative
thereof, and first means for corm-  with respect to the temperature of the
outside air; paring the signal representing the wet bulb tam-   35  Figure
5 is a schematic diagram of function perature of the air surrounding the
cooling tower  blocks which make up the energy content with a signal
representing the temperature of     (enthalpy) logic module of Figure 2;
and water within the cooling tower to produce an        Figure 6 is a graph
illustrating the relationship output signal to be utilized to control the
tempera-  between the wet bulb temperature of the outside' ture of the
water within the cooling tower.  40   air and the energy content (enthalpy)
of the out- According to the present invention there is pro-  side air.
vided a system for controlling the operation of a   Referring now to the
drawings, Figure 1 is a cooling tower, the system being as described
schematic diagram of a cooling tower 10, illus- above with reference to
US--A-4 252 751, and      trating fans 12 utilized therein, and a control
logic being characterised by means foradjusting the   45
module14employedtoregulateandoptimize the signal representing the wet
bulbtemperature by a  operation ofthefans 12.The principleonwhich the
predetermined quantity prior to its being com-
illustratedarrangementorsystem operates isthat, pared bythefirstcomparing
meanswith the signal    whenever the cooling tower temperature is more
representing the temperature of the water within   than [err] above the wet
bulb temperature the cooling tower, means for establishing a signal   50
of the outside air, the tower temperature is representing a preset
reference temperature, and  reduced by increasing the level of fan
operation. second means for comparing the adjusted wet       Thus, the
control system lowers the cooling tower bulb temperature signal with the
preset reference     temperature whenever a lower cooling tower temperature
signal and causing whichever of the   water temperature will result in a
more than com- adjusted wet bulb temperature signal and the pro-   55
mensurate saving in compressor power con- set reference temperature signal
that represents  sumption. In addition, the system conserves fan the
highertemperatureto becompared bythefirst     energy when the cooling tower
temperature is comparing means with the signal representing the
sufficiently low. temperature of the water within the cooling tower;  As
shown in Figure 1, measurements of the tem- the output signal being
produced by the first com-   60   perature [err] and relative humidity
(RHAIR) of the paring means in response to a difference between  outside
air and the cooling tower water tempera- the temperature of the water
within the cooling   ture [err] are used as inputs to the control logic
tower and the higherof the adjusted wet bulb tem-  module 14. Subsystem
logic modules comprising perature and the preset reference temperature.
the control logic module 14 and remaining func- A preferred embodiment of
the present inven-   65  tion blocks comprising the module 14 are shown in 
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foregoing subsystem logic modules   equal to .45T at its output. This
latter output signal include a moisture ratio logic module 20 and an    is
applied as an input to an additional function energy content (enthalpy)
logic module 22. These   block 54 whose other input is the factor 1061 so
as subsystem logic modules are arranged such that    to produce a signal
representative of the summa- the measurement of the outside air temperature
5    tion 1061 + .45T as its output. This signal is used as an input to
both of these logic modules  representative of the summation 1061 + .45T,
20 and 22, whereas the measurement of the rela-  along with the output
signal w produced by the tive humidity of the outside air is used as an
input  division function block 40 of Figure 3, are used as only to the
moisture ratio logic module 20. The    inputs to a multiplication function
block 56 which moisture ratio, w, which is the output of moisture 10
produces a signal representative of the function w ratio logic module, is
an input to the energy      (1061 + .45T) at its outpuc. This latter
signal, content (enthalpy) logic module 22.                along with the
output signal produced by multi- The function blocks comprising the
moisture      plication function block 50, i.e., .24T, are applied ratio
logic module 20 are illustrated in Figure 3. In  as inputs to an addition
function block 58 to pro- this Figure, the measurement of the outside air
15  'duce an output signal, h, according to the follow- temperature is used
as an input to a function      ing equation: generator 30 which produces an
output signal, P., in accordance with the graphical relationship
h = .24T + w(1061 + .45T) shown in Figure 4. This output signal, P., repre-
sents the evaporation pressure of water with   20    This output signal h
is representative of the respect to the temperature (T) of the outside air.
energy content (enthalpy) of moist air per 0.4536 The measurement of the
relative humidity of the    kg(lb) of dry air and is used as an input to a
func- outside air is used as an input to a multiplication  tion generator
60 which produces an output function block 32 wherein it is multiplied by
the  signal [err]in accordance with the graphical factor .01 to produce a
signal 0 = .01 RH at its   25   relationship shown in Figure 6. This output
signal, output. This signal [err] and the evaporation pres-    [err] bulb,
represents the wet bulb temperature of sure of water, P., are used as
inputs to a multi-  the moist outside air. plication function block 34
which produces an        Referring again to Figure 2, the foregoing signal
output signal representative of the function 0 P.  representing the wet
bulb temperature is applied at its output. This output signal is applied to
the   30   as an input to an addition function block 62 whose negative
input to a subtraction function block 36.  other input is the factor A
[err] so as The other input to this function block 36 is the   to produce
an output signal representative of the factor 14.7 which is applied to the
positive input  optimum set point for the system, i.e., [err] (10F)
thereto. The output of the function block 36 is a  higher than the wet bulb
temperature. This output signal  representative  of  the  relationship   35
signal is applied as an input to a comparison func- 14.7 - [err]. The
output signal, [err], produced     tion block 64 whose other input is a
supervisory by the multiplication function block 34, is also   reference
temperature. The operation of com- applied as an input signal to a
multiplication func-  parison function block 64 is such that if the super-
tion block 38 wherein it is multiplied by the factor  visory reference
temperature is greater than the .622 to produce a signal representative of
the   40   optimum set point as determined by the addition relationship
(.622) [err] at its output. This output  function block 62, the supervisory
reference tem- signal, along with the output signal produced by   perature
is passed therethrough and appears at the subtraction function block 36,
are used an     the output of the comparison function block 64. inputs to a
division function block 40 which pro-  However, if this is not the case,
the optimum set duces the output signal, w, according to the   45   point
as determined by the function block 62 following equation:
appears at the output of the comparison function block 64. The output of
the comparison function block 64 is applied to the negative input to an
addition function block 66 along with the 50   measurement of the cooling
tower water tem- perature which is applied to the positive input This
output signal w is representative of the   thereto. The output of the
function block 66 is moisture ratio of the outside air, i.e., the weight
applied to a function generator 68 which pro- amount of moisture per unit
weight of dry air.     duces an output signal that acts as a bias or The
function blocks comprising the energy   55   control signal for the fan
speed. In this manner, if content (enthalpy) logic module 22 are
illustrated  the cooling tower water temperature exceeds the in Figure 5.
In this Figure, the measurement of the  wet bulb temperature of the air by
more than outside air temperature is used as a separate      [err] or if
the cooling tower temperature input to multiplication function blocks 50
and 52.  exceeds the supervisory reference temperature, In multiplication
function block 50, this outside air   60   depending upon which input to
function block 64 temperature measurement is multiplied by the       is
controlling, the output signal produced by the 



factor .24 to produce a signal equal to .24T as its  function generator 68
will cause the speed of the output, whereas in multiplication function
block   fans 12 to increase. Conversely, if the cooling 52 the outside air
temperature measurement is      tower water temperature is less than [err]
multiplied by the factor .45 to produce a signal   65   above the wet bulb
temperature of the air or if the 3    5                  0 115 377
6 water temperature is less than the supervisory     comprises one or more
function blocks arranged reference temperature, depending upon which
in a logic configuration. input to the function block 64 is controlling,
the output signal produced by the function generator   Patentanspriache 68
will cause the speed of the fans 12 to decrease.    5 1. System zur
Steuerung des Betriebs eines Claims
Krhlturmes mit Einrichtungen (20,22) zur Bestim- mung der
Verdunstungsthermometer-Tempera- 1. A     system for controlling the
operation of a  tur der den KIhlturm (10) umgebenden Luft und cooling
tower, the system comprising means (20,   10   zur Erzeugung eines hierfOr
reprasentativen 22) for determining the wet bulb temperature of    Signals
und mit ersten Einrichtungen (66) zum the air surrounding the cooling tower
(10) and     Vergleichen des die Verdunstungsthermometer- producing a
signal representative thereof, and    Temperatur der den Krihlturm
umgebenden Luft first means (66) for comparing the signal repre-
reprasentierenden Signals mit einem die Wasser- senting the wet bulb
temperature of the air sur-   15  temperatur im  KOhIturm
reprisentierenden rounding the cooling tower with a signal repre-   Signal,
um ein Ausgangssignal zu erzeugen, das senting the temperature of water
within the cool-  zur Steuerung der Temperatur des Wassers in ing tower to
produce an output signal to be       dem Kuhlturm (10) benutzbar ist,
gekennzeichnet utilized to control the temperature of the water  durch
Einrichtungen (62) zur Einstellung des die within the cooling tower (10),
the system being   20   Verdunstungsthermometer-Temperatur characterised by
means (62) for adjusting the      reprisentierenden Signals um eine
vorbestimmte signal representing the wet bulb temperature by a  Menge (A).
bevor dieses mit Hilfe der ersten Ver- predetermined quantity (A) prior to
its being corn-  gleichseinrichtung (66) mit dem die Temperatur pared by
the first comparing means (66) with the   des Wassers in dem KIhlturm (101
reprasentier- signal representing the temperature of the water   25   enden
Signal verglichen wird, Einrichtungen zur within the cooling tower (10),
means for estab-    Erzeugung eines eine vorbestimmte Bezugs- lishing a
signal representing a preset reference  temperatur reprisentierenden
Signals und zweite temperature, and second means (64) for com-
Einrichtungen (64) zum Vergleichen des Signals paring the adjusted wet bulb
temperature signal   fOr die eingestellte Verdunstungsthermometer- with the
preset reference temperature signal and   30   Temperatur mit dem Signal
fOr die vorbestimmte causing whichever of the adjusted wet bulb tem-
Bezugstemperatur und zum  Vergleichen des perature signal and the preset
reference tempera-  Signals fOr die eingestellte  Verdunstungs- ture signal
that represents the higher temperature  thermometer-Temperatur bzw. des
Signals fOr die to be compared by the first comparing means (66)
vorbestimmte Bezugstemperatur, je nachdem, with the signal representing the
temperature of   35   welche die h6here Temperatur ist, mit Hilfe der the
water within the cooling tower (10), the output  ersten
Vergleichseinrichtung (66) mit dem die signal being produced by the first
comparing      Temperatur des Wassers in dem Kuhlturm (10) means (66) in
response to a difference between     reprasentierenden Signal, wobei das
Ausgangs- the temperature of the water within the cooling    signal mit
Hilfe der ersten Vergleichseinrichtung tower (10) and the higher of the
adjusted wet bulb   40   (66) in Reaktion auf einen Unterschied zwischen
temperature and the preset reference tempera-      der Temperatur des
Wassers in dem Kdhiturm ture.
(10) und der hoheren der beiden, der eingestellten 2. A system according to
claim 1, wherein the    Verdunstungsthermometer-Temperatur und der wet bulb
temperature  determining  means          vorbestimmten Bezugstemperatur,
erzeugt wird. includes means (20) for determining the moisture   45  2.
System nach Anspruch 1, bei dem die die content of the air surrounding the
cooling tower   Verdunstungsthermometer-Temperatur bestim- (10).
mende Einrichtung eine Einrichtung (20) zur 3. A system according to claim
1, wherein the    Bestimmung des Feuchtigkeitsgehaltes der den wet bulb
temperature  determining  means         KIhlturm (10) umgebenden Luft
enthalt. includes means (22) for determining the enthalpy   50  3. System
nach Anspruch 1, bei dem die die of the air surrounding the cooling tower
(10).     Verdungstungsthermometer-Temperatur bestim- 4. A system according
to claim 2, wherein the    mende Einrichtung eine Einrichtung (22) zur
moisture content determining means (20) is oper-   Bestimmung der Enthalpie
der den Kuhlturm (10) ative to produce a signal (w) indicative of the
umgebenden Luft enthalt. moisture content of the air surrounding the cool-
55  4. System nach Anspruch 2, bei dem die den ing tower (10), and a means
(22) for determining   Feuchtigkeitsgehalt bestimmende Einrichtung the
enthalpy of the air surrounding the cooling    (20) so arbeitet, dag sie
ein Signal (w), das den 



tower (10) is connected to receive the signal (w)  Feuchtigkeitsgehalt der
den Kuhiturm (10) umge- as an input thereto.
benden Luft anzeigt, erzeugt, und daB eine Ein- 5. A system according to
claim 2 or claim 4,   60   richtung (22) zur Bestimmung der Enthalpie der
wherein the moisture content determining means     den Kuhlturm (10)
umgebenden Luft so ver- (20) comprises one or more function blocks
bunden ist, dall sie das Signal (w) als Eingangs- arranged in a logic
configuration.                 signal aufnimmt. 6. A system according to
claim 3 or claim 4,       5. System nach Anspruch 2 oder Anspruch 4,
wherein the enthalpy determining means (22)   65   bei dem  die den
Feuchtigkeitsgehalt bestim- 4    5                  0 115 377
6 water temperature is less than the supervisory    comprises one or more
function blocks arranged reference temperature, depending upon which
in a logic configuration. input to the function block 64 is controlling,
the output signal produced by the function generator  Patentanspruche 68
will cause the speed of the fans 12 to decrease.    5 1. System zur
Steuerung des Betriebs sines Claims
Kuhiturmes mit Einrichtungen (20,22) zur Bestim- mung der
Verdunstungsthermometer-Tempera- 1. A system for controlling the operation
of a  tur der den KIhiturm (10) umgebenden Luft und cooling tower, the
system comprising means (20,   10   zur Erzeugung sines hierfOr
reprasentativen 22) for determining the wet bulb temperature of   Signals
und mit ersten Einrichtungen (66) zum the air surrounding the cooling tower
(10) and  .  Vergleichen des die Verdunstungsthermometer- producing a
signal representative thereof, and    Temperatur der den KOhlturm
umgebenden Luft first means (66) for comparing the signal repre-
reprasentierenden Signals mit einem die Wasser- senting the wet bulb
temperature of the air sur-   15  temperatur im  KOhIturm
reprisentierenden rounding the cooling tower with a signal repre-   Signal,
um ein Ausgangssignal zu erzeugen, das senting the temperature of water
within the cool-  zur Steuerung der Temperatur des Wassers in ing tower to
produce an output signal to be       dam Kuhlturm (10) benutzbar ist,
gekennzeichnet utilized to control the temperature of the water  durch
Einrichtungen (62) zur Einstellung des die within the cooling tower (10),
the system being   20   Verdunstungsthermometer-Temperatur characterised by
means (62) for adjusting the     reprasentierenden Signals um eine
vorbestimmte signal representing the wet bulb temperature by a  Menge (A),
bevor dieses mit Hilfe der ersten Ver- predetermined quantity (A) prior to
its being com-  gleichseinrichtung (66) mit dem die Temperatur pared by the
first comparing means (66) with the  des Wassers in dem KOhiturm (10)
reprasentier- signal representing the temperature of the water   25   enden
Signal verglichen wird, Einrichtungen zur within the cooling tower (10),
means for estab-   Erzeugung eines eine vorbestimmte Bezugs- lishing a
signal representing a preset reference  temperatur reprasentierenden
Signals und zweite temperature, and second means (64) for com-
Einrichtungen (64) zum Vergleichen des Signals paring the adjusted wet bulb
temperature signal  fOr die eingestellte Verdunstungsthermometer- with the
preset reference temperature signal and   30   Temperatur mit dam Signal
fOr die vorbestimmte causing whichever of the adjusted wet bulb tem-
Bezugstemperatur und zum  Vergleichen des perature signal and the preset
reference tempera-  Signals fOr die  eingestellte  Verdunstungs- ture
signal that represents the higher temperature  thermometer-Temperatur bzw.
des Signals fOr die to be compared by the first comparing means (66)
vorbestimmte Bezugstemperatur, je nachdem, with the signal representing the
temperature of   35   welche die h6here Temperatur ist, mit Hilfe der the
water within the cooling tower (10), the output  ersten
Vergleichseinrichtung (66) mit dem die signal being produced by the first
comparing      Temperatur des Wassers in dem Kuhiturm (10) means (66) in
response to a difference between    reprAsentierenden Signal, wobei das
Ausgangs- the temperature of the water within the cooling   signal mit
Hilfe der ersten Vergleichseinrichtung tower (10) and the higher of the
adjusted wet bulb   40   (66) in Reaktion auf einen Unterschied zwischen
temperature and the preset reference tempera-     der Temperatur des
Wassers in dem KOhiturm ture.
(10) und der h6heren der beiden, der eingestellten 2. A system according to
claim 1, wherein the   Verdunstungsthermometer-Temperatur und der wet bulb
temperature  determining  means         vorbestimmten Bezugstemperatur,
erzeugt wird. includes means (20) for determining the moisture   45  2.
System nach Anspruch 1, bei dem die die content of the air surrounding the
cooling tower  Verdunstungsthermometer-Temperatur bestim- (10).
mende Einrichtung eine Einrichtung (20) zur 3. A system according to claim
1, wherein the   Bestimmung des Feuchtigkeitsgehaltes der den wet bulb
temperature  determining  means         KbhIturm (10) umgebenden Luft
enthilt. includes means(22 for determining the enthalpy   5o   3. System
nach Anspruch 1, bei dem die die of the air surrounding the cooling tower
(10).   Verdungstungsthermometer-Temperatur bestim- 4. A system according
to claim 2, wherein the   mende Einrichtung eine Einrichtung (22) zur
moisture content determining means (20) is oper-  Bestimmung der Enthalpie
der den KOhIturm (10) 



ative to produce a signal (w) indicative of the   umgebenden Luft enthilt.
moisture content of the air surrounding the cool-  55  4. System nach
Anspruch 2, bei dem die den ing tower (10), and a means (22) for
determining  Feuchtigkeitsgehalt bestimmende Einrichtung the enthalpy of
the air surrounding the cooling   (20) so arbeitet, dal sie ein Signal (w),
das den tower (10) is connected to receive the signal (w)
Feuchtigkeitsgehalt der den KOhIturm (10) umge- as an input thereto.
benden Luft anzeigt, erzeugt, und daB eine Ein- 5. A system according to
claim 2 or claim 4,   60   richtung (22) zur Bestimmung der Enthalpie der
wherein the moisture content determining means    den KOhiturm  (10)
umgebenden Luft so ver- (20) comprises one or more function blocks
bunden ist, daB sie das Signal (w) als Eingangs- arranged in a logic
configuration.                signal aufnimmt. 6. A system according to
claim 3 or claim 4,      5. System nach Anspruch 2 oder Anspruch 4, wherein
the enthalpy determining means (22)   65   bei dem  die den
Feuchtigkeitsgehalt bestim- 4    7                   0 115 377
8 mende Einrichtung (20) einen oder mehrere Funk-    ture de r6ference fixd
A l'avance, soit compare par tionsblocke aufweist, die in einer logischen
Konfi-  les premiers moyens de comparaison (66) avec le guration angeordnet
sind.                           signal representant la temperature de i'eau
dans 6. System nach Anspruch 3 oder Anspruch 4,        Ia tour de
refroidissement (10), les premiers bei dem die die Enthalpie bestimmende
Einrich-    5    moyens de comparaison (66) produisant le signal tung (22)
einen oder mehrere Funktionsblocke       de sortie sous la d6pendance d'une
diff6rence aufweist, die in einer logischen Konfiguration          entre la
temperature de l'eau dans la tour de angeordnet sind.
refroidissement (10) et la temperature la plus elevee entre la temperature
de boule mouillee Revendications                                 10
modifiee et la temperature de ref6rence fixee a I'avance. 1. Un systeme
destin6 A commander le fonc-          2. Un systeme selon la revendication
1, dans tionnement d'une tour de refroidissement, ce        lequel les
moVens de determination de tempera- systeme comprenant des moyens (20, 22)
des-         ture de boule mouillee comprennent des moyens tinds A
determiner la temperature de boule mouil-   15   (20) destines a determiner
le taux d'humidite de Ide de I'air qui environne la tour de refroidisse-
I'air qui environne la tour de refroidissement (10). ment (10) et 3
produire un signal reprdsentatif de    3. Un systeme selon la revendication
1, dans cette temperature, et des premiers moyens (66)      lequel les
moyens de determination de tempera- destines a comparer le signal
representant la       ture de boule mouillte comprennent des moyens
tempdrature de boule mouillee de l'air environ-   20   (22) destines a
determiner l'enthalpie de l'air qui nant la tour de refroidissement avec un
signal      environne la tour de refroidissement (10). representant la
tempdrature de l'eau dans la tour     4. Un systeme selon la revendication
2, dans '._j    de refroidissement, pour produire un signal de       lequel
les moyens de d6termination de taux sortie qu'on utilise pour commander la
tempera-     d'humidite (20) produisent un signal (w) indi- ture de l'eau
dans la tour de refroidissement (10),   25   quant le taux d'humidit6 de
l'air qui environne la le systbme etant caracteris6 par des moyens (62)
tour de refroidissement (10), et des moyens (22) destinds A modifier d'une
quantit6 preddterminee    destines a determiner l'enthalpie de l'air qui
(A) le signal reprdsentant la temperature de boule  environne ia tour de
refroidissement (10) sont moullide, avant sa comparaison par les premiers
connectes de facon A recevoir ce signal (w) en tant moyens de comparaison
(66) avec le signal reprd-   30   quo I'un de leurs signaux d'entree.
sentant la temperature de I'eau dans la tour de       5. Un systeme selon
Ia revendication 2 ou la refroidissement (10), des moyens destines A dta-
revendication 4, dans loquel les moyens de blir un signal representant une
temperature de      determination de taux d'humiditd (20) compren-
reference fixee a l'avance, et des seconds moyens   nent un ou plusiours
blocs fonctionnels associes (64) destines a comparer le signal de
temperature   36   en une configuration logique. de boule mouillee modifid
avec le signal de tem-      6. Un systbme selon la revendication 3 ou la
perature de reference fix a I'avance, et A faire sn  revendication 4, dans
loquel les moyens de sorte quo le signal representant la temperature la
determination d'enthalpie (22) comprennent un plus 6levde, parmi le signal
de tempdrature de      ou plusieurs blocs fonctionnels associes en une
boule mouillee modifie et le signal de tempera-   40   configuration
logique. 50 60 65 5    


