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A COOLING TOWER FOR AUTOMATICALLY
ADJUSTING FLOW RATES OF COOLING WATER AND
COOLING AIR WITH VARIATIONS OF A LOAD

BACKGROUND OF THE INVENTION

With the advance of human life, more and more air
conditioner are used so that the consumed power of the air
conditioner becomes the main part of the power consumption.
This is the primary reason that the peak power consumption in
the summer can not be reduced effectiﬁely. How to improve the
efficiency of air conditioner is an important subject of the

power policy all over the world.

The primary components and operational principle of the
air conditioner are illustrated in Fig. 1. Basically, the air
conditioner includes five steps for performing heat exchange.
From the indoor air condition load at the left side, the process
includes the steps of heat exchange between the indoor air and
the cooling coil pipe (4); heat exchange between the ice water
and the refrigerant in the evaporator (3); heat exchange
between the refrigerant and the cooling water in the condenser
(2); finally, heat exchange between the cooling water and the
outdoor air in the cooling tower. The present invention is
primarily aimed at the final heat exchange process of “heat
exchange between the cooling water and the outdoor air in the
cooling tower”. A novel method for saving power is disclosed,
and thereby the power consumption of a central air conditioner

system is reduced.
Summary of the Invention

Accordingly, the primary object of the present invention is
to provide a cooling tower for automatically adjusting flow



rates of cooling water and coolling air with variations of a load
comprising a plurality of thermometers; a hygrometer; at least
one controller; a cooling water pump; and at least one cooling

. tower connected in parallel. The desired data, such as optimum

allowance operating range, heat ,tranéferring property of
cooling towers, outer gas bulb temperature, approach and
relations therebetween are calculated numerically and then are
built in the controller. As the cooling tower is operated, by the
measuring of the thermometer, messag'es are transferred to the
controller, the practical data and predetermined data are
compared in the controller so as to acquire an.optimum cooling
water flow rate and cooling air flow rate. Then, the controllers
are used to control the cooling fan in the cooling tower and
cooling water pump. Thus, an optimum flow rate is acquired.
Therefore, the power is saved. The flow rate of the present
invention is changed with the load of the condenser. Not only
the flow rate of the cooling air is adjusted, but also the flow
rate of cooling water is adjusted. The power of the cooling
towers are saved greatly. | |

Brief Description of the Drawings

Fig. 1 shows the air conditioner according to the present
invention. '

Fig. 2 shows the operation of the condenser and the cooling
tower in the present invention.

Fig. 3 shows the heat equilibrium- in a infinitesimal

distance.
F1g 4 shows the control structure of the -systém.

Fig. 5 shows the relation of the outer wet bulb temperature
with the approach. '



Detailed Description of the Invention

The operation between a condenser -and a cooling tower
according to the present invention is illustrated in Fig. 2 in
detail. M is the flow rate of cooling water for cooling the
working fluid (refrigerant) in the condenser, and thus the
temperature of the cooling water is increased to T, and then
flows out from the condenser. Then the heat of cooling water is
transferred to the inlet air of the cooling tower. In general, due
to the gravitation force, the high temperaturé (Ty;) cooling
water flows through the cooling plates (12) of the cooling
tower from the inlet of the cooling tower, and then flows to the
storage tank (13) at the bottom of the cooling tower. To cool
the cooling water flowing downwards, in general, an air
extracting fan (11) is used to extract outer low temperature air
with a flow rate of Mg, and a temperature of Tg, from the inlet
at the lower side of the cooling tower so that the air flows
upwards to cool the cooling water flowing downwards. The
cooling air absorbs the heat from the high temperature cooling
water. As the air leaves from the upper side of the cooling
tower, it has a temperature of Tg,. Strictly speaking, due to the
evaporation, the flow rate of air will increase slightly. On the
contrary, as the cooling water is cooled from a high
temperature T, to a lower temperature T,,, the flow rate will
slightly decrease due to evaporation. For faci'litating the
following analysis, the flow rates of Mg and M, are regarded as
constanst.

Due to energy conservation, the total thermal energy from .
the cooling water flowing from the upper' side of the cooling
. tower to the lower side therefore must be equal to the total
thermal energy from the cooling air flowing from the lower
side of the cooling tower to the upper side. From a micro-view
point, the heat exchange between the cooling water and cooling
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air in a differential space dA is illustrated in Fig. 3.
dQ = - M, X C.x (aTy) - (1)

where AT, is the temperature difference in the dA, and C, is
the specific heat of the cooling Watef, this value is assumed to
be a constant. The negative value in the equation represents
that the heat is transferred out.

Similarly, the cooling air acquires a heat dQg:
dQe= Mg x (AH) - (2)

where AH is the increment of enthalpy of air per unit mass in

space dA, it can be obtained from the following equation:
A H=Hpuerate) — Here) ' (3)

where H(rgy and Hrg: atcy are the enthalpy of the air entering
into and leaving from the differential space, equations (1) and
(2) must be equal to each other, and thus:

,AH=—%4—XCLX(ATL) ' ' (4)
. G- )
In general for industrial application, dQG' can be
approximately expressed as follows.

dQe= L(H, - H)dA ‘ | ()

where f is the convection heat coefficient, k is determined by
the properties of the cooling liquid and cooling air, which is
approximately equal to a constant. H is the enthalpy of
unsaturated air in the space A. Hg is the enthalpy of the
saturated air with respect to the surface temperature of the
cooling water (close to the te'mperaturé of cooling water) in the
space dA. H and H; are temperature functions. (Hg-H)

represents the heat transferring from the air on the surface of
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the cooling water to the environmental air in this space dA.

If the differential space dA is expanded to the whole
. cooling tower, then the follow equation is derived.

oM, xCLar = f%(Hs —H)ad (6)

where A represents the total heat transfer area of the
cooling plates (12) in.the cooling tower. Equation (6) can be
rewritten as:

f = ﬁ = _ L2 M!_XCL .'
f*dA k J: (Hs — H) . X (7)

In practical calculation, the following equation is used:

_‘%Ai_ = ._ ML xCLX (T-L'Z_TL]) Z(HS]:—H) (8)

where ( Hs—H) represents average enthali)y difference in the
1
(Hs —H)

space dA for per unit air mass. ), is the sum of the

L__ of the interval dA for the whole space A. (Ty,—Ty,)
(Hs - H)

is _the' temperature difference in the total space A. If the value
in the right side of equation (8) is known, a numerical method

1

can be used to acquire the a at the left side of the equation, -

or if the value of —J;:? is known, then the parémete'rs_ in the right
side of the equation can be obtained.

The numerical method used in the present invention will be
roughly described in the following. The ‘total number of
interval dA is obtained by the temperature difference (T ,—
Ty, ) between the inlet water and outlet water divided by the
. temperature difference AT in the interval dA. In general, it is
convenient that the AT is taken a value of 1°F. If ( T,— Ty,;)
= 10°F, then there are 10 intervals of dA (10°F+ 1°F=10) .
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Besides, if Ty, and T, are some determined values, the upper
“and lower limits of the temperature in the interval dA can be
obtained. Thereby, the respective H; is acquired. Furthermore,
the lower limit of the temperature in the total space A is Ty, so
as to derive the respective. AH the increment of enthalpy of
per unit air mass in space dA is acquired from equation (4),
then H+ AH is the enthalpy value for the air in the next

interval dA. Similarly, the H; and H for all interval dAs’ can be
. 1

———, and
(Hs-H) '

obtained. By calculating the sum of the

Z—L— is derived. Then 22 can obtained from equation (8).
(Hg - H) k .

In general, as a manufacture sells a cooling tower, the data
of water flow rate, M,, flow rate Mg of the cooling air, range,
RT, and approach AP as the cooling tower with a thermal load
of 100% , the upper limit T,, of temperature for the cooling
water flowing into the condenser, and the lower limit TL, as the
cooling water left from the condenser and the wet bulb
temperature WB of external air are prbvided.

The approach AP means the difference of the temperature
Ty, as the cooling water leaves from the cooling tower and the
wet bulb temperature as the air flows into the cooling tower,

namely: _
T,,=WB+ AP - | - (9)

The range RT means the temperature difference of the
cooling water entering into and leaving from the cooling tower,

namely:
RT=T,, T, | - - (10)

While the load Q, of the condenser 2 can be derived
from the following equation: '

.QL=MLXCLX(TL1.— TL,) (11)
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After substitution, fhe folléwing equatioﬁ is acquired:,
Ql.,:;Ml,xCLXRT .' (12)
The total heat Qg from the cqoling aiy is: |
Qs=Mg*x X(H; - H)= -QL. (13)

In practical calculation about the performance of a cooling
tower, the wet bulb temperature WB, the flow rate of the
cooling water M, and the set ratio MLG of the cooling air
entering into the cooling tower can be measured by measuring
devices. Then T, and T, are calculated. These values are

)7

substituted into equation (8 ) for obtaining - From the

A

physical meaning of f, A and k, - can be considered as a

meaningful performance coefficients of the cooling tower.
‘When M,  MLG and WB are not changed, then the performance

coefficient —J;c‘i of the cooling tower must be fixed. By this

relation, by numerical method, the variations of T, * Ty; and
AP are acquired reversely as the thermal load of the condenser
2 changed (i.e., RT changed). As the variations of T;, and Ty,
are obtained, by numerical calculation and adjusting the ratio
of the cooling water M; and MLG, T,, and T, will achieve an
optimum condition. This adjusting process will save energy
'effectively. The primary content of this patent will be furtfxe_r
described in the following. ' ' |

Embodiment 1:
An operation data for a certain product is:

Flow rate of cooling water: M, =30 GPM - (30 gal per
minute ) ' _



Flow rate of cooling air Mg=25 GPM (25 gal per
~ minute ) '

Flow rate ratio of the cooling water to the cooling air MLG
(M, / Mg) =1.2 2

Range RT=10 °F
Approach AP=7 °F

Wet bulb temperature for tﬁe cooling air flowing into the
cooling tower WB=283 °F

Then, the temperatures of T, and Ty, are:
T,=WB+AP = 83 °F + 7°F = 90 °F
T,;= T,,+RT = 90 °F + 10 °F = 100 °F

Data (T,,= 90 °F> Ty, =100 °F Yare the temperature limits
as the cooling water flows into or out of the condenser as WB
=83°F, i.e., the most strict operation condition. In general, in
this operation condition, the electric power has an optimum
effici,en'_cy.

_ " Then, the load Q. of the condenser is
Qc =My xCy x(Ty - Ty) = 15000 Btu/hr
C. = 1Bw/ib-F

JA

Value of - is obtained from equation (8) :

A —0.976
k

Embdiment 2: T;, and T_, changed, as the thermal load of
the condenser is reduced.



As the operation condition M, ., Mg and WB are identical to
example 1, and the thermal load of the condenser is reduced,
then the variations of T, and T, of "the inlet and outlet
temperatures of the cooling water can be obtained from the

temperature measurers 21, and 22 of the condenser. The values
after changed are T ;=95°F » T;,=88°F.

From equation (11) , thermal load Q. can be obtained:
Qc =M xC_ x (T, - Tp) = 10500 Btu/hr

As compared with the Q. in example 1, about 70% ( =
10500/15000), i.e., a decrement of 309 . Since in this time, the
operation condition M;., M and Wb are identical to example

1, the value of fké must be identical to example 1, i.e., 0.976.

Substituting iI‘j—=0.976 into equation  ( 8) , namely, a set of

respective T, and T, acquired. By numerical calculation, it is
known that T, = 95.24°F, T,,= 88.24°F. The value from
calculdtion are almost identical to the measuring values so that
the theoretical results are exactly matched to the practical
measuring results. In the following embodiment; a thermal load
of 70% is used as an example, |

Embodiment 3: The actions adapted as the thermal load of the
condenser is reduced

The flow rate Mg of the cooling air is' decreased, so that
temperature T,, of the .cooling water - entering into the
condenser is incremented to the upper limit of 90°F in
example 1 from the 88°F in example 2 for s'aving power.

It is appreciated from example 2, as the thermal load of



the condenser is reduced to 70 % of example 1, the temperature
T., of the cooling water entering into the condenser will
become 88°F for saving power. Now if the flow rate Mg of the
cooling air is reduced, the cooling ability, of the cooling tower
will also reduce so that the temperature of the cooling water
will increase. Since the upper limit of the temperature of the
cooling water entering- into the condenser is 90°F, by the
. control of the thermometer 22 of the cooling water, the object
can be achieved. Thus, power is saved. This way for saving
power is recently widely used. The Taiwan Patent Publication
No. 305447, “A cooling tower with automatically adjustable
energy with the variation of load” disclosed one such design.
From aforesaid numerical caléulation, the current condition is:

T, =97 °F + T,=90 F - fg’=2.802,

The flow rate of the cooling air is changed, and thus value
of f]:i is also changed. Now, the thermal load Q. of the
condenser is: |

Qc =M, xC_ x (T, — Ty) = 10500 Btu/hr

which is also 709 of that in example 1.

Embodiment 4: As the thermal load of the condenser is
reduced: |

Now the flow rate M, of the cooling water and Mg of the
cooling air are reduced at the same time so that the

- temperatures of the cdoling-waters entering into and leaving
from the condenser are increased from T ;=95°F, and T;,= 88

°F in Embodiment 2 to the upper limit temperatures of T;,=
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100°F, and T, ,=90°F.

In this method, the flow rate M, of cooling water is firstly
reduced, and then the flow rate Mg is reduced secondarily. The
power is further saved than that disclosed in example 3 so that
energy is saved more effectively. This is the main content of
the present invention.

It is appreciated from Example 3, the temperatures of
water flowing into and leaving from the condenser can become
Tu=97 °F ,T,=90 °F as the flow rate of the cooling air'is
reduced. The temperature difference AT is 7°F. While as the
upper limits of the temperatures of the condenser are T;,= 100
°F and T;,=90 °F, then temperature difference AT is 10°F.
Therefore, under the condition of retaining Q. being 10500
Btu/hr and AT being 10°F, the flow rate of the cooling water
is 70% of the original one ( 30GPM ) from equation (1).
Therefore, M, =21 GPM. By substituting T, =100 °F, T,,=
90 °F and M; =21 GPM into equation ( 13) , it is obtained
that M= 18 GPM. This is further substituted into equation (8 ),

then value of f becomes. 0. 960 Thus, the thermal load Q. of

the condenser can be obtained from the followmg evaporator.
Qc =My xC x (T - Tp)= 21 xCy x (100°F - 90°F)
= -10500 Btu/hr

However; the value is still 10500 Btu/hr. Thus the flow rate
ofthe cooling water is reduced and the flow rate of the cooling
air is also reduced. Under the condition of effectively reducing
cooling air, the operation range still retains in that of example
1. '

From the calculation result, it can be verified that as the
thermal load is reduced to 709, the flow rate of the cooling
21GPM )
30GPM

water is about 7095 ( = of the original one (example
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1). From.this result, a method for controlling the flow rate is:

Due to the decreasement of the thermal load of the
condenser the temperatures are reduced to T,;=95°F and T,
= 88°F obtained from the thermometers'21, 22 of the cooling
water. The temperature difference is A T = 7 °F. The
temperature difference limit between T,, and T, of the
condenser is AT=10°F(=100°F-90°F). The ratio of the two
is 0.7(=7/10). The flow rate of the coéling water is reduced to
30% from that in the upper water flow rate 30GPM reduced
with 30% to be 2IGPM( =30 GPM x 0.7 ). Then the flow rate
M of the cooling air is further adjusted until the readings of
the thermometers achieve T, =100 °F and T;,=90 °F. Since
~ the energy for transferring cooling water is farther larger than
that for transferring cooling air. If it is desired to reduce the
flow rate of the cooling.'water, the consumed power of the
water pump 23 can be saved greatly. Therefore, the power
saving of the present invention is farther better than the prior
art disclosed in example 3, moreover, it is prdve‘d by practical
application to be a correct and available method.

-Embodiment 5:

As the thermal load of the condenser: is 100% and the
environment becomes cold, so that the environment wet bulk
temperature WB is reduced to 81 °F from 83 °F( example 1),
the way for adjusting the temperatures T;; and T,, of the
cooling water is described herebelow.

Since the thermal load of the condenser is still 10094, the
flow rates of the cooling water and cooling air are M =30
- GPM and M;=25 GPM. The MLG is still 1.2( = 30/25 ). The
100 % thermal load Q¢ of the condenser is 15000 Btu/hr from

example 1, thus value i;é .of the cooling tower being 0.976.
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The range RT is sustained at 10°F. Now, the external WB is
reduced to 81 °F, from above condition and aforesaid
calculating value, the temperatures of the cooling water
entering into and leaving from the condenser, T ,=98.5 °F
and T ,= 88.5 °F, are obtained from- above numerical method.
Now, the approach AP becomes 7.47 from the original 7.0.
Under 100 % thermal  load of the condenser, the relation
between the approach AP and the wet bulb temperature WB as
the cooling air entering into the cooling tower may be derived
from above numerical method as illustrated in Fig.5. When WB
is 81 °F, AP is about 7.5. The T,,= WB+ AP of the cooling

water is an optimum value, therefore:
T,= 81 °F+ 7.5 ‘F= 88.5 °F

Now, if it is desired to save power, as the way illustrated in
example 3, the flow rate MG of the cooling air is reduced alone
so that MLG is 1.65. The power of the fan of the cooling tower
is saved so that T;;=100 °F and TL2—~90 F and value of

. f becomes 0.974.

In a general system, the energy from the condenser
(primarily from a compressor 5) is 15 times of the work from
cooling tower (primarily from fan 11). When the flow rate of
the cooling air is decreased so that Ty, is increased to 90°F
from 88.5 °F. The power of the fan is ‘saved, thus T,
increasing from 98.5 °F to 100°F so that the work of the
condenser is increased and the power consumption is also
increased. In summary, the effect of saving power can not be
achieved. Therefore, the prior art described in example 2 which
set a fixed T, of 90°F can not achieve the object of power

saving.

Whereas in the present invention, as illustrated in Fig. 5, a
thermometer 14 is used to adjust T, to 88.5°F, under the
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condition that the flow rates of cooling water and cooling air
are still M; =30 GPM and Mg=25 GPM, respectively, T, is
98.5 °F. Since the temperatures of water flowing into and
leé\}ing from the condenser have decreased, it represents that
the work of the condenser has reduced. Tflerefore, the object of
power saving is achieved. At this time, if it is desired to
increase the flow rate of the cooling air so that the temperature
of Ty, is lower than 88.5°F, it only increases the power
consumption. From Fig. 4, it is khown; WB plus AP will be the
lowest value of T;,. When at this time, as the thermal load of
the condenser is reduced, it is adjustable according to the
method disclosed in Fig. 4. Thus,'- more power is saved.
Therefore, when the wet bulb temperature WB of external air
measured by the thermometer 14 of the cooling air is decreased,
the upper temperature limit of the cooling water entering into
the condenser may be set according to the result of Fig. 4 so as
an optimum condition is achieved. That is, power is used
effectively.



Ty

We Claim

1. A cooling tower for automatically adjusting flow rates
of cooling water and cooling air with wvariations of a load

comprising:
a plurality of thermometers;
a hygrometer;
at least one controllers;
a cooling water pump; and
at least one cooling towers connected in parallel.

2. The cooling tower as claimed in claim 1, wherein each
cooling tower includes a cboling fan, a set of cooling plates,
and a water groove which are available in different
frequencies. ' | '

3. The cooling tower as claimed in claim 2, wherein the
flow rate of the cooling fan is controlled by the controller.

4. The cooling tower as claimed in claim 1, wherein the
hygrometer is installed out of the cooling tower for measuring
the relative humidity of cooling air flowing in the cooling

tower.

5. The 'cooling tower as claimed in claim 1, wherein the
cooling pump is installed in the flow channel of the cooling
water, and the flow rate of the cooling pump is controlled by
the controller.

6. The cooling tower as claimed.in claim 1, wherein there
- are four thermometers, two of which are installed.at the cooling
water channels for entering into and leaving away from the
condenser for measuring the water temperature flowing into
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and out of the condenser and are connected to the controller.

7. The cooling tower as claimed in claim 6, wherein the
other two thermometers are installed at the inlet and outlet of
the cooling air of the cooling tower for measuring the
temperatures as cooling air flowing into or leaving from the
cooling tower and are connected to the controller.

8. The cooling tower as claimed in claim 7, wherein there
are three controller a first controller of which contains a
control program for operatihg the data. captured from the
hygrometer and the inlet of the cooling air so as to acquire a
wet bulb temperature of the inlet cooling air to be sent to
another controller. |

9. The cooling tower as claimed in claim 8, wherein a
second controller of the three controllers is connected to the
thérmometer for inonitoring and setting the temperatures of the
cooling waters at the inlet and outlet of the condenser.

10. The cooling tower as claimed in claim 9, wherein a

- third controller of three controller is preset with a maximum

allowance condition and is connected to the first and second

controllers for capturing the data of the measured gas wet bulb

temperature and the temperature difference of the inlet and
outlet of the cooling water; these capturing' data are compared

with the maximum allowance condition so as to determine an

optimum cooling water flow and the flow rate of cooling air;

then signals are sent out to the cooling pump and the cooling

fan so as to adjust the rotating speed to an optimum flow.

11. The cooling tower as claimed in-claim 10, wherein the
data of the outer gas wet bulb temperature with respect to an
approach are built in the third controller so as to be used as the
outer gas wet bulb temperature is changed. -

_—
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