Chapter Four { TC "Chapter Four "\l 1}

Modeling of components

4.1 Cooling Tower{ TC "4.1 Cooling Tower" \l 2}

4.1.1 Basic Heat and Mass Transfer in a Cooling Tower{ TC "4.1.1 Basic Heat and
Mass Transfer in a Cooling Tower" \I 31

Heeat and mass trandfer in a cooling tower is by evaporation and convection. The cold entering
arr takes up moisture and hegt asit isin contact with the water droplets. Radiation hegt transfer

is negligible in acooling tower.
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An energy baance around a single water droplet yields (seefigure 4.1) [8]:

- (Qev + Qcon) = %L#_' (Equ. 4.1)



Uj isthe internal energy of the water droplet and can be computed by

dUi = md >cpw XdTw (Equ. 4.2)

if the droplet mass and specific heat are congtant. The evaporation water |oss is consdered
smal and neglected. The evaporation and convection terms can be further specified by basic

heat and mass trandfer correlations

Qcon = e >a’(Tw - Tdb) (Equ. 4.3)

Qev = Kxax(w,, - w)*hig (Equ. 4.4)
where wyy is the saturation vaue of the humidity ratio for ar at the local water temperature Ty

and w is the humidiity retio of the local air, that surrounds the droplet. T, and Tqp, describe the

local water and air dry bulb temperature, respectively. The surface area of a Sngle droplet is
denoted by a, h is the heat transfer coefficient and K the mass transfer coefficient. The mass

transfer coefficient is related to the hegt transfer coefficient viathe Lewis number [3]:

hC
Equ. 4.5
K, (Eq )

Le =

where g is the specific heat of the air vgpor mixture. The specific heet of ar is assumed

condant through the cadculation. A Lewis number of unity is commonly assumed for further
cdculation [4], [9].
If ny is replaced by r, XV4 where \j is the volume of a droplet, equation 4.1 can be

replaced by combining equations 4.2 through 4.5 by
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(Equ. 4.6)

There are severd corrdations to caculate the heat transfer coefficient of a droplet moving



through a gas, ar in this case. One commonly used relation is the Ranz-Marshd| corrdation that
yidds the Nussdt number for adroplet [6],[7].

1 1
Nup =2+0.6{Rep )2 APr)3 (Equ. 4.7)
where Rep is the Reynolds number

Rep = Y (Equ. 4.8)

and Pr isthe Prandtl number

m>xc
pr=—om"
k

(Equ. 4.9

The droplet velocity rdative to the air is u. Air properties are the dynamic viscosty m, the
kinemdtic viscogity n and the conductivity k, evauated a a mean film temperature. The hesat
transfer coefficient can be cdculated from the Nussat number

he XD
Kk

Nup = (Equ. 4.10)

The equilibrium in this process is reached when the amount of energy transfer by evaporation is

equd to the negative amount of energy transfer by convection, or

Qev = -Qcon

Under adigbatic conditions equilibrium is reached when the local weater temperature is
equd to the loca thermodynamic wet bulb temperature. The equilibrium aso defines the limiting
temperature the water in a cooling tower can be cooled down to. It is not possible to cool the
water below the wet bulb temperature of the entering air [8].

The andyss of heat and mass transfer of a sngle droplet is useful to understand the generd
heat and mass trandfer mechanism, but to examine a whole cooling tower a dightly different
approach is necessary. Braun et d. [9] gives a derivation for the hest and mass transfer



mechanism in a counterflow cooling tower. As the derivation for a counterflow tower is more
evident than for a crossflow tower the derivation is shown for a counterflow tower in the
following. The cooling towers a the Columbia Station are of crossflow type, thus a smple

adaption will be made to apply the dgorithm to a crossflow tower.
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of a Crosstlow Cooling Tower

A control volume is sdlected that includes a defined volume of the cooling tower fill, see
figure 4.2. A mass baance is set up, that relates the mass of water evaporated to the moisture

increase of the air stream.

Ern’ +Emaon®  -Gme® - Emaw® =0 (Equ. 4.11)
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Dividing by dV and passng to the limit yields a differentid equation for the water mass flows as
functions of distance through the tower, which is represented by volume.

amy _ - dw

Equ. 4.12
v gy (Equ. 4.12)

Integrating this expresson from the top end of the tower where the water enters to any position
in the tower yields an overal mass baance rdation. At the top of the tower the water mass flow
rate is the entering vaue and the humidity ratio is the one of exit air. The water mass flow rate at

any pogtion in the tower is given by:

Mw = Mw,in- MaXWoyt - W) (Equ. 4.13)
Similarly to the mass balance, an energy baance can be established.

Cow 2 xngv +max(na), sy - Cow gquwgmv - max{h,), =0

(Equ. 4.14)

The resulting differentid equation relates the energy drop of the water flow to the energy rise of

theair flow.
d?r'nw XTWO
Gy o2 = N (Equ. 4.15)
P dv dv

My varies with position according to equation 4.13. The left Sde of equation 4.15 is then
differentiated by parts. The expression for the loca water flow rate, equation 4.13, is substituted
into the resulting expresson. The resulting relation relates the change in water temperature with
digance to the air enthdpy and humidity ratio changes.



r'n %jh - c T dWo
dr, __ ™eqy "t T gy (Equ. 4.16)
dv
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Mass and energy baances for the air and water streams are performed separately to bring in the
overd|l heat and mass trandfer coefficients. The conservetion of mass for the ar stream is
gpplied to a control volume that includes only the air flow. It isimportant to notice, that the mass
flow rate of dry air is congtant through the tower. The equation that relates the mass transfer rate

of the eveporating water per unit volume to the mass transfer coefficient is

me =18 xA” (wiy - w) (Equ. 4.17)

Cp
A" isthe heat transfer area per unit volume of the fill. Again the assumption of a Lewis number
equa to unity was made to obtain a relaion between heat and mass transfer. The mass balance

for the water vapor inthe air tream isthen

- dw he.
MmaX = =- C—pr (W - W) (Equ. 4.18)

A vaiable, the number of trandfer units, Ntu, is introduced. In this context the number of
transfer unitsis based on the air flow rate. The Ntu is defined here as

ho XA %/

Ntu =— (Equ. 4.19)
maXCp
Equation 4.18 can then be written as
dw _ Nt
w_ >(WW w) (Equ. 4.20)

av

For the same control volume the energy balance can be derived in a smilar manner to that for

the mass balance. The energy flow per unit volume associated with the evaporating water flow is



given in terms of the equivdent mass trandfer coefficient and potentid for energy transfer

(enthdpy difference) as.

Ee = %C A" »h, - hy) (Equ. 4.21)

p

where hy is the air enthdpy a a saturated Sate at the local water temperature, as mentioned

above and Ee is the amount of energy transferred per unit volume of the fill. Ee can be

written as
Ee =- maxgy (Equ. 4.22)

The energy balance can be rewritten using the Ntu definition and equation 4.21:

dh, Ntu
—a_-_ " h -h Equ. 4.23
qv Y >‘( w a) (Eq )

Equations 4.20 and 4.23 describe the heat and mass transfer processes inside the tower.
The st of equations given above is not subject to an anayticd mathematicd solution. They
rather reflect the mass and energy balance at any point in the tower. Different approaches have
been employed to obtain relations for the overal performance of a tower. One approach is to
numericaly integrate the rdations [5]. Thisis useful for determining the performance of a specific
tower for a given set of parameters and operating conditions, but provides no generdity in the
results. For the scope of this work, a cooling tower modd is needed, that provides explicit
performance data for a given set of operation conditions. A different approach will be shown in
the next section that utilizes the analogy between a cooling tower and a sensible heet only heat

exchanger [9].

4.1.2 Algorithm for tower performance calculation, the cooling tower -{ TC "4.1.2

Algorithm for tower performance calculation, the cooling tower -" \I 31}




heat exchanger analogy approach

For the development of a smplified method for evaluating cooling tower performance the
assumption is made, that the water mass flow rate is congtant throughout the tower. This
assumption is reasonable, as the amount of evaporated water is usudly in the range of 2 to 5%
of the total water flow [4]. To mitigate the error associated with this assumption, a the end of
the andyd's the evaporation of water will be partidly included. If the water loss is neglected the

overd| energy baance equation 4.16 has the following form

dly __ ma  dhy (Equ. 4.24)
dv

To diminate the temperature Ty from equaion 4.23, an effective specific heeat is
introduced. This alows the water temperature Tyy to be replaced with the saturated air enthapy
hyy at the water temperature Tyy. The effective pecific heet isthen

c :f;ajhwg :‘EEhW,in B hw,outg
el T

(Equ. 4.25)

w,in - 'w,out9?

The effective specific heat g is the change in enthdpy with temperature aong the saturated air
line, seefigure 4.3. The enthdpies Ry in and hy oyt represent the air enthapies a saturation at

the water in- and outlet temperature, respectively. Evaluating the effective specific heat requires
iteretion as the outlet water condition is not known a the beginning of the caculation.
Combining equations 4.24 and 4.25 the energy balance can be written in terms of enthapies

dh,  maxg dh,

dv M dv

(Equ. 4.26)
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Similar to asengble heat only heat exchanger an equivaent capacitance rate is defined

m* = —2%Cs (Equ. 4.27)

My *Tpw
The two equations that describe the heast and mass transfer in a cooling tower are now
equations 4.23 that describes the air Sde energy baance in terms of the overdl heat transfer

coefficients and equation 4.26 that gives the overal energy badance for the cooling tower.

Equation 4.26 can be rewritten as

dhy _ . dhg

(Equ. 4.28)

m
dv dv

and equation 4.23 is (from above)



dh Ntu
Vi "(h ha) (Equ. 4.23).

These two equations are analogous to those for a sensble heat only exchanger [9]. The
only difference is that the temperatures in the heat exchanger equation are replaced by
enthalpies. Due to this analogy, the effectiveness - Ntu relaions that are developed originaly for
a heat exchanger are gpplied for a cooling tower. The totad energy transfer in a cooling tower
can be described in terms of the effectiveness. The effectiveness is defined with respect to the
ar inlet enthalpy and the equivdent saturated air enthapy at the water inlet temperature. The

overdl energy transfer in the cooling tower then becomes
Q= exmax(hy, in - hain) (Equ. 4.29)

where e is the effectiveness of the tower. Effectiveness is dways the air Sde effectiveness.

From the effectiveness - Ntu model the effectiveness for a crossflow cooling tower is derived as

[3]

281* 8’(1 exp{- m" {1- exp(- NtU)]}) (Equ. 4.30)

The ar outlet condition, defined by its enthapy, can be cdculated by

Q

Ma

haout =hajin * (Equ. 4.31)

The tota energy transfer is a0 the heat transfer from the water flow. An energy baance only

on the water flow yidds, if evaporation isincluded

Q = Cpw xm"’vinxTW,in " Cpw >q’.nWaOUthw,out (Equ. 4.32)

Equation 4.31 and 4.32 together give the water outlet state. The same result can be

accomplished by integrating equation 4.15. Equation 4.15 can be integrated directly without the



assumption that the water flow rate is constant. The result of the integration is

Cow %ﬂw,in XTwin - mW’OUtXTW,OUtg = max(ha,out - ha,in) (Equ. 4.33)

Using the exact integration of the energy baance to yield the water outlet temperature corrects,
in part, for the assumption made for deriving equation 4.24 that the water flow rate is constant.
The water outlet temperature is then calculated to

mwin¥Tyin  MaX{haout - hai
Twout = i #{Paou * Man) (Equ. 4.34)

Mw,out Mw ,out*Cpyy

The water outlet flow rate can be determined from equation 4.13, if the outlet air humidity ratio
isknown. The outlet ar Sate is determined in terms of enthdpy. To find the exit ar temperature
and humidity ratio, the air Sde energy baance, equation 4.23, is integrated to find an effective
surface enthalpy for the water flow. The effective surface enthdpy, heff, is the equivaent
saturation enthadpy of a uniform temperature wet surface tha yidds the same enthadpy change of
the air stream as the actua air stream. Equation 4.23 is modified for this purpose and R eff
substituted for hy. The resulting integrd formis

N dhy _\({)ae@@

07—\ A dv (Equ. 4.35)
out (hs,eff - ha) oe v 2

The effective surface enthalpy is determined to

(ha,out - ha,in)
1- exp(- Ntu)

Assuming there is the equivaent process of evaporation as in the red tower from this saturated
surface, the exit humidity ratio is caculated by integration of equation 4.20. In a Smilar manner
than shown for the effective enthapy the exit humidity ratio is then caculated to



Wout = Wseff + @Vin - Wsgff )’Wp(' Ntu) (Equ. 4.37)

The effective humidity ratio weff corresponds to the air sate at the effective enthalpy hef. The

outlet water flow rate can then be determined from equation 4.13 if the air inlet and outlet

conditions are known. Solution of the equations outlined above is not possble explicitly, but
iteration is required, as mentioned for the cdculation of cs. The actud cdculaion will be

performed using an EES or TRNSY S program.

4.1.3 Calibration of the Cooling Tower Modd using measured dataand { TC "4.1.3
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Validation of the M od€

Congdering the rdations outlined in 4.1.2, the performance of a cooling tower can be
determined if the mass flow rates, the ambient conditions, the water inlet temperature and the
Ntu vaue are known. The Ntu vaue is tower specific and is defined by the physica gppearance
of the tower. The Ntu vaue is dependent on the heet transfer coefficient that is determined
mainly by droplet Sze and droplet and air velocity (see equ. 4.7 to 4.9). Furthermore the Ntu
vaue depends on the overd| heat trandfer surface area available per unit volume in the tower,
the overdl volume of the region in which heat transfer takes place and on the mass flow rate of
ar (seeequ. 4.19).

It is usudly not possble to determine the heat and mass transfer corrdation from the
physca appearance of the tower done. To obtan a Ntu vaue from measurements it is

necessary to correlate data for specific tower designs. Mass transfer data are usualy correlated

with the following form [5]
y ® g
DA A oM, (Equ. 4.39)

Mw ema o



Multiplying both sides of the equation by the mass flow rate ratio mw/ ma  and utilizing the
definition for Ntu gives

¢ "
Ntu = cxgmW (Equ. 4.39)
éma

Using the tower performance test outlined in section 3.2.4, the tower coefficients ¢ and n
can be determined. A minimum of two operation data points per tower is required. To
determine the tower coefficients, the readily available TRNSY S cooling tower type was used. A
more detailed description of the TRNSY'S cooling tower modd will be given in appendix A. If
the tower coefficients are determined, the tower behavior can be smulated for each set of mass
flow rates and ambient conditions.

An EES program of a cooling tower, following the relaions outlined in sections 4.1.2 and
4.1.3, was written to perform cdculations on cooling tower behavior. The EES program is dso
shown in Appendix A. This program can be used to determine the tower coefficients as well. If
only data for two operation points is given, the coefficients can be cdculated explicitly. The

tower coefficients that are determined from the performance test data are shown in table 4.1.

Tower C n
A 2.266 -0.2567
B 3.850 -0.1966

Table 4.1 Tower coefficients] TC "Table 4.1 Tower coefficients' I 4}

The vaues for parameter ¢ are in the typica range that is between 0.5 and 5 [9]. The
vaues for parameter n are dightly outside the typica range, which is between -0.35 and -1.1.
But, as the measurement from section 3.2.4 is considered to be accurate enough for the scope
of thiswork, the obtained tower parameters are used for the further andysis.

Vadlidation of the tower modd




For athree day period from July 22 0:00 to 25 12:00 1995 the calculated performance of
a cooling tower is compared to measured performance data. As the plant measurement system
only yields data for cooling tower A, the comparison could only be done for this tower. Water
in- and outlet and drybulb temperatures are taken from plant data, while the wet bulb
temperature is taken from weather Sation measurements. The water flow rates are determined
from the number of tower pumps that were operated. The air flow rate was held congtant at the
average vaue cadculated from performance test data. (see section 3.2). Cdculations are
performed usng EES.

Figure 4.4 shows the cdculated and measured water outlet temperatures. The number of
pumps is dso shown in the chart. In generd the caculated and the measured temperature curve
have the same shape. That means the generd behavior of the towersis correctly predicted. The
difference between caculated and measured temperatures is most of the time on the order of
1to 2 OF, which is acceptable consdering the measurement errors associated with the data
One main source of deviation in the calculation may be that the loca wetbulb temperature differs
from the one measured a the weather station. Another possible source of error is that
recirculation can occur in the cooling towers. Recirculation means tha the exhaudt ar forms a
vortex on the sde of the tower, caused by wind blowing over the exhaust hood, and the warm
and humid exhaust air enters the tower again. If recirculation occurs, the cooling capacity of a
tower is decreased as the actud wetbulb temperature of the inlet air is higher than the ambient
wetbulb. Recirculation is hard to predict only by using weether data, so that the predicted tower
performance can be better than the actua observed even if the ambient conditions are correctly
measured. The overprediction of tower performance occurs because the modd uses the
ambient wetbulb temperature, which is lower than the actud inlet air wetbulb temperature in the
case of recirculaion. When the time from hour 70 to 80 in figure 4.4 is consdered, it is possible
that recirculation occurred in this time period, as the predicted outlet temperature is up to 5CO0F

lower than the measured temperature. Recirculation would be a possble explanation for this



difference.
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for the Period of July 22 0:00 to July 25 12:00 1995;

In generd the tower model predicts the tower performance in relatively good agreement
with measurements, in the boundaries of measurement accuracy, thet is associated with the on-
line plant measurements as well as with the cooling tower performance test that was used to
calibrate the mode. Thus the tower coefficients that were determined in section 4.1.2 will be
used in further caculaions. It is assumed that the tower coefficients fit equaly well for tower B,

too.
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Measured versus calculated cooling tower outlet temperatureand " \I 5}

number of cooling tower pumps operated

Another comparison between measured and calculated tower outlet temperatures was
made for adata set from June 14 0:00 to June 23 0:00 1994. That was before the fill and the
fans of the towers were upgraded (see section 2). The wetbulb temperature is again taken from
wesgther station measurements. Figure 4.5 shows the calculated and measured cooling tower
outlet temperatures. In genera the calculated temperature is close to the measured temperature.
The difference is dways in the order of 10F to 2 OF. The shapes of the measured and
caculated curves show good agreement. But the calculated temperature is dmost dways higher
than the measured temperature. This can be due to the change of the fill of the tower and a
changed air flow rate caused by the fan upgrade. If the observed temperature difference is due
to the tower upgrade, it means that the upgrade actudly degraded the tower, as the calculated

tower outlet temperature is higher than the measured and the model was cdlibrated using data



from after the upgrade. But some care must be taken in making such a concluson, as the
temperature differences are smal and can be due to measurement errors as was discussed for
the July 1995 data above or to errors associated with the caculation itsdf, as the modd is
based on a mathematicd modd that was derived by making smplifying assumptions.

The number of pumps operated is shown in figure 4.4 and figure 4.5. 1t can be seen that in
generd, if the flow rate is changed at dl, two pumps are operated during the night and one
pump during the day, corresponding to the control strategy mentioned in chapter 2. Both the
time axis of figures 4.4 and 4.5 dart a midnight hours. The times for switching the number of

pumps varies from day to day, dependent on the weather conditions.

4.1.4 Cooling Tower Characteristics{ TC "4.1.4 Cooling Tower Characteristics' \l 3}

Figures 4.4 and 4.5 show that the tower outlet temperature drops by 5 to 10 [OF every
time the flow rate is reduced. Thus it becomes obvious that reducing the flow rate leads to
colder tower outlet water. But, on the other hand, if the flow rate is reduced the cooling effect of
the towers on the overdl cooling water circuit decreases as a amdler fraction of the water is
cooled down in the towers. It is interesting to look at the overal energy rgjection in a cooling
tower for different flow rates and ambient conditions.

Table 4.1 shows water outlet temperatures and heeat transfer rates for different operation
conditions. The inflow temperature is held congtant a 110 [OF, while wet- and drybulb
temperature and flow rate are changed. The column containing the water flow rate fraction
contains 50 and 100% flow ratios, which denotes one and two pump operation, respectively.
Cdculations are done usng EES with coefficients for tower A.

It can be seen that every time the flow rate is reduced, the water outlet temperature drops
congderably. On the other hand the overdl hesat rgection rate is higher for higher water flow
through the tower. This may be explained with an & average higher temperature difference

between the water and surrounding air within the tower. A higher heat transfer rate a higher



flow rate means that athough the water outlet temperature is higher, more energy is rgected to
the environment. This is an interesting observation as this behavior suggests that there is an
optimum operation point for the towers if the overdl peformance of the cooling cyde is
congdered. There has to be a trade off between a higher energy regection rate that can lead to
higher turbine efficiency on the one hand and higher auxiliary power consumption associated
with a higher tower water flow rate on the other hand. The effect of changing tower flow rates
on the overdl performance of the cooling cycle in combination with the cooling pond will be
examined in chapter 5.

water in | water out heet trand. drybulb | wetbulb %flow | water loss
[OF [0 [108 Btuwhr] [CF] [OF [%] [%]
110 77.45 1.42 70 60 50 2.6
110 85.88 2.03 70 60 100 19
110 77.84 141 80 60 50 2.8
110 86.20 2.02 80 60 100 2.1
110 82.66 1.20 80 70 50 2.3
110 89.46 1.74 80 70 100 1.7

Table 4.1 Water outlet temperature and heat trandfer ratefor { TC "Table 4.1 Water outlet

temperature and heat transfer ratefor "\l 41

different operation conditions

Table 4.1 gives tower performance for different dry- and wetbulb temperatures. It can be
seen, that the drybulb temperature only dightly changes the tower performance. Although the
drybulb temperature changes by 10 [OF, the water outlet temperature and heat transfer rate
remain nearly the same. The driving potentia for heat and mass trandfer in a cooling tower isthe
enthdpy difference between saturated air & water inlet temperature and the enthapy of the
entering ambient ar (equation 4.29). As the arr enthadpy depends mainly on the wetbulb
temperature and is only a week function of the drybulb temperature, it is evident that changing



the drybulb temperature does not change the tower performance significantly. Thus the sum of
evaporation and convection heat transfer remains nearly congtant for a constant wet bulb
temperature.

The last two rows of table 4.1 show the effect of a changing wetbulb temperature. A higher
wetbulb temperature leads to sgnificantly higher water outlet temperatures and lower heat
trandfer rates. It becomes obvious that the wetbulb temperature has a mgor impact on cooling
tower performance, while the drybulb temperature is not sgnificant if only overdl hesat transfer
rates are conddered. Therefore there will not be a big error involved if the drybulb temperature
from the arport weather dation is used ingead of the drybulb temperature from the plant
mesasurement.

The estimated amount of water loss due to evaporation losses is dso shown in table 4.1.
The amount of losses does not exceed 3 %. It can be seen that a constant wetbulb temperature
a higher drybulb temperature leads to higher evaporation losses, dthough the overdl hesat
transfer is not affected. Thisis due to ahigh potentid for mass transfer if the humidity retio of the
entering ar is low. For higher water flow rates the rdative amount of water losses decreases
which is due to fact that the air approaches a saturated state faster if more water is pumped
through the towers. Therefore the ar can not absorb a proportionaly higher amount of moisture
for higher water flow rates, athough the absolute amount of water losses is higher for higher

flow rates.



4.1.5 Comparison of performance against manufacturersdataand { TC "4.1.5
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comparison of towers A and B

The manufacturer of the cooling tower, The Marley Company, provided performance curves for
the cooling towers that give ther origind desgn performance. Figures4.6 a and 4.6 b show a
comparison between manufacturers data and the performance of the actua tower, caculated
using the EES program used before. The charts show water outlet temperatures vs. wetbulb
temperature for different ranges. The range is the difference between water inlet and outlet
temperature. Both curves are cdculated for tower A, while the performance data from the
manufacturer treats both towers as equal. Figure 4.6 a shows tower performance for 100%
design flow, which is 92,500 gpm. Figure4.6 b shows performance curves for 60% design

flow. 60% flow was chosen as this is the lowest flow rate for which manufacturer data is

avalable.
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Figure 4.6 a Cooling tower performance datafor 100 % design flow ratel TC "Fagure 4.6 a

Cooling tower parformance data for 100 % design flow rate€' \| 5}

100 T T T T T T T T T T T T T T T T T T T T
A tower outlet temperaurefrom performance curve
90|~ — tower outlet temperature calculated
80}~ -
70} range -

/ 23
60 Tower A
A —13 1
% 8
50 _/K i
tower flow rate 55,500 gpm

a0l . -
3 40 45 50 55 60 65 70 75 80 85 90

wetbulb temperature [ ]

water outlet temperaure[ ]

Figure 4.6 b Cooling tower performance datafor 60 % design flow rate{ TC "Fiqgure4.6 b

Cooling tower performance datafor 60 % design flow rate' \| 51}

In both charts the calculated tower outlet temperature is higher than the predicted, which
was taken from performance curves supplied by the manufacturer. This means that the origina
design overpredicts the tower performance. Especidly for high ranges and high ambient wetbulb
temperatures the difference between predicted and actua performance becomes larger. These
regions, a high wetbulb and high ranges, are the most crucid for plant operation as they occur
a high plant loads during summer months. One reason for the overprediction of performance is
the overestimated air flow rate (see section 3.2.4). Another reason can be awrong estimation of

the cooling tower fill heat and mass transfer characterigtics.

Comparison of performance of tower A and tower B




Figure4.7 a. and 4.7 b. show a comparison of performance curves for tower A and
tower B. The results shown in the plots are cdculated using the tower coefficients shown in
table 4.1. In each plot an equa water flow rate is chosen for both towers to be able to compare
their performance under the same conditions. The results shown in the charts are calculated for
100 and 50% design water flow. The air flow rate from the tower performance test was used.
Thustower B has adightly lower volumetric air flow rate than tower A.

Figure 4.7 a. shows that a 100% design flow both towers perform equaly well under the
same operating conditions. If it is recdled that tower B gets a lower water flow rate during
operation, it has to be expected that the water outlet temperature of tower B is lower during
operation than the outlet of tower A. At 50% design flow rate the effect is amplified. For equd
water flow rates tower B yields dready lower outlet temperatures, as shown in figure 4.7 b..
Therefore during operation, when tower B gets less water flow than tower A, the outlet
temperature of tower B will dways be lower than the outlet temperature of tower A for the

same water inlet temperatures.
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Figure 4.7 a. Comparison of performance of tower A and tower B{ TC "Hagure4.7 a
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Figure 4.7 b. Comparison of performance of tower A and tower B{ TC "Figure 4.7 b.
Comparison of peformance of tower A and tower B"\[ 5}

416 Summary{ TC "4.1.6 Summary" \I 3}

The tower coefficients that were determined lead to quite accurate predictions of the tower
performance, considering the errors associated with measurements. The cooling tower model is
therefore consdered to be a rdiable tool for cooling tower smulation and will be used in the
system smulation discussed in chapter 5. The TRNSY'S cooling tower routine provides an
appropriate tool for thistask, asit can be combined with other cooling cycle e ements by means
of inputs and outputs in a way discussed above. It is dso possible to evauate the effects of a
different control strategy, namely the change in water flow rate, or to increase the number of
tower cdls.

The EES cd culations were performed to examine the general operation characteristics of a



cooling tower, especidly with respect to water flow rates, and help to estimate the influence of
different tower operation characterigtics on the overdl cooling cycle performance. In the further

andyss EESwill not be used for cooling tower caculations.



