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Performance Test of the JRR-2 Cooling Tower

Summary

“ Performance test of the JRR-2 cooling tower” is described in this paper, the test
was made from the point of user’s view, that is, to decide whether this cooling tower has the
designed cooling capacity at the specified condition, or not. )

As the temperatures of atmosphere and of water are not expected unchangeable through-
out the year, cooling tower test could hardly be made at the specified or designed condition.

After referring to many books and literatures on cooling mechanism in the cooling tower
and on studies of any factors which affect the cooling tower characteristics, the following
test or evaluation method was decided.

The test was to be made keeping water and air flows at the designed rates, and the
“ Number of Transfer Units of Cooling Tower” would be obtained.

Then, the evaluation of the cooling tower capacity would be made by compar.ir;g.,-this.
value with the designed one.

The value of k,+S which shows the cooling tower efficiency is also shown in this

paper. ,
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1. General

It is desirable to perform the “ Test of Cooling Tower” under the designed condition.
However, the water temperature of the cooling tower, at both the inlet and outlet, and also
wet bulb temperature of the atmosphere are not expected unchangeable throughout the year,
even while the test is being made. The following considerations, therefore, were made for
determining the method of the cooling tower performance test and evaluating its test results.

2. Outline of the JRR-2 Cooling Tower

The JRR-2 cooling tower (Fig.1) is an induced draft type with six axial fans, and
designed under the following specifications.

Water flow rate 3800 gpm (863 m?/hr)

Water temperature, inlet 109°F (42.8°C)

Water temperature, outlet 89°F (31.7°C)

Wet bulb temperature of atmosphere 77°F (25.0°C)

Wind velocity 0 to 120mph (0 to 54 m/sec)
Earthquake shock 0.2g

As shown in the flow sheet, Fig. 2, the
secondary water warmed by the five heat ex-
changers of the JRR-2 is iead to the sub-basin
of the cooling tower, and pumped up to the
spray nozzles through which the warmed
water is sprayed intc the cooling tower. Then
the cooled water stored in the main basin just
under the cooling tower, is sent to the five
heat exchangers with two 55 pumps and re-
turned to the sub-basin, again. Thus, in the |
heat exchangers, the pressure of the second- .
ary water (light water) can be kept lower than -
the one of the primary water (heavy water),
and the secondary water always might not be expected to leak into the primary loop if the
pipes of the heat exchangers should be ruptured.

The cooling tower, itself, is made of wood and has the dimensions of 13.6 mX7.3mX
7.0m (height). It consists of six compartments which are separated from one another, but
are of the same size. »

The spray nozzles (total number is 480, and 80 in one compartment) are snail type
and set upwardly, as shown in Fig. 3, so that the water may be sprayed upwardly and evenly.
Above the spray nozzles there set eliminators which prevent the sprayed water from
leaking out of the cooling tower. The wooden splash bars are installed under the nozzles,
as shown in Fig.2 and 3.

Fach compartment has an axial fan which is set at the t0p of the tower and whose
specifications are as follows:

-JRR-2 ‘cooling tower |

7 Figa 1

Diameter of the blade - 1, 650 mm
Rotating speed , - 600 rpm
Horsepower ' 15

Air flow rate 1, 600 m3/min
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Fig. 2. Cooling tower flow diagram

Fig. 3 Nozzle and spray bars

3. Theory of the Cooling Tower and Determination
of Its Test Method

As it is hardly expected to perform the cooling tower test under the designed condi-
tions, * Theory of Cooling Tower " should be considered before determining the test method
and evaluating the test results.

Though Rasor1 etc. proposed “Theory of Cooling Potential” '»*, many books and
papers ¥%7¢"¢ adopt MERKEL'S Analysis ¥ which is based on taking the enthalpy difference
as a driving force of mass and heat transfer; and our considerations on the test method
are made from the point of MERKEL'S analysis.

Now consider steady operation of the vertical cooling tower in which air and water are
brought into direct counter current contact ; and let the water flow rate, absolute air humidity
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and air flow rate be Qkg/hr, Hkg/kg and Gkg*/hr ®,

. G .
respectively, the following relations on mass transfer ) /; Q
between water drops and the air stream may be f :
derived (Fig. 4). Air

—dQ=GdH (1

—dQ=kS(H,—H)dV (2)

where ¥ :effective volume of cooling tower
k. : mass transfer coefficient
S': total transfer surface per unit effective
volume of cooling tower

H, : absolute humidity in air film, considered w7
saturated 7/ , av
H : absolute humidity in air stream ///
At the same time heat transfer may occur
from the water drop to the air stream, and the fol-
lowing equation can be obtained neglecting a resist-

ance of heat transfer from the water drop to air
film.

GCdt=h.(Ts—1)SdV (3)

where {:temperature of air stream
C. : specific heat of wet air
h, - heat transfer coefficient between air film
and air stream

T, : temperature of air film, considered equal J \
to the one of water drop G Q
Some objections to neglecting the heat trans- b T,

fer resistance between the water drop and air film Fig. 4 Mechanism of the cooling tower
are found and the methods of solution on this prob-
lem were proposed in some papers® ", However, studying cooling tower performance tests
described in many papers and books!?:1%:1# and also considering that k, and 4, are assumed as
constants throughout the cooling tower (moreover wall effect may exist), one may conclude
that it would be practically all right to consider only the resistance of heat transfer from air
film to air stream in. the cooling tower analysis. . SR
Then substituting the “Lwiss Relatoin” (h,/k C,), 1nto the equatlon, (3), the
equation, (4), may be derived.

GCdt=kS(T,C.—tC)dV (4)
Also considering the “ MorLLIER'S Relation” ' L N

i=Cd+rH (5)

C.=Ci+C.H ' (6)

where 7 :latent heat of water at 0°C
C, : specific heat of dried air
C.. : specific heat of water vapor
the epuation, (4), may be transformed 1nto

Gdi=kSG,—DAV A ¢ OO
‘3 or di___ kSV T e e
= R <

The mass transfer coefficient, k,, might be affected by the. water ﬁow rate ng/hr, -

(i) Weight of air is always taken in dry air base, ‘and identified by kg* instead of writing kg.
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and the air flow rate, G kg*/hr ; however, if these values were kept at the designed ones the
right side of the equation, (8), would be constant which shows the number of transfer units
of its cooling tower. On the other hand, the left hand side of the equation, (8), can be ob-
tained by the test, and the evaluation of the cooling tower performance or capacity could be
made.

The performance curve (or operating line) of the cooling tower may be easily obtained
in (z—7) diagram, as follows (Fig. 5) : '

1
iz -— i i T

Enthalpy of wet air
19
>

h T] t! Tz
Temperature
Fig. 5 ({—T) diagram of the cooling tower

The heat balance inside the cooling tower is expressed by
Gdi=—-QC,dT (M

where C,: specific heat of water.

In the equation, (9), air flow rate, G kg*/hr is constant and the water flow rate @
kg/hr, might be assumed to be constant as the evaporation rate in the cooling tower is
usually one or two percent of the water flow rate. The cooling tower performance curve (or

operating line), therefore, can be expressed by a straight line, AB, in Fig. 5.

4. Details of Performance Test

The cooling tower performance test was to be made by the following procedures, tak-
ing account of the theory of the cooling tower written (8) and many papers and books,
especially literatures,® ''#19,

4. 1 Cooling effect of the cooling tower basin

(a) The steam is fed into the basin to raise the temperature of the water.

(b) Water is mixed up by the main pumps.

(c) When the temperature of the water reaches the defined temperature and becomes
even throughout the basin, the steam is stopped. The relation of water tempera-
ture drop and time in the basin is then measured.

(d) This test is made without feeding the water and operating fans.
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4. 2 Test of cooling tower capacity

@
(b)
©)
(d

(e)
®

(g
(h)

The water flow rate is kept at the designed one, 863 m*/hr.

The fans are operated normally.

The steam is fed into the sub-basin throughout the test.

The water temperatures (both inlet and outlet) of the cooling tower are meas-
ured (Fig. ) (Fig. 7).

The wet bulb and dry bulb temperatures (both inlet and outlet) of the cooling
tower are measured (Fig. 8).

The air flow rate may be calculated by the heat balance, and an anemometer,
wind-mill type, is used.

The changes of (d) and (e), are observed as the steam feeding rate is changed.
The flow rates both of water and air are to be kept at the designed ones, dur-
ing the test.

cooling tower (just under the fan)

4 «+ 3 Apparatus and method of measurement

(a) Water temperatures in the basin

Thermocouples, copper-constantan, are set at the center of each compartment
of the cooling tower (of course in the basin).




(b)

©

(d

(e)

€))

®
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Water temperature of the cooling tower, inlet
Thermocouples, copper-constantan, are set inside the spray nozzles as shown
in Fig. 6, and the thermometer of a potentio meter type is used.

Water temperature of the cooling tower, outlet
In one compartment of the cooling tower, nine funnels are set just above the
water surface of the basin, and mercury thermometers and thermocouples are
inserted into the outlet of the funnels (Fig. 7).

Wet and dry bulb temperatures of the air, inlet
Mercury thermometers are used.

Wet and dry bulb temperatures of the air, outlet
These are measured with the apparatus which is shown in Fig. 8, and set just
above the eilminators (Fig. 8).

Water flow rate
An orifice flow meter is used; and also the water sprayed from the nozzles is

caught with a bucket and the water flow rate is calculated.

Thermometers
All thermometers used in this test are to de calibrated before the test.

5. Test Results

5. 1 Water temperature drop in the basin (held on Nov. 11, 1959)

The water temperature of the basin was raised to 35°C and the steam was stopped to feed
into the basin. During this test neither fans nor pumps were operated. The relation between
the temperature of the water and time is shown in Fig. 9 and Teble 1. From the resulis

5.30 -

5.00 -

Time

4.00

330

{
40 —-C
Water temp. of basin

Fig. 9 Relation beiween water temperature and time (basin)
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Table 1 - Temperature of the basin

Temp. of atmosphere Temp. of over the main basin Water temp.
Time of sub basin
Dry bulb °C Wet bulb °C | Dry bulb °C Wet bulb °C C

3.27 13.7 11.8 36.0
4.00 13. 4 10.0 13.9 11.8 36.5
4.15 13.0 9.9 13.9 11,7 36.1
4.30 12.9 9.8 13.9 1.7 35.8
4. 45 12.6 9.5 13.8 11.6 35.5
5. 00 12.8 9.8 14.2 11.4 35,4
5.15 12.8 9.7 13.8 11.2 : 35.1
5.30 12.7 9.9 13.8 -11.8 35.1

heat loss from the basin due to conduction from the basin wall and evaporation from the
water surface could be neglected.

5. 2 Test of cooling tower capacity (held on Nov. 12, 1959)

The cooling tower was operated with feeding the steam into the sub-basin, and the
results are shown in Fig. 10. As the effect of the temperature rise of the splash bars and
walls, etc., was rather large in the first four hours or so, The data after 2. 30 p.m. are only
concidered.

From Fig. 10 G/Q(=(T,—T,C,/(,—1,)) can be obtained as in the Table 2.

From Fig. 10 many cooling tower performance curves (or operating lines) are obtained

like Fig. 11, and f%i—’ number of transfer units of the cooling tower, might be calculated
301
25¢ ’
o Temp. of water, outlet (Ti)
&
E
-
T oo 415
o
s,
‘ : §
| Temp. oo =
15 emp. of air, ipleg (Wet bulb) (t) 10
11.00 AM 12.00 1.00 2.00 3.00 PM 4.00
, Time

. Fig. 10 Relation between water temperature and air and time (cooling tower)
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in Fig. 12 with a planimeter. Calculation results are listed in Table 3, and the mean number of
transfer units of the cooling tower may be determined as 1. 66.

Table 2 Value of (T2:—T1)/{:—i) =(G/Q)

Time  |qopmg onerte] QU water | IETal T T OWL S [ 7y
Unit (T2 °C (Ty) °C (1) keal/kg* | (i) keal/kg*
2.30 31. 4 22.2 6.7 19.0 0.748
2. 40 3.7 22.2 6.6 19.4 0. 742
2. 50 31.9 22.2 6.5 19.6 0. 742
3.00 31.9 22.3 6.5 19,4 0. 744
3.10 319 22.6 6.4 19.4 0.716
3.20 32.0 22,7 6.4 19.7 0. 700
3. 30 32.7 22.8 6.4 19.9 0.739
3. 40 32.9 22.8 6.3 19.9 0. 743
3.50 33.0 22.8 6.3 19.8 0. 756
4.00 33.3 22.9 6.3 20. 1 0. 753
4.10 33.3 23,0 6.3 20. 1 0. 747
4.15 33.3 23.0 6.2 20. 1 0. 741
mean 0, 739

5. 3 Number of transfer units of the cooling tower of designed

Making a pessimistic assumption in which the blowers supply the same volume of air
obtained in the test even in summer (air temperature is about 15°C higher, water vapor
pressure in the air is about 15 mmHg higher than the test condition : which means G/ becomes
0. 688), the performance curve of the designed one may be obtained in Fig. 13 and the num-
ber of transfer units of the cooling tower is determined as 1. 86.

5. 4 Value of k.S

This value shows the cooling tower efficiency * and may be obtained from the test
results as follows:

keS'=3. 57x 10° kg/m*hr
at the condition of
G/S’=6.65x10° kg/m? hr
Q/S’=8.99x10° kg/m? hr
S’ =cross section of the cooling tower

From this result, one might think that this cooling tower has good abhility or shows
good efficiency '”.

6. Conclusion

The number of transfer units obtained by the test are very close to each other
(Table 3), which may indicate the above mentioned test method and evaluation of the cool-
ing tower is practically all right.

The number of transfer units of the cooling tower designed is larger than the one
obtained from the test, which means the cooling tower has less capacity than the designed.
However, if the temperature of the water, inlet, rises 1°C from the designed and the same
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Fig. 13 Cooling tuwer‘perfc}rmanue curve designed (Q/G=0.688)

procedure is made to get the number of transfer units, this value would become 1.56 which
is less than the one obtained in the test, 1.66. Therefore, it may be concluded that the
JRR-2 cooling tower is expected to have the designed capacity.

Many effects on the cooling tower capacity, such as wet builb temperature, the water
and air flow rates and so on, will be investigated in future.
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iz .
Table 3 Value off —(zL
i w

£)
g g
T. — T — i 0 ~
ime J‘i, =) Time f;, D)

2.30 1.68 3.30 1.66
2.40 1.74 3. 40 1.62
2.50 1.75 3.50 1. 60
3.00 1.69 4,00 1.61
3.10 1.67 4.10 1.61
3.20 1.71 4.15 1. 60

mean 1. 66
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