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Introduction:

Most air coolers installed in Northern Europe are usually designed for an ambient air
temperature of approximately 24<C. During a normal summer, ambient air
temperatures can reach 25C-35C. Especially if you accou nt for an extra rise in
temperature of 3-4< in the plant generated by source s of heat such as hot piping,
ovens, steam, heaters, pumps, motors...

To compensate for this problem, a new type of evaporative cooling system (Peak
Cooling) system was conceptualized and designed for a trial together with YARA BV
and Valco BV. The idea has originated out of the simple fogging system used by the
greenhouse to cool and humidify their environment.

The goal is to effectively apply this system to the air cooler application in a
Petrochemical environment and meet the following key objectives:

1. Keep capital expenditure to a minimum
2. Increase thermal efficiency
3. Decrease water usage to a minimum

Until now, there was the “spraying of water on the finned tube bundle with high
guantities of demineralised water (to avoid limestone on your fins!) to cool down the
process fluid or a fogging system that was mostly not effective as no serious
engineering was put into it to make sure it worked properly and were mostly one time
shots.

Although spraying water is very efficient in terms of cooling capacity, it requires high
volumes of water and generates massive corrosion / deterioration of the air cooler as
a whole. This is especially true for critical parts such as fins, tubes and mechanical
parts such as fan blades, bearing, motors and drives.

A proper fogging system will cool down the air which in turn increases heat duty of
the air cooler. The principle of this system is to create a small enough particle of
water (by using high pressure) that will evaporate before it reaches the finned tube
bundle and mechanical parts. By evaporation of the water particles, one saturates
the air with water to any desired hygrometry level (in our case 85-95% RH).

The advantages of this system are that one uses less water and it surely is better for
your equipment!

After having said all this, YARA Sluiskil BV, VALCO BV (Supplier of fogging system)
and GEA AFS decided to jointly set up a test to:

a- verify which cooling system was more efficient
b- verify whether our theoretical design model (to design peak cooling
systems) was also valid in the field.
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The trial was realised on a Stripper Bottom MDE Cooler of an Ammoniac plant. This
unit is composed of 8 fans covering 5 bundles as illustrated in Figure 1. The fogging
system was installed on the fans C and D. The original spraying system on fan A and
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Figurel — Unit layout E424 (Stripper Bottom MDE Coo  ler Ammoniac Plant)
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Fogging installation:

The system was installed in two times, namely on the 9™ and 10" of July 2007 for the
first part (208 nozzles that we will call Fogging system No 1 ), and on the 23" of July
we installed the second part (236 nozzles that we will call Fogging system No 2 ).
The first system of 208 nozzles was divided into three stages with different heights
for each stage. The second installation (236 nozzles) was installed entirely on the
floor. The pressure used was 105 Bar and water used was approximately 2 m3/h per
system.

An illustration of the layout can be found in the appendix.

Lo
Figure 3 Fogging system
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In order to control water pressure and flow, we connected the fogging system to a
variable moving pump that allowed for variable flow and pressure.

Figure 4 Variable HP pump

Spraying installation:

The spraying system was already installed years ago by YARA BV.

Figure 5 Spraying system
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Set Up of Fogging Test

Fogging system was installed on the bay covering fans C/D, whereas the tested
spraying system of YARA was installed on the bay covering fans A/B.

A separation wall (as illustrated in figure 6) was built out of scaffolds and plastic cloth
by YARA personnel in order to separate/”isolate” both systems and the effects of
each system.

lllustration of separation wall and set up
of probes under fan

Figure 6 — Separation wall and instruments setup u  nder fans A/B

In order to compare and accurately measure the performances, a large numbers of
measuring devices were installed all connected to a Yokogawa 48 ways Data
Acquisition Machine in order to collect all data instantly and for easy sampling.

The following probes were installed:
- For ambient air temperatures and RH
0 2 PT100 probes stuck approx. 4 meters under unit
0 2 Testo 175-H2 Hygrometers 4 meters under unit
- Forinlet air temperatures and RH under fans with fogging system (fans C/D)

0 8 PT100 probes stuck approx. 0.2 m under fan inside bottles in order to
protect them from the fog

0 8 Testo 175-H2 Hygrometers stuck approx 0.2 m under fan inside
bottles in order to protect them from the fog

- Forinlet air temperatures and RH under fans with spraying system (fans A/B)

0 4 PT100 probes stuck approx. 0.2 m under fan inside bottles in order to
protect them from the spraying system

0 4 Testo 175-H2 Hygrometers stuck approx 0.2 m under fan inside
bottles in order to protect them from the spraying system
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lllustration of set up and pictures of the probes

Figure 7 Experimental setup of fogging test

Testo 175-H2 Yokogawa 48 ways Data Acquisition Machine and IRgu n
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Results

A number of tests were carried from the12" to the 25" of July. The tests were carried
out during different conditions every time in order to test the system at different
conditions.

TestNo 1

Spraying system on bundles covering fans A/B & fans C/D (no fogging system)
The aim of the first test was to compare outlet temperatures for nozzles covering the
fans A/B and the fans C/D in the same conditions (both with spraying of water on) to
see if there was any difference in outlet temperatures.

External conditions

Air temp. HR (%) Proc. inlet temp.
18.3C 70% 93T
Results
Fans C/D Fans A/B
Spraying 10-15m3/hr Spraying 12 m3/hr

Hygrometry (%) 70% 73%

Temp. air inlet 16.4C 17.6C
Temp. proc. outlet 49.5C 44.25C

There is a small difference for the process outlet temperature from one bundle to
each other. This difference is approximately 5C. This difference may come from a
difference in the process flow repartition between the two bundles.

This difference has to be taken into account to compare the two systems, (fogging
and spraying) for future testing results.
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Test No 2

Fogging system No 1 on for bundles covering fans C/ D
Spraying system on for bundles covering fans A/B

External conditions

Airtemp. | HR (%) | Proc. inlet temp.

18.1C 70-75% 93T
Results
Fans C/D Forecast Fans A/B
Fogging
Fogging 2m3/hr Spraying 12 m3/hr

Hygrometry (%) 97% 95% 80%
Temp. air inlet 15.8C 14.7*C 17.1C
Temp. proc. outlet 56.75C 43.8C

The fogging system managed to saturate the air to a RH of 97%, resulting in a 2.3*C
cooler air inlet temperature. However, the process outlet temperature clearly indicate
the superiority of the spraying system as the outlet temperature is approximately 8*C
(after correction of 5*C) lower then bundle C/D.

The fogging system is designed to operate in dry hot climates, so this was no
surprise to us that air temperature did not drop drastically.

Test No 3

Fogging system No 1 on for bundles covering fans C/ D
Spraying system on for bundles covering fans A/B

External conditions:

Airtemp. | HR (%) | Proc. inlet temp.

23.5C 55.5% 93T
Results:
Fans C/D Forecast Fans A/B
Fogging
Fogging 2.3m3/hr Spraying 12 m3/hr

Hygrometry (%) 95-99% 100% 74%
Temp. air inlet 17.7C 17.4*C 18.2<C
Temp. proc. outlet 57C 45.25C

The inlet air temperature dropped by 5.8*C which is impressive if you take into
consideration that ambient air temperature was only 23.5*C with 55.5%RH! Here
again the spraying system is working more efficiently in terms of cooling with a
process outlet temperature difference (after correction) of 6.75*C.
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TestNo 4

Fogging system No 1 on for bundles covering fans C/ D
Fogging system No 2 on for bundles covering fans C/ D
Spraying system on for bundles covering fans A/B

External conditions

Same as test No 3 as it was carried out the same day right after test No 3

Airtemp. | HR (%) | Proc. inlet temp.
23.5C 55.5% 93T
Results:
Fans C/D Forecast Fans A/B
Fogging
Fogging 4m3/hr Spraying 12 m3/hr

Hygrometry (%) 99% 100% 72%

Temp. air inlet 17C 17.4* 18T

Temp. proc. outlet 56.75C 44.5C

This test clearly shows that it useless to try and cool more then after 100% RH if you
talking of fogging system as results are more or less identical then test No 3 with
almost the double amount of water.

Remark

Unfortunately, due to a dreadful summer, no other hotter days have been available
this year in order to test the system at warmer days such as 30*C with 40-50% RH.
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Conclusion:

We can say that in terms of cooling capacity, the spraying system is more
effective than the fogging system. The outlet temperatures difference was about
7T for this cooler. We must point out however that t his test was carried out on a
cooler with fairly high process temperatures (inlet of 92*C and outlet of 52*C). On
a light product condenser (Propane, Butane, Propylene, Methanol, etc.) the effect
on heat duty caused by an air temperature decrease has a far higher impact on
heat duty then a cooler. Table 1 illustrates the impact on heat duty of a decrease
in ambient air temperature from 25*C to 18*C on a water cooler and propane
condenser. One can see that the effect is 3 x more on a condenser than a cooler.

Duty (KW) Duty (kW)

25*C ambient air 18*C ambient air Increase in Heat
Duty after drop in

ambient air temp

(%)
Water Cooler 8906 9774 8.88%
(Product IN 100*C) | Out. Temp.: 61.7C | Out. Temp: 58.0C
Propane 3398 4875 30.30%
Condenser Condensate flow Condensate flow

(Process IN 70*C)

rate: 37.5m%hr

rate: 48m3/hr

ion with identical air
w) with different

Table 1 — lllustration using HTRI® software simulat
cooler configuration (finned tube bundle and airflo
services, inlet temperature and products

Also one must take into consideration that extreme high quantities of water (12
m3/h) were used on the spraying system making it almost a hybrid cooling
system that will always have better results. Especially on coolers with fairly high
inlet product temperatures.

From the observed overall condition of the unit, one can clearly establish the
damage caused on the structural and mechanical parts that are not to neglect.
The disastrous effect of spraying water in such quantities will have repercussion
on your system as a whole. In fact, a thermal rating using HTRI® software to
simulate existing air cooler performance revealed that due to deterioration of the
system (corrosion between fins and tube) the outlet temperatures should be 50*C
whereas they now are 56*C at a temperature of 17.5*C ambient air without the
spraying system!). This means that if YARA would never have applied the
spraying system, it would obtain same performance with the fogging system as
currently instead of a nowadays with a costly (in terms of water consumption)
spraying system.

The fogging system appears to behave as we have simulated and is therefore
applicable in many areas especially on light product condensers.
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