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HSE commissioned TUV NEL to investigate the treatment of feed water for steam boilers using magnetic devices. The key
aims of the project were:

[ ] to provide the HSE with an independent assessment of the ability of magnetic devices to treat feed water for shell
or coil steam boilers; and

[ to identify possible situations where magnetic devices could impair boiler safety.

The contract was divided into five phases the first of which was a literature search. The second phase was concerned with
device selection in which suppliers of Magnetic Water Treatment Devices (MWTD) were identified and a judgement made
of their engineering credibility and support capability. Magnetic treatment devices from four suppliers were recommended
for evaluation.

This report describes the work carried out for Phase 3 of the project. This phase comprised the experimental programme
executed to compare the performance of magnetic treatment devices from the four suppliers recommended in Phase 2.
The chosen units were fitted to a test boiler system which enabled the effectiveness of the devices to be evaluated when
operating across a range of boiler surface heat fluxes.

The device demonstrating the best performance was to be evaluated over a longer time period in Phase 4 of the work.

This report and the work it describes were funded by the Health and Safety Executive (HSE). Its contents, including any
opinions and/or conclusions expressed, are those of the authors alone and do not necessarily reflect HSE policy.
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EXECUTIVE SUMMARY

Increased publicity regarding the use of magnetic water treatment devices (MWTDs) in industrial
process plant has been accompanied by claims that these devices can replace traditional chemical
treatment regimes. There is, however, a lack of scientific evidence in support of these claims.
Concerns have been expressed that magnetic water treatment devices may be applied
inappropriately in situations which might lead to dangerous plant failures. A particular cause of
concern is the use of such devices on steam boiler plant. Careful water treatment is a prerequisite
of the operation of steam boilers to prevent fouling of the heat transfer surfaces. Fouling can lead
to overheating of the boiler surfaces and this can result in catastrophic failure. HSE has therefore
commissioned TUV NEL to undertake a rigorous study into the use of magnetic water treatment
devices on steam boilers. The work was undertaken in several distinct phases.

Phase 1 comprised a review of literature relating to magnetic water treatment devices for
industrial steam boilers, and a survey of the typical heat flux levels encountered in the industry.
The review sought to extract a consensus from the literature examined, but found that this was
difficult due to conflicting claims for magnetic devices. Key operating parameters which
influence the performance of MWTDs were, however, identified.

Phase 2 addressed the issue of selecting a representative sample of MWTDs from the large
number of devices available to form the basis of a scientific assessment. Four devices were
selected for trial.

In Phase 3 (the subject of this report) these devices were each fitted to an instrumented steam
boiler. The rate of temperature increase with time of the boiler heating surfaces was used to give
an indication of the rate of fouling taking place. The fouling rate occurring with each MWTD was
compared with that occurring with untreated water. Only one of the devices assessed showed any
apparent benefits. Repeat tests with this unit however did not replicate the original result. This
suggests that performance of MWTDs may be inconsistent in service and therefore widespread
adoption of such devices in service may be undesirable without site specific validation.

The evidence from these trials therefore indicates that the four magnetic water treatment devices
selected did not consistently prevent fouling on the hot surfaces of a steam boiler. A consequence
of this finding is that it is not possible to endorse without qualification magnetic treatment of feed
water for the prevention of boiler fouling.
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1 INTRODUCTION

HSE commissioned TUV NEL to investigate the treatment of feed water for steam boilers using
magnetic devices (RSU REF: 4211/R32.084). The key aims of the project were:

*  To provide the HSE with an independent assessment of the ability of magnetic devices to
treat feed water for shell or coil steam boilers

*  To identify possible situations where magnetic devices could impair boiler safety.

The contract was divided into five phases the first of which was a literature search'. The second
phase® was concerned with device selection in which suppliers of Magnetic Water Treatment
Devices (MWTD) were identified and a judgement made of their engineering credibility and
support capability. Magnetic treatment devices from four suppliers were recommended for
evaluation.

This report describes the work carried out for Phase 3 of the project. This phase comprised the
experimental programme executed to compare the performance of magnetic treatment devices
from the four suppliers recommended in Phase 2. The chosen units were fitted to a test boiler
system which enabled the effectiveness of the devices to be evaluated when operating across a
range of boiler surface heat fluxes.

The device demonstrating the best performance was to be evaluated over a longer time period in
Phase 4 of the work.

1 A Review of Literature concerning Magnetic Water Treatment Devices for use on Steam Boilers NEL Report No.
181/2001, August 2001

2 Treatment of Feed Water for Steam Boilers using Magnetic Devices. Phase 2: Device Selection and Test Facility
NEL Report No. 319/2001, December 2001



2 APPROACH

The approach chosen for the experimental programme was to use a commercially available
steam generating shell boiler as the main element of the facility and to fit an additional heating
surface comprising an electrically heated water tube section. The shell boiler contained all the
necessary feed water systems, blowdown systems and standard safety controls. The unit
selected operated at a low heat flux (16 kW/m® average) and demonstrated the effectiveness of
the magnetic water treatment devices in controlling scaling in lightly loaded shell type boilers.
The electrically heated section provided heat fluxes of up to 250 kW/m” and demonstrated the
potential effectiveness of the devices when used in conjunction with highly rated shell or water
tube boilers.

Each of the four magnetic water treatment devices were fitted in accordance with the
manufacturer’s instructions and the boiler was operated until noticeable fouling took place. The
relative effectiveness of each of the test units in controlling fouling was assessed on this basis.



A total of 15 manufacturers of magnetic water treatment devices were identified via internet and
These manufacturers were approached to establish whether they could
supply devices for a specified duty for two steam boilers of different nominal evaporation rate.
Eight manufacturers indicated that they could supply suitable devices and from these four
devices were selected for evaluation. Table 1 lists the installation requirements specified by the

literature searches.

3

DEVICES SELECTED

various manufacturers together with any usage guidance supplied.

Table 1 Device installation requirements and usage advice

Manufacturer | Location of Known Requirement Water Remarks
device ID MWTDs limitations for oxygen analysis
scavenging required?
Manufacturer A Boiler feed, None Notrequired  No Claim many
. feed water mentioned with boiler
D A
[Device Al tank make deaerated applications
up and feed water Specified
condensate  pH should o TDS
>82°C .
return settle concentration
between 9 be held below
and 12 1500 ppm
Manufacturer B Boiler feed  Heat flux < None Yes
2
[Device B] 35 kW/m ne.cessary Phosphates
with feed
<2ppm
water
deaeration. Iron +
Anodic manganese
protection <0.5 ppm
optional.
Manufacturer C Boiler feed  None No guidance No Claim suitable
[Device C] advised given for calorifiers
and heat
exchangers
Manufacturer D Boiler feed  None No guidance Yes
advised given. Claim

[Device D]

tubes are
coated with
thin aragonite
film that
protects tubes
from O,.

It is worth noting that all four manufacturers advocate fitment of their units to the boiler feed
pipe downstream of the feed pump. This location is specifically cited in research literature’ as
being unsuitable due to low flow rates and intermittent operation. However, the installation
arrangements for Device A include the use of additional magnet units fitted to the feed tank
make-up and condensate return lines.

* Baker, J S and Judd, S J. Magnetic Amelioration of Scale Formation Water Research, Pergamon Press, 30(2): 247-

260, 1996



4 TEST FACILITY

Figures 1 to 5 show general views of the test facility. Figure 6 shows a line diagram of the
service connections.

The shell boiler was a near-standard Cochran Borderer unit with a rated evaporative capacity of
50 kg/h F & A 100 °C with a burner rating of 35 kW. The boiler was modified with additional
tappings to allow fitment of an external electrically heated tube section located vertically as
shown in Figures 7 and 8. This heater had a rating of 7 kW. Originally circulation of boiler
water through the heated section was to have been maintained using a circulating pump.
However, due to reliability problems the pump unit was removed and circulation took place by
means of thermosyphon action. Appendix 1 describes the calculations carried out to predict
circulation flowrates under this regime. Two electrical heating elements were wound on to the
outer surface of the heater body as a two-start helix. These were connected in opposite polarity
to ensure no electromagnetic flux was generated in the heater. Appendix 2 details the
calculations carried out to ensure all induced magnetic fields were cancelled by the chosen
winding method. These calculations were confirmed by magnetic flux measurements carried out
prior to testing and these are listed in Appendix 3. Four thermocouples were located at either
end of the heater close to the bore. These were used to measure metal temperatures at the inlet
and outlet of the heater tube. Tube wall temperature rise was used as an indication of surface
fouling.

Four additional manholes were fitted to the boiler shell, as shown in Figures 1 and 2, to
facilitate the fitment of thermocouples to the waterside metal surfaces of the furnace and smoke
tubes. The precise locations of the thermocouples are indicated in Figure 9. Temperature rise
measured at these locations together with flue gas temperature were used to indicate any fouling
of the boiler surfaces.

Certain thermocouples were also connected to a PLC controlled safety trip system to ensure
shutdown of the boiler in the event of overtemperature conditions. Additional inputs to the
safety system included the standard low water and overpressure boiler trips together with high
TDS alarms and various storage tank level trips. The PLC system also controlled tank filling
operations and feed heating.

A PC based data acquisition system logged temperature, pressure and flowrate parameters from
the system throughout the device trials.

Steam from the boiler passed firstly through a water separator and thence to a surplussing valve.
This valve controlled the operating pressure in the boiler by increasing discharge flowrate when
boiler pressure exceeded the set-point. In operation, flow was controlled such that the steam
flowrate matched the evaporation rate of the boiler at the set pressure. By this means boiler
pressure was controlled without operation of the burner pressurestat. Therefore, burner firing
was continuous throughout the period of testing. Steam from the surplussing valve was passed
to a water cooled condenser via a pressure reducing valve. Steam condensate could either be
returned to the feed tank or passed to waste, as detailed in Figure 6.

Industry standard steam fittings and boiler mountings were used in the test facility to ensure that
the materials in contact with the steam and condensate were representative of normal practice. A
Spirax-Sarco conductivity probe mounted in the boiler water space was used to control the level
of Total Dissolved Solids (TDS) in the boiler by means of intermittent blowdown from a mid-
level tapping. Timed bottom blowdown could also be utilised if desired.



5 TEST PROGRAMME AND DISCUSSION OF RESULTS

The boiler was commissioned using industry standard chemical water treatment and run for a
short period to stabilise operation. Feed water was provided from a small demineralising plant
to ensure low levels of total hardness. The temperatures measured on the furnace and smoke
tube surfaces were recorded together with the temperatures at the inlet and outlet of the high-
flux heater and the flue gas entering the chimney. These measurements represented the baseline
operating temperature levels for a clean boiler.

The boiler was then operated, without any form of water treatment, using medium hard feed
water from a borehole at the test site. Boiler pressures of 6.9 bar and 9.5 bar were utilised and
various power settings from 10-100% were set on the high-flux heater. These runs were carried
out to establish the maximum rates of fouling to be expected without any form of treatment, as
indicated by the rate of temperature increase of the heating surfaces.

Table 2 summarises the test sequence carried out during this phase of the work.

Table 2 Initial test programme sequence

Sequence Description Days run
no.

Boiler cleaned

1 Standard chemical treatment (10 bar, 100% high-flux heater power) 3
2 Untreated, 6.9 bar, 10% High-flux heater power 35
3 Untreated, 6.9 bar, 40% High-flux heater power 35
4 Untreated, 10 bar, 10% High-flux heater power 5.5
5 Untreated, 10 bar, 40% High-flux heater power 5.5
6 Untreated, 10 bar, 100% High-flux heater power 7

Boiler cleaned

Figure 10 shows the results of this series of trials. The figure shows the average temperatures
recorded by the thermocouples fitted close to the bore of the high flux heater at both inlet and
outlet.

5.1 CHEMICALLY TREATED WATER

Testing started with a conditioning period of three days running using standard chemical
treatment. Average high-flux heater metal temperatures of 224 °C were recorded at 10 bar boiler
pressure and 100% heater power.

52 INITIAL UNTREATED TESTS

The conditioning period was followed by runs without any form of water treatment using water
directly from the site borehole. The high flux heater wall temperatures are shown in Figure 10.
No significant trends in metal temperature were noted over the duration of test runs 1 to 5,
Table 2. High-flux heater temperature did of course increase with increased pressures and heater
duties. After a total of 19 days elapsed running time at intermediate duties, boiler operating
conditions were returned to the full load settings of 10 bar pressure and 100% heater duty (test



point 6, Table 2). At this point average high-flux heater surface temperatures were found to be
some 9 °C higher than those initially measured with chemical treatment during the conditioning
period. This suggests that some light fouling had in fact been ongoing throughout the preceding
running period. At the 10 bar full power condition significant fouling took place almost
immediately, as is evident from the temperature gradients from this point on (see Figure 10). On
inspection, at the end of the test, the heater was found to be fouled with a calcium carbonate
deposit.

The surface temperatures of the boiler furnace and smoketubes and the flue gas exit temperature
showed no significant variation throughout this series of tests other than that due to the different
saturation temperatures at the two operating pressures used. No significant increase in surface
temperature due to fouling was noted.

Following cleaning, the boiler was again run with standard chemical treatment for three days.
The temperatures measured in the side loop were within a degree of the original measurements
at 223 °C.

5.3 TRIALS OF MAGNETIC DEVICES

From the above it became evident that no significant fouling, sufficient to cause surface
temperature rise, could be expected in a short test period. The exception to this was fouling
within the high flux heater when operated at the maximum power setting. At full power
significant temperature rise could be expected within a period of three days if the magnet
devices were ineffective in controlling fouling. This factor was therefore chosen as the criterion
for comparison between the four magnet devices. Each device would be operated with a
nominal boiler pressure of 10 bar and with the high flux heater on full power until significant
temperature rise was noted on the high flux heater metal surfaces.

Prior to the installation of each device the boiler and high flux heater surfaces were cleaned. The
boiler system was then operated for a period of three days on standard chemical treatment and
demineralised feed water. This was undertaken to ensure that each magnetic device test was
preceded by an identical baseline test. The initial three day test also allowed the boiler to be
monitored for repeatable baseline performance ensuring that no drift with time was occurring.
Following thorough flushing of the boiler and feed tank, each magnetic device was fitted and
the system was filled using medium hard feed water from the borehole. The system was then
operated until fouling was apparent. Table 3 details the test sequence carried out.

Figure 11 shows comparative results of all the MWTDs. These are discussed individually in the
following sections.

5.3.1 Device A

The installation for Device A comprised a number of individual magnets which were strapped
on to the external surfaces of the appropriate pipework including the boiler feed pipe between
the pump and check valve, the copper pipe conveying the make-up feed to the feed tank and the
condensate return line although, for the tests carried out, condensate was run to waste and not
back to the tank. Electrical bonding was carried out to ensure electrical continuity throughout in
accordance with the manufacturer’s recommendations. The manufacturer of Device A also
stated that Total Dissolved Solids (TDS) should be maintained below 1500 ppm or 3000 xS/cm
in conductivity terms. No other manufacturer specified a TDS value but, to ensure
comparability, all testing was carried out with TDS held to this level by means of automatic side
blowdown.



It should be noted that the results of the tests with Device A, which commenced with 10 bar
boiler pressure and 100% high-flux heater power, must be compared with the results of the
corresponding untreated water tests. Thus, Day 19 of the untreated tests in Figure 11
corresponds to Day 1 of the tests with Device A fitted.

Table 3 Magnetic device test sequence

Test sequence Action
1 Boiler cleaning
2 Stabilising run with chemical treatment
3 Test Device A
4 Boiler cleaning
5 Repeat test using untreated water
6 Boiler cleaning
7 Stabilising run with chemical treatment
8 Test Device B
9 Boiler cleaning
10 Stabilising run with chemical treatment
11 Test Device C
12 Boiler cleaning
13 Stabilising run with chemical treatment
14 Test Device D

With Device A there was some indication that minor fouling took place initially. However, after
18 days, average side loop temperatures had increased by only 9 °C and the high rate of fouling
present at this condition with no treatment was not present. Indeed no further increase in
temperature was observed until the test was suspended after 27 days elapsed running. This
suggested that the device was having some beneficial effect. A longer trial period would
however, be required to confirm the performance of the unit.

5.3.2 Repeat runs with no treatment

As Device A apparently had some beneficial effect, it was necessary to confirm that fouling
took place in a short period when no treatment device was installed. To this end, Device A was
removed and the boiler and heater surfaces were cleaned. A repeat run was then carried out
using untreated borehole water. No initial conditioning run was carried out.

Figure 10 shows that fouling within the high flux heater commenced almost immediately and
that after four days running outlet side temperature exceeded the maximum recorded during the
initial trials using untreated water. This confirmed the fact that fouling would occur almost
immediately with untreated water.



5.3.3 Device B

On completion of the untreated water repeat runs the boiler and high flux heater surfaces were
again cleaned and a conditioning run on standard chemical treatment with demineralised feed
water was completed. Device B was then fitted to the feed pipe in accordance with the
manufacturer’s instructions.

Figure 11 shows that the device had no influence on fouling within the high flux heater.
Comparing the results from Day 1 of the tests with Device B fitted with results from Day 19 of
the tests with untreated water, inlet and outlet metal temperatures were very close to those
measured with untreated water. Figure 12 shows an expanded plot of the time period of interest.
It was perhaps unsurprising that Device B was ineffective, as the manufacturer’s
recommendation was for equipment having a maximum heat flux of 35 kW/m’. The heat flux
within the high flux heater at maximum power is 250 kW/m®. The test did however, provide a
direct comparison with the Device A installation.

5.3.4 Device C

Device C was fitted in the same location as Device B. However, Device C differed from the
other devices tested in that it comprised a large electro-magnet powered from an external DC
supply. Operating conditions during test were identical to the other units however.

As in the previous trials, the boiler and high flux heater surfaces were cleaned prior to carrying
out a conditioning run using chemical treatment.

Figure 12 shows that no beneficial influence was evident when using the device. Inlet and outlet
metal temperatures within the high flux heater were very similar to those recorded during the
untreated runs and also in tests with Device B fitted and outlet temperature had risen from
225 °C to 290 °C after five days running.

5.3.5 Device D

Device D was fitted to the boiler feed pipe. As in previous tests the unit was fitted after boiler
and high flux heater surface cleaning had been carried out and after a three day conditioning run
on chemical treatment had been completed.

Again, Figure 12 indicates that the device was ineffective in controlling fouling within the high
flux heater unit. The gradient of the outlet side temperature rise was somewhat lower than with
the other units. Seven days running time was required to reach 290 °C, rather than five days
with Devices B and C. However, this is unlikely to be significant and the rate of fouling showed
no signs of decreasing with time.

54 GENERAL OBSERVATIONS

Figures 13 to 24 show the condition of the boiler heating surfaces before and after each device
trial. Due to the relatively short periods of operation the surfaces were not extensively fouled.
This observation confirmed the absence of fouling which was indicated by the lack of any
surface temperature rise recorded over the duration of the trials (Figure 25). Any minor
variation in boiler surface temperatures was entirely due to changes in saturation temperature
corresponding to small variations in boiler operating pressure. In general, the heating surfaces
were lightly corroded after each operating period but the corrosion deposits were purely
cosmetic and easily removed. The only observation of note was that the deposits present
following the Device A trial appeared to have a somewhat different appearance and consistency



than those from the other trials. The significance of this observation was unclear. An
insufficient quantity of deposit material was present to enable full chemical analysis to be
undertaken.

Figures 26 to 28 show views of the surface deposits formed inside the high flux heater. These
figures show the appearance of the heater bore following the untreated runs and the trials of
Devices B and D, respectively. A clear dividing line was evident between the fouled surface and
the unfouled bore of the heater. This corresponded closely to the area covered by the heater
windings and confirmed the dependency of fouling on local heat flux levels. The bore of the
heater following the trials of Device C was visually identical to Figure 28, whilst the deposits
formed during the Device A trials were minimal. Limited chemical analysis of the deposits from
the untreated runs indicated that the main constituent was calcium carbonate.

Figure 29 shows the variation of the apparent TDS concentration over time, derived from
conductivity measurement, during the trials of the magnetic devices. It is clear that, following
an initial settling period, the automatic blowdown system was able to maintain TDS
concentrations at a steady level. The same final level was maintained for each magnetic device.
The relatively low rate of build up in TDS concentration during the early part of the untreated
water trials is due to the reduced power settings in the early phases. This led to a reduced
demand for feed water. Monitoring TDS levels by measuring conductivity can, however, be
misleading as the conductivity reading only relates to compounds held in solution and takes no
account of any deposition on the heating surfaces or the shell bottom. If higher precipitation
rates occur with certain treatment devices, conductivity levels may remain low even if the rate
of surface fouling increases.

It is apparent that, of the four devices examined, Device A showed the most promising results.
Over the relatively short period of the tests this system alone was able to control fouling in the
high flux heater unit. However, testing over a greatly extended period, equivalent to the duration
of the boiler inspection cycle, would be required to fully assess the ability of the devices to
control boiler fouling.

Corrosion control is also an important factor. The manufacturer of Device A claims that oxygen
scavenging is not required with de-aerated feed water at temperatures above 82 °C. An extended
trial period would be required to test the validity of this claim. Adequate control of both surface
fouling and corrosion would have to be demonstrated if magnetic water treatment was to be
deemed safe for UK boiler installations.

At low heat flux levels, insufficient fouling took place to enable a comparison between the
performance of the different devices to be undertaken. However, it would seem reasonable to
assume that Device A would be no less effective at low heat flux levels than the other devices.

It would be beneficial to carry out trials with a range of heat flux levels in the high flux heater.
The time required to form significant fouling deposits could be assessed for a number of power
settings stepping down from 250 kW/m?* to 25 kW/m’. These tests could be run in parallel with
the extended duration boiler surface fouling trials. The variable heat flux trials would quantify
the maximum heat flux levels at which Device A was able to control fouling for adequate time
periods.

There would still be some cause for concern even if extended trials of Device A confirmed its
effectiveness in controlling fouling. There is clearly significant variation in performance
between the units evaluated. It seems evident that certification of individual systems would be



required before systems offered for sale could be deemed fit for purpose. Certification would
necessarily involve trials over an extended period of operation.

5.5 CHEMICAL ANALYSIS OF WATER SAMPLES

Table 4 lists the results of chemical analysis of water samples taken during tests using untreated
water while Table 5 list corresponding data for the test programme on the various magnetic
water treatment devices. There are few obvious trends in the data, especially when comparing
the results from Devices B, C and D, which generated data similar in most respects to data
obtained during operation on untreated borehole water. With Device A there is an apparent
reduction in total hardness in the boiler water samples from that measured in the feed tank. This
was evident even in the first boiler water sample drawn at the end of the first day of operation.
The significance of this result is, however, unclear.

The iron concentration levels measured during the trials with Device A may, however, be
significant. Iron concentrations in the feed tank were an order of magnitude higher at the
conclusion of the tests on this device compared with the values measured during the trials of the
other devices. The concentration measured in the boiler rose from 0.8 ppm at the start of the
trial to 2.89 ppm at the conclusion. The change in concentration appears to have been due to
variations in the quality of water drawn from the borehole, as no condensate was returned to the
feed tank from the boiler system. The effect of this factor is unclear, but iron concentration
levels may be significant in the operation of magnetic devices, although none of the device
suppliers indicated that iron concentrations should be held within specified limits. It became
evident that if robust conclusions were to be drawn from the experimental programme, it would
be necessary to test Device A on water having a constant, low level of iron concentration and to
test the other devices with high iron concentrations. The following section describes tests
carried out in an attempt to gather additional data on this aspect of the device’s performance.

Table 4 Water analysis results when running with untreated water

Untreated Water

Feedtank Boiler

23102104  23/03/04 27103104 07106/04 12/03/04
Component Unit pre-trial Post-trial  Post-trial
pH 8.1 9.6
TDS ppm 385 1750
Conductivity uS/cm 500 560 600 650 2500
Total hardness ppm CaCO; 142 104 151 187 119
Total alkalinity ~ ppm HCO, 12 4
Calcium ppm 44 120
Copper ppm 0.02 0.03
Iron ppm 0.11 0.15
Potassium ppm 39 28
Magnesium ppm 9.6 1
Manganese ppm 0.02 <0.01
Sodium ppm 53 370
Silicon ppm
Chloride ppm 110 580
Nitrite ppm <1 <1
Nitrate ppm <5 <5
Sulphate ppm 18 66

10
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5.6 REPEAT TESTS ON DEVICE A

Device A was the only device which showed promise with regard to control of fouling in
regions of high heat flux. With this device however, measured iron concentrations in the boiler
at the end of the test period were significantly higher than those occurring during trials of the
other devices. Repeat testing of Device A was therefore undertaken in an attempt to assess this
system’s performance with lower iron concentrations in the feed water and hence within the
boiler shell.

A period of seven months had elapsed between the conclusion of the initial test programme and
the start of the repeat tests. Analysis of the borehole water prior to the start of the repeat trial
showed that iron levels in the supply had risen to the high level of 9.4 ppm, from the value of
3.5 ppm recorded at the conclusion of the original trials of the device. Clearly, feed water with
this level of iron concentration was unsuitable for the repeat tests and therefore, an extended
period of draw-off from the borehole was commenced in an attempt to obtain a reduction in iron
concentration.

Borehole operation during this period proved extremely problematic and although iron
concentrations fell steadily over time, the borehole supply suffered from frequent interruption
due to silting. Eventually, however, a concentration of 1.1 ppm was obtained. Unfortunately,
total hardness in the borehole supply also fell during this period from 270 ppm CaCO; to only
31 ppm. As the target iron concentration was less than 1 ppm, it was decided to operate with
borehole water diluted in the ratio 1.5:1 with the local tapwater supply. As the tapwater had a
total hardness in the range 20-25 ppm, it was felt that such dilution would not further reduce
hardness significantly but would achieve a significant reduction in iron concentration. It was
realised that such a course of action would significantly alter the chemical composition of the
feed water from that used in earlier trials. It was however, felt that evaluating the performance
of the Device A under such conditions would be a worthwhile exercise in that it would indicate
whether the possible benefits suggested by the original trial could be maintained with feed
waters of different composition.

Figure 30 shows the variation in feed water iron concentration and total hardness over the
duration of the repeat tests.

As in the previous studies, the boiler was chemically cleaned prior to the start of the tests. Prior
to fitting the device, a stabilisation test using chemically treated demineralised water was carried
out as per earlier trials. During this period the borehole supply was kept running (undiluted),
although not being used in the boiler, and hardness was monitored by measuring conductivity in
the feed supply tank. Conductivity did not vary significantly during the 3-4 day period of the
trial. The supply was kept active in order to maintain low iron concentrations for the magnet
device trials.

Unfortunately, mechanical and electrical failures prevented early execution of the trial and a
significant delay occurred prior to testing the magnet device. It was not possible to maintain
flow from the borehole during the entire period of the delay and when analysis of the (diluted)
feed water was carried out at the start of the test, the iron concentration had risen to over 6 ppm.

Due to the use of diluted feed water with low total hardness it was recognised that an extended
running period would be required to build up TDS concentrations in the boiler to the levels
attained in previous tests. For this reason the side loop heater power was maintained at a low
level (580 W) until indicated TDS (conductivity) levels in the boiler exceeded 2000 uS/cm. This
corresponded to the levels attained within two days operation with higher total hardness feed
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water during previous tests (Figure 29). By this means the general TDS levels in the boiler when
the high flux heater was operating at full power were similar to those occurring during earlier
tests. Figure 31 shows the TDS levels recorded during the repeat tests. The dip in TDS level at
day 21 of the test was due to a sticking blowdown valve on the boiler which resulted in
excessive feed water supply. TDS levels recovered when this problem was resolved and normal
blowdown had resumed during the last day of testing.

During the conditioning period the iron concentration in the (diluted) feed water fell to below 2
ppm and continued to fall during the full power run to a final value of 1.4 ppm at the end of the
test. Feed water iron concentration was therefore, below 2 ppm during the period of full power
testing.

The iron concentration present in the boiler during testing was however, quite different. At the
start of the low power conditioning run the boiler was flushed repeatedly using diluted borehole
water prior to final filling. Therefore, the hardness and iron content of the water in the boiler
shell were equal that of the feed water. Over the duration of the conditioning run, boiler water
hardness increased as expected, as TDS levels rose. However, the iron content also rose
significantly to a value of 11 ppm. The exact mechanism leading to this rise in concentration is
unknown. However, it is possible that corrosion of the boiler surfaces during the extended test
period may have been responsible to some extent. Over this period feed water iron content
decreased significantly and thus excess iron in the feed water could not have been responsible.
The iron content in the water samples was analysed by the Optical Emission Spectroscopy
technique which has sufficient accuracy to discriminate the magnitude of the change in
concentration indicated. Figures 34 to 36 show the condition of the boiler surfaces at the end of
the repeat tests and comparison with Figures 32 to 33 indicates that significant corrosion had
taken place. Both hardness and iron concentration in the boiler water fell to low levels by the
end of the full power test. This may however, have been due to the excess boiler blowdown
which took place during day 21 of the trial.

Due to the factors noted above, control of boiler water iron content during the full power tests
was not as desired. Concentration varied from high (11 ppm) to low (0.2 ppm) levels over the

duration of the test. The low level at the end of testing is difficult to explain, especially as the

final concentration in the boiler was well below that of the feed water at the time of sampling.
As samples were only drawn at the beginning and end of the test, however, the minimum level
reached in the feed water supply during the period of excess blowdown is unknown.

The full results of water sample analysis are listed in Table 6.

Figure 37 shows that no fouling of the side loop heater took place whilst the heater power was
held at 580 W. When the full power setting of 7000W was applied fouling commenced
immediately and temperatures in the side loop heater rose at a rate similar to that noted during
the earlier trials when fouling was apparent (see Figures 11 and 12). Figure 38 shows the fouled
bore of the high flux heater.

Evidently, the ability of Device A to control fouling in regions subject to high heat flux levels is
unpredictable and seems to be critically dependent on the composition of the feed water. The
degree of variation of boiler water iron concentration during testing, however, means that
correlation between iron concentration and fouling performance is difficult. At first glance it
would appear that Device A is only effective when the iron concentration in the feed water is
high. Whilst this may be true the mean iron concentration of the water within the boiler shell
was in fact higher during the repeat tests than that occurring during the original trial.

13



The variation in performance of Device A with different feed water compositions does,
however, reinforce the conclusion that magnetic water treatment devices must be assessed on an
individual basis for any given installation. On the evidence of this test programme it would
therefore be inadvisable to sanction the use of magnetic water treatment devices for steam
boilers without carrying out such individual assessments.

14
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6 CONCLUSIONS

At low heat flux levels, such as those occurring in the boiler shell, insufficient fouling took
place to enable the effectiveness of the devices tested to be quantified.

In the high flux heater, a heat flux of 250 kW/m* produced significant fouling in a period
of between 5 and 7 days operation with Devices B, C and D. A similar degree of fouling
took place when operating with untreated borehole water.

With Device A fitted, the high flux heater was able to operate continuously at 250 kW/m*
until the test was concluded after a period of 28 days. No significant fouling took place
during this period.

A rise in the iron concentration in the feed water was noted during the trial of Device A.
This may necessitate additional tests on the other devices using feed water with increased
iron levels. Testing of Device A with low iron concentrations may also be required.

During the repeat trials with different water composition, Device A was unable to prevent
fouling of high heat flux regions. Due to variation of iron content during testing, it was not
possible to correlate accurately iron concentration with fouling performance. However, it
was shown that the effectiveness of Device A was highly dependent on the composition of
the feed water.

Extended duration trials of up to 14 months would be required to confirm the effectiveness
of magnetic devices in controlling fouling in regions of high heat flux. Such trials would
have to be carried out at the installation at which the devices were proposed for use. This
would confirm safety of operation for a period corresponding to the boiler inspection
cycle.

Some corrosion of the heating surfaces was noted following all of the test periods. Whilst
not excessive, this indicated a potential problem which may become significant in the
longer term. Extended duration trials would be required to quantify the effects of using
magnetic treatment without anti-oxidant chemicals.
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7 RECOMMENDATIONS FOR FUTURE WORK

None of the devices examined performed well in reliably controlling the fouling of heating
surfaces in regions of high heat flux. There may be an application for certain devices in low heat
flux applications, but only if adequate corrosion control can be demonstrated. The
manufacturers of Device A claim that oxygen scavenging is not required with their device if
feed water temperature is held above 82 °C. These claims were not borne out in the tests.
Longer term evaluation would be required to fully examine this factor. It is therefore
recommended that Device A is fitted to an existing boiler plant, on-site in a hard water area. The
effectiveness of the device in controlling both fouling and corrosion could then be assessed over
a 14 month period. During this period the boiler should be operated on a normal duty cycle but
without any chemical treatment of the feed water. For reasons of safety, however, boiler
inspections should be undertaken at three month intervals throughout the test period and an
additional overtemperature safety system installed.
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Figure 2 View of boiler showing a thermocouple access port
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Figure 4 Feed tank, chemical dosing system and blowdown vessel
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Figure 5 Water mixing tanks and borehole supply reservoir

21



(44

1IN2JID WBaIS pue SUoIID8uUO09d 92IAI8S 9 8Inbi-

43 M0d = M JE3LIN ALIAILINANDD = SOL'SITdN 0D ONYEIHL Y = 17 3UNSSIYd = d
FAYEMNOTd = 1 3A3T MOTH4E3A0=10173A37 071 =17 173A37T HOIH = TH

ANYL
4319 M 3LSY

13SS3A
NmMmoamole

INN O

4371002
ALYSNIAN

L}

a}e]

[afe]

43ISN3IANOD
yaLs

“w \m e

W =

et
L
S 8

AATYA
ONISSN1dENs

MAdd

1N3A

< NmMoamolg

LN3A H

ETREY <

ALI VS

LNIA LN3A
Ini4 IATYA
ALIAYS

SUOSNIS  — — ol — — —— — — < onawon [
_ _
I 4500021304 (43N¥NB IHL OL
| Aon3ouama 0334 ALIATH D
| 30IA0ud
| 0L 031wA31D
| ANvL 135310
= NIW§a OL
1) WiwEa oL
EX ELM” ﬂm
3710HOYIH, OHHL AT )
S192INIHD uz_w n\,,m_ Emv ]
ONINY31D :
- FERCAU |me.
. ANTL 135834 ~
_ 43Lvm 0334 aNIXIN =1
; U
P IF [y ey S
o | ‘
I T = NIwaa oL =
@ilad = EZ
| e _
h @R HOLI MS
_ _M___,m.u_ = Gwne ]
: —_— a7 ANTL
_ T - 43Lw M
. N B 310H3¥ 08
| T
: <] Jc}
_ 0~
! ERD
_ — o] — |®| . — -
_ _ NIWHO OL
' o— pr— E - cm— E — .
: [= = Ez4 vV ¥V [3
. FANIIVAN
. MM 7 | ; | 7
L G baa 7
43Lv i dwl SANYLIWOIMIHD ONINYATD nmm_”_m“w_ﬁ:mn ﬁ :wn__..pum




Figure 7 Electrically heated vertical tube section during application of insulation

23



1€

(uareay xnjy ybiy) Jajl0gq UO UONDBS paleay A|[eoldals [euonippe Jo Juswabuelly g8 ainbi4

5Z040 ALOYND L3TLN0 N¥Y 3ATIHOY OL 4E% 05 38 ATNOHS 3anl A AT TS ST A N T LS TR0 E N
JHLOYHL ILVEMOTS HILY M IHL ANY U4 05Z 36 1AM XN LY3H AOEZ HLIA HDLOW “66dI " 3704 b 2ZH 06 ‘AobZ Hd & Al 520 1
FHL AL 0 4IMOd TN VLY. ONILYYIJO JanL-oNMIO8 SHLHLIM 310N a374N03 SN dWNd ¥¥39 41 09 (598)8' 90AZONBAdESILE £0T4INDIT £
HOLdYWAY 3TV LdN ubrl OL SNILLIA NOISS3IHAWOD 0LNG 4402 @
SLON$ 3Q¥HO 2 SL7108 9'F 3AVHO ONIdId133LS SSIINIVLS OLNG 4402 §
ZE92S8 0L S30%7d 0L NI SIONYTA LINS OL SHIHSY M 2 SINN'SLI08 LW 2 ZLW G SNILLIA NOISSIHAWOD OLNG OL HO1d%¥aY 31%WI4 1dS8 GLNA b
SIIVId P NI SIONYT4 LINS OL SLIMEWD +L 1458 GLNG OL 43204a34 6ZNG £
S HVYE LLOLL13S 1374 N0 HELITINIJdS8 4T L d SEPAS IATY¥A ALIAVS DIYVS XWHIdS £ SANI HLOB LY STONYT4 9LNd HLIAW SIATHA GZNA O NILSIXTI 4402 2
IV 458 .21 0L ¥3INJ3Y¥ OPNG 21 AN3 3NO L% JONYTS 9LNd HLIM MO0873 SNIavy 9NOT GZNa L
JONYT4 HONYHE 9LNd GZN G ANY ON3 INO IONYT4 09Nd ObNd HLIA 33L 9NIINA3y L WoILai95534d WIL
S9O6Z/ 13d - ¥ '3ANL ONITIOE XNT4 HOIH A3L¥3IHATIYIIHLI313 0k
ON3 INO L¥ SIONYTS 9LNd HLIM MOET3 SNIaYy ONOT ObNd 6
—______1dSEEING 0L H3INAAY.0PND 5 619 ¢al 1% 431531 ATI¥IILYLSOYAAH 38 0L SLININOJWOI dIONYTS 43aT13 MY
NELEAIHISTY] WALl o) Juwd NO Z+532%7d 2CN3d 3AQ) LAN %004 280 I/4 S3dld 0L SIONY14:a348 413 Mm

(0P 3TNA3HIS) AdM € LYYd 0p9LSE OL S3dId 13315 NOBYYD
— 2% S5%70 9kNd POSHSE OL SIONYTL:S3348 TIWIEILYW
ﬁ @ e 2,00Z 34NLYY3IdWIL ‘B Ieq L)L 34NSS34d N9IS3IA ALNG
[

_
\Hj |

: N Jlmumw_

[

--I!|-@-_@- o

€




4

[IBYS J3]10Q 9pIsul suoneoo| ajdnooowlayl 6 ainbi4

S3T4N0OJ0OWHIHL 30¥NYNA 404 N9ISI A ANLsS d315399NS SONILLIJ NOISS3ddWOD
1458 ..ZF ONISN SL¥0d $5323% 37dN0J0OWHIHL
anLs X307 aN¥T¥3S 0L a1am | 3HL HONOYHL SS¥d ANY SHLI¥3HS 13318
SSITNIYLS WA W £ IAYH S37dN0J0WHIHL 1T

o !

1 1]

034
NOILYAITII T¥YNOILD3S NOIL¥ATT3 LNOHS
8 W
i
™
JI¥NHN4 IHL 40 ~

QIS HIY3 NO SHIv¥d OmL NI
SANLS 37dN0OJ0WHEIHL 4N0O

|
!

\

omm|}_ oml_n

33 YHL 40 SAMO0H O ML NL#
3I¥NYN4 3HL 40 d0OL NO

$140d §83020¥% SANLS 3TdNOJ0OWHEIHL XIS

374N0J0MEIHL
AN¥ 310H a¥3 GLo
40 3NMIHLNTD

‘SLNNT331s
‘8d172.,3378N0r 13318 SS3TNIVLIS A8 SSIATNIYLS ANY NMOHS SANLS IHL ©NISN 3I¥NENS
S38NL 3A0NWE XIS 0L 3HIVLLY 387711 ANY SAN3 JHL OL g3HIVLLY 38771 ONY SAN3 43 HSY M 8

4%37 713318 SSITINIVLS 3AYH S37dN0J0WHIHL XIS 3318 SSITINIVLS 3AYH S3T4dN0J0MW Y3 HL NIL



9¢

19[1N0 puUe 13|ul Te sjuswalinseaw ainjeladwsal [jem Jareay xnj ybiH 0T 24nbi4

NNY SAVA
0g 14 or4 GT 01 S

(asun)1Bn0 - @ -
(1da1 1UN) 18|U|
(1reo1way?) 18)INQ ==y
(reoiwayd) 19|U] = w =
(Pa1ER.IUN) 18]INO —f—

Jlamod J1amod

lamod 9%00T lamod %0t 1amod %0T %07 9%0T

(par1EaIuUN) 19|U| m—mipmm lTeq 0T Jeq 0T Jfeq 01 2q 69 eq 69

Z'S uonoas

191eM pajealiun ‘pajjeisul d1Asp ON
paresipul se Jamod pue ainssaid

1'G uondes \\

juswieal) [eaIWayd Yum suni [eniu|
Jamod 94,00T Jeq 0T

/

m\.MMﬁlu

¢'€'g uondses
18] ¥ 92Ina( [eniul Jaye 1eaday
Jamod 9400T Jeq 0T

0S

00T

0ST

00¢

0S¢

00€

(D, IUNLYHAdNTL



LT

19[1N0 puUe 13|Ul Te sjuswalinseaw ainjeladwal [jem Jareay xnjj ybiH TT 24nbi4

NNY SAvVA
8 /2 92 SC ¥Z €2 TZ T¢ O 6T 8T /T 9T ST ¥T € 2T IT OTL 6 8 . 9 S ¥ € ¢ T O
- Ly
0S
(@ ®aneq) 18pIN0 —x—
(@ ®aneQ) 19Ul —X— oo
(D 9aneQ)19pN0 —¥—
(D ®an8Q) 19U —-=—
(g ®an8Q) 18IN0
(g @anaq) 19Ul 05T
(1das un) 19N0 ——
(31 3un) 19U)
(v22A9Q) 19INO = * =
. - - - - OON
(voane@) iUl - ¥ - ~ﬁ == .m‘
(eawiayg) 19NO w
= oz = Na-1 J‘-ﬁu H =
(eaiwiayo) 19| % % %v %\ W! %ﬂ \lt‘” % %
(poronUN) o0 - w -| &= -
9yeanun) I9u| - & - ’
(e ) 19| _
00€

(Do) IUNLYHIANTL



8¢

19[1N0 puUe 13|Ul Te sjuswalinseaw ainjeladwal [jem Jareay xn|} ybiH T 24nbi4

NNY SAVA
8 L 9 S 14 € 4 T 0
| : : : : : : : 0
0s
(@9ane@) 19IN0 —K—
(@9anaq)1aul
(D 99n8Q) 190 —¥— oot
(0 9an0Q) 19U —=—
(g9an8Q) 1IN0
(@9aneQ) 1o ——— 0ST
(idaiun) 190 —=—
(1das un) 1911
(veane@)igino - & - 002
(v2aneq) 1l - x -
(leaiway?) 19PNO PR == -
(learwayo) 181Ul
0S¢
00€

- 0S€

(D) IUNLYHIdNTL



6¢

sunJ pajeaun 01 Joud sagny ayows €T ainbi4




0¢

sunJ payeanun Jaye sagn) ayows T ainbi-

_.\:al.uala}n....t_e&,.! b

» ,;‘.wiim‘l!tF.VA.\f\ .




K3

V 921A8d Yum S1S31 01 Jolid sagny axows GT ainbi4




[43

V 92I1A8Q Y1M S1S8] Ja)je sagn) ayows 9T a.nbi-




133

JUsWILaI] OU YIM sunl 1eadal alojag sagn) ayows /T ainbi-




143

JUsWILaN ouU Yum suni jeadal Ja)e sagnl ayows 8T ainbi4




33

g 921A8@ YuM S1S3] a10jaq sagn) ayows 6T ainbiq

b T g >t
~ -ty - E »

vty

e

—— T A=
» L S g <




9¢

g 921A8@ YlIM S1S3] Jalje sagn] ayows oz ainbi4




LE

D 921A8Q@ YlIM S1S8) 810487 Saqn] ayows Tg ainbi4




8¢

D 921A8Q YIM S1Sa] J1a)je sagn) ayows gz 2.nbi-




6¢

@ 921A8@ YlIM S1S8) 21048 Saqn] ayows £z ainbi4




ov

@ 921A8Q@ YlM S)Sa] J1a)je sagn) a)ows g 8.1nbi-




oe

I

sjuawalinsesw alnjeladwal 9delIns I9|log G¢ m:;@_n_

NN SAVA
14 oz qT or S

(@ 99naq) seb aniH
(@ @2n8q) SegnivoWS
(g oaneQ) Sfema%ewng = (= =

(D @anaq) sebanq —+—
(D @a1n8 Q) sagrisows

(D 221n9Q) Sem aewn4

(g sa1naQ) seb anH
(g 22n8q) sagmeows

(g @2n8Q) Spem a2ewn4
(v eamnaq) seban4 —w
(v 22A9) Sagnaows — m—

(v @2n8Q) Sjem adeuwin- — o

-|-|-|-|-|-|-\l/-|- g l\-/-|-|-|W\\-\ O

0ST

i

091

jie]

0.T

<72

08T

8T

06T

S6T

002

(D) IYNLYYIdNTL



Figure 26 Interior of high flux heater after untreated runs

42



134

g 921IAeQd YIM sjel Jaye Jareay xnjj ybiy jo Jousiu| 2z ainbi4




144

d 221Ana@ Yum sfel Jaye Jareay xnjj ybiy Jo Jouaiu| 8z ainbi




0e

Sy

spuan (AIAIONPUOD) SPIOS PAAJOSSIP [B10] Jarem Jajlog 62 24nbi-

NNY SAVA
a2 0z ST ot S

asinedg —e—

D3N = N =
go0neQ —x—
voaned - ¥ -
eAWAYD - 3 -

pareanun —¢—

00S

000T

00ST

000¢

00s¢

0oog

00se

(wo/sn) ALIAILONANOD



14

V¥ 92IA8 U0 S1s9] Jeadal BuLINp SjUSNIISUOD J81eM Ul uoleleA Qg ainbi4

3lva 1s3l

L00¢/T0/8T 900¢/TT/6C 900¢/0T/0T 900¢/80/T¢ 900¢/.0/¢0 9002/S0/ET 900¢/€0/¥¢ 900¢/20/20
O L L L L L L o

; UONBUSOUOD UOI| JS)I0T = Y% =
\\ UOIIBIUSIUOD UOJ| J1eMpad —m——

X
]
p
¢ T 0S
1 ssaupley 19]I0g = W
( - / SSaup.leH Jayempes] —e——
v w\ _ 00T
i
x
k\ 05T
I
Li
]
002

©
T

(wdd) NOILYHLNIONOD NOHI

8
I [ ]
g_ '
y
\/}
or | pouadisai, pouad Buimes 057
semod |In4; " Jamod Mo unijusuiesn [ealwsyg /
1
X \
A

A
A

cT 00g

(*00eD wdd) SSANAYVH V101



Ly

V 92IA8 U0 S1s3) 1eadal Bulinp Ss|aAs| Sp1 paredipul ul uoneueA Tg ainbi4

SAvVAd d3sdv 14

G V¢ €& ¢ T¢ 0¢ 61 8T LT 9T ST ¥T €T <¢T TT O 6 8 L 9 ] 1% € 4 T 0
L | | | | | | | | | | | | | | | | | | | | | | | |
7 0

00S

000T

00sT

JUelpaa
lojlog —&—

0002

CeoDusvhoSoouavoowaounvooGoguo oo ounfv oo Mooan v of

00s¢

0oog

Soouovooodoeovooonoaa

- 00sE

(woaysn) (Ananonpuod) saL



81

V 921N U0 S1Sa] 1eadal 0] Jold sadelns 1ajloq paues|d Zg ainbi4

<
~




61

V 92IA8( U0 S1S3] 1eadal 0] Jold sadelns 19jloq paues|d €€ ainbi4




0S

V 92I1A8Q U0 S1sa) Teadal Jaye saoelns Jajiog € ainbiq




[5Y

V 92I1A8Q U0 S1sa) Jeadal Jaye saoelns 1ajlog G¢ ainbiq




(49

Vv 92IA8Q U0 S)sa1 Jeadal Buimoljoy agni Aeils Jo dn aso|D 9¢ ainbi4




€S

Vv 92IA8 uo S1s9] Jeadal Bulnp sainjeladwal 1areay xnjy ybiH L€ ainbi4

SAVA d3sdv 13
G Vv¢ €& ¢ T¢ 0 61 8T LT 9T ST ¥I €T ¢ TT 0T 6 8 L 9 S ¥ € 4 T 0
L 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
0

0S

dwsal 189m0
dwa] 1ou|—e—

— 0sT

L
T
1]
o
q
o
o
q
o
q
1]
1]
[\
:
0
q
o
q
1]
1]
Q
1]
0
q
0
g 00T
1]
q
1]
0
q
a
q
i)
o
q
[i]
a
q
a
q
i}
o
q
o
a
q

(0574

* 00¢
a
g
I
o
¢
a
q
il
a
i
a
o
¢
a
q
il
a
i
a
o
¢
a

- 00€

(D Bap) IYNLVYHIdNTL



125

V 92IA8( U0 S1S3] Teadal Buimojjo) 1areay xnjl ybiy Jo adepuns pajno4 g¢ a.inbi4




APPENDICES

55



56



APPENDIX 1 PREDICTED THERMOSYPHON WATER
FLOWRATES THROUGH THE EXTERNAL ELECTRIC HIGH HEAT
FLUX BOILING TUBE LOOP

Al.1 INTRODUCTION

Figure 8 shows the arrangement of the electrically heated high flux boiling loop. Item 7 on the
drawing was a positive displacement gear pump which the manufacturer claimed would handle
boiler water at pressures to 11 barg. However, the pump failed twice after short periods of time and
an alternative means of circulating boiler water through the loop had to be found. The reason a
positive displacement pump had been specified was that the required small water flowrates could be
metered by choosing appropriate pump speeds.

Al1.2 NATURAL CIRCULATION

The water in a boiler shell is not pumped around the furnace or the smoke tubes because natural
circulation provides sufficient water movement. Consequently the question arose as to whether
natural circulation would provide adequate water flowrates through the high flux boiling loop.

Vertical shell and tube heat exchangers are often arranged in thermosyphon loops to heat process
fluids in oil refineries and chemical processing plant. The Heat Transfer and Fluid Flow Service
(HTES) software, TASC 5, can simulate this arrangement and this software was used to model the
high flux boiling loop.

Al1.3 CALCULATIONS

The boiling loop was modelled with the correct pipe lengths, bore sizes and bends and the heat
input to the water in the electrically heated boiling tube was assumed to be 7 kW. TASC 5
predicted that the water flow would be 330 kg/h with 12.6 kg/h steam mixed in with the water
above the boiling tube returning to the boiler. That gave a predicted steam quality of 3.8% returning
to the boiler.

The calculations were repeated with an orifice 1 mm thick and a bore of 2.6 mm fitted at the inlet to
the boiling tube and TASC 5 predicted that with this significant extra restriction the water flowrate
would reduce to 50 kg/h but the quantity of steam generated would remain at 12.6 kg/h. That is, the
steam quality returning to the boiler would be 25%.

Al.4 CONCLUSIONS

The nominal bore of the smallest piping in the boiling loop was 10 mm and even if a restriction as
small as 2.6 mm was included in the circuit the predicted water flow through the loop would be
sufficiently large to prevent dry out in the high flux heater. It was concluded therefore that without
any additional restrictions in the loop the high heat flux loop would operate safely and satisfactorily
without a pump.
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APPENDIX 2 PREDICTED MAGNETIC FIELD WITHIN THE
ELECTRICALLY HEATED HIGH HEAT FLUX BOILING TUBE

A2.1 MAGNETIC FIELD CALCULATIONS

Calculations were carried out to estimate the likely magnetic field strength inside the tube of the
electrically heated high flux boiling tube.

The boiling tube was 402 mm long with a bore 34 mm diameter. Two Thermocoax standard SEI
30/1000 3.5 kW heaters were wound into 2 start semi-circular grooves on the outside of the boiling
tube. The heater coaxial wires were 3 mm diameter and the mean diameter of the two coils was
88 mm with an overall coil length of approximately 260 mm. The coils were connected so that the
maximum 16 amp current through each coil was equal and opposite to the current through the other
coil. In this way the magnetic fields induced by the coils would tend to cancel each other. However,
the coils could not occupy exactly the same physical space and so small fields could be expected
inside the boiling tube.

A convenient way of estimating the field strength inside the boiling tube was to make use of one of
the worksheets from a Mathcad electronic handbook®' which is based on earlier published
material*>. The worksheet describes the application of the Bio-Savart Law to Helmholtz coils and
shows how the magnetic fields of two co-axial coils interact. Figure A2.1 shows the configuration.

P

N1

turns

N>

furns

Figure A2.1 Co-axial electric coils

One coil from one boiling tube heater and one adjacent coil from the other heater were considered
with opposite currents of 16 amps and the appropriate geometry. The worksheet calculated the field
along the Z axis in the plane of one coil to be +0.018 gauss and -0.018 gauss for the other 3.2 mm
away with a zero field mid-way between. This amounts to fields of less than 1/25" of the Earth’s
typical field of 0.5 gauss. It should also be noted that the boiling tube was machined from carbon
steel which would shield the bore of the tube from magnetic fields.

A2.2 CONCLUSIONS

As a result of these calculations it was concluded that the electrically heated boiling tube would
have a negligible magnetic impact on the boiler water.

A2.3 REFERENCES
Al Whites KW, Visual Electromagnetics for Mathcad, Section 4.3, Problem 4.3.4

A2 Paul CR, Whites KW, Nasar SA, Introduction to Electromagnetic Fields, MacGraw-Hill
companies Inc.
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APPENDIX 3 MAGNETIC FLUX MEASUREMENTS TAKEN IN THE
BOILER ROOM

A3.1 INTRODUCTION

The purpose of the measurements was to check the magnitude of the magnetic fields in the boiler
room at various locations and compare these with measurements of the fields produced by the
Magnetic Water Treatment Devices. The measurements were carried out using a Hirst GMO05
Gaussmeter, Ser.No. GM5177, owned by EMC Hire Ltd, Item No. 1701. The measurements were
taken with the axial probe, Type AP002, unless stated otherwise. A few measurements were taken
with the transverse probe, Type TP002. The axial probe was 5 mm OD and the magnetic field
density sensor was close to the probe tip. The transverse probe was 10 mm OD and the sensor was
approximately 25 mm from the tip and so it was not possible to use this sensor for measurements
close to a surface. The range of the instrument was from 2 PT (2 x 10 Tesla) to 3 T (that is 0.02 to
30,000 gauss). The uncertainties of the readings are +0.35% with a 95% confidence level. It should
be noted that the strength of the earth’s magnetic field is approximately 0.5 gauss at the earth’s
surface that is equivalent to 0.05 mT

A3.2 HIGH HEAT FLUX HEATING COIL

Alternating electric current heats the two coils wound in a double helix on the heater. The current
flow in each coil is in the opposite direction to the other coil. Axial direction alternating magnetic
flux density measurements were taken in the centre of the coil, where the water flows, with full
electric power applied and no discernable magnetic field could be found. An alternating RMS
reading of 0.05 mT was obtained by touching the windings on the outside of the coil.

A3.3 BURNER BLOWER MOTOR

Touching the casing the highest AC RMS reading was 1.89 mT.

A3.4 FEED PUMP MOTOR

Touching the casing the highest AC RMS reading was 0.26 mT.

A3.5 HIGH HEAT FLUX GEAR PUMP

Around the gear pump the AC RMS reading was zero. Touching the motor casing the highest AC
RMS reading was 2 mT. The gear pump was dispensed with once the tests on the magnetic water

treatment devices were underway.

A3.6 FEED WATER TANK CIRCULATING PUMP

Touching the casing the highest AC RMS reading was 0.9 mT. By the circulating pump itself the
highest AC RMS value was 0.07 mT.

A3.7 BOILER ROOM

The DC magnetic flux density readings taken at many points around the boiler room ranged
between 0.24 and 0.29 mT.
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A3.8 MAGNETIC WATER TREATMENT DEVICE A

The peak DC readings that could be obtained by touching the pole ends for the four large devices
were 248.5, 264.5, 263.8 and 245 mT. The peak readings for the two smaller devices were 181.2
and 152.3 mT.

A3.9 MAGNETIC WATER TREATMENT DEVICE B

The peak DC reading that could be obtained by inserting the axial probe into the device was
123.1 mT.

A3.10 MAGNETIC WATER TREATMENT DEVICE D
The construction of this device was such that it was difficult to take any readings. The transverse

probe registered a 0.343 mT DC peak which was little different from the background readings of up
t0 0.29 mT.
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Treatment of feed water for steam

boilers using magnetic devices
Phase 3: Experimental Programme

HSE commissioned TUV NEL to investigate the treatment
of feed water for steam boilers using magnetic devices.
The key aims of the project were:

[ to provide the HSE with an independent
assessment of the ability of magnetic devices to
treat feed water for shell or coil steam boilers; and

[ to identify possible situations where magnetic
devices could impair boiler safety.

The contract was divided into five phases the first of

which was a literature search. The second phase was
concerned with device selection in which suppliers of
Magnetic Water Treatment Devices (MWTD) were identified
and a judgement made of their engineering credibility and
support capability. Magnetic treatment devices from four
suppliers were recommended for evaluation.

This report describes the work carried out for Phase 3 of the
project. This phase comprised the experimental programme
executed to compare the performance of magnetic treatment
devices from the four suppliers recommended in Phase 2.
The chosen units were fitted to a test boiler system which
enabled the effectiveness of the devices to be evaluated when
operating across a range of boiler surface heat fluxes.

The device demonstrating the best performance was to be
evaluated over a longer time period in Phase 4 of the work.

This report and the work it describes were funded by

the Health and Safety Executive (HSE). Its contents,
including any opinions and/or conclusions expressed, are
those of the authors alone and do not necessarily reflect
HSE policy.
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