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Samples were exposed to create an artificial ochre layer on the surface of it. This was done for different materials and coatings as well as exposure times. The thickness of the ochre layer were in a technical relevant range and similar to layers that were found on technical systems like pumps and machinery. These samples were cleaned by water flows with increasing velocities to determine the velocity when ochre detached. The velocities, which were detected in this experiment, were the input conditions for tests afterwards. The velocity distribution in the near of the surface of the sample sheets was measured. A solid body was implemented in the near of the surface to reach high velocities in a technical relevant flow rate. Measurements of the velocity profiles were performed.

INTRODUCTION

Ochre deposits i.e. iron clogging, is one of the main reasons for downtime and maintenance demand by pumping from wells. In addition it leads to a significantly increase of friction losses in the involved system and causes thereby increased energy costs. Affected of iron clogging are the fields of openpit mining as well as the industry of drinking water production. Figure 1 shows an example of ochre deposits on the diffusor of a pump and compared it to a clean part. This demonstrates the challenges with iron clogging. The influence of the ochre deposits on the pump's performance and efficiency was investigated by Wulff [START_REF] Dvgw | Reinigung und Desinfektion von Wasserverteilungsanlagen (Cleaning and disinfection of water distribution systems)[END_REF].

An example for the pump performance is shown in Figure 2.

The ochre deposits cause an increase of hydraulic losses in the pump. This leads to a reduced head, a shift of Best Efficiency Point to smaller flow rates and a decrease of efficiency.

Figure 2: Influence of ochre deposits on the pump's performance by [START_REF] Dvgw | Reinigung und Desinfektion von Wasserverteilungsanlagen (Cleaning and disinfection of water distribution systems)[END_REF].

Further, Apfelbacher et al. [START_REF] Apfelbacher | Langzeitverhalten von Unterwassermotorpumpen im Lausitzer Revier (Long-term behavior of submersible motor pump in the mining area Lausitz) In German[END_REF] showed by a long-term observation of submersible pumps used in an opencast mining that the flow rate decreased continually over only a period of 2 years if no action is taken against the ochre deposits. Figure 3 shows the decrease of flow rate over the whole test period in relation to the pump's performance curve and the delivery condition. Figure 4 displays the linear decreasing of efficiency as a function of the decreasing flow rate. This shows the massive drop in effectiveness and therefore the energy saving potential of a cleaning process. The current common methods of cleaning iron clogged systems and submersible motor pumps are done by shutting down the well and the removing of pump. Afterwards, various methods are used to remove the ochre deposits. These are mechanical methods, chemical methods or the combination of both. The cleaning by mechanical processes is for example done by high pressure water jets, the drying and subsequent knocking out of ochre deposits, vibratory grinding or sandblasting. If items have to be cleaned from the inside, they have to be dissembled. The cleaning by chemical processes is done by pumping or by bathing the items in a cleaner [START_REF] Wulff | Ansätze zur Modellierung eines komplexen Ableitersystems für die Grundwasserabsenkung (Approaches for modeling a complex deriving system for groundwater lowering)[END_REF]. For both cases, a neutralization of the cleaner is required. This particularly applies to the pump. Mechanical cleaning methods are also known for the well and used in the context of cleaning the well interior (well tubes, filter gravel, borehole wall) [START_REF] Wulff | Ansätze zur Modellierung eines komplexen Ableitersystems für die Grundwasserabsenkung (Approaches for modeling a complex deriving system for groundwater lowering)[END_REF][START_REF] Dvgw | Brunnenregenerierung (Regeneration of Wells)[END_REF].

The chemical methods can also be applied to the well, but may need a special approval process. Again, the hydraulic components should be removed from the well for these methods.

Therefore, an approach is preferable by which the system is not only prevented from ochre depositions, but rather to develop a simple concept to clean a system in-situ if it is already iron clogged. This has the advantage of a reduced maintenance time as well as the possibility to operate the system more economical since purification is frequently possible. Methods for the in-situ purifying of clogged system exist already. For example, the process of flushing water or a water-air-mixture proposed by the German Technical and Scientific Association for Gas and Water (DVGW) [START_REF] Dvgw | Reinigung und Desinfektion von Wasserverteilungsanlagen (Cleaning and disinfection of water distribution systems)[END_REF]. However, these methods are not yet applicable to ochre deposits as for example, necessary flow velocities are unknown. Further, in general terms, it is unknown for which flow velocities ochre detaches and how this relates to the used material. Therefore, this paper experimentally examines the flow velocities for which ochre resolves and relates this in addition to different materials and coatings. The investigations were made in three steps: The first step included the creations of artificially ochre layers on sample sheets of different materials and coatings. The goal of the second step was to determine the flow velocity at which the ochre detached from the sample sheets. It was found that these necessary flow velocities were higher than technically relevant flow velocities. Hence, the last step involved measurements at which a sample is installed in a flow channel and the velocity distribution on its surface was measured by a Laser-Doppler-Anemometry system (LDA). A solid body conditioning in shape of a nozzle was adapted until the necessary flow velocity for ochre detachment was reached. For that propose the velocity profiles around the sample sheet were measured by LDA. For each material and coating were three sample sheets utilized in order to ensure reproducibility. The sample sheets were mounted on a rack during the exposure time (cf. Figure 5) The rack offered enough space to install 8 sets of sample sheet, 24 samples over all. The samples were installed vertical with equal space between them in a depth of 150 mm. The exploration time was 12 weeks, in one repetition experiment it was 24 weeks.

Flow Velocity of

Results

The grown layers of ochre were comparable to those which are normally found at iron clogged, hydraulic components in wells e.g. pumps or machinery. Thus, on the surface of the samples was an inertial layer, which was hard and aged. Furthermore, there was a second layer, which was soft and could be easily detached. Likewise to hydraulic components was the grown ochre of the samples inhomogeneous in texture. There are some materials and coating which stick out. For example, the results of Coating 4 and the Polyenthylene spread across a wide range. A first inspection showed that these materials were grown with a thicker and also harder ochre layer. The materials Copper, Brass and Coating 5 stick out too. The ochre layers on these materials are very smooth. Only small vibration by lifting the rack out of the water led to a loss of ochre layer parts on these materials. 1.2 Determine the Velocity of Ochre Detachment

1.2.

Methods

The aim of the experiments was to determine the flow velocity at which the ochre layer on the sample's surface detached. Therefore, the samples with ochre layer were mounted in a transparent pipe section of 100 mm diameter on a test rig which is shown in Figure 7.

It consisted of a test basin with 9 m³ water reservoir, submersible motor pump, transparent pipe section to mount the sample sheets, a flow measurement device, a flow control valve and venting valves on different places to obtain air in the test section. The transparent pipe section allowed to observe the sample sheets during the experiment. After starting the pump the volumetric flow velocity was increased each 20 seconds starting with 0.35 m/s. Each measurement was finished when the sample sheet was completely cleaned or the maximum flow speed of 9.6 m/s was reached. During the measurements, sticking out events and their flow velocity were determined:

• First ochre particle were mobilized.

• Bigger areas were mobilized.

• Only the ground layer-the initialized ochre layer-was present. • No more ochre particles were mobilized.

Figure 8 shows a sample before and after the in-situ cleaning. not scaled

Results

The experiments for obtaining the velocity of ochre detachment show the context between exploration time, ochre layer thickness, necessary velocity to remove the ochre deposits and material. Figure 9 show that all material and coatings could be cleaned up to a remaining ochre thickness less than 3 mm with one outliner at 5 mm. The volumetric average velocity was in all tests between 0 and 9 m/s. Assuming a technical relevant velocity of 2 m/s, it can be stated, that the necessary average velocities to detach ochre from the sample sheets were significantly higher.

The tests showed also, that the remaining ochre thickness is independent of the ochre thickness and the exploration time. However, the necessary velocity increases with the exploration time and the ochre thickness.

The removal velocities were categorized to different classes for further tests. Figure 10 

Discussion

The tests showed that it is possible to clean ochre deposits by help of high flow velocities of water. This was shown for all tested materials and coatings. Therefore, an in-situ cleaning of ochre deposits i.e. iron clogged systems is principal possible. Some materials, such as e.g. brass and copper, show particularly good ocher-repellent properties. These should be preferred for ocher endangered pumps and machines.

On the other hand, the studies show that Coating 4 is not suitable for use in this application area. The measurements also show that a flow rate of Class 4 or higher is most often necessary to replace the ocher of the plates. These speeds do not normally occur in technical systems. For in-situ cleaning this speed should be ensured to force a cleaning.

Velocity Profiles 2.1 Methods

The outcome of the first experiments showed that there are higher velocities necessary for detaching ochre from pumps or machines than these that are normally found in technical systems. It was the idea to use a conditioning in shape of a nozzle around the sample sheets. This increases the velocity at the sample sheets surface whereby the system velocity has a low technical relevant value. The resulting velocity profiles were measured and provide information about the boundary layers and the required design of conditioning. These tests were done by mounting a clean sample sheet in a closed flow channel. Figure 12 shows this flow channel which had a pipe diameter of DN 400. It contained a tank with an axial pump and an etoile straightener directly after the pump on the lower pipe level. The tank was connected to water storage tanks, a cooler and a filter rack. Next to the tank were two butterfly valves. In flow direction followed on the lower level a flow measurement device and two elbows with guide vanes. On the top level was a settling chamber with an installed straightener and a nozzle. The nozzle had a contraction ratio of 2 and transformed the flow cross section to a rectangle with a height of 300 mm and a width of 210 mm with a corner radius of 8 mm. Before and after the transparent test section were two pressure measurement devices installed. After the test section followed a diffusor and a wake back to the tank.

Figure 11 shows the test setup in the measuring section. The parts of the conditioning are a basement, a spacer with different thickness and the profile of the conditioning.

In this case, a nozzle with a quarter circle shape of radius 40 mm and a diffusor with a 6° angle were used. The thickness of the spacer variated the conditioning. The conditioning fills the test section's width with 210 mm. The measuring section was equipped with transparent side walls to allow optical access.

Figure 11. Experimental Setup.

A LDA system was used to measure the flow profiles around the sample sheet. The LDA System is a statistical, laser optical system to measure the flow velocity in a small control volume. The used system was a one dimensional fp50-shift LDA System from Intelligent Laser Application (ILA) that consisted of an integrated nd:YAG Laser with 532 nm wavelength and a focal length of 250 mm [START_REF]HANDbook Laser Doppler Velocimetry fp50shift[END_REF]. The used particles are Silver Hollow Glass Spheres with a diameter of 15 μm. The minimum bursts per point were 500 and the minimum measuring time was 120 seconds. The LDA System was used to detect the flow velocity in different points over the sample sheet's surface to measure the velocity distribution in this way. The first measuring plane is upstream, 50 mm in front of the leading edge; here the incident velocity distribution was detected. The next plane was directly on the leading edge, the planes following in the length of 5, 10, 20, 40, 60, 80, 120, and 240 mm over the sample sheet's length. All planes were in the middle of the depth of the sample sheet. On the planes, the points of measuring are in the height of 0.5, 1, 2, 4, 8, 16, 32 mm. On the upstream plane in addition -5, -2.5 and 0 mm. 

Results

Figure 13 shows an example for the measured normed velocity distributions of class 4. Further, the normed velocity distribution was measured for each of the six classes. The incident flow is in an area around 99% of the adjusted velocity. For the position x=10 mm, the first measured velocities is in the boundary layer. At least, on position x=240 mm, the first four velocities are in the boundary layer.

For the next step the velocity distribution on the position x=40 mm is the reference distribution. On this position the transition between the nozzle and the diffusor is located. Figure 14 to 19 illustrate the results of the test with the conditioned flow. The aim was to know the level of conditioning that led to ochre detachment velocities. Figure 14 shows one velocity distribution in the near of the sample sheet's surface at the position x=40 mm as a reference. In addition the distribution of the technical relevant flow rate is shown and four levels of conditioning: Reducing the cross section area in the test section to 63%, 50%, 37% and 23%.

The velocity for the first class is less than the technical relevant flow velocity of 2.0 m/s. Therefore the local velocity is higher without a conditioning of the flow. The class 2 is reached with a conditioning level of 63%. The local velocities of class 3 could reach with a conditioning level of 37%. The velocities of class 4 and 5 are reached with a conditioning level of 23%. A conditioning level of 23% was not big enough to reach the local velocities of class 6.

The same investigations were also done with the technical relevant velocity of 0.75 m/s. In this case only the first two classes could be reached with a conditioning level of maximum 23%.

Conclusion and Discussion

The described tests show that it is possible to grow artificial ochre layers on test specimen. This ochre layers are similar to layers found in hydraulic systems and clogged pumps. It was found that the grown artificial ochre layers depended on the used materials and coatings of the sample sheets in respect to its adhesiveness. Positively sticking out were mainly copper and brass because the ochre layer were easily to remove from it.

The tests focused on a cleaning process by flushing water to the sample sheets with artificial ochre layers. This was successful and demonstrate the cleaning is in principle possible. However, the necessary flow velocities to remove the ochre layers were higher than normally found in technical systems. Again, the tests showed that the ochre layers and their adhesions depended on the material and coatings. For example, the sample sheets of cooper were easy to clean, i.e. low velocities, and in contrast the ochre adheres particularly strong on coating 4.

The tests were followed by measuring the velocity fields around the sample sheets and the use of a so called conditioning. This created locally the examined velocity to remove ochre whereby the flow velocity in the system had a technical relevant value.

However, it remains unclear by these tests whether these conditioned flows actually would clean an iron clogged system. During these tests, the process of iron clogging has been simplified. Thus, the geometry of the sample sheets do not correspond to the geometries usually found in hydraulic systems. In addition, the process of iron clogging is sometimes a long process with years of operation as the above mentioned long term experiments show. During such a period, the boundary conditions for a cleaning can change. For example, the surface roughness of new parts is not equal to old parts under iron clogging conditions. This was not considered during this investigations. Also, the ideal conditions in terms of the velocity distribution and the pressure distribution in the measuring section does not correspond to those that occur in real systems.

Outlook

Further investigations consider now the influence of surface roughness of the tested sample sheets. This will be done by sample sheets of same material but different in surface roughness ranging from a polished surface to an aged casting surface. Additionally, the next step will be to evaluate the conditioned flow with ochre samples. These investigations showed that the in-situ cleaning of iron clogged surfaces by a water flow is possible. The results of these investigations will be used in the further research to develop an in-situ cleaning for hydraulic machine and machinery by water flow or water-air mixture. First laboratory test in this field were successful. Figure 20 shows on the left side an iron clogged entry into the diffusor of a submersible motor pump before the attempt. On the right side the same component is displayed after the in-situ cleaning test with a water-air mixture. 
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 1 Figure 1. Example of Ochre Deposits on the Diffusor of a Submersible Pump
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 3 Figure 3: Characteristic curve of pump and variation of operating point during entire test period [2].
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 4 Figure 4: Variation of relative efficiency eta/etaopt as a function of the volumetric delivery during the test periode [2].
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 5 Figure 5. Rack for Sample Sheets, Sample Sheets Clean (left) and Iron Clogged (right).
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 6 Figure 6. Ochre Thickness over Exploration Time.
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 6 Figure6illustrates that the samples differ in ochre layer with thickness from 0 and 32 mm after exploration times of 12 or 24 weeks. It shows that the ochre layer is grown with the exploration time. The samples of 1.4571, Coating 1, Coating 2 and Coating 3 were examined twice, first with an exploration time of 12 weeks and second with an exploration time of 24 weeks. These samples had an ochre layer with thicknesses between 15 and 30 mm after 24 weeks and in contrast the same samples had thicknesses
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 7 Figure 7. Test Rick for Detachment Experiments.
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 8 Figure 8. Sample sheet with ochre Layer (top) and Sample Sheet after in-situ cleaning (bottom).

Figure 9 .

 9 Figure 9. Remaining Ochre Thickness over Velocity.

  displays the class diagram to order the tested materials and coatings to the defined velocity classes. The class wide Δv is fixed on 1.5 m/s. Therefore, the class boarders and the choosen class velocities follow to: • Class 1: 0≤v<1.5 m/s, v m =0.75 m/s. • Class 2: 1.5≤v<3.0 m/s; v m =2.25 m/s. • Class 3: 3.0≤v<4.5 m/s; v m =3.75 m/s. • Class 4: 4.5≤v<6.0 m/s; v m =5.25 m/s. • Class 5: 6.0≤v<7.5 m/s; v m =6.75 m/s. • Class 6: 7.5≤v<9.0 m/s; v m =8.25 m/s. In an ideal case each material or coating could be assign to one class. In this experiments, it was only possible for 1.4571 (t=24 weeks, class 6), Teflon (class 5) and Coating 3 (t=12 weeks, class 4). There are some more material and coatings in two neighbored classes (double counted classes are underlined): Brass (class 4/5), Polyethylene (class 3/4), Coating 1 (t=12 weeks, class 3/4), Coating 2 (t=12 weeks, class 4/5) and Coating 3 (t=24 weeks, class 4/5). The class diagram (Fig. 10) shows that most materials and coatings belong to class 4 and 5 i.e. high velocity classes.
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 10 Figure 10. Results of the Experiments ordered by Velocity Classes.
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 1213 Figure 12. Closed Flow Channel.1000 mm
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 14 Figure 14. Reference Class 1, vpipe=2.0 m/s, Position x=40 mm.
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 15 Figure 15. Reference Class 2, vpipe=2.0 m/s, Position x=40 mm.
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 16 Figure 16. Reference Class 3, vpipe=2.0 m/s, Position x=40 mm.
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 17 Figure 17. Reference Class 4, vpipe=2.0 m/s, Position x=40 mm.
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 18 Figure 18. Reference Class 5, vpipe=2.0 m/s, Position x=40 mm.
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 19 Figure 19. Reference Class 6, vpipe=2.0 m/s, Position x=40 mm.

Figure 20 .

 20 Figure 20. Submersible motor Pump's Iron Clogged Entry of the Diffusor. Before in-situ cleaning (left) and after the test (right)

Ochre Detachment 1.1 Sample Sheets

  

	1.1.1 Methods
	Layer of artificial ochre were grown on sample sheets of
	different materials and coatings. This was done by
	exposing them to an open flow channel that transported
	mine water of an open pit mine. The sample sheets were
	rectangular with dimensions of 130 mm x 300 mm x 5 mm.
	The considered materials and coatings were:
	• Stainless steel 1.4571.
	• Polyethylene.
	• Copper.
	• Brass.
	• Teflon.

• Coating 1 (Epoxi Coating). • Coating 2 (Epoxi Coating). • Coating 3 (Epoxi Coating). • Coating 4. • Coating 5. new pump's performance with ochre
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