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SYNOPSIS 

Three underwater separation devices have been designed, constructed, 

tested and analysed to detennine their sui labili ty for lhe underwater 

separatlon of diamantiferous marine gravels. 

The research facility where the devices were tested was constructed al 

the University of Cape Town's Hydrotransport Research facility. 

The first device tested was a converging elutriator which separates the 

oversize gravel from the smaller diamond-bearing gravel, using their 

varying particle settling velocities in an upward flowing fluid. 

The cyclosieve and spirosieve are two other choices that. both use 

rotational flow to create a centrifugal force, which forces the gravel 

onto a screening surface. 

The lest. work carried out. investigated the effect. of various variable 

parameters on the separation efficiency of each device. 
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Test results and observations are presented and discussed. It was 

concluded from these results that both the converging elutriator and the 

cyclosieve, in their present fonns, were unsuitable underwater 

separation devices. It was also concluded that the spirosieve was the 

moist favourable device tested thus far, because it fulfilled most of 

the design criteria. 

Finally, it was recommended that a large scale spirosieve should be 

constructed and te8ted, while continuing tests on the original 

spirosieve model. 
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If the deepsea prospecting being undertaken at present shows ocean mining 

lo be feasible, an underwater separation device will be required al a depth 

of up to 200 m. Figure 1 shows a schematic layout of the probable location 

of the separation device. 

1. The Advantages of Underwater Separation 

The major advantages of underwater separation are 

1 • A smaller diameter deli very hose between the seabed and the 

surface can be used. 

2. Blockage of the delivery hose by large rocks is less likely. 

3. Wear rate of the delivery hose is reduced. 

4. Less material needs to be processed aboard the ship. 

5. Less water is required for conveying. 

6. For air lift pumps a smaller compressor is needed to lift the 

gravel/water mixture. 

2. Research Ob.iectives and Design Criteria 

A research facility was commissioned by De Beers Marine to carry out 

tests on various separation devices. The facility was built in the 

hydraulic tower of the Department of Civil Engineering, University of 

Cape Town. 
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The objectives of this research project are to design, construct, test 

and analyse several devices for the underwater separation of 

diamantiferous marine gravels, situated at up to 200 m below the 

surface of the sea. 

The design criteria of the device are as follows 

1. The device must separate the gravel at 16 lllJl, 

2. It must be simple, robust and easily maintained on a daily 

basis. 

3. It is to be small and easily handled by a crane. 

4. The device must be able to handle between 300 m3 /hr and 

500 m3 /hr of solid/water mixture, with a delivered solids 

concentration of approximately 6% by volume or 15% by weight. 

5. Discharge of the oversize coarse material should be continuous, 

but batchwise would be satisfactory. 

6. Discharge of the undersize will be to an airlift system 

consisting of a 100 mm diameter pipeline. 

The only "restraint" to the research is that one of the devices to be 

tested has already been designed and manufactured. 
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3. Thesis Objectives 

The main objectives of this thesis are 

1. To present the experimental results and observations of tests 

carried out on the various separation devices. 

2. To analyse and discuss the results and observations. 

3. To draw conclusions on the suitability of each device for 

underwater separation. 

4. Thesis Outline 

The first chapter of this thesis consists of a literature review of 

relevant land based and underwater separation devices. Conclusions 

are drawn concerning the suitability of the reviewed separation 

devices for underwater separation. The underwater separation devices 

tested are then presented and discussed in detail. 

The following three chapters describe the test rigs in the research 

facility, their instrumentation and system operation. The calibration 

of the instrumentation, measurement techniques and the accuracy of the 

measurements taken are then presented. This is followed by a 

description of the various types of materials tested and their 

preparation. 

The experimental procedure is also. explained and is followed. by the 

experimental test results and observations. A detailed discussion of 

these results and observations is then presented. 
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Conclusions and research reconunendations complete the investigation. 

Tiie References and Appendices follow and form the final part of the 

thesis document. 
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CHAPI'ER 1 

LI'l'.BRA'IURB REYIBW 

In 1.his review various meUiods of separation, i.e. screening/scalping and 

classification, are presented. Although the separation devices discussed 

are predominantly land based, 1.hey could all operat..e in principle in a 

subnarine environment. 

1.1 SCREENING AND SCAIPING DEVICES 

Screening is a continuous process whereby particles diff eri.ng in size 

are separated from each other by a perforated S\K'faoe. Scalping is 

similar 1..o screening bul refers 1..o tile removal of a Bmlll BIDOlmt of 

oversize material from a feed that is predominantly fines (Kelly &. 

Spottiswood, 1982). 

There are many t.ypes of screening end scalping devices in operation 

bu~ generally they can be classified as stationary or dynamic, 

depending on whether 1.heir screening surf ace is stationary or moving. 

The screening surface can be made in a variety of types, shapes, sizes 

and materials. Table 1. 1 shows some of the screening surfaces that 

are comnerically available. 
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1.1.1 Static Screen 

Figure 1. 1 from Van Dooremalen ( 1973) , shows the general 

arrangement of a static screen used aboard gravel dredgers for 

separating coarse gravel from undersize sand. 'lhe screen 

surface is usually made up of woven mesh and inclined at_ an 

angle between 10° and 30°, depending on the feed rate and 

required screening efficiency. 

'!be ma.in purpose of the screen is lo separate the undersize in 

the feed and to pass it through the screen deck, so the 

efficiency lllB.Y be slated as follows : 

Percent.age of feed which passed through 
Efficiency = t>ercent.age of reed Wbidl is \iiiersi~ 

and should pess UiroUlh 

(~, 1975) 

The solid/water mixture is fed onto the screen at its highest 

point and moves down the screen surface under gravi ly. The 

undersize that passes through the apertures is directed. 

overboard while the gravel is fed into storage hoppers. 

Tests carried out by Mineral.aal Technologisch Institute, DIC 

Holland have shown that a screening efficiency of up to ~ can 

be achieved (Van Dooremalen, 1973). However, the major 

disadvarrt.age of this screening unit is that the apertures are 

very susceptible to block.age. 
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1.1.2 Vibrating Screen 

The vibraU.ng screen shown in Figure 1. 2 from Bovingdon ( 1975) , 

is very similar to the static screen except that the inclined. 

angle of the screen is usually less ( 12° to 18°) or even 

horizontal. The material moves across t.he screening surface 

due to the vibrating motion and, to a larger extent, gravity, 

The screening efficiency is greatly improved due to the process 

of stratification. Stratification is a JDerianenon whereby 

vibration causes small particles lo work their way to the 

bottom of the bed while large particles rise to the top 

(Figure 1.3 fran Bovingdon 1975). The vibrating motion also 

reduces the amount of blockages that occur on a static screen. 

1.1. 3 "Underwater" Vibrating Screen 

An improvement in screening efficiency can be obtained with 

both static and vibrating screens by directing water on to the 

moist material during screening. Water is added to eliminate 

the adhesive forces arising in a moist mixture of material 

having various particle sizes. These forces arise between 

particles as a result. of the surface tension of the water and 

the capillary attraction of the water in the pores. Figure 1.4 

from Kelly & Spoltiswood. ( 1982) , shows thal screening is most. 

efficient when the mixture is either completely dry or 

thoroughly wet. 
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IHC Hollard has developed an "underwater" vibrating screen for 

the separation of gravel from a gravel-sand-water mixture (see 

Figure 1. 5, Van Dooremalen 1973) • 'lhe whole unit. is IDO\mted on 

the deck of the ship and the solid/l-Bter mixture is fed into a 

boiling or distribution box before it flows onto the screen. 

'lbe screen is hori:oontal and is totally subnerged in water. 

'lbe material moves across the screen due to t.he vibrating 

action, with the sand passing through the screen and being 

directed overboard or to the sand collection hoppers. '1he 

gravel that remains on top of the screen:i.ng surface is also 

transported with some of the water to the gravel ho~ 

(Van Dooremalen, 1973). 

'lbe advantages of this type of screen are 

• high efficiency 

• practically insensitive to change in feed rate 

• low power constlllption 

• not subject to blockage. 

'lbe disadvantages are 

• very large device 

• requires auxilli.ary power for vibrat.i.ng. 
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1. 1. 4 Trcmnel 

'!he trcamel is a multiphase, revolving cylindrical screening 

unit (Figure 1.6, Kelly &. Spottiswood 1982). 'nle cylindrical 

screens with different size mesh aperttn"eS are of varying 

diameters and can, therefore, fit inside each other. 'Ibey are 

inclined at an angle so that the material that is fed into the 

inlet can pass over and through the rotating screens. 'lbe 

rotating action also helps to break up agglomerations of small 

clay particles and to detach small particles from larger ones, 

thus improving the effectiveness of the screening operation. 

'!he troomel is of ten used on the smaller diamond mining vessels 

for separating the diamond~bearing gravel from the waste 

material. 'lbe reel is fitted with a 50 am aperture conical 

screen at lhe inlet. '!his screen scalps all the larger rocks 

fran the gravel/water mixture and discharges them overboard. 

'lbe major screening portion of the troomel is fitted with three 

sizes of cylindrical screens. The first (innermost) allows all 

particles less than 12 11111 to pass through while the larger 

material is retained and collected for further processing. The 

second retains the intermediate 6 um - 12 nm gravel. '!he final 

screen (outermost) allows the water and particles less than 

1,5 nm to pass to waste. 

The gravel that flows off each screen is collected and sorted 

below deck on standard diamond sorting jigs (Anon, S A Shipping 

News, 1979). 

\ 



1.6 

1. 1. 5 Sieve Bend (DSM Screen) 

The sieve bend or Dutch State Mines Screen (Figure 1.7, Be.in & 

.Bonn.ington 1970) is a widely adopted type of dewatering screen 

but is also used effectively for screening. Its screening 

efficiency is less than that of a vibrating screen but it takes 

up far less space than a conventional screen of equivalent 

capacity. 

Figure 1. 8 from Bain !. Bonni.ngton ( 1970) , shows the irinciple 

of solids separation. '!be solid/water mixture enters the feed 

box from the feed inlet and falls targentially onto the curved 

screen. The mixture flows at right-angles to the slots between 

the wedge shaped be.rs. The waler and smaller pert.icles 

experience a retardation upon striking the wec:ftre be.rs and are 

deflected through the slots. The oversize material. remins on 

top of the be.rs and is discharged at the end of the screen 

(Bain &.. Bonnington, 1970). 

1.1.6 Gri:.1:zly 

The grizzly is essentially a scalping device and is similar in 

design to a static or vibrating screening unit (Figure 1. 9, 

Kelly & Spoltiswood 1982). The main difference being that 

instead of woven mesh or perforated plate, profile be.rs are 

used for the separation. The profile be.rs, as shown in 

Table 1.1 from Kelly & Spottiswood ( 1982), are made of thick, 

heavy steel and usually :nm pe.rallel to the direction of feed 

with large openings between be.rs. 



1.7 

This type of separation device is widely used in the production 

of various size quarry stone used in the constn.ction industry. 

1.2 CLASSIFICATIOO DEVICES 

Classification is the separation of particles according t.o their 

settling rate in a fluid. Because water is the fluid most C0111111Dnly 

used in mineral processing, wet classification will only be 

considered. 

Although classification generally a.:ias to separate particles by size, 

particle density and shape also have a significant effect. 'lhe 

operation is, therefore, more realistically viewed as one of sortinai 

rather than sizing (Kelly & Spottiswood, 1982). 

1.2.1 Hydrocyplone 

Hydrocyclones have been used in industry since 1950. Firstly 

in mineral processing and mining but lately in the chemical. 

' 
industry, petrochemical, textile ard metal working industries. 

Their diameters range fran 10 DID to 2,5 m and separation si~ 

range from 2 µm to 250 µm. 

Separation within a hydrocyclone is based on the effect. of 

centrifugal forces created within the cyclone body. The 

hydrocyclone has no moving perls so the necessary vortex is 

produced by punping the solid/fluid mixture tangentially into a 
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st.at.iona.rY cono-cylindrical body. Figure 1.10 from Svarovsky 

( 1984) , shows a schematic diagram of a conventional 

hydrocyclone. The cylindrical pert is closed by a cover at the 

top. The liquid overflow pipe or "vortex finder" is located in 

t.he cent.re of the cover and protrudes some distance into the 

cyclone body. The overflow leaves through the opening in the 

apex of the invert.ed cone. 

Except. for the region near the tangential inlet, the motion of 

the fluid within the cyclone body has circular symaetry and is 

shown in Figure 1.11 from Svarovsky ( 1984) • Most of the 

incaning fluid moves in a helical flow into the outer portion 

of the inverted cone thus creating high centrifugal forces. 

From here a portion of the fluid and the smaller particles 

begin to feed across to tile centre. Some of the out.er downtard 

flowing fluid and the larger particles exit through the 

underflow orifice in the apex of the cone. · '1he smaller 

particles and fluid in the centre now begin to flow upwards in 

the inner helical flow and out. through the vort.ex finder 

(Svarovsky, 1984). 

The major advantages of separation by means of a hydrocyclone 

are that it operates continuously with no llOVing parts, has low 

maintenance and is inexpensive and easy to inst.all. 
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1.2.2 Elutriator 

An elutriator is basically a vertical cylindrical lube with 

water fed into it near the bottom to produce an upward flowing 

fluid. 'lhe solids or solid/water mixture is fed into the 

cylinder near the top. 'lhe large particles having a greater 

hindered. sett.ling velocity than the upward flowing water 

velocity, settle to the bottom of the cylinder and are removed 

through a valve. 'lhe smaller and sl~r settli.na particles are 

transported upwards and leave via the overflow. Figure 1. 12 

from Kelly &. Spottiswood ( 1982), shows a continuous flow 

elutriator used in the mineral processing irdustry. 

'Ihe advantages of t.he elutriat.or are the same as those of the 

hydrocyclone. 'Ihe major diSadvant.age is that the cut siz.e can 

have a very wide range if the feed 1119.terial bas a large 

variation in particle shape. 

1.2.3 Cone Separator 

The cone separator is a device for separating par1.icles into 

three particle size ranges (Figure 1.13, World Mining, 1969). 

'Ihe device was developed by Hlllqilreys Engineering Company and 

consists of a feed distributor (2), a dane or cone shaped 

separating head ( 3) with a t.orus shaped rim ( 4 ) , and three 

concentrically arranged hoppers for collecting products (5),(6) 

&. (7). 
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The solid/water mixture is fed onto the separating head ( 3) 

from the feed inlet ( 1) • The mixture flows downwards and 

outwards over the sepe.rat.ing head, becoming thinner es it 

reaches the outer edge. At the transition between the cone 

shape and torus (4) t.he coarser solid particles are thrown off 

tangentially. The particles fall at different trajectories 

depending on their size and shape. 

The remaining smaller particles stay in the htlk of the water 

which, due to the Coanda effect, follows the curvature of the 

torus and discharge into the irmer hopper ( 6) • 

The Coanda effect is the tendency of a fluid moving through a 

channel to follow the channel wall. Thus three products, 

coarse, intennediat.e and fines, are separated and discharged at 

the bottom outlets (World Mining, 1969). 

The disadvantages of this tmi t. are that the sepe.rat.ion 

efficiency is also shape dependent and would vary according to 

the flow rate and concentration. 

1.3 UNDERWATER MANGANESE NODULE OOU.ECTIOO AND SEPARATIOO UNIT 

Prospecting of the seabed at water depths of approximately 5 000 m has 

revealed large deposits of polymetallic nodules. These nodules, 

consisting ma.inly of manganese, are f otmd in the soft cohesive 

seafloor sediment. Nodule sizes range from 4 Dill to in excess of 

150 1118 in diameter and in concentrations exceeding 15 kg/m1 • Full 

scale mining of these minerals has not yet begun due to t.he lack of 



1.11 

agreement on Intenm.tional I.aw of the Sea, relating to the security 

and rights of concession, and because there are still sufficient land 

based reserves (Smale-Adams&. Jackson, 1978-1979). 

In anticipation of a future mining operation Brochett and Petters have 

proposed a design for an tmderwater collection and separation lll'li t 

that incorporates the principle of screening and scalping using 

profile bars. 

'lhe lmit, as shown in Figure 1.14 from Brockett &. Petters (1980), 

would be approximately 23 m in width and would act as a giant V8CUllD 

cleaner. As the collector JOOves across the sea.floor, nodules are 

removed up the inclined. duct portion of the dredge head by the 

scouring action of high velocity water jets. U>cated tmder the 

entrance of each dredge head are a series of parallel profile be.rs 

with appropriate spacing for scalping the oversize nodules. 'The 

cohesive sediment that is washed from the nodules by the water jets, 

is removed in the sediment separating screen as shown in Figure 1.15 

(Brockett & Petters, 1980). 'lhe sediment contaminated water passes 

through the screen while the nodules too large to pass through the 

screen are directed onto the optional secondary separation be.rs for 

fur_ther screening, or directly onto tile transport conveyor. 'They are 

moved across the conveyor by water jets, to the central collect.or 

section, from where they are p.mped to the surface for further 

processing (Brockett & Petters, 1980). 
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1.4 CONCUJSIONS 

Due to the lack of piblished literature on underwater separation 

methods 1.he following initial cooclusions can be made : 

1. To date there has not been a need for the developnent of an 

underwater separation process besides the manganese nodule 

collector and screening tmit of-Brockett & Petters 

or 

2. Research. and developoent of tmderwater mining operations is 

seldom, if ever, published because it is a largely capital 

intensive vent\.ll'e and a high degree of competitiveness must, 

therefore, exist between interested concerns. 

However, from the literature presented, it can be C011Cluded 

that : 

3. '!be screening and scalping tmi ts could be mod.if ied to operate 

in an underwater environment with all having one or more of the 

following disadvantages : 

• large tmit 

• mechanical 

• difficult to handle fran 1.he surface 

• require auxilliary power 

• nol easily maintained.. 
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4. Al though the hydrocyclone is well suited to tmderwaler 

separation in general it is, however, not suited to separating 

material with such a large pe.rt.icle size range, mexiuun 

particle size or cut size that is required in this mining 

operation. 

5. 'lbe separation efficiency of the- cone separator would be 

greatly reduced in an underwater environment, especially as the 

upright orientation of the unit could not always be maintained, 

thus affecting the trajectories of the particles. 

6. From all the separation tmi ts considered the elu~iator, in 

principle, has the greatest potential as an tmderwater 

operation device because it fulfills more of the required 

design criteria than any other unit. 
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Figure 1 .14 Underwater mining unit (Brockett & Petters, 1980) 

Figure 1. 15 Screening device (Brockett & Petters, 1980) 



2.1 

CHAPI'ER 2 

SEPARATION DEVICES TFSl'ED 

INTOODUCTION 

Three different separation devices have been designed, constructed and 

tested to determine their separation efficiency and suitability for the 

underwater separation of diamantiferous marine gravels. 

'!be three devices are 

1. Converging elutriator 

2. Cyclosieve 

3. Spirosieve. 

In this chapter the three devices will be described wi. th reference to 

initial designs, description of the device, operation, theory of separation 

flow patterns and variables to be investigated. 

2.1 CX>NVERGING ELUI'RIA'Im 

From the information gained in the literature review it was decided to 

design a separation device based upon the classification principles of 

the elutriator. 
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The underlying concept is to separate the oversize gravel fran the 

smaller diamond-bearing gravel, using their varying particle seltling 

velocities in an upward flowing fluid. 

2.1.1 Initial Conceptual Designs 

1. Figure 2.l(a) fran Lazarus (September 1986), shows a 

conceptualised proposal for an elutriator incorporating a 

m.unber of parallel screening be.rs in series (two a.re shown 

at section BB and CC), The solid/water mixture is drawn 

into the suction inlet by the pump. '!be mixture JBSBeS up 

the elutriator and at the various screens the larger 

gravel is retained. '!his material falls down tile disposal 

chambers where the water is stationary. 'Ihe smaller 

gravel that passes t.hrough the screens is carried upwards 

and through the converging sections where the mixture 

velocity is higher. 

The non-return valves at the bottom of the disposal 

chambers are kept closed by suction tmtil the weight of 

material causes them lo open. When sufficient material 

has been disposed to reduce the weight of stones on the 

non-return valves, the valves are automatically closed by 

suction pressure and the cycle repeats. 
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2. In order lo increase the screening area, Figure 2. 1 ( b) 

shows a modified version of Figure 2. l(a) with an annular 

disposal chamber and one set of screens. The screens are 

in the shape of concentric circles displaced one above the 

other. 

3. Figure 2. 1 ( c) shows the previous design with the screens 

removed. The separation is now entirely due to the 

variable settling velocities of Uie different sized 

gravel. An additional pl.IDp for coping with the excess 

water, after screening has taken place, DBY be inserted 

below the solids handling p.mp shown. This extra ptap is 

for the re.moval of excess water through a screen in the 

pipe wall. The reverse non-return valves are still 

required to prevent upward flow of large solids in the 

disposal chamber. 

4. In Figure 2. l(d) the reverse non-return valves have been 

removed because it was felt that these would becane 

blocked with gravel when closing. A second pump has been 

introduced to remove the gravel for the seabed and deliver 

it into the inlet of the elulriator. The elulriat.or is 

now comprised of a converging circular pipe over its 

entire length. 
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2.1.2 Description of the Converging Elutriator 

Figure 2. 2 shows the geometric design and dimensions of the 

converging elutriator that was constructed and tested in the 

research facility. 

'Ihe primary outlet nozzle consists of a 210 om diameter st.eel 

pipe. 'Ibis is surrotmded by a 600 om diameter circular steel 

pipe on top of which is placed a 600 om to 350 11111 converging 

PVC section. Between the converging section and the prima.r)' 

·outlet nozzle is an annular chamber. The height to 'Which the 

primary outlet nozzle extends into the converging section can 

be increased by adding extra lengths of piping. 

The converging section leads into the 350 DD diameter straight 

section of the elutriator, known as t.he elutriation colt11111. 

'Ihis section is 2 m in length and made up of four circular 

cylinders. Two of these cylinders are constructed fran clear 

perspex, so that visual observations of particle behaviour can 

be made. 

Another converging PVC section joins the elutriation colllllll to 

the start of the pipe which will lead to the surface ship. In 

the research facility this pipe has a 181 om internal diameter. 

All the sections have flanges and backing rings, and are bolted 

together to form a continuous converging elutriator. 
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An additional µ.mp for removing the excess water, after 

separation has taken place, may be incorporated after the last 

converging section. 

2. 1. 3 Operation of the Converging Elutriator 

The primary pump causes a sub-ad:>ient pre8S\ll'e at the bottom of 

the suction inlet, drawing a solid/waler mixture through t.he 

pump and into the high velocity primary outlet nozzle (velocity 

will be approximately 3,5 m/s). 

When the mixture reaches the first converging section the 

overall velocity decreases because of its large area. 1he 

larger rocks with high settling velocities are dispersed 

radially outwards and fall freely into the annular disposal. 

chamber. The water flow in the disposal chamber is upwards due 

to entrainment by the mixture being ejected fraa t.he high 

velocity primary outlet nozzle. Any smaller particles that may 

leave the out.let jet before entering the straight section of 

the elutriator, should move upwards with this flow. 

The secondary punp (conventional or airlift) draws the 

solid/water mixture from the top of the converging elutriator. 

The upward velocity in the annular disposal chamber and the 

elutriation column, can be controlled by the flow rate th.rough 

the secondary pump. 
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In the constant. diameter elutriation colum, further separation 

takes place. The larger rocks are forced radially outwards 

into the slower moving stream of water near the pipe wall. 

From here they settle tmder the action of gravity and pass out 

via the disposal chamber. 

Finally, 1.he·smaller particles are drsm out of tile elut..riat.or 

at the top, where the velocity is once again increased by the 

last converging section. 

2.1.4 'lbeory of Sepe.ration in the ConversinB Elutriator 

1. Terminal. SettlinS Velocity 

Separation in the converging elutriator can be adiieved 

because differen1. size particles have different terminal 

settling velocities in a fluid. 

The terminal sett.ling velocity of a particle is the 

ma.xi.mum constant velocity at which it will settle in a 

specific fluid, i.e. wa1.er. The three major factors 

affecting the terminal settling velocity of a specific 

particle are : 

i) Size 

ii) Density 

iii) Shape. 
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If the density and shape are kept c0nstant. an increase in 

particle size will result in an increase in the terainal 

settling velocity. If size and shape are constants then 

an increase in particle density also results in an 

increase in t.he particle terminal settling velocity. 

' There are many ways to describe the shape of a particle 

but generally the more spherical a particle is, the higher 

will be its terminal settling velocity. 

In this thesis the shape of a particle will be described. 

by the particle shape factor. 'lhe shape factor (SF) being 

defined as the t.erminal settling velocity of t.he particle 

divided by the terminal settling velocity of a sphere with 

the same volume and density, i.e. shape factor of a sphere 

would be 1. 

In the tmderwa.t.er separation of diamantif erous marine 

gravels, the major concern is with size separation. If 

the upward velocity in the converging elut.riator is kept 

above the terminal settling velocity of a 16 nm diamond 

density particle (S = 3,5g/aa1
) then theoretically no s 

diamonds will be lost. However, the efficiency of the 

separation is also dependent on the size of the largest 

rocks that are removed to the surface with the diamords. 

Figure 2.3(a) shows the relationship between particle size 

and theoretical terminal settling velocity for S}ilerical 

particles having a density of 2,7g/m• (quartz pebbles) and 
/ 
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3,5g/cm:t (diamonds). This was derived from Figure 2.4 

Lazarus (Hydrotransport 8, 1982), which gives the 

non-dimensional terminal settling velocity as a function 

of non-dimensional particle size, for a wide range of 

Reynolds nt111bers. 

From Figure 2.3(a) it can be seen that. the 1.ermllBl. 

settling velocity of a 16 nm s}ilerical diamond is 

1, 09 m/s. A quartz pebble having the same terminal 

settling velocity wil1 be approximately 23, 5 lllll in 

diameter. This means that. for an elutriation col\.ml 

velocity of 1, 1 m/s, separation will occur at. a particle 

size of approximately 24 nm. 

However, the diamantiferous gravel is not SJiierical and in 

some areas flat rocks with very low shape factors are 

found. Shape fact.ors can vary from 0,35 for a flat st.one 

to 0,85 for a roundish pebble. Figure 2.3(b) shows the 

terminal sett.ling velocity versus particle size for a 

shape fact.or of 1 and 0,7. At. an elutriation velocity of 

1, 1 m/s the separation or cut. size is now at 49 11111 

diameter particles. 

It can be concluded that t.he shape of the marine gravel 

will have an effect on the shar}:ness of the separation 

when using the converging elut.riator. How Blch an effect 

will have to be investigated during testing. 
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2. Hindered Settling Velocity 

'lbe terminal settling velocity of an individual particle 

is reduced by the presence of other particles and 

decreases with increasing concentration. 

'Ibis decrease in velocity is called hindered se1.tling. It 

is caused by collisions between particles (if the particle 

sizes are non-tmiform) as well as the upward flow of water 

in the area between particles due to the settling of other 

particles. 

Richardson and ~i (1954) showed Ulat. 

·• 
where Vt is the hindered sett!~ veloci t.y, Vt the 

theoretical settling velocity, C the solids volt.metric 
v 

concentration and a a function of the particle Reynolds 

Nunber R ep 

R ep 

'lbe marine gravel concerned settles according to Newton's 

Law with R > 500 and thus a = 2, 4 (Richardson and ep 

Zaki, 1954). 
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c 
v of 6% the theoretical tenainal 

settling velocity will decrease by 13,8%. 'lbus the upward 

velocity in the converging elutriator could be reduced by 

13,8% at 6% concentration. However, because the 

concentration can fluctuate it may be wiser to use a high 

velocity to guarantee 100% recovery of the diamond-bearing 

gravel. 

3. Flow Patterns 

Al though the converging and st.raight sections of the 

elutriator are of a set diameter, the geometry of the 

system can be altered by extending the primary outlet 

nozzle. Any change to the geanetry or flow rates will 

result in a change in the associated flow pattern. 

Figures 2.5 and 2.6 from Lazarus & Rossouw (July 1987), 

show the range of the positions that the primary outlet 

nozzle was placed at. In the position, as shown in Figure 

2. 5, the primary jet flows into a large area where the 

surrounding water is practically stationary. Figure 2. 7 

from Blevins ( 1984) shows the various flow regimes of a 

round subnerged. jet. Al though the jet is flowing into an 

infinite reservoir (no boundaries) the initial core and 

shear layer will be similar to that found at the start of 

the converging elutriator. 

The initial region consists of the core flow and the 

surrounding shear layer. The turbulent shear layer or 

mixing layer forms the bourdary between the core and the 
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surrounding stationary waler. The jet entrains water by 

drawing it from this stationary reservoir. Th.is will 

resul l in an upward velocity in lhe annular disposal 

chamber. The diameter of the jet increases. with axial 

length due to spreading, resulting in a decrease in the 

overall velocity. 

With the high d /D ratio of 0,6 the jet may spread lo the 
n 

sides of the converging section before reaching the 

straight section. This could caUHe the smaller particles 

lo impinge on the converging section and be deflected down 

Lhe sides of the annular disposal chamber, where the 

velocity is very low. If this occurs the primary outlet 

nozzle will have to be extended further into the 

converging section. 

With the primary outlet nozzle extended lo the posi lion 

shown in Figure 2.6 a smaller diameter will have to be 

used. This is to allow a larger annular area for the 

removal of the larger waste rocks. The resultant flow is 
I 

that of a confined jet with coflow (upward annular flow). 

Figure 2. 8 from Blevins ( 1984), shows the general flow 

regimes of a confined jet with coflow. In Region 1 the 

inner and outer jet flows are separated by a shear layer. 

As in the previous flow pattern there is ·turbulence, 

mixing and entrainment between the shear layer and the 

coflow stream. In Region 2 the shear layer has extended 
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to the duct walls and the fluid is enlre.ined fraa the 

surrounding stream rapidly enough to redl.xJe the velocity 

of the stream. Region 3 is a region of possible eddy 

formation and recirculation. This only occurs if the d/D 

ra1.io and the coflow stream velocity are relatively small. 

The central jet will then laterally entrain all the fluid 

in the co flow before the jet has spreed to the 'W9.1.l, 

resulting in recirculating eddies. Region 4 begins after 

the point of flow reattachment, and it makes the beginning 

of conventional duct flow (Blevins, 1984). 

Recirculating flow is not expected as the d /D ra1.io is . n 

fairly large ( d /D = 0, 44) • The central jet should spread 
n 

rapidly to the duct walls, resulting in partial 

conventional duct flow before the top of the elutriator is 

reached. 

2.1.5 Test Variables 

In order to determine the separation efficiency of the 

converging elutriator, the variables that affect the separation 

process need to be investigated. 

These variables are 

• Size of marine gravel 

• Shape of marine gravel 

• Density of marine gravel 
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• Geometry of converging elutriator 

• Annular velocity 

• Elutriation colt11n velocity 

• Concentration. 

2.2 CYCLOOIEVE 
' 

The cyclosieve is a screening device that. was designed in Europe. It 

was constructed in South Africa where the screens were modified to 

enable the sepll'St.ion of large rocks fran smaller diamentiferous 

marine gravels. 

2.2.1 Description of the Qyclosieve 

The initial design of the cyclosieve is shown in Figure 2. 9 

(Lazarus & Rossouw, October 1987) • 

The cyclosieve comprises a large steel outer cylindrical 

vessel, containing a smaller diameter, cylindrical perforated 

screen. The hole configuration of the perforated screen is 

shown in Figure 2.10 (Lazarus & Rossouw, October 1987). At. the 

bottom of the screen is a cone which leads into a coarse solids 

outlet pipe. 

The tangential inlet is situated at the top of the screen and 

the fines outlet at the bottom of the outer cylinder. Two 

clear perspex observation covers are situated on top of the 

cyclosieve. 
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Figure 2.11 from Lazarus arid. Rossouw (March 1988), shows a 

variation to the initial design of the cyclosieve. 'lhe 

cylindrical perforated screen has been replaced with a conical 

screen and the coarse outlet has been extended. '!he hole 

configuration is the same as that of the cylirrlrical screen 

(Figure 2.10). 

2.2.2 Operation of the Cyclosieve 

The solids/water mixture that is pnped froin the seabed by the 

primary pllllp is introduced into the cyclosieve via the 

tangential pri.mery inlet. '!he flow inside the cyclosieve is 

rotational with circular synmetry. It is envisaged that the 

high outward ~trifugal forces resulting from the rotatiooal 

flow will force the solids against the screen. 'lhe smaller 

gravel and diamonds should pass through the holes in the screen 

and fall to the bottom of the outer chamber. They are removed 

to the ship via the fines outlet, by the sub-ambient pressure 

provided by the airlift pllllp· 

The larger waste gravel which does not pass through the ecreen 

should fall to the bottom of the cone azid exit via the coarse 

solids outlet. 

2.2.3 Flow Conditions. Forces and Pa.rlicle BehaViour 

The cyclosieve can be operated under two very different flow 

conditions, i.e. aerated and sub-marine. 
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Figure 2.12 shows the cyclosieve under aerated conditions where 

the centre of the unit is taken up by air and a thin layer of 

water rotates over the screen. 'Ibis flow condi1.ion is created 

when the majority of the primary inlet flow passes through the 

holes in the screen and ou1. the fines out.let. 

The sub-marine flow condition that is shown in Figure 2. 13 is 

created by removing most of the inlet flow via the coarse 
I 

outlet. 'Ibis results in a large body of rotating water with a 

smaller central air core. 'Ibis is the ideal operating 

condition because less water is removed to the surface ship. 

In the analysis that follows, from Lazarus and Rossouw (October 

1987), the friction force between a particle and the screen has 

been ignored. 'Ibis is because the friction coefficient is 

difficult to d.etennine and is believed to be small ccnpe.red 

with the other forces involved. 

1 • Aerated Condition 

Forces in the cyglosieve 

'lbe gravitational force (F g> acts downwards 

where m is the mass of a parlicle. 
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The centrifugal force (F ) 
c 

acts radially outwards 

('2 = v/R) 

where a is the angular veloci t:r, v the inlet 

velocity, and R the cyclosieve radius. 

Fe vz 
= Fg Rg 

Hence the radial outward force developed in the cyclo 

sieve is times as large as the gravity force. 

This is often expressed as g forces. 

The design flow Q = 500 m~/hr 

The inlet diameter d. = 0,2 m 
l. 

The cyclosieve radius R = 0,4 (at the screen) 

Therefore the inlet velocity v = 4,42 m/s 

F 
~ = 5 gravities or g's. 
Fg 

Particle residence time (PRT) 

Under aerated ccmdi tions a particle has to move 

t.hrough a relatively thin layer of water before 

reaching the screens. Therefore the PRT is the time 

taken for the particle and the water to fall the 

height of the screens ( s) • 
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s = % g t 1 

t = 0,435 seconds. 

Nunber of rotations (n) 

n = vt 
211R = 0,765 revolutions 

or n = irR 
vt180 = 275 degrees 

Path lengt.h on screens (PL) 

'lbe length of screen that a particle moves over is 

PL = 2,08 m 

2. Sub-marine cordi tions 

Forces in the gyclosieve 

'lbe ratio of centrifugal force to gravitational force 

is the same as for aerated conditions, i.e. 

F c = 5 g's 
Fg 

Particle residence time CIRI') 

A particle now has to settle through water so the PRT 

is affected by drag and is dependent on the particle 

settling velocity (Vt) • 

Consider a 16 nm sJiierical particle, with a relative 

density of 3,5 (d = 16 nm). p . 
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From Newton's Law for settling 

The time taken for the particle to reach the bottom 

of the screens is 0,910 seconds. 

Nunber of rotations (n) 

The particle moves radially through the waler at its 

terminal radial settling velocity (V t.R) , assuni.ng 

that there is no secordary inward radial flow as 

fOtD'ld in a hydrocyclone. 

= 0,981 d ~ j<P - p) v 2 w/pr 
p 8 

where r is the local radius at any point 

V.l.R = 2,43 m/s (r = 0,4 at the outermost radius) 

V tR = 3,44 m/s (r = 0,2 at the irme:naost. 

radius of the inlet) 
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The time taken for a particle tO reach the screens is 

d 
t = 

vtR 

t = 0,07 seconds 

where d = inlet pipe diameter. 

'lbe correcled particle residence time (PRT) is 

0,840 seconds 

n = 1,48 revs 

n = 532° 

Path length on screens (PL) 

PL = 3,83 m 

3. St!Jmry 

'lbese results are S\.lllDB.l'ised. in Table 2.1. 

F Particle Nt.anber Path 
Condit.ions c Residence of Length 

Fg Time (PRT) Revolutions (m) 
(seconds) (n) 

Aerated 5 0,435 0,765 2,08 

Sub-marine 5 0,840 1,48 3,83 
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2.2.4 Test Variables 

In 1.he t.es1. program 1.o determine the screening efficiency of 

the cyclosieve, the effect of the fallowing variables needs to 

be investigated. 

• Ratio of primary inlet flow to fines outlet flow 

• Screen geometry 

• Particle size 

• Solids concentration 

• Par1.icle size distribution. 

2.3 SPIInSIEVE 

The spirosieve is a screening device, similar to the cyclosieve, in 

the fact that it also uses centrifugal action to force the solids onto 

a cylindrical screen. 

2.3.1 Description and Operation of the Concept.11Al snirosieve 

Figure 2.14 from Lazarus and Rossouw (February 1988), shows the 

conceptual design of 1.he spirosieve screening device. It 

comprises a spiralling rectangular conduit divided by a profile 

bar screen int.o two smaller cordui ts, the inner ( B) arrl out.er 

(C). The solids/water mixture containing both large ard small 

gravel is pumped from the seabed ard enters at the inlet (A) • 

The mixture flows arotmd the spiral with the solids being 

forced against the screen (D) by the radially outward 

centrifugal force. 
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The smaller particles pass th.rough the screen into the outer 

chamber ( C) • The larger particles remain in the irmer chamber 

(B). 

At (E) the inner and outer chambers are separated by a solid 

barrier. The inner chamber containing the coarse particles is 

diverted in one direction (say downwards and to waste) together 

with a portion of the water. The outer chamber containing the 

fines is directed upwards and is carried to . the surface ship by 

means of a plmlp. 

2.3.2 Description and Construction of the Spirosieve l'ixiel 

A model of the spirosieve was designed and CODStructed. so that 

tests could be performed to analyse its screening efficiency 

and suitability to underwater separation. The n:>d.el was 

constructed fran persj>ex so that visual observations of the 

separation process could be made. 

The design and dimensions of the model are shown in 

Figure 2. 15. The spiralling conduit measures 45 lllD x 98 Dill and 

is contained within two perspex cylinders. The screen is made 

from a standard 3 nm mesh, with rectangular openings, as shown 

in Figure 2.16. It is located at 135 Diil radius and divides the 

ma.in conduit into two smaller conduits. A solid wedge is 

located within the first spiral, on the inner wall of the out.er 

cylinder. Th.is wedge reduces the outer radius from 171 nm to 

135 nm so that the screen can be introduced. The screen has a 

length of 2,76 m. 
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The tangential circular inlet is 54 11111 in diameter and changes 

to the rectangular oordui t via a sl.dden expansion. The 

turb~lence in the stdden expansion causes it to act as a mixi.na 

chamber for the solid/water mixture. The coarse and fine 

outlets are also circular with intenial diameters of 54 am. 

Two 4 Diil diameter pressure tapping holes are located in the 

outer cylinder, at the beginning and end of the screen. 'lbese 

are used to measure the head loss over the entire length of the 

spirosieve. 

2.3.3 Screening Process and Flow Patterns 

'lhe spirosieve model has been desianed to operate in a system 

that provides a maxi.nun flow of 13, 6 t /s, resulting in a 

maxi.mL& spirosieve velocity of 3,1 m/e. It is this velocity in 

the spiralling conduit that induces the outward oenlrifUlal 

flow needed to bring about the screening. The DBXi.mtn ratio of 

centrifugal force to gravity force is : 

= = 7,3 gravities or g's 

where R is the radius at which the screen is located. 

Due to the outward centrifugal force the solids are forced onto 

the screen as shown in Figure 2.17. '1be smell particles close 

to the screen pees through the holes and continue up the 

spirosieve in the outer chamber. '1be remaining solids continue 
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to flow over the screen and up the spiralling conduit, in the 

inner chamber. The particles closest to the screen collide 

with the vertical be.rs causing vibrations in the vertical bed. 

These vibrations result in stratification, where small 

particles make their way to the screen while large particles 

move to the top of the bed, thus improving the screening 

efficiency. 

<:ne factor that my cause a reduction in the screening 

efficiency is the effects of secondary flow. The secondary 

flow can be considered to consist of t"WO vortices of opposite 

sign, each occupying one half of the cross section, as shown in 

Figure 2.18. This is caused by the fluid being driven outwards 

across the core flow of the pipe, and a secondary flow in the 

radial plane is established as this fluid returns beck along 

the pipe walls (Blevins, 1984). 

'These secondary flows may not necessarily be present because of 

the high degree of turbulence caused by the screen and solids. 

If, however, they do exist, the larger solids against the 

screen may prevent any fines from passing beck through the 

screen. 
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2.3.4 Variable Parameters 

'lhe parameters that can be varied to determine their effect on 

the screening efficiency of the spirosieve are as follows : 

• Velocity or centrifugal force 

• Particle size 

• Particle density 

• Concentration of solids 

• Particle size distribution 

• Screen length 

• Orientation of the spirosieve. 
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where R.D = elativ 

x. bd 

, 

Non-dimensional particle size X 

Non-dimensional particle size vs. non-dimensional 
terminal settling velocity (Lazarus, 1982) 



Figure 2.5 

h=1000 

Figure 2.6 

d =210 
n 

2.29 

Primary outlet nozzle position 
(Lazarus & Rossouw, July 1987) 
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Figure 2.7 A round submerged jet (Blevins, 1984) 

FLOW REGIMES OF A CONFINED JET WITH COFLOW 
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Figure 2.8 Flow regimes of a confined jet with coflow (Blevins, 1984) 
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Figure 2.9 Initial design of the cyclosieve 
(Lazarus & Rossouw, October 1987) 
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Figure 2.10 : Hole configuration of the perforated screen 
(Lazarus & Rossouw, October 1987) 
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Figure 2:11. Cyclosieve with conical screen 
(Lazarus & Rossouw, March 1988) 
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Figure 2.12 Aerated conditions 

Figure 2.13 Sub-marine flow conditions 
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Figure 2.18 Secondary flow (Blevins, 1984) 
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CHAPI'ER 3 

'lllB T.mT FACILITY 

INTRODUCTION 

To allow test.a lo be carried out on the 'lmderwater separation of 

d.iamantiferous mine gravels, three test rigs have been constructed in the 

hydraulics tower of the Civil Engineering Department. 'Ibey are : 

1. A 150 1I1J1 internal diameter ( i .d.) clear perspex settling tube for 

determining the settling velocities and shape factors of various 

particles. 

2. A 181 nm i.d. lest rig for. ptaping solid/water mixtures through the 

converging elutriator and cyclosieve. 

3. A smaller, 75 Diil i.d. solids handling system for carrying out tests on 

the spirosieve model. 

In this chapter, the three test rigs will be described in detail, with 

reference to their major components and operation. 
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3. 1 SE'ITLING TUBE 

3.1.1 Description 

'!be settling tube is situated in the stairwell of the 

hydraulics tower and comprises a 13 m high, 150 on i.d. 

circular perspex pipe (Figure 3. 1) • A collect.or challber wi t.b a 

removable side is located at the bottom of the pipe. '!be 

collect.or chamber can be isolat.ed fraa the pipe above by a gate 

valve. '!be settling tube is marked at 2 m intervals so that 

the distance travelled by the settling particles can easily be 

determined. 

3.1.2 Operation 

With the removable side of the collection chamber closed and 

the gate valve open, the settling tube is filled with 'Water 

from the top. Particles can now be placed in the water at the 

top of the tube to determine their terminal settling velocity. 

When the collection chamber is full of perlicles, the valve is 

closed so as to isolate the chamber from the water above. The 

side of the ·chamber is then removed and the particles can be 

retrieved. '!be removable side is replaced, the valve is opened 

and testing can continue. 
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3.2 181 nm TEST RIG 

3.2.1 Description 

The 181 um internal diameter lest rig caaprises a primary 

circuit and a secondary circuit, and was used for testing both 

the converging elui.rialor and the cyclosieve. 

With the converging elutriator in position the overall layout 

·is as shown in Figure 3. 2. Figure 3. 3 shows the overall layout 

of the system with the cyclosieve installed.. 

3.2.2 Major eomooneni.s 

1. Test Tank 

The main test tank has a volune of approximately13 m• and 

contains the solid/water mixtlll'e that is to be ?.aped 

through Uie system. 

2, Centrifup.1 Pt!l!JlA 

Both the primary and secondary circuits are supplied. by 

200 x 200 nm solids handling centrifugal pumps. Each punp 

is powered by a 45 kW variable speed hydraulic drive. 

3. Pipeline 

The straight sections of both circuits are construci.ed. of 

181 11111 i.d. Polyvinyl Chloride (PVC) pipes. All bends and 

short transi i.ions between bends are constructed of mild 

steel, to reduce the wear rate. 
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4 • Voll.IDE! Measuring Tank 

'lhe volune measuring tank consists of a 1,6 m1 cylindrical 

vessel with a perspex viewing wirdow. It is used for 

calibrating the flow measuring devices, i.e. berd meters 

and doppler flow meters. 

5. §Ample Baskets 

Two square sample baskets are used to collect the fine and 

coarse material after separation has taken place. 'lhe 

baskets are covered in 2 om mesh so as to allow lhe water 

to drain off the solids. 

6. Pnetlne.tic Activators 

'1hree pne\.IDf\tic activators are used to divert the flow of 

the solids/water· mixture. 'lhe first is used to divert 

clear water to the vol\.IDe tank when calibrating the flow 

meters. The other two activators are used to divert the 

fines and coarse material to the sample baskets. 

3.t.3 Operation with the Converging Elutriator 

With reference to Figure 3. 2 from lAzarus and Rossouw (July 

1987), the primary circuit draws the solid/water mixture frcm 

the tank (A), through the s~tion nozzle (B), into the primary 

pump ( C) , up the vertical riser ( D) , down the downcaner ( E) , up 

the primary outlet nozzle (F) and into the converging 

elutriator ( G) • 
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The secondary circuit draws the solid/water mixture ( Sll8.ller 

particles) up the converging elutriator ( G) , down the downcaoer 

( H) , through the secondary punp ( I ) , up the riser ( J) , down the 

downcomer (K), through the flow diverter (L), into either the 

sample tank (M) or beck into the tank via a flexible hose, 

located directly behind the converging elutriator. 

A wire mesh sample basket ( 0) is IOca.ted in the lank used for 

sampling the smaller particles in the secondary circuit. 

A divertor is localed in the disposal chamber of the converging 

elutriator and is used· to sample the larger rocks lolhich pass 

down the annular disposal chamber. 'Ibese rocks are collected 

in another sample basket ( P) below valve ( 1) • 

Valves (2) and (3) are used to introduce water into both 

circuits from a constant head tank. Valve ( 4) is used to empty 

the tank. At the lop of the primary downcomer (B) is a 90 om 

ball valve ( 5) in a sealed colt111n. 'Ibis is used to in traduce 

selected particles into the primary circuit. 

3.2.4 Operation with the Cyqlosieve 

With reference to Figure 3. 3, the primary circuit draws the 

solid/water mixture fran the tank (A) , through the suction 

no~zle (B), into the primary JlllllP (C), up the vertical riser 

(D), down the doJ.mcaoer (E), through the tangential primary 

inlet (F) and into the cyclosieve (G). 
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The secondary circuit removes a portion of the solid/water 

mixture (only fines) fran the cyclosieve (G), via the downcomer 

( H) , through the secondary plElp ( I ) , up the riser ( J) , down the 

downcomer (K), through the flow divertor (L), into either the 

sample tank (M) or back into the tank (A) via a flexible hose 

(N). A wire mesh sample basket (0) is located in the tank (A). 

The remaining solids/water mi:rlure (coarse material) passes out 

of the bottom of the cyclosieve (G) via the coarse outlet, 

through a gooseneck divertor (Q), in'l.o either the coarse S8111ple 

chamber or back into the tank. 

The fines are sampled by diverting the flexible hose into the 

fines sample basket (O), while the coarse material is collected 

in the other sample be.sket (P) , below valve ( 7) • 

Valves (2) and (3) are used to introduce water into both 

circuits from a constant head tank. Valve (1) is used to eq>ty 

the tank. At the top of the primary downcaner (B) is a 90 om 

ball valve (5) in a sealed column. This is used to introduce 

selected particles directly into the primary circuit. A knife 

gate valve (6) at the bottom of the cyclosieve is used to close 

off the coarse outlet. 
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3.3 75 Diil TEST RIG 

3.3.1 Description 

The 75 nm internal diame'\.er test rig is comprised of a 

suction/delivery circuit and a jetting circuit as shown in 

Figure 3. 4 fran Lazarus and Rossouw (February 1988). 'lbe 

jetting circuit uses high velocity water jets to agitate the 

solids into suspension, while the soot.ion/delivery circuit 

draws the suspended solid/water mixture from the main tank and 

introduces it into the spirosieve model. 

3.3.2 Major Components 

1. Test Tank 

The main test tank has a volune of approximately 2 m' and 

contains the solid/water mixture that is to be pimped 

through the system. 

2. 

'nle suction/delivery circuit is supplied by a 100 x 100 DIR 

solids haoiling centrifugal JUllP• The p.mp is powered by 

' 
a 20 kW variable speed hydraulic drive. 

3. Jetting P.pp 

'nle jetting circuits are supplied. by a 125 x 75 Diil 

centrifugal p.mp which is powered by a 75 kW electric 

motor. 
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4. Pipeline 

The suction/delivery pipeline is constructed fran 75 nm 

i.d. galvanised. mild steel. 

The suction pipeline of the jetting circuit is constructed 

from 125 nm i.d. mild steel, while the delivery pipe is 

75 nm i.d. galvanised. mild steel. 

5. Volune MeasurinS Tank 

The volume measuring t.ank consists of a 0,3 m• cylindrical 

vessle with a perspex viewing window. 

measuring flow rates. 

6. §mmle Baskets 

It is used for 

Two cylindrical 2 nm apperture wire mesh sample baskets 

are situated beside the voltme measuring tank. They are 

used for sampling the fines and coarse material after 

separation has taken place. 

7. Di vertors 

Two gooseneck divertors are used to direct the solid/l-m'ler 

mixture into either the test tank, sample baskets or 

volume measuring t.ank. 

3.3.3 Operation 

Figure 3. 4 shows an overall layout of t.he research apparatus 

(consisting of two circuits, i.e. the suction circuit and the 

jetting circuit). 
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The suction circuit consists of test tank (A) leading to the 

dredge head (B) • This dredge head is coupled to a remote 

height adjustment (C) throUgb which the suction pipe (D) is 

joined to the solids handling pl.mp (E). The delivery pipe (F) 

is connected to the spirosieve (H) by means of 50 11111 flexible 

hose (G). 

Both the outlets at the top of the spirosieve are coupled to 

50 nm flexible hoses; one carries the fines (I) and the other 

the coarse material (J). The flexible hoses (I & J) lead into 

two gooseneck di vertors (Ki and K2 ) whereby the solid/water 

mixtures can be diverted to either the sample tank (N) or to 

the sample baskets (Mi and M2 ) • The coarse material is sampled 

in basket M2 and the fines in basket Mi. After sampling, the 

solid/water mixture is returned to the test tank (A) • 

The jetting circuit consists of a suction.line (0) leading to a 

high pressure jet pl.mp (P) and then joining the dredge head via 

delivery pipe (Q). This circuit is used to agitate the sample 

into suspension before it is drawn into the suction inlet. 

Valve ( 1 ) is used to introduce water into the test tank, while 

valve (2) is for priming the suction/delivery circuit. Valve 

(3) and (4) are for draining the volt.me measuring tank and ma.in 

test tank respectively. Valve ( 5) is used to adjust the 

jetting flow rate • 
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CHAPI'ER 4 

INSTRUMENTATION 

INTRODUCTION 

Various forms of instrumentation have been incorporated into the lest 

facility for the calibration of flc· ineasuring devices, monitoring of flow 

rates, general data a.cquisitlon and presentation. 

4. 1 DOPPLER FLOW MF.TERS 

Two doppl 1:::: flow meters have been installed in the primary and 

Hecondary circuits of the 181 nun test rig. The sonic transducers are 

located on the risers of each circuit., while the output display 

terminals are beside the controls of the hydraulic power pa.ck. The 

output from these meters is only used to assist in the setting of the 

pwnp speeds to acquire an approximate flow rate (see Appendix A for 

calibration curves). 

4.2 BEND METERS 

Bend meters have been incorporated into the primary and secondary 

circuits of the 181 nm test rig, at the top of each riser. The bend 

meter consists of two 4 mm holes drilled into the outer and inner 

radii of a 90° bend. Figure 4. 1 shows a bend meter with separation 

pods for preventing any solids material from entering the pressure 
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lines. The flow is measured by making use of the differential 

pressure generated at the high pressure tapping on the outside of the 

bend, relative to the low pressure lapping on the inside of the bend. 

4.3 PRESSURE TRANSDUCERS 

Two differential pressure transducers are used for measuring lhe 

pressure difference across the bend of each bend meter. The pressure 

transducers are SenSym LX1801DZ and have a 3,3 m differential range. 

They are linked to the bend meter tappings via a calibration manometer 

board. The electrical signals generated al the transducers are fed to 

a data acquisition unit. 

4. 4 MANCT-1ETER BOARD 

The manometer board comprises air over waler and waler over mercury 

manometers. The air over water manometers are used for calibrating 

the pressure transducers, doppler flow meters and bend meters, as well 

as relaying pressure readings to the transducers during operation. 

Figure 4.2 from Rossouw (November 1986), shows the layout of one of 

the air over water manometers. The water over mercury manometer is 

used to measure the pressure head loss over the spirosieve and is 

shown in Figure 4.3. 

Separation pod flushing water and air pressure is supplied by the 

water ma.in (400 kPa) and a compressor (700 kPa). 
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4.5 D.C. FDWER SUPPLY 

A 15 volt D.C. power supply is used lo supply the required excitation 

voltage to the differential pressure transducers. 

4.6 DATA ACQUISITION UNIT 

A Hewlett-Packard 3497 data acquisition unit is used lo process the 

signal from the D. C. power supply and the return signals from the 

differential pressure transducers. This unit converts the electrical 

analogue signals to digital signals before relaying them to the 

computer. 

4.7 CXl1PlJl'ER 

The digital signals from the data acquisition unit are processed by a 

Hewlett-Packard 150 micro-computer. The computer is used for the 

calibration of the pressure transducers, as well as for monitoring lhe 

flow rates and velocities during operation. 
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CHAPI'ER 5 

MEASUREMmll' TECHNIQJ&C3 I CALIBRATialS AND Aro.JRACY OF CX>lL1rrED DATA 

INTRODUCTION 

To investigate the separation efficiency of , each device under various 

conditions, it was necessary to monitor the following : 

1. Flow rates (velocity) 

2. Concentration 

3. Percentage particles passing. 

This chapter discusses the techniques used for the measurement of these 

components. 

Also presented are calibrations and calculations to determine the accuracy 

of the collected data. 

5 • 1 7 5nm TFSI' RIG 

5.1.1 Velocity Measurements 

The flow rates were monitored using the sample tank and a stop 

watch. The gooseneck dlvertors were diverted to the sample 

tank and the time of the di vertion was measured. The time 

recorded combined with the volumne in the sample tank yields 

the flow rate 
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where VT = volume in the tank ( t) 

t = sample time (sec) 

Q = flow rate (t/s) 

(5.1) 

The average velocity in tile spirosieve can be calculated by 

dividlng the flow rate by the area of the rectangular <...'Onduit 

v = Q 

A (5.2) 

where v = velocity (m/s) 

A = area (m2
) 

Q = flow rate (m1 /s) 

1. Calibration 

Figure 5.1 shows t..he calibration curve obtained for the 

sample tank, where the height (H) measured from a 

graduated scale on tile observation window is related t..o 

the volume in the tank. The equation is : 

VT = 0,195 H + 70 (5.3) 

2. Accuracy of veloci tY measurements 

To determine the accuracy of collected data, the equation 

used is partially cliff erent..iat..ed wi til respect lo each of 

the measured variable~ (Lazarus, 1984 ) • 



ax 
r = 

5.3 

ah 
ill' 

where ah = accuracy obtained when recording data 

Ml = lowest measured value of the data 

ah x 1of'llOI -- ~ ..... • urred Ali v'° perc.oeno..ae.e error inc • 

From equation 5.2 and 5.3 

(5.4) 

0,195 H + 70 
v = l 000 t A ( 5 • 5 ) 

Using the procedure as outlined above, the accuracy 

obtained fran the height measuremenl:. (H) is given by : 

av = 0,195 oH 
v o,195 H + 7o (5.6) 

and from the time measurement (t) 

av 
v 

and from the area measurement (A) 

av -v 
aA = --,;-

(5.7) 

(5.8) 
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Data collection errors are as shown in Table 5.1. 

Measured Accuracy Lowest 
% error Quantity Measurement 

H 1 nm 320 nm 0,15 

l 0,01 sec 20 sec 0,05 

A 0,00001 m2 0,00441 m2 0,23 

TABLE 5.1 

The maximum error is therefore 0,43% at a measured 

velocity of 1,5 m/s. 

5.1.2 Solids Concenlralion 

The solids concentration is monitored by diverting lhe 

gooseneck divert.ors to t.he sample baskets for a measured time 

period. The sample of material collected is weighed and from 

the flow rate and solids density, the concentration can be 

calculated by : 

c v 

where M s 

Ps 

Q 

ld 

= 
= 
= 
= 

mass of solids collecled (kg) 

solids density = 2 700 kg/m3 

flow rate (m•/s) 

lime of sampling (sec) 

(5.9) 
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Using the method described previously, the accuracy obtained 

from the mass (M ) is given by s 

ac v 
rr-

v 

3M s = ~ s 

and from the time ( td) 

ac v 
rr-

v 
= 

and from the flow rate ( Q) 

ac v 
rr-

v 
= 

Data collection errors are shown in Table 5.2. 

Measured Accuracy 
Lowest 

Quantity Measurement 

M 0,001 kg 4,364 kg s 

ld 0,01 sec 4,7 sec 

Q 2 , 8 x 1 o- •m •Is 0,00662 m•/s 

TABLE 5.2 

The maximum concentration error is therefore 0,66%. 

(5.10) 

(5.11) 

(5.12) 

% error 

0,02 

0,21 

0,43 
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5.1.3 Percentage Partiele Passing 

To determine the screening efficiency during bulk sample tests 

the percentage particles passing through the screen is 

calculated at different size ranges. 

The coarse and fine particles collected from each sample basket 

are dried, sieved, weighed and recorded. 

The percenLage passing in a specific size range is calculated 

by dividing the mass of material collected in that size range 

in the fines basket, by the total mass of material in that size 

range. 

The recorded results are presented on a Tromp Curve (Grade 

Efficiency Curve) as in Figure 5. 2. The Tromp curve is a 

graphical representation of the percentage particles of various 

sizes that pass through a specific screen. 

In Figure 5.2, the data point at (1) indicates that 70% of all 

particles between 10 nun and 8 mm (next smallest sieve size) 

passed through the separation devices screen. The last data 

point (2) indicates the percentage passing between 5 mm and the 

smallest sieve size used, i.e. 2 nm. 
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1. Accuracy of measurements 

The percentage passing (PP) is given by 

pp = 

where Mf = mass of fines in fines basket (g) 

M = mass of fines in coarse basket (g) c 

and the accuracy of the measurement is given by 

3pp aMf aMf 
w- = 

~ Mf +Mc 

3PP 3M c 
w- = - Mf + Mc 

Data colleclion errors are shown in Table 5.3. 

(5.13) 

(5.14) 

(5.15) 

Measured Accuracy Lowest % error Quantity Measurement 

Mf o, 1 g 3,1 g 3,21 

M O, 1 c 
g 634,7 g 0,01 

TABLE 5.3 

'Ibis results in a maxi.mum error of 3,22% when the 

percent.age passing is at a mini.mum, i.e. 0%. 
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'!he error when 100% material is passing, is approximately 

0,09%. 

5.2 181 nm TEST RIG 

5.2.1 Flow Measurements 

'!he flow rat.es in lhe 181 nm diameter test rig were monit.ored 

using bend meters as described in Section 4.2. The head loss 

across the bend was measured using diff erenlial pressure 

transducers. 

1. Calibration 

Figure 5. 3 shows the calibration curve obtained for the 

sample tank which was used to calibrate the bend meters. 

The height (H) on the scale is related t.o the vol\.llle 

VT = 0,5 H + 207 ( 5 .16) 

Figures 5. 4 and 5. 5 show lhe calibration curves for lhe 

primary and secondary pressure transducers. They were 

calibrated using the air over water manometers which have 

graduated scales for measuring the head difference Ah • 

'!he equations are 

v out 
1,41 x 10-• .611 + 7,58 

for the secondary transducer, and 

(5.17) 
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Vout = 1,42 x 10-> 6H + 7,51 (5.18) 

for the primary transducer. 

where V = the voltage output. (vol ts) out 

6H = the head difference (nm) 

The primary and secondary bend meters were calibrated 

using the pressure transducers and the sample tank. The 

calibration curves are shown presented in Figures 5. 6 and 

5.7. The equations are : 

ln Q = 0,518 ln 6H + 1,191 
p 

for the primary bend meter, and 

ln Q = 0,504 ln 6H + 1,317 
s 

for the secondary bend meter. 

(5.19) 

(5.20) 

2. Accuracy of measurements 

The accuracy of the pressure transducers is taken to be 

0,67% as specified by the manufacturers, because the 

regression coefficient of both calibrations was 1. 

) 
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The accuracy of lhe flow measurement is det.ermined by 

calculating ,the error due to readings taken via the 

pressure transducers, and from the bend met.er calibrations 

using the sample tank. 

From equation 5.16 

0,5H t 207 
Q = Qs = ~ = 1 000 t (5.21) 

By differentiating, the accuracy obtained from the height 

(H) is given by : 

0,5 oH = 0,5H + 207 (5.22) 

and from the sample 1..ime ( t) 

(5.23) 

Dat.a collect.ion e?Tors are shown in Table 5.4. 

Measured Accuracy Lowest % error Quantity Measurement 

H 1 Diil 1 380 nm 0,06 

t 0,01 sec 22,2 sec 0,05 

TABLE 5.4 
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For the primary flow rate, combining equations 5.18 & 5.19 

ln Q = 0,518 ln 
p [ 

v t - 7 ,51 ] + 

1~~2 x 10- 1 
1,191 

the ac<.."UI'BCY is given by 

0,518 a vout 
= v - 7,51 out 

Data collection errors are shown in Table 5.5. 

Measured Accuracy 
wwest 

Quantity Measurement 

vout 0,0504 7,5188 

TABLE 5.5 

(5.24) 

I 
(5.25) 

% error 

0,30 

The maximUm error in the primary flow is therefore 0,41% 

at 40 t/s. 

Similarly, for the secondary flow, combining equation 5.17 

and 5.20 

ln Q 
s = 0,504 ln [ 

v t - 7 ,58 ] 

l~l x 10- 1 
+ 1,317 (5.26) 
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the accuracy is given by 

0,504 3 v t 
OU 

voul. - 7,58 (5.27) 

De.la collection errors are shown in Table 5.6. 

Measured Accuracy Lowest % error Quantity Measurement 

voul. 0,0521 7,769 0,02 

TABLE 5.6 

The maximum error in the secondary flow is therefore 0,13% 

at 50 t/s. 

5.2.2 Velocity Measurements 

The velocity al any section in lhe system is calculated by 

dividing the flow rate by the flow area. 

1. Accurecy of measurement 

The accuracy of the elulriation column velocity (V ) ec is 

affected by the measurement of both the secorx:iary flow 

(Q
8

) and lhe diameter (D) of lhe elulriation collBllll. 



v ec = 

5.13 

4Qs 
(5.28) 

by di ff erentiati.ng with respect to Q
8 

and D , the 

accuracy is given by 

and 

av ec 
v--
ec 

av ec 
v--ec 

= 
aQ s 

~ 

2oD 

Data collection errors are shown in Table 5.7. 

Measured Accuracy Lowest 
Quantity Measurement 

-
Qs 6,5 x 10-• 0,050 m1 /s 

D 0,002 m 0,350 m 

TABLE 5.7 

(5.29) 

(5.30) 

% error 

0,13 

3,27 

Similarly, for the primary outlet nozzle velocity (V ) ' 
Pl 

the accuracy is given by 

(5.31) 



and 

av 
pn = v-

pn 

5.14 

23 d 
n 

da 
n 

Data collect.ion errors are shown in Table 5.8. 

Measured Accuracy Lowest 
Quantity Measurement 

~ 1,64 x 10- 4 0,040 m•/s 

d 0,002 m 0,154 m n 

TABLE 5.8 

The equation for the annular velocity (V ) 
. an 

v = an 

Q - Q s p 

n/4 (D2 
- d 2

) 
n 

and the accuracy in the measurement is 

av aQS an 
v-- = Q - Q 

an s p 

av ~ an 
v-- = Qs - Qp an 

av 2D aD an 
v-- = 

an n2 - da 
n 

(5.32) 

% error 

0,41 

2,60 

is 

(5.33) 

(5.34) 

(5.35) 

(5.36) 
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av 2 d ckl an n n = 
~ Dz - da 

n 

(5.37) 

Data collection eITors are shown in Table 5.9. 

Measured. Accuracy Lowest % error Quantity Measurement 

Qs 9,75 x 10-• 0,075 m•/s 0,28 

Qp 1,64 x 10-" 0,040 m•/s 0,47 

D ' 0,002 m 0,350 m 1,42 

d 0,002 m 0, 154 m 0,42 n 

TABLE 5.9 

The maxi.mum error in annular velocity measurements is 

2,59% at V = 0,50 m/s. an 

The equation for the primary inlet velocity ( v) of the 

cyclosieve is given by 

v = 
4Qp 

nd! 
1 

(5.38) 
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'!be accuracy of the measurement is given by 

and 

av = a~ 
v ~ 

2~. 
1 = --

d~ 
1 

De.la collection errors are shown in Table 5.10. 

Measured Accuracy 
Lowest 

Quantity Measurement 

~ 4, 1 x 10- 4m•/s · O, 100 m• /s 

d. 0,002 m 0,200 m 
1 

TABLE 5.10 

5.2.3 Concentration Measurements 

(5.39) 

(5.40) 

% error 

0,41 

2,00 

The concentration is monitored by diverting the primary and 

secondary flow to the sample baskets. The sample of material 

is weighed and from lhe primary flow rate (Qp) and solids 

density, the concentration can be calculated by 

c v 

100 M 
s (5.41) 
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The accuracy in measuring the concentration is calculated. as in 

Section 5.12. 

Data collection errors are shown in Table 5.11. 

Measured Accuracy Lowest 
Quantity Measurement 

~ 

M 0,001 kg 16,078 kg 
s 

td 0,01 sec 5 sec 

Qp 6,3 x 10-4 m1 /s O, 154 m1 /s 

TABLE 5.11 

'Ihe ma.xi.mum error is 0,62% at a C of 0,72%. 
v 

5.2.4 Percentage pe.rticles passing 

% error 

0,006 

0,20 

0,41 

The calculation of the percent.age pa.rlicles passing is the ~ 

as that described in Section 5.13. 

'Ihe error in the measurement is of the order of magni 1.ude as 

that calculated in Sec ti on 5. 2. 4 ( 1) i.e. 3, 22% at 

approximately 0% passing and 0,09% at 100% passing. 
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SAMPLE TANK CALIBRATION 
270 

VT= ,195*H + 70 
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Figure 5. 1 75 rmn Test rig sample tank calibration 
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SAMPLE TANK CALIBRATION 
VT= ,500*H + 207 
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Figure 5.3 181 mm Test rig sample tank calibration 
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PRESSURE TRANSDUCER CALIBRATION 

Ill ., -0 
> 

ti / 
t'l 

"' ;!;: /"' 0 
> / ..., 
;j 
Q.. ., 
:s 
0 

~....._~....._~_._~_.._~__..~__..__~...._~...._~_._~_._~__._~__.._____, 

1500 125C• lOQQ 75C• 500 250 0 250 500 750 1000 
12~0 

manometer head· di f'f'erenc e < mm ) 

PRESSURE TRAHSDUCER HUMBER : 1 
OUTPUT UOLTAGE = < 1.12101[-03 *DELTA h > + 7.508028 

REGRESION COEFFICIENT RAZ = 

DATE 03-02-1987 

DELTA h ( MM 

1332.0 
1117 .0 

911 .0 
704.0 
496 .0 
288.0 

77.0 
0.0 

Figure 5.4 
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Primary pressure transducer calibration 
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PRESSURE TRANSDUCER CALIBRATION 
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Secondary pressure transducer calibration 
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• 
6.2 'IRACER PARTICLES 

Coloured tracer particles were used in batched tests on all three 

separation devices t.o determine the effect of particle size and/or 

· particle density. 'Ibe part.icles varied in size and density bit had a 

constant cylindrical shape. Table 6. 1 gives a BtmDB.rY of the 

properties of each tracer particle. 

Terminal 
Particle Colour Density Settling SF 

Size (kg/m3
) Velocity 

(m/s) 

3,8 Orange 3 500 0,415 0,730 

8 Orange 3 500 0,570 0,692 

3,8 Purple 2 700 0,327 0,698 

8 Purple 2 700 0,469 0,690 

10 Purple 2 700 0,542 0,713 

TABLE 6.1 

6. 3 lNT.BR'tEOIATE BUIK SAMPLE 

Intermediate bulk samples of approximately 6 ki of crushed granite, 

ranging frcn 4 mn t.o 100 mn were used in the converging elutriator 

tests. 
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'Ihe crushed granite was sieved into 6 particle size ranges, F.ach 

intermediate bulk sample was comprised of a recorded quantity of each 

size range as shown in Table 6.2. 

A further intermediate bulk sample consisting of solitary particles 

and tracer particles was also used in the converging elutriator. 

Particle Size Mass (g) Nunber Range (DID) 

4 - 8 1200 

8 - 16 1200 

16 - 25 1000 

25 - 38 24 

38 - 51 12 

+ 51 8 

TABLE 6.2 

6.4 BULK SAMPLES 

Different bulk samples of solid material were used in each test rig to 

determine the effect of concentration and/or particle size 

distribution, on the separation efficiency of the devices. 
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In the 181 nm test rig lhe bulk sample consisted of -17 nm dense phase 

subnarine gravel and 17 - 100 nm subne.rine quartz pebble~. The solids 

density was measured at 2, 90 g/cm1 and had an initial particle si~ 

distribution as shown in Figure 6.1 from Lazarus~ Rossouw (May 1988). 

'nle solid material placed in the 1..est tank of the 75 IDB lest. rig had a 

smaller particle size range because of the limiting size of the 

spirosieve model. The sample was comprised. of -25 nm quart.z beach 

pebbles with a density of 2, 70 g/cm1 and an initial particle sh~e 

distribution as shown in Figure 6.2 from Lazarus & Rossouw (March 

1988). 
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CYCLOSIEVE PARTICLE SIZE DISTRIBUTION 
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181 mm Test rig bulk sample particle size distribution 
(Lazarus & Rossouw, May 1988) 
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Figure 6.2 75 rmn Test rig bulk sample particle size distribution 
(Lazarus & Rossouw, March 1988) 
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CHAPI'ER 7 

In order to determine the sui labili tY.. of · each device for \Dierwa.ter 

separation, various tests were carried out -while va:eying different 

parameters. The parameters were 

Converging Elutriator 

Cyclosieve 

particle size 

particle shape 

particle density 

elutriator geanelry 

elutriator velocities 

particle si~ 

particle density 

solids concentration 
', 

screen geanetry 
I 

primary inlet velocity 

flow conditions 

_, 



Spirosieve 

7.2 

- particle size 

particle density 

velocity 

solids concentration 

particle size distribution 

screen length 

spirosieve orientation 

presence of larger particles 

'Ibis chapter covers the experimental procedure adopted while conducting 

tests to determine the effect of the above parameters on the separation 

efficiency of each device. 

7. 1 OONVEOOING ELUIRIA'Im 

7.1.1 Solitary Particle Tests 

Tests were conducted using solitary particles lo determine the 

effect of particle size and shape, and elutriation colU111D 

velocity on the separation efficiency. 

Figure 7 .1 (a), ·from Lazarus and Rossouw (July 1987), shows the 

geometry of the ex>nverging elutriator used for this series of 

tests. 
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With reference to Figm-e 3.2 the test procedure was as 

follows : 

(a) With the system operating with clear water, all divertors 

were set so that the fine and coarse pe.rticles could be 

collected in the appropriate sample baskets. 

(b) The primary flow was set 10 t/s lower than the secondary 

flow so as to cause an upward flow in the annular disposal 

chamber. 

(c) The flow rates and velocities were recorded.. 

(d) The solitary particles were individually int.rodlEed into 

the primary circuit via the primary inlet (B). 

( e) The behaviour · of each pe.rticle in the converging 

elutriator was observed through the perspex sections and 

recorded. 

( f) When all the particles had been tested the divertors were 

returned to their original positions and the particles 

were collected. 

Testing was continued by repeating (a) to (f) with different 

flow rates but always maintaining the 10 t /s flow difference. 
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7.1.2 Intermediate Bulk and Batch Sample Tests 

Tests were carried out using intermediate bulk samples of 

crushed granite, tracer pe.rlicles/solitary particles, and batch 

samples of tracer particles. These tests were to investigate 

the effect of a change in pri11JB.ry outlet velocity, elutriation 

geometry, upward annular disposal chaaber velocity and particle 

density. 

The operating procedure was as follows 

(a) With the system operating with clear water, all divertors 

were set so that the fine and coarse particles could be 

collected in the appropriate sample baskets. 

(b) The primary and secondary flow rates were set as required. 

(c) The flow rates and velocities were recorded. 

(d.) A measured quantity of material was introduced inlo the 

primary circuit via valve (5). 

( e) The behaviour of the particles in the converging 

elutriator were observed through the perspex sections and 

recorded.. 

( f) When the sample had passed through the system the 

divertors were returned to their original positions. 
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( g) The fines and coarse material was collect.ed septU"&tely, 

dried, sieved, weighed and recorded. 

The testing procedure varied slightly as each parameter was 

varied as follows : 

1. Primary outlet velocity 

The primary outlet velocity was varied by reducing the 

diameter of the primary outlet nozzle as in Figure 7 .1 

(b) •. 

2. Elutriation geaaet.r:y 

The elutriation geometry was varied by changing the 

diameter and position of the primary outlet nozzle. The 

four geometric variations are shown in Figure 7.1. 

3. Up:mrd annular disposal chamber velocity 

The annular disposal chamber velocity was varied once the 

optimum position of the outlet nozzle was found. 

This was achieved by changing the ratio of primary flow to 

secondary flow resulting in an upward flow in the annular 

disposal chamber. 

4. Particle density 

The effect of a change in particle density was 

investigated by using batch samples of tracer particles 

with different densities, i.e. 2,70 g/cm., and 3,50 g/cm ... 



7.2 CYCLOSIEVE 
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Tracer particles with a density of 3,50 g/cm1 were mixed 

with an intermediate bulk sample of the solitary particles 

( 2, 70 g/cm1
) , to determine the separation efficiency when 

100% of the diamond density particles were separated. 

7.2.1 Batch Sample Tests 

Batch samples of 8 nm tracer particles were used to investigate 

the effect of a change in primary inlet velocity, flow 

conditions, screen geometry and particle density. 

With reference to Figure 3. 3 Uie test procedure was as 

follows : 

(a) With the system operating with clear water, all divertors 

were set so that the fine and coarse particles could be 

collected in the appropriate sample baskets. 

(b) The primary and secondary flow rates were set as required. 

(c) The flow rates and velocities were recorded. 

(d) The flow patterns in the cyclosieve were observed through 

the clear perspex covers, and recorded. 
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( e) A measured quanli ty of tracer particles were introduced 

into the primary circuit via valve ( 5). 

( f) Once the particles had been given sufficient time to pe.ss 

through the system the divertors were returned to the 

nonna.l position. 

( g) · The tracer particles were collected from each sample 

basket, cotmted and recorded. 

The parameters to be investigated were varied as follows 

1. Primary inlet velocity 
I 

The primary inlet velocity was changed by altering the 

pump speed. The difference in flow rate between the 

primary inlet and secondary/fines outlet was kept constant 

during each test. 

2. Flow conditions 

The ratio of the secondary outlet flow to t.he primary 

inlet flow was varied by changing the -relative pump 

speeds. This was done to create different flow conditions 

within the cyclosieve. 

' 
3. Screen geanetry 

The cyclosieve was dismantled so that the vertical screens 

could be changed to conical screens. 
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4. Particle density 

Particle d.ensi ty was varied by using different density 

tracer particles. 

7.2.2 Bulk §mnple Tests 

A bulk sample of marine gravel, as described in Section 6. 4, 

was used to determine the effect of particle size, sol ids 

concentration and different flow conditions on t.he screening 

efficiency of the cyclosieve. 

The test procedure was as follows 

(a) With the system operating with clear water, the built 

sample was emptied into the test tank. 

(b) The primary and secondary flow rates were set as required.. 

(c) 'Ibe flow rates and velocities were recorded. 

(d) The flow patterns in the cyclosieve were observed through 

the clear perspex covers, and recorded. 

(e) 'Ibe fines and coarse outlets were diverted to the sample 

baskets for a short period (± 5 seconds), so as not to 

reduce the solids concentration in the system, 

( f) 'Ibe time of di vertion was recorded. 

\ 
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(g) The coarse and fine material was collected, dried, sieved, 

weighed and recorded, so that the concentration, screening 

efficiency and particle size distribution could be 

calculated. 

'!he variable parameters were changed. as follows 

1. Particle size 

The wide range of particle sizes in the bulk sample 

(Figure 6.1) allowed for the determination of the effect 

of particle size on screening efficiency. 

2. Solids concentration 

'!he solids concentration in tile system was changed by 

adding more -17 Diil material to the test tank. 

3. Flow conditions ' 

7.3 SP~IEVE 

Different flow conditions were obtained by adjusting the 

ratio of the primary inlet flow to the secondary outlet 

flow. 

7.3.1 Clear Water Tests 

Before any solid material was tested in the spirosieve, clear 

water tests were carried out to determine the type of flow 

occurring in the spirosieve, i.e. smooth wall, partially-rough 
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wall or fully-rough wall turbulent flow with reference lo the 
\ 

friction factor Reynolds number diagram for pipe flow. 

With reference to Figure 3.4 the test procedure was as 

follows : 

(a) The test tank (A) was filled with clear water and the p.mp 

(E) was started. 

(b) The flow rate was set by adjusting the punp speed, and 

recorded. 

( c) The head loss across the spirosieve was measured on the 

water over mercury manometer, and recorded. 

Steps (b) and (c) ~ere repeated at different flow rates and the 

associated head losses were recorded. 

7.3.2 Batch Sample Tests 

Batch samples of 3, 8 nm tracer particles and marine gravel/ 

tracer particle mixtures were used to determine the effect of 

the following parameters : 

• velocity 

• presence of larger particles 

• particle density 

• screen length 

• spirosieve orientation. 
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With reference to Figure 3.4 t.he lest procedure was as 

follows : 

(a) The straight suction inlet on the suction dredge head ( B) 

was replaced with a 180° bend so that the suction inlet 

was facing ~. 

(b) The ·test tank (A) was filled with clear 'Water and the 

system was started. 

(c) The flow rate was set as required, and recorded. 

(d) 'nle fines and coarse flow were directed to the sample 

baskets, by diverting the gooseneck divertors (K1 and K2 ). 

(e) A quantity of either tracer particles or a tracer 

particle/ gravel mixture was introduced directly into t.he 

suction inlet. 

(f) Visual observations of pert.icle behaviour in the 

spirosieve were made, and recorded. 

(g) When the sample had passed through the spirosieve the flow 

was directed beck to the tank (A). 

(h) The material in the fine and coarse be.skets was collected, 

dried, sieved, weighed and recorded. 
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The parameters were varied as follows 

1. Velocity 

The velocity within the spirosieve W:88 varied by changing 

the punp speed, resulting in a change in the flow rate. 

2. Presence of larger particles 

The presence of larger particles on the separation of 
i 

fines 'WaS investigated by introducing a mixture of small 

tracer particles and marine gravel into the system. 

3. Particle density 

Tracer particles of varying density were used. 

4. Screen length 

The screen length was shortened from 2, 76 m to 2, 02 m by 

blanking off the latter pa.rt of the screen with a solid 

barrier. 

5. Spirosieve orientation 

'Ille spirosieve was tested on its side to determine if this 

would affect the screening efficiency. 

7.3.3 Bulk Sample Tests 

A bulk sample of marine gravel, as described in Section 6. 4, 

'WaS used to investigate the effect of particle size, solids 

concentration and particle size distribution. 
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'The test procedure was as follows 

(a) 'The 180° bend used in the batch saq:>le test.a was removed. 

(b) The test tank (A) was filled with the bulk sample and 

water. 

(c) Both the solids handling punp (E) and the jetting pump (P) 

were started. 

(d) Valve (5) was opened tmtil the jetting flow agitated the 

solids into suspension. 

(e) 'The suction dredge head was lowered into the bulk sample. 

(f) 'The flow rate was set as required and recorded. 

( g) Visual observations of particle behaviour in the 

spirosieve were made, and recorded. 

(h) The recirculating system was left to stabilise for 

5 minutes before the fines and coarse flow were diverted 

to the sample baskets for a measured and recorded time 

period. 

(i) The fine and coarse material was collected, dried, sieved, 

weighed and recorded. 
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The parameters were varied as f oll°"1B 

1. Particle size 

The wide particle size range of lhe bulk 88111ple provided a 

base for investigating the effect of particle size cm the 

screening efficiency. 

2. Solids concentration 

'lbe solids concentration was varied by ei t.her raising or 

lowering the sucticm dredge head within the bulk.sample. 

3. Particle size distribution 

'lbe particle sb:e distrib.ttion was changed by adding 

0,075 m1 of 2 nm - 5 um quartz stones to the existing bulk 

sample in the tes~ tank. 
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CHAPTER 8 

EXPERIMENTAL RESULTS AND OBSERVATIONS 

INTRODUCTION 

In this chapter, the experimental results and observallons of the tests 

carried out on ea.ch separation device are presented. 

Tabulated results of the experimental data are also presented in Appendices 

B, C and D. 

8. 1 CONVERGING ELUI'RIATOR 

8.1.1 Particle Size 

Figure 8.1 to 8.3 represent the resulls of the solitary 

particle tests, at different elutration column velocities, to 

determine the effect of particle size on separation. 

Most of the large rocks (50 mm - 60 mm) that passed out of the 

converging elutrialor via the annular disposal chamber never 

entered the elutriation column (straight section). 

The intermediate size rocks that were separated to waste, 

entered the elutriation column and only when they moved to the 

walls did lhey pass down and oul via the annular disposal 

chamber. Some rocks recirculated for long periods between the 

walls and the higher velocity core before being separated. 
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8.1.2 Particle Shape 

'!he eff ecl of particle shape on the percentage particles 

entering the secondary circuit is shown in Figure 8.4 to 8.6 at 

different elulrialion coltm111 velocities. 

It was observed that the more irregular shaped rocks, i.e. 

lower shape factors, showed erratic behaviour in the 

elutriation column. A change in orientation would often result 

in a change in direction. 

8.1.3 Elutriation Column Velocity 

'!he effect that elulriation col\.lllD velocity has on separation 

with solitary particles is shown in Figure 8.7. 

Figure 8.8 shows t.he effect of a change in elutriatian colUllll 

velocity with an intermediate bulk sample of granite. 

Al all velocities small gravel particles were seen lo move down 

the elutriation column in the wake of the larger rocks. Some 

smaller particles never entered the elut.riation coll.11111 bul were 

separated out while still in the converging section. 

Considerable turbulence was evident al the start of the 

elutriation colt11111, especially at the higher velocities. 
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8.1.4 Primary Outlet Velocity 

Figures 8.9 lo 8.11 show the effect of an increased primary 

outlet noz~le velocity of approximately 32%. 

Al an elulriation column velocity of 0,82 m/s a greater amount 

of turbulence was observed at the higher velocity. 

The turbulence continued lo occur at the lower elut.rialion 

colllDll velocities but at a position higher up in the 

elutrialion column. 

8.1.5 Elutriator Geometrx 

The elutrialor geometry was varied as is shown in Figure 7. 1 

(a), (b) and (c) and the test results for an elutriation column 

velocity of 0,71 m/s are shown in Figure 8.12. 

The test results with the Figure 7 .1 (d) g~try are shown in 

Figure 8.13. 

As the outlet nozzle was moved closer to the elutriation col\.IJlll 

a decrease in. turbulence was observed. 

8.1.6 Annular Disposal Chamber Velocity 

Figures 8.14 and 8.15 show the effect of varying the annular 

velocity, with the elulriation geometry as in Figure 7.1 (d), 
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In Figure 8. 14 the primary outlet nozzle flow 'W8S varied to 

produce a change in the annular flow, while in Figure 8.15 the 

secondary flow was varied. 

8.1.7 Particle Density 

Figure 8.16 is a plot of the percentage particles entering the 

secondary circuit versus annular velocity, with particle 

density as' lhe variable parameter. 

8.1.8 General Separation Trends 

Figure 8. 17 shows lhe separation efficiency of the converging 

elutriator when 100% of all 8 nm di81110ld density ( 3, 50 g/cm•) 

particles were entering the secondary circuit, i.e. passing to 

the ship. 

\ 

Some smaller particles, incltd.ing lhe 8 um diamond density 

particles, moved into the outer coflow region with the larger 

rocks. They settled slowly until reaching the annular disposal 

chamber from where they were carried upwards by lhe annular 

flow.. 'nlese particles recirculated between the two regions but 

were eventually all drawn back into lhe higher velocity central 

core and passed up the elutriation column. 

Figure 8 .18 is an experimental/theoretical plot of the 

separation efficiency when 100% of all 16 nm diamond density 

particles are passing. 
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8.2 CYCLOSIEVE 

8.2.1 Vertical Screen 

1 • Pri.me.ry inlet velocity 

Figure 8.19 shows the effect that the primary inlet 

velocity has on screening. For this test the primary 

inlet flow· ( ~) and secorda.ry outlet flow ( Q
8

) were equal. 

It was observed. that part of the inlet flow was deflected 

across the top of the cyclosieve, which resulted in a high 

degree of turbulence. 

At the lower inlet velocities (< 4,5 m/s) the inlet jet 

began to strike the screen directly and only a thin layer 

of rotating water was observed. on the screen. 

2. Flow conditions 

The effect on the screening efficiency, resulting from a 

change in the ama.mt of water that is removed via the 

secondary outlet, is shown in Figure 8.20. 

With Q - Q = 44 t/s a large mass of rotating water was 
p s 

observed in the cyclosieve, especially at the higher inlet 

velocities. The free vortex discharge via the coe.rse 

outlet was very strong. It was also noted that there was . 

a considerable flow of lolater from the outer chamber be.ck 

through the screen holes. 
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AL Q - Q = 20 t /s a thinner layer of rotating water p s 

was observed. on the screen. '!his layer of water covered 

only 6/8 of the screening surface at a 4, 18 m/s inlet 

veloci 'Ly. 'Ihe amo\lllt of water flowing beck titrough the 

screen holes was minimal. 

8.2.2 Conical Screen 

Figure 8. 21 shows the change in screening efficiency when the 

screens were changed from vertical to conical. 

Al the higher inlet velocities ( > 4,5 m/s) a layer of water 

was pushed up onto the solid section above the screen (see 

Figure 2 . 11 ( 3) ) . '!his rotating layer of water neutralised. 

part of the deflected. inlet flow that was observed using 

vertical screens. 

1 . Pri.maey inlet velocity 

Figure 8.22 shows the effect. that a change in the inlet 

velocity has on the screening efficiency. 

As was the cas~ with the vertical screens, the inlet jet. 

strikes the screen directly at velocities below 4,5 m/s. 

2. Variable secondary flow 

Changing the secondary flow while keeping the primary flow 

constant results in different flow conditions within the 

cyclosieve. 
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This is shown in Figure 8.23, as well as it.a effect, on Ute 

screening efficiency. 

Il was observed. Uial an almost non-aerated condilion was 

obtained. when the secondary flow rate was very mt.di less 

than the primary inlet flow. The rotalional veloci t,y of 

the large mass of water appeared. to be slightly slower 

than that of the thin layer of water. 

3. Particle density 

Figure 8.24 is a plol representing the effect Uiat a 

change in particle density has on the percentage particles 

passing through the screen. 

4. Particle size 

Figure 8.25 is the Grade Efficiency Curve (Tromp CUrve), 

showing the percentage particles passing plotted against 

the particle size. 

Refer to Section 5. 1. 3 for an explanation of the Grade 

Efficiency Curve (Tromp Curve). 

5. Flow conditions 

The effect that the different flow corxiitions have on the 

screening efficiency is shown in Figure 8.26. 
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With the thin layer of rotating water on the screen, small 

and large rocks botmoed off the screen. and back through 

the water, into the air core and down the coarse outlet. 

6. Solids concentration 

Figure 8.27 is a graph of the particle size distribution 

and tromp curve, at three different solids concentrations. 

The change in the particle size distribution was due to 

particle degradation caused by wear and the addition of 

-17 Diil gravel to raise the solids concentration. 

8.3 SP!RreIEVB 

8.3.1 Clear Water Tests 

Figure 8. 28 represents the head loss per meter length of the 

spirosieve plotted against the average velocity. 

...-;;-
These results were analysed as described in Appendix /t and are 

presented on the friction factor ven1us Reynolds nUllber diagram 

in Figure 8.29. Also shown on this graph are circular pipes 

with relative roughnesses of 0,02 and 0,05. 

8.3.2 Velocity 

The effect that a change in the average velocity has on the 

screening efficiency is shown in Figure 8.30. 
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8.3.3 Presence of larger particles 

The effect of larger coarse material on the screening 

efficiency of fines was investigated and is shown in 

Figure 8. 31. 

8.3.4 Particle Density 

The recorded change in screening efficiency, using different 

density tracer particles, is presented in Figure 8.32. 

8.3.5 Screen Length 

The effect that a shorter screen length had on the screening 

efficiency is shown in Figure 8.33. 

8.3.6 Orientation 

Figure 8.34 shows the percentage particles passing at different 

velocities for two different orientations of the spirosieve. 

8.3.7 Particle Size 

Figure 8. 35 shows the tromp curve and particle size 

distribution for a bulk sample of marine gravel. 

It was observed that the larger particles bounced off the 

screen and travelled through the bed into clear water before 

being forced back onto the screen again. 
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It was observed. that individual screen holes became blocked 

with gravel but tmblocked. almost inmediately when other rocks 

impinged. on them. This resulted in a constant blocking and 

unblocking action during bulk sample tests. 

8.3.8 Solids Concentration 

Figures 8. 36 and 8. 37 show 1.he effect that an increase in 

solids concentration has on the screening efficiency. 

In the tests from which Figure 8.36 was derived, both the 

velocity and particle size distribution were kept constant. 

In the Figure 8.37 tests, the particle size distribut.ion 

changed slightly between tests because of material degradation 

due to wear. 

The velocities in both tests were approximately equal and above 

the velocity (2,5 m/s) where screening efficiency began to 

decrease in the batch sample tests. 

8.3.9 Particle Size Distribution 

Figure 8. 38 represents the results of tests carried out to 

determine the effect of an increase in the percentage fines on 

the screening efficiency. 
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9.1 

CHAPl'ER 9 

DISCUSSIOO 

INTRODUCTION 

In this chapl.er, the experiment.al resul 1..s and observal.ions fran the tes'ls 

conducted on each separation device are discussed. 

9. 1 OONVERGING ELUI'RIATOR 

9.1.1 Particle Size 

Referring to Figures 8.1 to 8.3, as was expected, an increase 

in particle size resulted in a decrease in the pe:n..--en tage 

particles enl.ering the secondary circuit.. 

The relationship is fairly linear and can be attributed to the 

fact that solitary particles were used resulting in no 

interaction between particles. 

9.1.2 Particle Shape 

An increase in the particle shape factor resull.ed. in a decrease 

in the separation efficiency at all elutriation column 

velocities, as is indicated in Figures 8.4 l.o 8.6. 

'Ihe shape factor has a major effect on the separation 

efficiency, especially at the higher particle sizes. 



9.2 

At elutriation colunm velocities of 0,80 m/s and O, 72 m/s an 

85% difference in the percentage particles passing, at a si:.~e 

range of 30-40 nm, was recorded for the complet.e shape factor 

range. 

9.1.3 Elutriation Column Velocity 

Figure 8. 7 shows that a decrease in the elutriation column 

velocity results in a decrease in the percentage particles 

passing at all size ranges above 10-20 aa. 

A more erratic trend was recorded in the intermediate bulk 

sample test.s, as is indicated in Figure 8.8. 

The decrease in separation efficiency at the lower si~e ranges 

is attribut.ed to the interaction between the large and small 

particles. This. is confirmed by the observed loss of smaller 

particles in the wake of larger rocks. 

The turbulence observed at the start of the elutriation col\.11111 

may have been due to the jet striking the sides of the 

converging section before entering the straight section. 

9.1.4 PrimarY Outlet Velocity 

The primary outlet nozzle diemet.er was reduced in an au.empt 1..o 

prevent the jet from striking the sides of the converging 

section. This also resulted in a 32% velocit.y increase which 

would propel the sample further into the converging elutriator. 



9.3 

With ref e:rence to Figure 8. 9, this change resulted in a 

decrease in separation efficiency at the higher elutriation 

colunm velocity, which corresponded to the observed high degree 

of turbulence. 

Figures 8.10 and 8.11 indicate an increase in percentage 

particles passing at .all size ranges. 

9.1.5 Elutriator GeometIX 

The change in elutriator geometry resulted in two flow changes, 

i.e. higher primary nozde velocity and higher annular 

velocity. 

Figure 8.12 shows that the changes indicated in Figure 7.l(a), 

(b) and (c) resulted in an increase in the separation 

efficiency. '!be largest. increase was recorded when the outlet 

nozzle was moved closer to the elutriation colunn (Figure 

7\1 ( c) ) • This was due to the increased annular disposal 

chamber velocity and the decrease in the observed turbulence. 

The geometry was then changed to that shown in Figure 7 .1 (d), 

which resulted in a much higher annular disposal chamber 

velocity. Figure 8. 13 shows that the higher annular disposal 

chamber velocity resulted in 100% passing of all particles less 

than 20 nan. 
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9. 1. 6 Armular Disposal Chamber Veloci Lv 

Figure 8.14 shows that as the primary outlet flow was 

increased, resulting in a decrease in the annular velocity, the 

percentage particles entering the secondary circuiL decreased. 

When Lhe primary outlet noz~le velocity exceeded 4, 49 m/s and 

the annular flow was downwards, Lhe percentage larger particles 

passing up the elutriation colLHnn was greater than that of the 

smaller particles. 

This was due to the fact that the larger particles have a 

greater surface area and mass, and therefore a higher momentum 

in the high velocity jet lo carry them further into Lhe 

elutriation column. 

The smaller particles are also more inclined to pass into the 

downward coflow due to lhe high degree of turbulence at the 

high primary nozzle velocities. 

For 100% passing of the 10 nun particles a primary outlet 

velocity of approximately 2, 5 m/s and an annular veloci ly of 

0,5 m/s was required. 

Referring to Figure 8.15, a decrease in screening efficiency 

was also recorded when the annular velocity decreased due to a 

decrease in the secondary flow rate. 
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'Ihe relationship was linear because the primary outlet nozzle 

velocity was kept constantly low (V = 2,05 m/s). 
pl 

For 100% passing of the 10 nm particles an elutriation col\Dl'l 

velocity of approximately 0,75 m/s was required.. 

9.1.7 Particle Density 

Figure 8.16 confirms that an increase in the particle density 

results in a decrease in the separation efficiency. 

At 100% passing the difference in the armular velocity for the 

two densities was approximately 0, 1 m/s which corresponds to 

the measured. difference in settling velocities (refer to 

Table 6.1). 

9.1.8 General Sepe.ration Trends 

Referring to Figure 8 .17, the effect Ulat.. particle density, 

shape, size and the interaction between particles has on the 

separation efficiency is shown (SF= 0,35-0,85). 

To separate 100% of all 8 nm diamonds to the surface ship, 100% 

of -20 lll!l rocks and 30% of 50-60 nm rocks need to be raised to 

the ship as well. 

'Ihe annular and elutriation coltllll'l velocities had to be raised 

by 0,4 m/s and 0,3 m/s respectively above that indicated in 

Section 9.1.6. 'Ibis was to accotml. for the higher sett.ling 

velocity of the 8 nm diSIOOnd density particles. 
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The fact that the smaller particles settled slowly in the 

coflow region indicates that there was no strong flow rever~l. 

The primary pt.mp was not able to supply enough power to raise a 

bulk sample of marine gravel up the risers because of the low 

primary flow needed to create an upward annular flow. Nor was 

the annular disposal chamber large enough to allow the larger 

rocks to settle. 

For these reasons Figure 8. 18 was produced from the 

experimental results and theoretical settling velocity versus 

particle size curve for an average shape factor of 0,6. 

This was done by displacing the separation curve in Figin-e 8.17 

t.o lhe right by i.he i.heoretical difference in particle size, 

between a diamond and quartz density particle, having the 

settling velocity of a 16 nm diamond. 

It is predicted. that for 100% passing of all -16 nm diamond 

density particles, 100% of -35 Diil rocks and approxinat.ely 20% 

of the 80 um rocks will have to be raised to the surface ship. 

This estimated. separation efficiency does not take into account. 

any marine gravel with very low shape factors. Therefore, if 

the average shape factor was lower then the curve would be 

further displaced. to the right. 
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9.2 CYCLOOIEVE 

9.2.1 Vertical Screens 

1 . Primary inlet velocity 

Ref erring to Figure 8 .19, the greatest screening 

efficiency was obtained when ~the inlet flow was striking 

the screen directly and not at the higher inlet 

velocities. 

This was because a large proportion of the water and 

particles passed directly through the screen holes. 

The turbulence caused by the inlet flow being deflected 

across the top of the cyclosieve, and the resulting loss 

of rotational energy, would acc01.mt for the decrease in 

screening at the high velocities. 

2. Flow conditions 

With reference to Figure 8.20, an increase in screening 

efficiency -was recorded when more water was removed via 

the secondary/fines outlet. 

This was·l.Dlexpected, as it was predicted in Section 2.2.3, 

that the particle residence lime and screening length 

would be greater when under sub-marine conditions, i.e. 

thicker layer of water on the screens. 
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However, the observation that only 6/8 ( 270°) of the 

screening surface was covered with a thin layer of water 

at 4, 18 m/s when tmder aerated conditions, corresponds 

well with the predicted value of 275° at 4,42 m/s (Section 

2.2.3). 

9.2.2 Conical Screens 

Figure 8.21 shows that the change from vertical screens to 

conical screens resulted in a large increase in the screening 

efficiency. 

The conical screen and the high centrifugal force caused the 

rotating water to settle more slowly than was the case with the 

vertical screen. This resulted in the water and particles 

completing more revolutions of the screen before pissing out 

the coarse outlet. 

The rotating layer of water near the inlet that was described 

in Section 8.22, reduced the deflection of the inlet flow, 

thereby increasing the rotational energy. 

1 . Pri..me.ry inlet velocity 

With reference to Figure 8.22, the decrease in the 

screening efficiency below 2, 5 m/s inlet velocity was due 

to the decrease in rotational energy (centrifugal force) 

when the inlet jet began to strike the conical screen 

directly. 
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2. Variable secondary flow 

Referring to Figure 8.23, a decrease in the secondary 

outlet. flow resulted in the formation of a large mass of 

rotating water with a small central air core and a very 

small decrease in the screening efficiency. This was due • 

to the slight decrease in the rotational velocity. 

At the higher secondary flow rate, i.e. when very little 

water was removed via the coarse outlet., a thin layer of 

rotating water fanned on the screen. 'Ibis was because the 

ma.jori ty of the waler was drawn off through the screen 

holes. 

3. Particle density 

Figure 8. 24 shows that particle densi ly has no marked. 

effect on the screening efficiency compared with the 

centrifugal force, flow conditions and inlet velocity. 

4. Particle size 

Figure 8. 25 shows that an increase in particle size 

resulted in a decrease in the screening efficiency at the 

indicated flow conditions. 

No gravel greater than 37, 1 nm passed through the screen 

but the percentage passing for particles between 4 nm and 

5,6 JUD was only 97,5%. 
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These smaller particles were lost because they were 

deflected. off the screen with the large rocks, as was 

described in Section 8. 22 ( 4) • 

The acctunulative percentage passing of all particles less 

than 16 nm was 89,6%. 

, 5. Flow conditions 

With reference to Figure 8. 26, the d.iff erent flow 

conditions resulted. in a 1% increase in the acc\.BilUlati ve 

percentage passing of all particles less than 16 n:m. 

However, the larger mass of rotating water also resulted 

in two olher major screening efficiency changes. 

It was thought that the larger mass of rotating water 

would prevent the smaller pe.rticles from being deflected 

off the screen and to waste, thereby improving the 

screening efficiency. 

Firstly, the percentage larger rocks ( > 10 111n) being 

deflected. off the screen and to waste decreased. when an 

al.most sub-marine flow condition was created. Secondly, 

the percentage smaller rocks ( < 10 nm) passing to waste 

increased. tmder the sub-marine conditions. 

This trend can be explained by compe.ring the cyclosieve 

with a hydrocyclone. 
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Figure 9.1 and 9.2 show the two major forces acting on a 

single particle in a large mass of rotating water, such as 

that fmmd in a hydrocyclone and the cyclosieve 

respectively. 

In general, a particle in a hydrocyclone is subjected to 

two opposing forces: an outward centrifugal force (F ) 
c 

and an inward drag force (Fd). 

F 
c 

(where 

= 
11 da (p -pl) 

p s 

d 
p 

6 r 

is the particle diameter, r is the 

instantaneous distance of the particle from the centre of 

the hydrocyclone and v ( l) the tangential velocity) • 

Although the drag force is a f\.lllction of the inward radial 

velocity v(r) , lhe exact relationship depends on whether 

the flow is laminar or turbulent. Indications are that 

laminar conditions are approximated and Stokes' law ·is 

assumed 1:::>ecause of the low values of 

giving : 

and d ' p 
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When F d exceeds F c a particle will move inwards and 

may leave through the vortex finder. The split of 

particles is, therefore, depement on the relative values 

and (Kelly & Spottiswood, 1982 & 

Svarovsky, 1984). 

The same forces exist in the cyclosieve, except that 

because the value of d is greater, either Allens or p 

Newtons law nrust be assumed, giving 

Fd = 5,5 (p µ v 1 · d 1 )% 
(r) p - Allens law 

or 

(1 < R < 1 000) ep 

Newtons law 

(R > 1 000) ep 

However, when the secordary outlet flow is reduced in the 

cyclosieve to create the required sub-marine flow 

conditions, less water passes through the screen holes and 

there is a slight decrease in the tangential velocity and 

F c 

This must also result in an increase in the inward radial 

flow towards the free vortex at the coarse outlet, and 

therefore an increase in v(r) and Fd • 
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F c is further reduced by a greater amcn.m:l than F d , at. a 

smaller particle size, because of the respective powers to 

which d is raised. 
p 

All of these factors would explain why there was a 

decrease in screening efficiency at the smaller particle 

size range tmder sub-marine flow conditions. 

6. Solids concentration 

With reference to . Figure 8. 29, en increase in solids 

concentration resulted. in a large decrease in the 

screening efficiency. 

Tilis was most. noticeable at a solids concentration of 

6, 24% by volune when the percentage passing of particles 

between 2 nm and 4 IIID was only 37,4%. 

The overall accumulative percentage JESSing of particles 

less than 16 nm.decreased to 62%. 

9.3 SPDnSIEVE 

9.3.1 Clear Water Tests 

With reference to Figure 8.29, the flow within the spirosieve 

is clearly fully-rough wall turbulent, with the curve extending 
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beyond the upper limits of the normal friction factor Reynolds 

number diagram for pipe flow. The passageway through the 

spirosieve is as rough as a pipe with a relative roughness of 

0,08. 

9.3.2 Velocity 

Referring to Figure 8.30, a decrease in velocity (centrifugal 

force) below 2,5 m/s resulted. in a small decrease in the 

screening efficiency. 

Between 2, 5 m/s and 3, 1 m/s the percentage pe.rticles passing 

remains constant at 99,8%. 

It is expected. that at higher velocities the screening 

efficiency may even decrease due to the decrease in the 

}'.Brticle residence time. 

'The loss of 0, 2% of the tracer particles could be due to 

secondary flow, as was discussed. in Section 2.3.3, or too short 

a screen length. 

9.3.3 Presence of Larger Particles 

With reference to Figure 8. 31 , the presence of larger marine 

gravel had very little effect on the screening efficiency above 

2,5 m/s. 
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Below 2,5 m/s, a decrease in the percentage t.racers passing 

through the screen was recorded. 'Ihis is due to the decrease 

in centrifugal force resulting in a decrease in stratification 

and therefore less smaller particles reaching the screen. 

"9.3.4 Particle Density 

Figure 8.32 shows that a ~~rease in particle density resulted 

in a decrease in the screening efficiency of approximately 1,2% 

between 2,5 m/s and 3,1 m/s. 

This is a distinct advantage as the heavier diamond particles 

are more easily screened than the marine gravel. 

9.3.5 Screen Length 

Referring to Figure 8.33, the 27% decrease in screen length 

resulted in a 1,2% decrease in the screening efficiency. 

This can be best described by a comparison with a land based 

screen where similar results are found. Referring to Figure 

9. 3 from Kelly &. Spottiswood ( 1982), Region III has a small 

through-put because the bed is excessively deep and 

presentation for passage is severely restricted. 'Ihis is due 

to the high quantity of oversi~e material and insufficient 

stratification. In Region II ma.xi.nm screening occurs because 

the bed thickness is decreased. 
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Region I is characterised by insufficient pa.rtieles lo fonn a 

monolayer on the screen. The parLicles tend to have excessive 

unrestrained motion and very little stratification occurs. 

It was Region I that was shortened, resulLing in only a small 

decrease in screening efficiency. 

9.3.6 Orientation 

Figure 8.34 shows that when the spirosieve was horizontal there 

was a decrease of approximately 1,2% in the screening 

efficiency at velocilies greater than 2,5 m/s. 

This is due to Lhe change in the resultant centrifugal force 

caused by the gravity component, and the fact that the 

percenLage passings versus velocity (centrifugal force) is not 

a linear relalionship, as was shown previously and in Figure 

9.4. 

It can be seen from Figure 9.4 that at 5,71 g's (2,75 m/s), the 

decrease ln Lhe centrifugal force ( F ) 
c 

in the top half of the 

spirosieve, results in a decrease in Lhe screening efficiency. 

This decrease would actually be larger than that determined 

from the graph because the particle residence Lime would not 

increase as it does with decreasing velocity. 
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The resultant increase in F , due to lhe downward gravity 
c 

component in lhe lower half of the spirosieve, does not result 

in an increase in the screening efficiency. This is due to the 

F 
observed plateau after 2,5 m/s (~ = 4,72) • This plateau 

was also due to the decrease in particle residence time at the 

higher velocity, therefore an increase would be expected. 

because now only F is increased. c 

The average change in centrifugal force at 2, 75 m/s is 

0,560 g's. nus was calculated. by integrating the variable 

resultant centrifugal force in the top and bottom half of lhe 

spirosieve. 

To sumnarise, lhe decrease in lhe screening efficiency in the 

top half of each revolution is therefore great.er than the 

increase in the bottom half, because the relationship between 

percentage passing and velocity is not linear. 

9.3.7 Particle Size 

Figure 8.35 shows that an increase in particle size resulted in 

a decrease in the screening efficiency. 

No pll'ticles larger than 13, 2 um passed lhrough the screen and 

100% passing was recorded for particles between 2 mn and 4 nm. 
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This was higher than that recorded for the balch sample of 

3,8 mm tracers and is attributed to the observed stratification 

and the presence of the large amount of bigger particles 

against the screen. 

The increase in Lhe screening efficiency of smaller parlicles 

in Lhe presence of larger particles ii:~ an indiea.tion thaL 

secondary flow conditions, as described in Seclion 2.33, were 

probably causing the batch tracer particles to pass back 

through the screen. 

Ei Lher lhe secondary flow, or the effects of Lhe secondary 

flow, are eliminated in the presence of larger particles. 

9.3.8 Solids Concentration 

Wilh reference Lo Figures 8.36 and 8.37, an increase in solids 

concentration resulted in a decrease u1 the percentage 

particles passing through the screen. This was most noticeable 

in Figure 8. 37 where the solids concentration increased by 

6,16% and lhe screening efficiency decreased to 86,2% for 

particles between 2 mm and 4 mm. 

At higher concentration lhe bed is considerably thicker, there 

is a large quantity of oversize material and therefore less 

stralification, resulting in a decrease in screening efficiency 

(as in Region III of Figure 9.3). 
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9.3.9 Particle Size Distribution 

Figure 8. 38 shows that an increase in the percentage fines 

resulted in a decrease in the overall screening efficiency 

especially at ilie lower particle size range. 

This is because an increase in the amount of fines means that 

more particles have to travel ~ough the gaps between the 

larger particles to reach the screen in the same time period. 

An eve:11 larger decrease .in screening efficiency could ~ur if 

the percentage fines increased to such an extent that the 

particles already screened came in contact with the outer side 

of the screen. This would prevent any further screening. 

This is possible as ilie fines chamber has to be kept 

considerably smaller than the coarse chamber, to maintain the 

average velocity as well as prevent any blockages from occuring 

in the coarse chamber. 



Figure 9.2 Maj or forces in 
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Figure 9.1 Major forces in a hydrocyclone 
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CHAPl'ER 10 

1. 'lbe converging elutriator is unsuitable for the underwater separation 

of diamantiferous marine gravels in its present form for the following 

reasons: 

• Too large a size range of waste material needs lo be removed lo 

the surface ship because of the device's sensitivity to 

particle shape. 

• 'lbe higher density of diamonds, and therefore a greater 

sel:.tling velocity, has an adverse effect on the overall 

separation efficiency. 

• More waler is removed with less material due lo. the required 

upward annular flow, therefore an additional dewatering pump is 

required. 

• 'lbe pe.rlicle size at which separation lakes place is sensitive 

to changes in velocity therefore extensive instrtmientation will 

be required lo monitor flow rates and ptDDp speeds. 
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2. At the higher envisaged operating concentrations ( C = 
v ± 6%) the 

screening efficiency of the cyclosieve, in its present form, is 

reduced to a level where i l cannot be considered as a feasible 

underwater screening device. 

3. The screening efficiency can be improved by making the following 

changes: 

• The tangential primary inlet can be changed to that of an 

involute as shown in Figure 10.1. 

• The present screen holes can be changed lo long slils in the 

same direction as the rotating water (Figure 10.2). 

• The central air core and part of the flow area can be replaced 

by a solid cone, as shown in Figure 10.3, thereby reducing the 

in.ward secondary flow that is affecting the screening 

ff
. . 1 

e 1c1enc,v. 

4. The construction and testing of the spirosieve model proved to be very 

successful because it was easy to observe the screening process and to 

make parameter changes such as screen length and orientation. 

1 
This would essentially be converting the cyclosieve into a similar 

design to that of the spirosieve, where the central volt.Dile is a hollow 

cylinder. 
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5. The spirosieve is the most favourable device for the urrlerwater 

sep:u-at.ion of diamantiferous marine gravels, for tile following 

reasons: 

• The higher density of the diamonds improves the screening 

efficiency. 

• Particle shape should have very little effect. on the screening 

efficiency. 

• The expected secondary flow or the result.ant. effects thereof, 

are eliminated. 

• Water and sol ids are removed via the coarse out.let thereby 

reducing the mixture volume that is transported to the surface 

ship. 

• The full scale \.lllit would be fairly small and easily handled at. 

sea. 

• The flow is continous and is always in an upward direct.ion, 

i.e. from the seabed towards tile surface ship. 
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6. The degree of screening efficiency obtained with the spirosieve aodel 

is a good indication of its abilities as a full scale se}'.al'8.tion 

device, especially since it is believed. that the percentage passing of 

fines can be improved by: 

• Increasing the screen length and surface area. 

• Increasing the degree of stratification. 

• The removal of fines from the fines chamber at intermediate 

levels. 
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CHAPI'ER 11 

RESEARCH RECXM1ENDATIONS 

1. A larger scale spirosieve should be constructed in accordance with the 

design parameters presented in Appendix F. 

'Ibis device will allow the passage of rocks, within the coarse 

chamber, of up to 100 nun in diameter. 

2. Similar tests to the ones conducted on the spirosieve model, should be 

carried out on the large scale spirosieve, to detennine if the "larger 

scale" has any major effects on the screening efficiency. 

3. Testing of the spirosieve model should continue, so as to optimise the 

ratio of open screen area to stratification, which is largely caused 

by the vertical bars. 

4. It is also recommended that the spirosieve model be modified, so that 

a fines/water mixture can be removed and more water added at various 

positions along the screen length. 

5. The model should then be tested with a higher percentage fines, to 

determine the effect on screening efficiency of removing fine material 

during operation. 
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6. All the information gained fran the tests conducted on the spiro-sieve 

model should be used to improve the design of lhe larger scale 

spirosieve. 

7. When enough information is known about lhe optimisation of the 

screening efficiency, and the effects of sea.ling up, then a full scale 

prototype spirosieve should be designed, constncled and tested before 

being implemented in an undersea environment. 
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APPENDIX A Doppler Flow Meter Calibrations 
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APPENDIX B Converging Elutriator Experimental Results 



****************************************** * SOLITARY PARTICLE TESTS * 
****************************************** * * % PARTICLES ENTERING * 
* * SECONDARY CIRCUIT * 
* PARTICLE ******************************* 
* SIZE * ELUTRIATION COLUMN VELOCITY * 
* RANGES * Cm/s) * 
* ******************************* * (mm) * 0. 8 8 0. 8 0 0. 7 2 * 
****************************************** 
* 0 - 10 100 100 100 * 
* 10 - 20 100 100 100 * 
* 20 - 30 100 93.3 83.3 * 
* 30 - 40 73.7 55.3 49.3 * 
* 40 - 50 53.7 42.7 34.3 * 
* 50 - 60 28.3 5.7 0 * 
****************************************** 

****************************************** * SOLITARY PARTICLE TESTS * 
****************************************** * * % PARTICLES ENTERING * 
* * SECONDARY CIRCUIT * 
* PARTICLE ******************************* 
* SIZE * ELUTRIATION COLUMN VELOCITY * 
* RANGES * 0.88 m/s * 
* ***************~*************** * (mm) * SHAPE SHAPE SHAPE * 
* * FACTOR FACTOR FACTOR * 
* *.35-.50 .51-.65 .66-.85 * 
****************************************** * 0 - 10 100 100 100 * 
* 10 - 20 100 100 100 * 
* 20 - 30 100 100 100 * 
* 30 - 40 96 75 50 * 
* 40 - 50 90 71 0 * 
* 50 - 60 85 0 0 * 
****************************************** 
* * Vee= 0.80 m/s * 
****************************************** 
* 0 - 10 100 100 100 * 
* 10 - 20 100 100 100 * 
* 20 - 30 100 100 ·so * * 30 - 40 91 75 0 * 
* 40 - 50 71 57 0 * 
* 50 - 60 17 0 0 * 
****************************************** 
* * Vee = 0.72 m/s * 

****************************************** 
* 0 - 10 100 100 100 * 
* 10 - 20 100 100 100 * 
* 20 - 30 100 100 50 * 
* 30 - 40 81 67 0 * 
* 40 50 63 40 0 * 
* 50 - 60 0 0 0 * ****************************************** 



******************************************************** 
* INTERMEDIATE BULK SAMPLE OF GRANITE * 
******************************************************** * Qs - Qp = 10 l/s ; d = 210 mm ; h = 0 * 
******************************************************** 
*PARTICLE * % PARTICLES ENTERING SECONDARY CIRCUIT * 
* SIZE ********************************************** 
* RANGES * ELUTRIATION COLUMN VELOCITY (m/s) * 
* ( mm) * 0 . 8 2 0 . 7 5 , 0 . 7 1 0 . 6 6 0 . 61 * 
******************************************************** * 4 - 8 91.8 75.8 83.2 82 74.5 * 
* 8 - 16 92.2 70.8 76.2 79.7 68.3 * 
* 16 - 25 96 71.8 65.8 57.6 61.4 * 
* 25 - 38 90.9 76.9 63.6 52 42.9 * 
* 38 - 51 83.3 33.3 33.3 33.3 33.3 * 
* 51+ 75 0 0 0 0 * 
******************************************************** * 1.96 1.76 1.65 1.48 1.34 * 

* PRIMARY OUTLET NOZZLE VELOCITY (m/s) * 
********************************************** 

******************************************************** 
* INTERMEDIATE BULK SAMPLE OF GRANITE * 
******************************************************** * Qs - Qp = 10 l/s ; d = 183 mm ; h = 0 * 
******************************************************** 
*PARTICLE * % PARTICLES ENTERING SECONDARY CIRCUIT * 
* SIZE *****************.***************************** 
* RANGES * ELUTRIATION COLUMN VELOCITY Cm/s) * 
* (mm) * 0. 82 0. 7 5 0. 71 0. 66 0. 61 * 
******************************************************** 
* 4 - 8 84.5 83.8 83.7 80 84.2 * 
* B - 16 82 84.8 79 70 72.5 * 
* 16 - 25 80.4 78.4 70 69.2 75.8 * 
* 25 - 38 75 83.3 66.7 66.7 41.7 * 
* 38 - 51 100 66.7 50 0 0 * 
* 51+ 25 25 25 0 0 * 
******************************************************** * 2.58 2.32 2. 19 1.92 1.75 * 

* PRIMARY OUTLET NOZZLE VELOCITY (m/s) * 
********************************************** 

******************************************************** * INTERMEDIATE BULK SAMPLE OF GRANITE * 
******************************************************** * Qs - Qp = 10 l/s ; d = 183 mm : h = 140 mm * 
******************************************************** 
*PARTICLE * % PARTICLES ENTERING SECONDARY CIRCUIT * 
* SIZE ********************************************** 
* RANGES * ELUTRIATION COLUMN VELOCITY (m/s) * 
* ( mm ) * 0 . 8 2 0 . 7 1 . 0 . 61 * 
******************************************************** * 4 - 8 92.2 86.9 85.3 * 
* 8 - 16 84.8 84 64.8 * 
* 16 - 25 90 74 60.4 * 
* 25 - 38 95 75 50 * 
* 38 - 51 70 50 25 * 
* 51 + 33. :3 0 0 * 
******************* ************************************ * 2.58 2. 19 1.75 * 

*PRIMARY OUTLET NOZZLE VELOCITY (m/s)· * 
********************************************** 



************************************************* 
*INTERMEDIATE BATCH SAMPLE OF TRACER PARTICLES * 
************************************************* * Qs = 83.6 l/s ; Vee= 0.87 m/s * 
************************************************* 
* * PRIMARY * % PARTICLES ENTERING * 
* ANNULAR * OUTLET * SECONDARY CIRCUIT * 
*VELOCITY * NOZZLE ***************************** 
* Van *VELOCITY * PARTICLE SIZE (mm) * 
* (mis) * Vpn * * 
* * ( m/s) * 3. 8 8 10 * 
************************************************* * 0.67 * 1.94 * 100 100 100 * 
* 0.49 * 2.67 * 100 100 100 * 
* 0.3 * 3.37 * 98.8 95 91.5 * 
* 0.09 * 4. 11 * 89.8 90.8 88 * 
* -0.02 * 4.55 * 86.8 88.3 86.5 * 
* -0.26 * 5.45 * 80.3 84.8 86.1 * 
* -0.59 * 6.71 * 74.3 77.6 80.3 * 
* -0.75 * 7.29 * 75.1 86.5 91.3 * 
************************************************* 

************************************************* *INTERMEDIATE BATCH SAMPLE OF TRACER PARTICLES * 
************************************************* 
* Qp = 38. 1 l/s ; Vpn = 2.05 m/s * 
************************************************* 
* * ELUT- * % PARTICLES ENTERING * 
* ANNULAR * RIATION * SECONDARY CIRCUIT * 
*VELOCITY * COLUMN **************************************** 
* Van *VELOCITY * PARTICLE SIZE (mm) * * 
* (m/s) * Vee * (2.70 g/cm) *(3.5 g/cm)* 
* '* ( m/s) * 3. 8 8 10 * 3. 8 * 
************************************************************ 
* 0,66 * 0.87 * 100 100 100 * 100 * 
* 0.52 * 0.77 * 100 100 100 * 100 * 
* 0.41 * 0.69 * 100 99.5 99.5 * 70 * 
* 0.31 * 0.62 * 99.3 77.2 79.3 * 54 * 
* 0.17 * 0.52 * 76.8 61.9 55. 1 * 30.9 * 
* 0.01 * 0.4 * 52.6 33.3 28.5 * 11 * 
************************************************************ 

*********************************** 
* INTERMEDIATE BULK SAMPLE OF * 
* SOLITARY PARTICLES & TRACER *. 
* PARTICLES * 
*********************************** * Vee = 0. 78 rn/s * 
* Van = 0. 54 m/s * 
* Vpn = 2.02 m/s * 
*********************************** 
*PARTICLE * * SIZE % PARTICLES ENTERING * 
* RANGE SECONDARY CIRCUIT * 
* (mm) * 
*********************************** * 0 - 10 100 * 
* 10 - 20 100 * 
* 20 - 30 90 * 
* 30 - 40 83 * 
* 40 - 50 52 * 
* 50 - 60 30 * 
*********************************** 



APPENDIX C Cyclosieve Experimental Results 
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CYCLOSIEVE TEST RESULTS 

TEST BEND METER SEPARATION 
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CYCLOSIEVE TEST RESULTS 
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CYCLOSIEVE TEST RESULTS 
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CYCLOSIEVE TEST RESULTS 
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CYCLOSIEVE· SIEVE ANALYSIS RESULTS 
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CYCLOSIEVE SIEVE ANALYSIS RESULTS 
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APPENDIX D Spirosieve Experimental Results 



*********************************************** 
* HEAD LOSS OVER SPIROSIEVE FOR CLEAR WATER * 
* (mean path length of 2. 875 m) · * 
*********************************************** 
* HEAD HEAD * 
*VELOCITY LOSS LOSS f Re * 
* (m/s) (m) (m/m) * 
*********************************************** * 3.08 2.268 0.789 0.02598 190629 * 
* 2.78 1.827 0.636 0.02569 171468 * 
* 2.57 1.575 0.548 0.02591 158462 * 
* 2.17 1. 197 0.416 0.02762 134266 * 
* 1.95 0.9198 0.32 0.02628 120420 * 
* 1.44 0.63 0.219 0.03301 89371 * 
*********************************************** 

*********************************** 
*BATCH SAMPLE TESTS ON SPIROSIEVE * 
*********************************** * 3 kg ; 3.B mm ;3.5 g/cm tracers* 
*********************************** 
*VELOCITY % * 
* PARTICLES * 
·j< ( m/s) . PASSING * 
*********************************** * 3. 08 99. 6 * 
* 2. 49 99. 7 * 
* 1.93 99.3 * 
* 1.54 99.2 * 
*********************************** 
*********************************** * 3 kg ; 3.8 mm ;3.5 g;cm tracers* 

1< & 5 kg ; 9-20 mm ; 2.70 g/cm * 
* marine gravel · * 
*********************************** * 3.08 99.5 * 
* 2. 49 99. 5 * 
* 1.93 98.8 * 
* 1.54 96 * 
*********************************** 



*********************************** 
*BATCH SAMPLE TESTS ON SPIROSIEVE * 
*********************************** * 3 kg : 3. 8 mm : :3. 7 g/cm tracers * 
*********************************** 
*VELOCITY % * 
* PARTICLES * 
* (m/s) PASSING * 
*********************************** * 3.09 98.7 * 
* 2. 6 98. 7 * 
* 1.97 98. 1 * 
* 1.5 96.1 * 
*********************************** 
*********************************** * 3 kg : 3.8 mm ;3.7 g/cm tracers * 
* screen length= 2.02 m * 
*********************************** * 3. 09 97. 6 * 
* 2.56 97.6 * 
* 1. 97 97 * 
* 1.5 95.5 * 
*********************************** 
*********************************** * 3 kg ; 3.8 mm ;3.7 g/cm tracers * 
* horizontal orientation * 
*********************************** * 3.09 97.5 * 
* 2.56 97.4 * 
* 1. 97 96. 6 * 
* 1.5 94.3 * 
*********************************** 



SPIROSIEVE SIEVE ANALYSIS RESULTS 

V = i, 'i'S m/s c v =2, I\ % 
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SPIROSIEVE SIEVE ANALYSIS RESULTS 

Cv =7,51 % 

TEST FINES (grams) COARSE (grams) 

2 4 5.6 6.7 8 9.5 11 . 2 13.2 16 2 4 5.6 6.7 8 9.5 11. 2 13.2 16 19 No. I I I I I I I I I I I I I I I 
I I I I 22.4 

I I I I I I I 

4 5.6 6,. 7 8 9.5 11 . 2 13.2 16 19 4 5.6 6.7 8 9.5 11. 2 13.2 16 19 22.4 4-
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V =1,'l O m/s Cv = 4,7l % 
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TEST FINES (grams) COARSE (grams) 
--~· 

2 4 5.6 6.7 8 9.5 11 . 2 13.2 16 2 4 5.6 6.7 8 9.5 11. 2 13.2 16 19 
22.4 No. I I I I I I I I I I I I I I I I I I I 

4 5.6 6.7 8 9.5 11. 2 13.2 16 19 4 5.6 6. 7 8- 9.5 11 . 2 13.2 16 19 22 .. 4 + 
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v = 1-,,80 m/s Cv ::::4-,74 % 

TEST FINES (grams) COARSE .(grams) 
--~------·-----·- ---- --- ------ ----- -----·---------

2 4 5.6 6.7 8 9.5 11 . 2 13.2 16 2 4 5.6 6.7 8 9.5 11 . 2 13.2 16 19 22.4 No. I I I I I I I I I I I I I I I I I I I 
4 5.6 6.7 8 9.5 11. 2 13.2 16 19 4 5.6 6.7 8- 9.5 11 . 2 13.2 16 19 22 ._4 + 
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APPENDIX E Spirosieve Clear Water Force Balance 



E.1 

CALCULATIONS OF FRICTION F.ACOC.RS AND R'EDK>LDS NtMBERS 

RE SPDmIEVE CLEAR WATER TESTS 

With reference to the diagram below, a force balance is applied to an 

internal volume of fluid having length L and dimensions b and d as 

shown. 

--~ 
FLO~~ 

(P 1 - P2 ) = ~p (pressure loss) 

6P b d = T 0 (2b + 2d) L 

the shear stress T 0 = 

friction factor f = 

where v is the mean velocity 

6P b d 
(26t2cl)L 

substituting (1) into (2) gives 

f = 

(1) 

(2) 

(3) 



E.2 

Reynolds Ntnnber R = 4Q 
e vp 

where p is the wetted perimeter 

R = e 
4Q 

10- 5 (2b+2d) 
(4) 

By substituting in tile values of b, d and L and tile experimentally 

measured values of Q, v and 6P into equations (3) and (4), a 

plot of friction factor versus Reynolds Number is obtained, as in 

Figure 8.29. 



APPENDIX F Design of Large Scale Spirosieve 



F.1 

DE.gIGN OF '1llB LARGE SCALE SP!a)SIBVB 

The large scale spirosieve was designed. to be tested in the existing 181 um 

diameter test rig, with a bulk sample of marine gravel similar to that 

which was used in the cyclosieve tests, i.e. 2 om - 100 nm si~ range. 

'Ihe required dimensions of the rectangular conduit are 250 nm x 150 nm. 

The screen would be made of 3 horizontal 16 11111 square profile be.rs, with 

circular verticals at 45° spacings, and must be interchangeable with other 

screens. 

This would result in a total flow area of 0,0367 m2 and at a flow rate of 

500 m3 /hr, an average velocity of 3,78 m/s. 

It was shown in the batch sample tests on the spirosieve model that no 

improvement in the screening efficiency was gained when the velocity 

exceeded 2,5 m/s. 

F c 

~ = 4,72 g's (at 2,5 m/s) 

It was decided to design the larger scale spirosieve so that a centrifugal 

foree of approximately 5,5 g's could be attained.. 

Vz 
R = = 0,265 m o;og 



F.2 

Figure Fl shows the dimensions of l:.he final design, resulting in an 
F c 

~ 
ratio of 5,56 g's. 

I- 152 
T 

Figure F 1 
150 
_L 

_[ 25.5 

l ' J 16 

360 r- 98 

' 
' The to"lal area of the screen was designed by using the present rs.to of the 

~ o-
model screen area !UJd solids flow rate, and the expected solids flow rate 

(at C = 6%) 
v 

At 2,72 m/s (5,56 g's) the flow rate (Q) in the model is 43,2 m3 /hr, and 

at C = 6% this yields a solids flow rate of 2, 59 m• /hr. The total 
v 

screen area is 0,1224 m2 • 

The expected solids flow rate in the full scale spirosieve is 30 m3 /hr, 

resulting in a required screen area (A ) 
s of 1,418 m2

• 

With a screen height of O, 150 m the screen should be 9,453 m long or a 

total of 5,7 revolutions. 

An elevation from the design drawings of the large scale spirosieve is 

shown in Figure F.2. 



Figure F2 




