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APPARATIJS AND METHODS FOR SEPARATING SOLIDS 

FROM FLOWING LIQUIDS OR GASES 

This inve11tion relates to apparatus and methods for separating solids or particulate matter 

S from flowing liquids or gases. The invention bu particular. although not exclusive, 

applicatio~ to the fntration of floating and entrained solids from discharges of water. One 

puticufar applicatio~ of the invention is in relation to storm water drain technology. 

There are muy applications where it is desirable to separate solids from a flowing liquid. 

]0 Such applications include the following. 

11l. Sepm-ation of solids from storm-wateir 

fu mmiy parts of the wodd, storm water is directed_ to waterways smd seas. Stonn water is 

a major carrier of solid pollutants, such as plastics. cans. tree branches and animal faeces, 

amongst other ~ings, to waterways and seas. 

1 S Eimdeavo1mrs have been made to dare. to limit the passage of at least some of these materials 

to waterways and seas. One method which has been used is to employ grates m:ross outlets 

from the drains. This method has· been genemlly am.ntisfactmy bec~se the size of the · 
grate must often be such as to enable water to pus. even if solid material is he]d against the 

grate by water pressure. Accordingly, it has been necessary that th® grate be of substmttial 

20 opemng size. A further problem is that even W'ge grates cam become blocked, and it is 

essential to provide a flow path moumd or owr the gmre to prevent build up of water · 

upstremn in the drainage system. A second alternative proposed has been the u.use of 

sys~ms. such u cyclones and dynamic separators, to remove the waste. While these am 

be efficient in some cireum.c;waces, they am often too expensive to be used in the whole of 

2S a storm water drainage system. 
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2. Separation of liquid from ~ewerage · 

A major difficulty with many sewerage plants is the sheer volume of liquid to be handled. 

This is aggravated where a "mixed" system, that is, a system which carries both sewerage 

and storm water; is used. In many cases, se~erage plants could handle more sewerage if 

5 the quantity of liquid delivered could be reduced. This could occur if, for example, liquid 

was removed from the sewerage before it enters into trunk sewers. To date, this has not 

been considered feas:ble. 

Further, there are also many regions in the world where storm water and sewerage are 

received by the same system. This can cause difficulties where there are heavy rains which 

10 overload the system, as it is undesirable to permit raw sewerage to pass to overflow. 

3. Removal of pollutan.ts from industrial wastes 

Many industrial plants must pay prohibitive rates to discharge polluted liquids into sewers. 

It would be most desirable to separate a part of tlie pollution before the waste is delivered 

to sewers, and this will provide economies both to the. plant and to the authority, if the cost 

15 of the earlier removal of polluted matter was less' than the cost of cleaning up pollution at a 

. later time. 

These are merely illustrations of the many uses to which an apparatus or method for 

separating solids from a flowing liquid, could be put. There are many other such 

applications which could be described. · 

20 In our International Patent Application number PCT/AU94/00061, we disclosed and 

claimed apparatus and methods for s~parating solids from flowing liquids. We believe that 

the apparatus and methods disclosed in that application provide very good results in 

applications requiring the separation of solids from flowing liquids. We have now 

developed improvements and/or refinements to the invention disclosed in that application, 

25 which we believe provide even better results than those disclosed in our earlier application. 

.. 
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Suminairy of the Invention 

The present invention generally provides an apparatus for separating solid or particulate 

mat[~r ffirom a flowmg liquid or gas, the apparatus including: 

a separa.ti.mn paneil positioned in the path of flow of the JJ.iquid ·or gas. the separation panel 

5 inc!U,Uding a plumlity of openings, wherein the openings are of a pmdetenmined size such 

that @my solid or particulate matter smaller than that size is able to pass through the 

openings. and wherein further, the configuration and arrangement of the openings on the 

~m11tion panel is such that in use of the apparatus. solid or particulate matter larger than 

the predetermined size is substantiallly prevented! from adhering to or obstructing due 

10 separation panel. 

Preferably, the mangement of the openings in the separation panel is such that, in use of 

tthe apparatus. tile openings are disposed at an angJ/.e relative to tile direction of fl.ow of the 

m~uk!!orguo 

Preferabily further. the configuration of the openings is such that each openmg includes a 

n 5 deflection mens generally opposed to the direction of flow of the liquid or gas, to assist in 

deflecting solid or particulate matter entrained in the flow. away from the openings. 

fu a preferred. form of the invention, the separation panel takes the form of a curved 

stmctmc. 

It ns pmticufady preferred that the apparatus inc]udes a generally cylindricm separation 

20 panel. It is particwarly preferred that the separation panel is in the form of an open ended 

generally cylindrical structure. In this preferred form of the invention. it is also preferred 

ilia! ilie separation prune! forms part of a larger separation chamber, into which, in use of 

the ~~us. the liquid or gas flow is introduced by m wet means. so as to establish a 

circular flow of the Hquid or gas within the separation panel. This circular flow enables 

25 solids or particulate matt.er of a predetermined size enmined in the liquid or gas. to be 

trapped mid to circulate within the c~nfines of the sepmation panel. The circuilar motlion of 

the flowing liquid or gas within the separation panel also results m the entrained soHds or 
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particulate matter generally not adhering to the ~eparation panel, but being entrained in the 

circular motion of the liquid or gas. In this way, the establishment of a circular flow 

motion of the gas or liquid within the separation panel is such as to enable the separation 

panel to act as a generally self-cleaning filter for the solid or particulate matter entrained 

5 within the flowing liquid or gas. The fact that the_ liquid or gas is able to pass freely 

through the openings in the separation panel means that the panel is able to filter solid or 

particulate matter of a predetermined size from the flowing liquid or gas, thereby enabling 

the liquid or gas to be discharged to an outlet means; at least substantially filtered of the 

solid or particulate matter. 

10 It is also preferred that the configuration of the apparatus is such that in use, the flow of the 

liquid or gas outside the confines of the separation panel is in a direction opposite to the 

direction of flow of the liquid or gas within the confines of the separation panel. Such a 

configuration assists in maintaining the self-cleaning function of the separation panel, in 

use of the apparatus. 

15 Preferably, the apparatus also includes means for facilitating the collection of the solid or 

particulate matter into a receptacle, from which it may be removed. In some embodiments 

of the invention, gravitational forces may combine with the circular motion of the gas or 

liquid within the cylindrical separation panel, so as generally to encourage the deposition . 

of the solid or particulate matter into a· receptacle which may be positioned generally below 

20 and/or above the separation p~el, depending_ upon the specific gravity of the solid or 

particulate matter.. In the case of solids or particulate matter having a lower specific 

gravity than the liquid or gas, they will tend to float on the surface of the liquid or gas, in 

which case, they can be collected by a receptacle generally. disposed above the separation 

panel. In the case of solids or particulate matter having a higher specific gravity than the 

25 liquid or gas, they will tend to setde under the action of gravitational forces, in which case, 

a receptacle to capture them will generally be positioned below the separation panel. 

1 

f 



Tllne appamms may a1,so include mechanical means to. assist the deposition of the solid or 

pWcUJ1latc matter in the receptade, through the action of gravity. Su.ch means couild take 

any l!.'MJmber of forms. but would include, for example. providing tthe receptacle wi~ a 

baffle or fluge di.meted downwardly to encourage the deposition of settlcable solid or 

S particulate matter. 

The inven.tioxu also provides a method for separating solid or particulate matter from a 

flowing liquid or gas, the method including die steps of: 

positioning a separation apparatus in the path of flow of tile liquid or gas; and! 

providing the sepamtic111 apparatus with a separation panel having a plurality of 

R 0 openings tlnerethrough. wherein ilie openings are of a predetermined size such that 

only solid or particulate matter smaller than that size is able to pass through the 

openmgs, and wherein further, the oonfigurati.on md mmgemem of the openings 

on the separation panel· is . such that in use of the apparatus. solid or particulate 

matter larger than the ~ed size is substmmally prevented from adhering 

l S to, or obstructing the separation panel. 

Preferably further, m the method, the ammgement of the openings is such that, in use of 

the apparatus, the openings am disposed at m angle relative to the directi.oim of fl.ow of the 

liqmdorgu. 

It is also prefoued, in the method, that em:h of the openings includes a deflection :means 

20 genemlly opposed to the dimction of flow of the liquid or gas, to assist in defllecting soHdl 

or particullte matter entmined in the flow. away from the opening. 

Preferably, in the method described above. the separation panel takes the form of a curved 

stmcmm. 

Pmfembly further, in the method described above. the separation panel takes the form of a 

25 ge:nemµy cylindrical suuctmc. and the separation apparatus includes inlet and outlet means 

for directing the flow of liquid or gas mto, and out of, the separation apparatus 
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respectively. It is particularly preferred that the separation panel is an open ended generally 

cylindrical structure. 

It is particularly preferred, in the said method, that the arrangement is such that the liquid 

or gas is introduced into the separation . apparatus via the inlet means and presented to a 

5 separation chamber which includes a generally cylindrical separation panel, so that a 

circular motiOn of the liquid or gas is established within the confines of the separation 
' ' : ' 

panel, so a5 gene~ally to trap solid or particula~ matter of a pre-determined size within the 

separation·panel, yet at the same time, permit the liquid or gas to pass therethrough freely, 

and so that the separation. panel is continually cl~aQed by the circular motion of the liquid f 
10 or gas within it. 

Preferably further, in.the method, the configuration of the apparatus is such that in use, the 

flow of the liquid or gas outside the confines of· the separation panel is in a direction 

opposite to the direction of flow of the liquid or gas within the confines of the separation 

panel, so as to assist in maintaining the self-cleaning function of the separation panel, in 

15 use of the apparatus. 

Preferably further, the method also includes the step of providing means to facilitate the 

collection of the solid or particulate matter separated by the method, from the flowing 

liquid or gas. Such means could, for example •. utilise the assistance of gravitational forces, 

to assist in the collection of the solid or particulate matter; 

20 Preferably further, the. method also includes means for facilitating the removal from the 

separation apparatus, of solids or particulate matter separated from the flowing liquid or 

gas. 

Description of preferred embodiments of the Invention 

In order that the. invention may be further understood, we will now describe preferred 

25 embodiments of it, by way of example only, with reference to the accompanying drawings, 

in which: 
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Fig 1 is a plan view of one ~xample of a separator made in accordance with the invention; 
·.. . :•: ... 

Fig 2 represents a view (in the dnrection of the mow marked "B" in fig 1 ") of a vertical 

sectio!il of the separ~tor shown m Fig 1. taken along the line A-A in that figure; 

Fig 3 shows mu enlm-ged horizontal section of pm of a separator pane] for use in the 

5 invention.; and 

Fig 4 is a view from the side of a vertical section through an exemplary separator made in 

accordmte with the invention. 

Refening now to the accompmiyin.g drawings. Fig 1 shows a plan view of an apparatus 

wmch could be used to separate solids from a flowing liquid, such as water (ud 

10 pmicufarly, storm water). The apparatus shown, generally denoted 2S, ·includes a 

separation panel 1. which as depicted, is of a genemlly circulru- shape. when viewed in 

h.orimn.tal cross=section. When viewed in tluee dimensions (as shown more particularly in 

Fig 2). it czm be seen that the separation pmel 1 has an open=endedl genemUy cylindrical 

configuration.. 

· 15 As shown in Figs 1 and 2. the separation pmiel 1 is located within a separation chamber 2. 

The .liquid enttn the sepamtion apparatus 2S via m mBet means 3, in the direction of the 

arrow 27 shown in Fig 1. As shown m Fig n, the inlet chmmel 3 curves to the left unti! 

Jitmehing the body 37 of the separator 25, wbem water and entmioed solids or pmticulate 

matter are presented through am opening 8 into the interior l 9 of ilie ~pmtion panel 1. 

20 The generally cylindrical configuration of the separation panel 1 is such that when the 

. water leaves the opening 8 md enters the mterio:r (or confines) 19 of the separation panel l. 

a circular flow motion is established wit.bin tlre confines 19 of the separation panel l, in tlte 

direction shown by the arrow 29 shown in Fig 1, 

Refoning now to Fig 3. it wm be seen that the exemplary separation paneil. l depicted 

25 consists of a number of deflection means in the form of solid deflective segments 1 O which 

generally present a closed face to the dimction of flow of the liqwd (as shown by the mow 

numbered 31 in Fig 3) within the separation panel L Behind each deflective segment 10 in 
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the separation panel, there is an opening 9. As illustrated, each opening 9 is disposed at an 

angle to the direction of flow of the liquid in the separation panel 1. Moreover, the 

openings 9 are all of a predetermined size, which is such as to ·permit the passage only of 

particulate matter smaller in size than that of the openings. The liquid is of course, also 

5 able to pass freely throug~ the openings. In use of the separation apparatus 25, the effect of 

this arrangement of features is that only the liquid, and solids or particulate matter of a size 

smaller than that of the openings 9 are able to pass through the separation panel. Solids. or 
. 

particulate matter of a larger size are therefore trapped within the confines 19 of the 

separation panel. Moreover, the circular motion of the liquid within the confines 19 of the 

. . ' 10 separation panel means that trapped solids or particles are continuously deflected from the 

interior wall 33 of the separation panel. The net effect of this arrangement is therefore that 

the separation panel l is substantially self-cleaning. 

Solids trapped within the confines 19 of the, separation . panel are therefore caused to 

continue moving by the circular flow until they settle under gravity, or, if floatable, are 

15 retained on the surface. At the same time, untrapped solids and the liquid are able to pass 

through the separation panel into the upper portion 5 of the separation chamber 2, and 

thence to the outlet means 6 (which, as shown in Fig l, may take the form of a channel, 

pipe or other suitable outlet structure). 

As shown in Fig 3, preferably, the flow of the liquid or gas outside the confines of the 

20 separation panel is in a direction opposite to the direction of its flow within the confines of 

the liquid or gas. This counter-current flow motion on opposite sides. of the separation 

panel establishes a kinetic equilibrium which in tum facilitates the generally self-cleaning 

function of the circular flow motion established within the confines 19 of the separation 

panel. 

25 As shown in Figs 2 and 4, the separation apparatus 25 may also include a receptacle 4, 

such as a collection sump, for the containment (and removal, if desired) of settl~able solids. 

The sump 4 may be sized or configured so as to slow down the circular flow of the liquid 



at the Ilower portion of ,the apparatus 25, so u to faci~imte settleme11t of solids. The sump 4 

nmy also be provided with my suitable means to facilitate the removal of settled solid or 

particulate matter. ·Such means oould im:hade, for example, periodic removal by educaticm. 

or a mechanical! btacket or basket that is suspended in the sump. Floatables which are left 

S floating on tlle top of the body of water treated by tlle separation apparatus 25 could be 

r-emoved by any convenient means. 

As shown more particularly in Fig 4, d1e separation apparatus may allso include means for . . 

usisti~g the settlemen.t of solids into the sump 4. The means shown in Fig 4 mice tine fom1 

of a dowimwmdly directed annular flange or baffle ] 7. which assists in directing 

rn dowl!lwardly moving solids into sM!mp 4. The flange or baffle ] 1 also substantially prevents 

the dn:uJar motion of the liquid or gas within the upper regions of the separation chamber 

from being ttmsfermd into the sump 4. 

Refemng now to Fig. 2, as illustrated, the cylindrical separation panel 1 may be fitted with 

a conti:mimon pmt 1 of the same material (or cf mother, gene.rally impervious materiall) 

] S above the level of the normal htlet flow. This conti.mmtioo part 1 emm:res the retention of 

floating solids if the separation apparatus is subjected to bcadl pressure ( eg during flood. 

conditions), if the apparatus is being used, for example, for the mmoval of Utter from urbrui 

stmmwater run.off. 

Wh.~re pmicw.dady "purified" liquids or goes are mquimd at the concl~sion of the filiation 

20 procedure, it is possible for the outllct from one separation ap~us according to the 

invention to feed into the inlet for a second such separator, ud therefore~ for the liquid or 

gu to be filtered sequentially by two or more such separators. arranged in series. In such 

am arnmgemient, the size of the opemngs m the separation pmieis for the second and 

subsequent separators oould be sequentially (mud increasingly) smaiiler, so that each 

25 subsequent separator removes increasingly finer particles. Hence, by this arrangement. 

very hlgh. or indeed. any desired level of filttatioltl or purification could be achicvedl. 
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While much of the afore going description of the ·preferred embodiments has been 

concerned with apparatus for separating solids entrained in liquids, it is to be understood 

that the invention · is equally applicable to the separation of solids entraj.ned in gases. 

Generally, fot more efficient operation of gas/solid separators constructed in accordance 

5 with the invention, it would be necessary for the separator to be constructed as a sealed 

unit, so as to prevent the undesired escape of gases undergoing filtration. (This is a feature 

which could also be utilised in some liquid/solid separators constructed in accordance with 

the present invention). In this way, solid matter entrained in exhaust gases and gaseous. 

emissions from various manufacturing plants, could be filtered in much the same way as f 
IO solid-bearing liquids are treated, using the apparatus and methods of the present invention. 

Those skilled in the art will therefore readily appreciate that the apparatus and methods of 

the present invention are capable of being put to many different uses, and that they 

embrace many modifications and variations'. 'It is therefore also to be understood that the 

spirit and scope of the present invention is in no way limited to the particular details of the 

15 preferred embodiments described herein, but extends to, and is to be . determined by 

reference to each novel feature and combination of features clefilied by the appended 

claims. 

. I 
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1'HE CI~AIMS DEFINING THE INVENTION ARE AS FOLLOWS: 

R. An appmatus for separating solid or particuiatc matter from a flowing liquid or gas, 

the apparaws including: 

2. 

a separation panel positioned in thC path of flow of the liquid or gas. the separation 

pmeil including a plurality of openings, wherei~ the openings -are of a 

predetermined size such tlUlt omy solid! or particul!atc matter smaller than that size is 

able to pass through the openings. amd wherein further, the configuration and 

mmgcment of the openings on the separation panel is such that in use of the 

apparatus. solid or particulate matter larger than the predetermined size is 

substantially prevented from adhering to o:r obstn.llcting the separation panel. 

Ao appamrus • claimed in claim 1. wherein the sepamtion pmiel is in the fonn of ai 

curved structure. 

3. ~ apparatus as claimed in claim n or claim 2, wherein the separation pane] is in 

the fom of a generally cyMndlricad stmcwre. 

l!S 4. An appamms as claimed in any of the preceding elm.ms. wherein the separation 

panel is am open ended genemlly cylindrical stmetw.'e. 

S. An apparatus u claimedl in my of the pmceding claims, wherein the arrangement of 

the openings in the sepamtion pmcl is such that m use of the apparatus, ·the 

openings are disposed at an angle mlative to the flow of the liqwd or gas. 

20 6. 

1. 

An appamtus as claimed m uy of the preceding claims, wherein the configuration 

of the openings is such Umt eaclb. opcming mcAudles a dleflootion means generally 

opposed to the direction of flow of the liquid or gas, to assist in deflecting solid or 

pmtic1.date matter entrained in the flow away from the openings. 

An appamtus as claimed in any of the pmcedmg clrums. wherein ilie separation 

panel is housed bu or forms p~ of a sepmation chamber into which. in use of the 

apparatus, the liquid or gas flow is introduced by an inlet means so as to establish a 
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apparatus, the liquid or gas flow is introduced by an inlet means so as to establish a 

circular flow of the liquid or gas. within the confines of the separation panel, and 

whereby the· arrangement of these features. is ~uch as to enable solids or particulate 

matter of a predetermined size entrained in the liquid or gas, to be trapped within 

the confines of the separation panel. 

An apparatus as claimed in claim 7, wherein the arrangement of the features in the 

apparatus !s such that in use of the apparatus, the separation·panel is generally self­

cleaning. 

An apparatus as claimed in claim 8, wherein the configuration of the ~pparatus is f 
such that in use, ~e flow of the liquid or gas outside the confines of the separation 

panel is in a direction opposite to the direction of flow of the liquid or gas within 

the confines of the separation panel, so as to assist in maintaining the self-cleaning 

function of the separation panel,.in use of the apparatus. 

An apparatus as claimed in any of the preceding claims, wherein the apparatus 

additionally includes means to assist in collecting the solid or particulate matter 

trapped within the separation p~el. 

11. An apparatus as claimed in claim 10, wherein the means to assist in collecting the 

solid or particulate matter are biasing means which utilise gravitational forces to 

encourage the settlement of settleable solid or particulate matter. 

20 12 An apparatus as claimed in claim 11, wherein the biasing means take the form of 

providing the apparatus with at least one downwardly directed baffle or flange to 

·encourage the deposition of settleable solid or particulate matter. 

13. An apparatus as claimed in any ofthe preceding claims, wherein the app·aratus 

inc:ludes a receptacle for collecting ~e solid or particulate matter. 

25 14. An apparatus as claimed in claim 13, wherein the apparatus additionally includes 
. . 

means for removing the solid or particulate matter from the receptacle. 
~~~~~~~~~~ 

.I 
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lSo An apparatus as claimed in claim 14, wherein the means for removing the solid or 

particulate matter from the receptacle include providing the receptacle with a 

removablle container into which the solid or particulate matter may be received 

within the receptacle. in use of the appamms. 

S 16. A method for separating solid or pmticullate matter from a fllowi:ng liquid or gas, the 

method including the steps of: 

positioomg a separation apparatus in the path of flow of the liquid or gas; and 

providiing the separation apparatus with a sepmamon ~n having a pllumB.ity of 

openings tllerethrougb, wherein the openings are of a predetermined size such that 

10 omy solid or particulate matter smaller ?Wm that size is able to pass through tllC 

openings. md wherein further, the co1dipmtion and arrangement of the openings 

on the scpmation panel is such that in use of the apparatus. solid or particulate 

matter larger than the predetermined size is substantially prevented from adhering 

to. or obstmcting the sepamtioo panel. 

IS n. A method as claimed in claim 16, wherein the separation panel takes the form of a 

curved sttucmm. 

18. A method as claimed in claim 16 or cWm. 17, whemin the sepmatlon. panel is in the 

form of a gmenilly cylindrical stmcwre. 

19. A method u clammed in any of claims 16. to 18, whcmm the separation panel is an 

20 open ended generally cylindrical structure. 

20. A method! as claimed many of claims 16 to 19. wherein the mangement of the 

openings iin the separation panel is such that im use of the apparatus. the openings 

are disposed at an angle relative to the flow of the liquid or gu. 

2L A method as claimed m any of claims 16 to 20, wherein the configuration of the 

2S openings is such that eich opening includes a deflection means generally opposed 
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to the direction of flow of the liquid or gas, to assist in deflecting solid or 

particulate matter entrained in the flow away from the openings. 

A method as claimed in any of claims 16 to 21, wherein the separation panel is 

housed in or forms part of a separation chamber into which, in use of th~ apparatus, 

the liquid or gas flow is introduced by an inlet means so as to establish a circular 

flow of the liquid or gas within the confines of the separation panel, and whereby 

the arrangement of these features is· such as to enable solids or particulate matter of 

a predetermined size entrained in the liquid or gas, to be trapped within the confines 

of the separation panel. 

A method as· claimed in claim 22, wherein the arrangement of the features in the 

apparatus is such that in use of the apparatus, the separation panel is generally self-

cleaning. 

A method as claimed in claim 23, wherein the configuration of the apparatus is such 

that in use, the flow of the liquid or gas outside the confines of the separation panel 

is in a direction opposite to the direction of flow of the liquid or gas within the 

confines of the separation panel, so as to assist in maintaining the self-cleaning 

function of the separation panel, in use of the apparatus. 

25. A method as claimed in any of claims 16 to 24, wherein the apparatus additi_onally 

includes means to assist in collecting the solid or particulate matter trapped within 

the separation panel. 

26. 

27. 

A method as claimed in claim 25, wherein the means to assist in collecting the 

solid or particulate matter are biasing means which utilise gravitational forces to 

encourage the settlement of settleable solid or particulate matter. 

A method as claimed in claim 26, wherein the biasing means take the form of 

providing the apparatus with at least one downwardly directed baffle or flange to 

encourage the deposition of settleable solid or particulate matter. 

iiiITTii( 
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28. A method as claimed in my of claims n6 to 21, wherein the apparatus includes a 

receptacne for collecting the solid or particulate matter. 

29. A method as claimed in claim 28. wherein the apparatus additionalily includes 

means for removing the solid or particmlate matter from the receptacle. 

5 30. A metho,fas claimed in claim 29. whemm,the means for removing the soilid or 

pmlicudate matter from the receptacle include providing the receptaclle with a 

mmovab]e co:r.W.ner into which the soUd or particulate matter may be received! 

within th.e receptacle. in use of the appamnus. 

3 n. An apparams for separating solid or pmticwate matter from a flowing Hqund or gas. 

l 0 Sf!.UbstmtiaUy as hereinbefore described. and with reference to the accompanying 

drawings. 

32. A method for separating solid or particulate imatter from a flowh1g liquid or gas. 

substantially as beminbefore described. and with reference to the accompanying 

drawings. 


