A head for injecting consolidating pressurised fluid m xtures into
the ground The present invention relates to a high-efficiency head
for injecting consolidating pressurised fluid mxtures into the
ground in order to form consoli dated soi | portions. 5 The techni ques
known as "jet grouting"” are used to form columar structures of
artificial conglonerate in the ground. These techni ques are based on
the m xing of pheddifet Bgectihp chigsotidating gregbifised fllid Biixdes $nto Wisdigdbolivd
cement m xtures, which are injected at high pressures through
generally smal | radial nozzles formed in an injection head (commonly
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monitor zone, where the nozzles are present. The latter are housed in radially oriented
holes, i.e. perpendicular to the longitudinal axis of the monitor. In terms of fluid dynamics,
this configuration reduces the friction losses along the path, since the flow velocity of the
fluid is low so long as the fluid does not reach the end of the monitor. Once the fluid has
-~ 25 reached this zone, the stream deviates orthogonally in the region of the nozzle, also
creating irregular free motions characterised by strong turbulence in the region in which
the stream deviates. This brings about a high head loss, right in the proximity of the outlet
from the nozzles, as a result of turbulence which prevents the stream from exiting the
nozzles in an ordered manner, i.e. with the velocity vector of the single particle of material

30  exiting oriented according to the main axis of each nozzle.

The procedures by which the fluid passes from the inside to the outside of the monitor are



The patent literature discloses various nonitors for the jet grouting
sector which, in their interior, have a plurality of channels that

are twi sted according to a layout with nulti-helical geonetry and are
able to guide the streamin a helical mtion fromthe inlet of the
monitor to the inlet of the relative nozzle. One exanple is given by
JP- A-2008285811. 10 This type of nulti-helical geonetry does not
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systems provide a length which has an appreciable length and a reduced diameter and is

comparable to that of the outlet for the nozzle. Therefore, the advantage derived from the
reduced concentrated losses is limited by the fact that the fluid adopts a very high velocity
within the final length, with very high resulting friction losses. In addition, the presence of
30  ducts, curves and radiuses greatly complicates the overall architecture of the monitor,

making the assembly, maintenance and disassembly steps much more complex.



15-Figure 4 is a schematic perspective view, in partially cut-away
form of an enbodi nent of an injection head or nonitor according to
the invention; Figure 5is a schematic plan view, on a slightly

enl arged scale, of the nonitor shown i Figure 4; Figure 6 is a
view in axial section of a helical body incorporated in the nonitor
20 shown in Figure 4, Figure 7 is a viewin transverse section

al ong t herhei MginVddjedY!df the iitibR i§ito provide &l MbhigorSor MjcRtipe HeREBhVINE the
el evated view of the conponent shown in Figure 6; ~ Figure 9is a
vi ew, on gwiteshpessidaelicitney inofermas depaielrayovapaciy ¢f hajes Baving the monitor,
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6 and 8, pbivgtie@surhptidmebnlatniap ehelagt@r anmati c vi ews showi ng the pl ane
devel opment of an exanple of a helical duct within the nonitor;
Figurés 13 and 14 are perspective views of two different enbodi nents
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notion in the nmopitor, apalysing the head | osses. The foll ow ng have
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architecture of the nonitor:

10 A preferred but non-restrictive embodiment of the invention will now be described with
reference to the appended drawings, in which:
- Figures 1, 1A and 2 are illustrative diagrams showing the geometrical form of a
helix;
- Figure 3 shows schematic views of two converging ducts;
15 - Figure 4 is a schematic perspective view, in partially cut-away form, of an
embodiment of an injection head or monitor according to the invention;
- Figure 5 is a schematic plan view, on a slightly enlarged scale, of the monitor shown
in Figure 4,
- Figure 6 is a view in axial section of a helical body incorporated in the monitor
20  shown in Figure 4;
- Figure 7 is a view in transverse section along the line VII-VII in Figure 6;
- Figure 8 is a perspective elevated view of the component shown in Figure 6;
- Figure 9 is a view, on an enlarged scale, of a detail shown in Figure 6;
- Figures 10A-10C are perspective views, from different angles, of the same
25  component to be applied to the helical body shown in Figures 6 and 8;
- Figures 11 and 12 are diagrammatic views showing the plane development of an
example of a helical duct within the monitor;
- Figures 13 and 14 are perspective views of two different embodiments of a helical
body located within the monitor.
30
Before providing a detailed description of a preferred embodiment of the invention, the

text hereinafter states the criteria which were carried out in order to achieve the invention



5-inlet of the stream predom nantly vertically or parallel to the
axis of the nonitor, outlet of the stream predom nantly orthogonally
wWth respect to the axis of the nonitor, and the presence of a
central duct, within the nonitor, whichtis to be left free for the
passage of the cooling fluid fromthe head of the rod, 10the path
which the fluid has to take within the nonitor in order to obtain the
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continuously vary the cross-section and the hydraulic diameter of the duct, which

determines the helical path. In this context, “path” refers to the geometrical location of the

15 points which specifies the centre of the cross-sections of the duct orthogonal to the stream

of fluid within the monitor. In other words, the path coincides with the central (helical) line

of the duct, as described in detail hereinbelow. It is clear that not all of the helical paths are

able to produce the desired effect in terms of minimising the losses. To this end, i.e. to

minimise the head losses on account of the passage through the monitor itself, it has been

20  found that the optimum helical path which the fluid has to take is specified by five

conditions for minimising the losses, as described hereinbelow.

With reference to Figure 1, the equation of a generic helical path is defined in the
following components:
25 x=1(0)cos O
y = r(6) sin O
z =h(6),
where 1(0) and h(f) are functions of the angle 6, variable within a range between the values
01 (inlet of the monitor) and 82 (angular value at the outlet nozzle).
30

The first condition for minimising the losses is that the radius r of the helical path ideally

remains constant. In some cases, this is not possible for design reasons; the radius, though,



5 has to vary linearly between the inlet and the outlet of the
nonitor. Arbitrarily setting the lower Iimt of the range in which
the angle O lies to zero (that is 01=0) inplies that the variable to
be deternmined will instead be 02 or, in’ an equival ent manner, the
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infinite val ug-of gthgsgderivative corresponds to this angle value. It
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devi d0e the streaminto an al nost vertical direction, which differs

by a quantity Afromthe stri.ctly.vertical directjon so .as,to .
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infet wwth small concentrated | osses is that of a radius angle A

equal t otirooutighpithe scomites®ds to a real inlet at the inlet of the
fluid (start of the path) with an a value equal to 70 (i.e. 90-20),
whi ch produces small concentrated head | osses. If the derivative of

t he fisinciTiheResnt @bndi€isa fodiamiintenovhe l@béson agfolldwe: arJubctih Wiieh expresses
helical path a is constant with respect to O, it follows that this
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angle « of the helix along the path has a constant derivative.

20 The angle « at the inlet cannot be set to be equal to 90° since an infinite value of the
derivative corresponds to this angle value. It is therefore necessary to radius the inlet of the
monitor so as to deviate the stream into an almost vertical direction, which differs by a

quantity A from the strictly vertical direction so as to minimise the losses (third condition

for minimising the losses). By way of example, a value known from the literature for a

25  conical inlet with small concentrated losses is that of a radius angle A equal to 20°, which
corresponds to a real inlet at the inlet of the fluid (start of the path) with an « value equal to
70° (i.e. 90°-20°), which produces small concentrated head losses. If the derivative of the
function which describes the variation of the angle of the helical path « is constant with
respect to 6, it follows that this function will be linear, considering the constrained

30  conditions at the ends, i.e. of the following type:

a=a+b8=@2-A)(1-6/0,)



6 At this point, it is necessary to deduce the Iink between z and the
tangent of a. The quantity increase dz, which differs on each point

of the helical path, due to the variabi]ity of a along the path
itself, that is as a function of 0, is %iven by the following: dz =r
tga de 5fromwhicp, by integration, the value of z associated with
each value of 0 is obtained. z =1" r tga dO = - rib [In "cos - In
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diameter) present between the inlet and the outlet of the monitor, the function S which
expresses the decrease in the cross-section (or the function D which expresses the decrease
in the square of the hydraulic diameter) between the inlet and the outlet of the monitor
have to be linear, i.e. have a constant derivative (fourth condition for minimising the

20 losses).

A further observation derives from the study of the head losses in converging ducts. If the
hydraulic diameter is known at the inlet and at the outlet of the monitor, the linear
development of the path shows that, depending on the value of the opening half-angle of
25  the converging duct thus designed, it is possible to obtain a very short path (L1 in Figure
3), which entails greater concentrated losses on account of the abrupt cross-sectional
variation, or a very long path (L2 in Figure 3), which instead entails greater friction losses
caused by the friction on the walls, but concentrated losses which are small for the modest
extent of the angle 6.
30
It is known from the technical literature that, in order for the head losses to be substantially

small, the optimum half-angle 6 by which the duct is tapered has to stay comprised



30 7 between 5 and 15'; it is therefore possible to define a range
within which it is possible to vary the value of the length L, which
renders the path substantially optimsed (fifth condition for
m ni mi sing the head | osses). 5 Wen designing the nonitor, the first
choice relates to the naxinun1adnlsS|bIe val ue of the tapering angl e
(5 (i.e. 15) for realising the smallest possible path w thout
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The five conditions explained above are adequate for analytically determining the equation
of the helicoid which minimises the head losses within the monitor. The analytical
determination of the path of the helicoid is followed by the “construction” of the duct,
understood to be the point by point application of a corresponding value of the area of the
20  passage cross-section on the path, meaning the cross-section oriented at every point of the

path of the helicoid orthogonally thereto.

The equation for the optimum path (in the above understanding) is therefore defined by the
following relationships:
25 ()x=rcos b
(2)y=rsin®
(3) z=-1/b [In |cose] - In |cos al]
(4)0€[0; 6]
(5) r=cost
30 (6) = (m/2-A) (1 — 6/6,)
(7)a=a/2-A
(8) b =-(7/2-A)/0,



30(6) a= (T/2-A) (1 - 0/02) (7) a=fr/2-A(8) b= 8(9) L = (dx2 +
dy2 + dz2)" = (D1 -D2)/[2tgo] If the inlet cross-section S 1, the
hydraul ic diameter DI and the radius r (which correspond in fact to
the reference construction variables) ate known, it is necessary to
set a value for 5 the paraneters A and 8. In particular, the choice
of the angle 8 is verified at the end of the first cal culation and

may require amgyLerfaiiedyrogLys = @\coHmgs conditions have been
defined, it is possible to deduce the mssing variables as a function
of the hydraulic dianeter D2, which in fact will coincide with the

real dia r. ol . e fixd f 2 ] |

o deter i tEra® goREAE s wk ypAlie altferdrrt! B8 % rfiud O KR &b
L of theifélct X thehefeyduct eofrudiZon Sartiblad) Brdulolanittihaedeesoy W scda vafue for
the definite integral, again by equation &3{) It is. possible to
recon$t r ke ParpactsEs & abd o Wepagiddular, theghpieg phttheomglg 4 js vertied g the end ofjthe

sunmary, e : t 0 : (o3 i
decr easegjltr gi‘%@%ﬁ@? %lr% l\?lmg¥ ﬁ&gﬁrgo%]nsitan{@g?)g%%gshﬁ? I&t%ﬁﬂelé%q%dé{rage}ﬁj&s qaﬁg been
hydr aul i defihaalydt ¢y pogsililaeo plegaag ehet missings eariidbdeys ad eclueeaties of itine Aydmnlic
or with af,constlﬁnt gr.adi of .the path

nt; . . .. the length i
defined A My riHHh i Tl b ewincide wiFl e rddiBnoignar e noreeoBulieh dhe
D2 is kneMthe of D, is equivalent to determining, by means of equation (9), the value of the length

10 L of the helix. The value of 8, is obtained from the resolution of the definite integral, again
by equation (9). It is possible to reconstruct the path of the helix from equations (1), (2)

and (3).

In summary, therefore:
15 - the area of the passage cross-sections decreases linearly, or with a constant
gradient;

- the square of the hydraulic diameter of the passage cross-sections decreases
linearly, or with a constant gradient;

- the length of the path is defined if the hydraulic diameter at the inlet D, and at the

20 outlet D; is known;

- the radius of the helix which defines the path is preferably constant; if this should
not be possible for design reasons, it has to vary linearly between the inlet and the
outlet of the monitor;

- the variation of inclination « of the helix which defines the path is linear, or the

25 function which expresses the variation of o with respect to 0 has to have a constant
gradient; the inlet of the monitor has a radius of constant cross-section in which the
incoming stream is deviated by an amount A (of between 5° and 30°, for example
20°) with respect to the vertical direction;

- the pitch of the helix which defines the path decreases between the inlet and the

30 outlet of the monitor;

- the duct radiuses both the stream ammving at the monitor with the inlet in a

predominantly axial direction of the monitor and also the stream leaving in a



the radius of the helix which defines the path is preferably
constant; if this should not be possible for design reasons, it has
to vary linearly between the inlet and the outlet of the nonitor;

the variation of inclination a of the helix which defines the path is
| inear, or the 25 function which expresses the variation of a with
respect to 0 has to have a constant gradient; the inlet of the

noni tor has a pi@ibimiar@fy s dasética OSte A6t Wil thehintdt dfiBe DL Wikkre
streamis deviated by an amount A (of between 50 and 300, for exanple

20) with respéedivging ihéo bernderstoodite gaednoguidinghwithput cdpriht qhpvgaselni Gross-
whi ch defi nes pat eases between the inlet and the 30outl et

of the noni tors;gé}%tnhog dgkﬁafoq{r" adi uses both the streamarriving at the
nonitor with the inlet in a predomnantly axial direction of the
nonitor and also the streamleaving in a_ 9 predom nantly radi al )

di recfi oReEFTIRBAONG AP Fisuresid Mdthan inje@iondread pemaaiten is desifaied in its entirety

radi usi ng; | t . di it5h

oo ose 5 A8 T AfuHBEHTHAAS o Qe b S0 160 <PRdRY V09 Toim
an i nj ecthhvng e adteocyliminichlosurfase titssarginet iaderi aylihdrscad sdrifacetl§b AT helonildrds
nonitor conprises a bushin rr outer sleeve 12 of a cylindrical

tubul ar 8T hAH YR RFGRHTES G ?ﬁarqoe%ﬁldét}% Juit X RIFAIN fegoncrete
cylindri ek sdtih@68 dmbPor hBR FRMIDles 13 it SRR bR b e QrRuASAY 5bi% 8
jet of a consolidating flurd mxture, typically a cohcrete m xture,

t hr ough eomsobidatpot dhsiugpemadaiféke hbnitor cnder conpedieds aik auparneeknown per se,

surroundin oi | 0 consolidate it. The upper. end of the nmonitor
can be- confcrpisol Pl rifhERt KiS pesradet PRRE g Prngoron Badarise and
rods (nototafaqnaBout T EtRial ld?llgffﬁdi_ﬁalt 8s HORI the fprdsbntt dBcr¥RIdh! 41l inaREl claims
rotate it about the central [ongitudinal axis z. In the present

descri pt Wichafrdlown tetes enchiermressking hindispiingyposidenss anth ariendplianss fsnexample
| ndi cat | ng, posLlong. 0,01 Bakab QS ol AR & L ORI BR e ence

"transverse®, "radi a upper ower™, are’unders

r ef engnce thelcenttM axizenindab aadmksofzusangdwhirthahs it ¢ iodssergRlly efthich t he
axis z is essentially vertical. The top of the nonitor is provided
with an inlet 16, through which a consolidating pressurised mxture

0, O eyl i ekl o TaErhEn)d esdptofiency hermidss
and 5, apssanisediti@gdturerto be delivered to the side injection nozzles is introduced. The side
nozzles 11, of which there are two in the example shown in Figures 4 and 5, are oriented in

20  substantially horizontal planes, i.e. perpendicular to the longitudinal axis Z of the monitor,

such as to direct the respective exiting jets in directions which do not pass through the axis

Z. The nozzles 11 are located in the proximity of the lower end of the monitor and are

connected in fluid communication to the upper inlet 16 by means of respective helical

ducts 13, which impart the fluid located in the inlet 16 a tangential component, which

25  rotates the stream about the central longitudinal axis z of the monitor. In other words, the
motion imparted to the fluid is of the helical type. The motion of the fluid is guided and

confined laterally by the inner cylindrical surface 15b of the sleeve 12. The helical shape of

each duct 13 is defined by a pair of facing helical surfaces, an upper one 14a and a lower

one 14b, both formed by a rigid helical body 17 (figure 8), which is preferably metailic,

30  secured at least temporarily within the cavity or inner cylindrical surface 15b of the sleeve

12. In the preferred embodiment, the helical surfaces 14a, 14b are “fluted” helicoids,

generated by the helical movement of a straight line. Number 19 denotes a central tubular



20 substantially horizontal planes, i.e. perpendicular to the

| ongi tudinal axis Z of the nmonitor, such as to direct the respective
exiting jets in directions which do not pass through the axis Z. The
nozzles 11 are located in the proximty%of the |ower end of the

nmoni tor and are connected in fluid comunication to the upper inlet

16 by means of respective helical ducts 13, which inpart the fluid

| ocated icfrd R@idHsGbrmd&d @5{ 50 U6IMal Bbd ¥ PTRANEGRS an Mﬂeﬁ BylindPich10fudfa S 2@ hgd
stream about the central longitudinal” axis z of the nbnitor. In other
wor ds, t e axilicontralrgasity @d adapted dorf hllawing shopasshge heh leicatipp &lnidrfas the

Mol o Pt g ol st pSiifled Ba§ORE Whftet, 30 R ekapte, 8 Fral Ve gross-

duct 13 isgctid@fdfmes dtet 13 1@@dadtadgi11aﬁ'&§‘d1ﬂ%délﬁhﬂtédait tBéltdpasethe hRNcdl RREHCEONR),
14a and a | ower one 14b, both forned arigid helical body 17

(figufe 8 thewhotiamiby thedrelicalhsuyaset4b P&,tema@n byetha reytindical éﬂﬁ@ce 15b and
t h f.

| PTEoC ! Shht I R SRl 0O S5 1R 45
are "fl utigdtedhiel 4 dacids/ithge Retaicalir kyossiectivel iduals eodi¢ikent cfﬂssaecnons are

strai ght I|ne Nunber 19 denotes a central tubular 10 cqre, which is
formed bpossible Hen jcxamplsodireulpr ameﬁsrﬁagh% Stit EPSSeSPCHARfy ViFh aiF £ gdivised

20 and a t ga I O;t
A e R e R S L A R A S
t he nmoni fimm sdlid H}rmsarﬁsufmq]hmhmdtedl; scaastoecr‘tﬂancﬂn@bdrcsbdtanmis phidhh®gether

duct 13 is r ctan at_ the to t he heli cal
surface Tﬂ& © gy MF eB%ﬁF&%F HEﬂFHHFméﬁFkgﬁ@xﬁ external |y
by the cylindrical surface 15b and internally by the cyllndrical
surface 20. However, the invention is not intended to be limted to a
duct witfn atllr@ﬁtla:ngilﬁfemnt mndfs)slirs@m ideseribddcnd showdi hérer émhelical duct 13 is
Cross-sections. are or _exanpl e ci,rcyl ar, .cr,0 CtLO

cr oss- septieanan R eRART (5 e B SRIPE Rofih J1' BHSHERG & FEuRlTorn of
sepangt ekpe dictFh-gWLa Mlicdl aaﬂraﬁ,lmb&nmeé@éﬁbhymﬂamr %@i@ teh@iral Odfgth is
solid by nmeans of a machine tool, so as to obtain_the helical

channel s Taghisen totthe@prae inia tpened manmer bath rava wid {gnathsiscwigwed dn cross-
define t t I f t

descri begg tﬂgﬁ ﬁlaﬁés 121?160% écghlgflll%g %I{lg Iigﬁ ggll e%)rlggrﬁ@slsﬂg%qhgﬁe% the
t aper ed longétudinal s Zemgdaatgevetonths Zilelcadl Lemial lineahugheseld as eihgh fiad terminal
| engt h of 15 the duct having a helical central line m(Figures 11
and 12); %1§th15t"éﬁ'ﬁ’%ﬁddﬁlﬂqséﬁé‘{twnﬁ@l?%ﬁa%%altﬁl&fﬁ’ﬁ’é’eﬁ‘é‘ﬂlﬁétoi the &g 4per ed
manngy, both when said length is viewed in cross-sectional planes
(indicated schematically by Pin Figures 1 and 1A) parallel to the

| ongi t udOmadccamts;f Zhea}n@ilcalasigpclbf the duets FiglthacHhiddecdtedin the meonitor &dlows a

wel | as t he ter th i ewed in.cross-sectional. pl ane
or | zont BRed egeln Bl daihar DEnenshisel Fo Bedeh Seitm iorraoy, thus
helical shapfsifh th@ecrgd%féhsofiﬁlrbﬁleﬁcefsl Bi drrbafat %Qm?éhetnﬁeomm h¥tion, with

follows a fixed helical path w thout being subjected to sud
vari at i orsultingtanajgstie dispipationss Alomg Hiesdusy thkerearafathi erosefsection that can be

turb | ts of .th t i
ber gbt 1 50 G2 e rronge Rifparihatitrs AT ARsaTEp & husih Stdeomgre
that = canph@icuidfly Useheriidhed BbvRAHS 3gr®bf hylilaulid dieftaaTes dﬁasga%erckoss-

or with a constant gradient; nore particularly, as nentioned above
t he squapestions ﬂmeasysjhawm:l el it eecongant; gradigiis 83 fps a@rﬂ@% gongeeft the mezzles

of 1 ha ok, PRERS of € nclk ihilh SPRESTE oS B oyt Bndls ERREPE

t he duct gonknt,eldreds the bitiaamidned bytheeamt dolix ivranedsinchy imtiel diatii@Nof
a of the sane helix is reduced linearly in the direction of 30the

nozzPe; fhe noersr ingihersvordpdhe piteholghe higkix whighdefpmes Heqsth isagducre lipearly

towards the discharge nozzle.



11 Conpared with the conventional nonitors discussed in the
introductory part of the description, the greater cross-section of
the nonitor according to the present invention entails, wth

equi valent flow rate and pressure, cledfly smaller head | osses, or
the m ninum | osses possible, given the helical geonetry. As is known,
the friction losses, in the case of 5 inconpressible fluid, are

i nver sel \CafRped tvhﬂﬂ@he teBnidmBiohdll fonRewedis@fssdden tth@ﬂﬁtf@dlﬁ:&)rjil PRSI Ofe
of the duct.” Therefore, jets of an energy which is higher than that

of the cdiessiptionntie grefet sross-aeqtioneofathe tthenitps riceendingotoz thespregent anvention
result, eg&lgé& ?qtﬁ@al&ﬁ%})el }natuggnodueé}'eggré %]leggn%gmglflér%% }/0% aé%teglatlﬂg %}111111111111

‘W th an equi V:

havi ng a lgdseapessibit, aivhahe Waﬁdal peorohityaiAzad kndWn | the Grictih lbSsegdhthd BBe of
maxi mum advantage in terns of performance, the nozzl es are oriented
accor di ndnnrastin tidr ase rrATslPIdROrtspk e the HiHe neweerof the transverse

cylindri f n ¢
d|rectlo?ﬂ#ﬁﬁag{gﬁ%?ﬁcm%[uﬁ%ﬁﬁd%é %%EEz%ga?%%f&%?&??s?@%%ﬁgﬁﬁhﬁ?&cﬂﬁhe
Fi gure 5.coffmmtiopatbaopitdrbertiygpat doymantort hezzesc lAsnatrewit, ofie httonnof Heeft

wth 15 respect to o nore horj zont al anes (or Iane
per pendi &NUNSELS THE ffq%ﬁ&}?’? (EFINSF ‘éﬂ%ﬁ sano‘?quﬂ‘f%éeqtrd}‘?’“’teb “éa#‘?eaa?fommﬂ of

dependi nQo%hﬁQ@d E&ﬂHNlﬁQE?Pe%ter hihn&éi'é‘r eMRRAHEER. ShOVV“ in Figure 5,
the jets of fluid [eaving the nozzles 11 are oriented in opposite

di readi ons along tmo parallel straight lines. 20The ability of the

it k the fluid t til t
noszl o dIRSHfEEs By Hisraeutioh a Y THFRAR LS of RO RSP R AP A e OfiFpted
factor, ta@aﬁalhg o Yinkbnts Besdiahts vasUGkpeNoahe BLet EyId-RE sfuffagé bPihe monitor
| osses, contributes to an increase in the performance of the nonitor

conpar ed 2né is shigetiensowhichnwaichohs dareatien i Whash fes Hpidopdvancashes indicated
hydr aul | g bl ehBDiried? sS3R0 n3LH8. B0Acldodl ol EL 152 A0 LARELEAR wit

whi ch |s resi's S an i nner

funneb-s Iﬂ@pe@i t® 366 agRord livrizbatal plagesqbr pRhésCEdrpaididutar 13 tHedwhdithdehal axis of
pol ygonal cross-section, such as the rectangular 30 ducts in the _
exanpl e SKORANTSY) FRYAE depending o e tRgmranesnGy A therprphpdipens,shawp yn Bigure
t he nozzle u

a def | oot orie  EARRCEAGhE Y RN FLER DAl BEBORERS R GRTHAE o
10A- C, Wpamhelmtxmghdhﬁesa gr adual passage fromthe

20  The ability of the monitor to keep all the fluid streams together until the outlet nozzle
drastically reduces the turbulences in the terminal part; this factor, together with the net
reduction of distributed friction losses, contributes to an increase in the performance of the
monitor compared to conventional monitors and to a maximisation of the hydraulic
efficiency.

25
Each side nozzle 11 includes an insert 18 which is made of a wear-resistant material and

has an inner funnel-shaped passage.

In the case of helical ducts 13 having a polygonal cross-section, such as the rectangular
30  ducts in the example shown in Figure 4, the terminal lengths in the proximity of the
nozzles, which generally have a circular cross-section, comprise a deflector 25 (Figures 6,

7 and &), shown separately in Figures 10A-C, which provides a gradual passage from the



12 pol ygonal cross-section to the circular cross-section, in order to
avoi d | ocalised head | osses. The el enents 25 create a pol ygonal inlet
orifice and a circular outlet. These el enents 25 can advant ageously

be made of a wear-resistant naterial |ilRe the inserts 18 of the

nozzl es, since the velocity of the fluid in this length is high,
however, and therefore the 5 erosive action is nore pronounced. In
the exaw%%légﬁﬂmobﬁsdﬁt@ﬁ'rt@ fBe dikeladedrbRGeich, 3 e td %e6idoRcied head
structure by welding. As an alternative, the nonitor as a whole
can be obessenebhcdyplemeopisedd sirepic capelyagnabrinkst exifice eatds b gtirgylas caslst. oFhese

using simlar S eref he_e I.
oo P SR A PR AL 4 e SRR B i e 1 o
bet ween Sheushzlb, difice the velokied opoierflusd Bf thishengtRe kigh i vadverand sheddforelifle

The nunber 24 designates seali Qg el enments _whi ch prevent | eakage

bet weén €FSTVEACHERTS Mot Prapepncrd 18 the @rmplc sheamgA2gwe 8) Ryl ccters 25 are
account ‘Hxs{i & tﬁ? rs}fuglh%hl.ﬁf Gf Stbiding LRE ah 'Alt@&‘a{i?é] q@hlo‘ﬁ?&i} ds Q%l}oﬁg%{ Be
confined wihinthe duct 1t there re a sinple’blow or a sinple
mechani cabtainetl. byThipsecidiao castingrs dhatroempiohheocasner ukiakisiallabmdyesies, and

when it is ipserte 15 inside the sleeve 12. In this case, sealing
el ement _sﬂ%ﬁr OFfotheie %%5 Bt &)é‘é‘r? tiRgle XA Y @ﬁlhegﬁééﬂ AES; ﬁhi“ﬂﬁ'angle
two heli gal .RYLERRES 5¢ HRPES° BUhd A& pbits Gfle [RNRInSHELBGE 284b) . and

the streamof injection material co eak from an upper coil pitch
to the |lower coil pitch (this would only occur, however, during the

initial i .Wh t it i t letely fil

o151 BATRLEG PR D LR TRONLO ol SRR Lo e,

20 it | saACARSEAIY of MetidsHEEInkibaL oh r11@«3,_(§1nit of ﬁles@?flf higﬂtﬁi\@o%ﬁreg e ih{éﬁﬁkgn jet
i

hel i cal body 17 and the inner cavity 15b of the ‘sl eeve 12. For '
reason, awouldast renanpeinfingd widukdhe dpet Hatherehaesre ansmplebloabove: ample

bel ow t he npzzl rante hat the fluid |s sealed . wthi.n.th

duce - | naeRBadg 3, 306, APGIALERIRY SP Rt eenShBRa) £l i G fefea
| eak 1@andigsiape slebvd sNilAgGhik keses bedliag @lehidhts Mk hbt Ingsitdd barge@! dglceliBdridal
ternms of liquid and pressure |oss and inefficiencies 25in relation to
the finaPdes g ipinipg e helicab purtacesj(apper surfegedi4) and, lowsr syfacsd 46 amd the
nore cle I ; i - i 1S
i kew segt%éea P{;@E@ Clﬁhgg{ a\%ergarl ¢ é@gilésa[yai?\%sﬂgﬁép péerpﬁtogg)éﬂgﬁﬁ(gmﬁégy%ﬁ %f ﬁ%éla(ﬁgs
that it mweukkpelyi esur,t lowadr,uduridpetheaiditaal oot step s tvheh dhe sworfie ds abt

e 00, kM5 Ao SRRt P PSSR RSHER e
cylipgri gal nSULEA¢ & éﬁt}re%?tttﬂére% G8¥4 biévdef tﬁé‘ﬁnbﬂﬁeﬁfcapﬁocﬁﬂel AASRE tnner

18. The deflector" 25 is able to deviate progressively the fluird flow
per i pher adiity, 1 ddpadensletve theF@uhisacesdnSif ldaswvanal paia of 18slsdts ghthaye been

tral ) t ially i he di ti f d. i
b ough tTiened At vaend REoRabs Perlon andfransicieu8e gl & s5fd bithe Mo
cylindri galheSdbsére bR g}?@l&é@é} thé irﬂéﬂt&i HatcEaNEAAd léakeanathrs&ﬂjé?bﬁéﬂingfthe
the sleeve 12, and an arched inner surface 25a, which serves to

def | ect swréck|1o with cesubifngayoblemg im thueis oy lignidraad peessite logsi apkneefdiciengies
such nner. t-ha h arched jnner.,surface 25a starts froma thin
end 60”}%ﬁla%@gftoffg?r%aiarogg;gaw@ylpgg}%]% the duct 13, and term nates
at the thicker end portion 25d | ocated nore downstream at the inlet
of the insert 18. The edges of the deflector_ can present bevels 25e

for wel dith#fdition, Becabe wep mosp clegpy frgar Figeieoh shethickpess of gecdipesst 18, which
made of - .Sl st ant: ial: f .

e o, M08 T B i SRR LD, B 0GR Wpotin

to radius the radially outermost side surface of the duct 13 to the inlet of the tapered

30 passage produced in the insert 18. In other words, it is necessary to radius the inner

cylindrical surface 15b of the sleeve 12 to the inlet of the insert 18. The deflector 25 is able

to deviate progressively the fluid flow peripherally, adjacent to the surface 15b, towards a



10 Figures 11 and 12 show t he devel opnents, in a vertical plane, of
the vertical cross-sections of two exanples of helical ducts 13; m
denotes the central line of a helical duct 13. The abscissa plots the
val ues of the angles neasured in the hdfizontal plane proceeding from
t he angul ar value zero, which refers to a vertical plane passing
through the central axis Z of 15 the nonitor and through the |ower

poi nt V\hﬁshght! oheddneal zdﬁ@%bﬂt%nﬁzﬁryﬁh@ﬁé &Sedtion bhg chétﬁ%fa&sﬂ@thr(bﬁghltﬁe bdis
be understood that the invention is not limted to the enbodi nents

descri bedfdhel HQhZiWnTh%ldéﬂW’for\/\N dias apeouter pdindondl %i)éfae‘a 2285, shegipisaglje to
embodi Menhg Stg\gt tp% gﬁ%féz%nf SLDOJ thg gleé\?et ffnan ap aréh% %l%ergﬂlgﬁctae ql%g w(ﬁ)]i?c(iill Je'n?e%i to

in respec rn1an ar r angene par

const r uctdefect thé dloiwn TheSqeflettop fradusllp petéiseOth thivkhe®X iTphdd, mbfigd ahdraie
be one or nore nozzles in the termnal |ength of each helical duct

| ocat &d a&tched énnes sarfpce,aja %@rtSa‘fEfma. F i e pPIEQR|23¢, lppatedglore ypstreppy in the
appl i cat s, th tgﬂh'l%%s Wil &S eI l%c?t%%lmor? @\ msREan{PdtGhe

- grout), provision is made of an ouﬁﬁﬁgspace sul eedi g
the air (@uet dfhthe iXertvist She eﬂ@stdf&h@déﬂl@tor&mntpi*@ﬂntdfevbh@SBd‘ﬂﬂWe]SImm the
is currently u ] onven ional nopitors. In addition, thes

d t
tod: oat cdUHRet ShregnAelGRHST bt h e PHAGHD] Bisde ks HeHcis It Materals, for
| NSt T UTeR Sl VORR Gty BENARSAL QS SIiGePARAAAR, Of e bAEicAR( dat a

transm ssion) fromthe Tool to the outside, and vice versa. Finally,
it ig0possible to formtwo or nore nonitors of this type (a single

quidm)Ltor n uble flui itor) to rr t tri.ple fluid.
et ar outingesBt iy fe deelGulBdt olyet ral Sahd of oot Sress-Segfigns
these te%hﬁb&'éﬁ&nﬁl%@ oméﬁca%u&t@as ﬁ%ﬁ@@t@%e@@ﬂ%dﬂn@%f@%&i&@l a8 The
of monitors produced. It is thereby possible to go fromthe form

descr i bedbsoistsi piots ther *eeémesgé‘dhe Angae nwa@tred W the korizpei@bpianapraogeding from
pol ygona t ranl \rllgéll%gy (r:g: 1c‘1§161"‘gftersotn a\IeOEca gnggsgmlgﬁl‘ﬂ%bg% hOfceFnglce %of

to a for I'ng or P3s;

coul ds be tHeadbhit@thndnh@uiR e WWeh p@inosmérd e heBcad @uttmBMetfiBatedtih ¢ insert
form with anple radiusing in the inlet and outlet of the nonitor.

15 CLAI MB8- 1. A head (10) for injecting consolidating pressurised
fluid mxtures into the ground in

It is to be understood that the invention is not limited to the embodiments described and
shown herein, which are to be considered as exemplary embodiments of the monitor;
20  rather, the invention can be modified in respect of the form and arrangement of parts and
details of construction, and in respect of its operation. For example, there may be one or
more nozzles in the terminal length of each helical duct located at the same level or at
different levels. In addition, for applications with double fluid jets (for example air — grout
or water — grout), provision is made of an outer space suitable for feeding the air (or the
25  water) to the outlet section of the nozzles, as is currently used with conventional monitors.
In addition, these dedicated ducts may be used for the insertion thereinto of instruments or
cables intended for the passage of information (data transmission) from the tool to the
outside, and vice versa. Finally, it is possible to form two or more monitors of this type (a
single fluid monitor and a double fluid monitor) to carry out triple fluid jet grouting

30 treatments.

With respect to the form of the helical duct, it has already been mentioned that this



order to formconsolidated soil portions, the head including: 5-an
outer cylindrical body (12) defining a central, |ongitudinal axis

(2), at least one upper inlet (16) for receiving fluids froma
string of tubular rods nountable above !the head, at |east one outl et
side nozzle (11) lying in a plane substantially perpendicular to the

| ongi tudi nal axis (Z), 10-at |east one helical duct (13), defining a
hel i cal cepédds! on ithe debibn ddd@itibus! afd IheseORBIBEHIRIartehRIOHPRE N ebsN kSpedient
(16) to the nozzle (11) so as to inpart the fluid flow ng through it

a hel i caldepgndinghomsurunitigs of Bregiters dredicedydt & thareby porsitde tq ge finaythie dorm

o ossilsigrRRLREER ! REfsdia bR bidkBSAM) bER0mMNEHy baNEald tansverse oross-
| engt h ofsedtion, tutctlimhed huhberrofidts€do tadfofrh @btadized| 18/ dabtig orl Sledtife@dsish, in

manner, both when viewed in cross-sectional planes (P). parallel to
the | &ngivtiieh Hig dugkpeuld e reglised angdatm mychrdossetq thel ontigping dheorgtical oz,
wel | as g&baﬁ Wed.di r I I -~ perpendi cul ar to the
axi s (Z)\.()(ﬁ ) lglnjé%t %Hﬂ g%%%gggg?%fﬁgkﬁgggugin11, characterised in
that the helical duct (13) is 20 radiused to the upper inlet (16) in
such manner that at that radiused zone the |ongitudinal axis (2)
forms an acute angle not exceeding 30 with a straight line tangent to
the central helical line (m of the duct (13). 3. An injection head
according to claiml or 2, characterised in that: 25a)the radius (r)
of the helix is substantially constant or increases linearly or
decreases linearly fromthe inlet (16) to the outlet nozzle (11); b)
the helical pitch or the helix angle (a) decreases constantly from
the inlet (16) to the outlet nozzle (11); and c¢) the area of the
cross-section of the duct (13) perpendicular to the central line (m



30decreases linearly fromthe inlet (16) to the outlet nozzle (11).
16 4. An injection head according to any one of clains 1 to 3,
characterised in that the helix angle (a) at the inlet (16) ranges
bet ween about 600 and about 90, and i s 1pref er abl y about 70. 55. An

i njection head according to any one of the preceding clains,
characterised in that the half-angle (5) by which the helical duct
(13) is tapered is conprised betweencahous 50 and about 15. 6. An

i njection head according to any one of the preceding clains,
characteri sed in 10t hat said at |east one helical duct (13) is
delimte h . .
cylindri gal sur %@Z‘ ? %)?End a cgﬁstotrhgﬁnﬁ%@g éuﬁg%:d;@!éld?% géarésééfontgéégﬁo und in
axi al centrdealto 6 dops¢lRihied soil goh@npaths dgal wtludingt ui d, and

externally or erlphera y e, inner cylinpdrical. surfa (15b) of
the odter bodﬁ' R3] cyl.lflc{m%twd%'/r(igedqﬁglqa &%ﬁaﬁqr@ﬂa dipglRx @33 formi ng
at | east one aﬁhéa%%n@&ggae{mar@ %ﬁgecéﬁz?ngoﬂhfdsoﬁo&a&'sﬂﬂm Sf 'u%'lar rods

surfaces, of one 4a) and l'ower one (14
i njecti ommmmblaadmwﬁmai@adp any one of the pr ecedi ng cl ai ms

cr 056 sect | on *bRePARy gBiE M eripes hainedt APl 8 ey ararndcolar o the
longitudinal axis (Z),

10 - at least one helical duct (13), defining a helical central line (m), the duct (13)
connecting the upper inlet (16) to the nozzle (11) so as to impart the fluid flowing through

it a helical motion about the longitudinal axis (Z) towards the nozzle (11);
characterised in that the helical duct (13) is progressively tapered towards the
nozzle (11) and includes a terminal length of the duct which is radiused to the nozzle in a
15 tapered manner, both when viewed in cross-sectional planes (P) parallel to the longitudinal
axis (Z) and tangent to the helical central line, as well as when viewed in cross-sectional

planes perpendicular to the axis (Z).

Lt 2. An injection head according to claim 1, characterised in that the helical duct (13) is

20  radiused to the upper inlet (16) in such manner that at that radiused zone the longitudinal
axis (Z) forms an acute angle not exceeding 30° with a straight line tangent to the central

helical line (m) of the duct (13).

3. An injection head according to claim 1 or 2, characterised in that:

25 a) the radius (r) of the helix is substantially constant or increases linearly or decreases
linearly from the inlet (16) to the outlet nozzle (11);
b) the helical pitch or the helix angle (¢)) decreases constantly from the inlet (16) to the
outlet nozzle (11); and
c) the area of the cross-section of the duct (13) perpendicular to the central line (m)

30  decreases linearly from the inlet (16) to the outlet nozzle (11).



the rel evant nozzle (11) has a circular cross-section, and that in
said termnal length, the helical duct (13) is radiused to the nozzle
(11) by at |east one deflector (25), the deflector defining a

pol ygonal inlet having a shape congrueﬁ? to that of the cross-section
of the duct (13) in that radiused point, a circular outlet congruent
to 25 that of the nozzle (11) and an internediate |ength passing

gradual | . f r omrd figeciieh headh atcotdifs o a@E bhOBf tRirhH€ t613f @h'ér@ditensed in that the
cross-section. 8. An injection head according to claim

char act efieieangla (@haitthainle (A6} ragesdaatwenn ahost 69°18) cHohARR anésypreferably
upstreankgg tﬁ@ nozzle (11), there is fixed or fornmed a deflector

(25) 30 haV|ng an arched surface (25a) facing the inside of the duct
and suitable for deviating progressively the fluid flow froma

peri pheral zone, adjacent_ to the peripheral side surface (15b) of the
duct £13)P; toAm iifcHoR dised apcordipg to AR08 O dhe ﬁ{pceﬁlng H:éangﬁ,cﬂ‘@gpctensed in

surface 41" I
The For el Bl ahC 8 U ol NS BT A M Bl P
claim7 6Faid alchanatteri sed in that the deflector (25) |s nade of a

wear-resistant material, for exanple Wdia or tungsten carbide, or
sintered Smaterials. 10. An injection head according to any one of

the precgdi ng g ﬁ’ajéEEon GRad QEéo?&lhg &4 ahj? ohb %Tf tﬁé‘ Sré&é‘dlhg 3aih a&ﬁré&?er%@& I
duct (13) is defined by a pair of facing helical surfaces, which

i ncl ude dnﬁagpatk@$4arhdm@ldwd(&Dha@énnﬁmﬂb) one, both formed by a

rigid helical .hod i f.hion _an Ilndrlc C

(180 of “a o1 EEOEHLREN VT HF BRElirurnE) hRET Syl fiast T of o
central tubular core (19) having an axial central cavity (21) for the passage of a fluid, and
- externally or peripherally, by the inner cylindrical surface (15b) of the outer body
(12) in which there is fixed a rigid body (17) forming at least one helical channel providing

15  a pair of facing helical surfaces, of which an upper one (14a) and a lower one (14b).

7. An injection head according to any one of the preceding claims, characterised in

that:

- the helical duct (13) has a transverse cross-section of polygonal shape, particularly
20  rectangular,

- the relevant nozzle (11) has a circular cross-section, and that

- in said terminal length, the helical duct (13) is radiused to the nozzle (11) by at least

one deflector (25), the deflector defining a polygonal inlet having a shape congruent to that

of the cross-section of the duct (13) in that radiused point, a circular outlet congruent to
25  that of the nozzle (11) and an intermediate length passing gradually from the polygonal

cross-section to the circular cross-section.

8. An injection head according to claim 7, characterised in that within the helical duct

(13), immediately upstream of the nozzle (11), there is fixed or formed a deflector (25)

30 having an arched surface (25a) facing the inside of the duct and suitable for deviating
progressively the fluid flow from a peripheral zone, adjacent to the peripheral side surface

(15b) of the duct (13), to a more central zone, where the end of the arched surface (25a)



11. An injection head according to claim 10, characterised by
conprising sealing neans (26) interposed between the inner helical
body (17) and the inner surface (15b) cif7 15t he sleeve (12). 12. An

i njection head according to claim 10 or 11, characterised in that the
defl ector (25) consists of a rigid arched el enent fixed within the

hel i cal

duct (13), and having an outer cylindrical surface (25b)

cont act i n@catdiiemoreridivnettdm & fadakedutiifortiy folthdinletfoftienskzrRaVE). 20

(12),

and that the deflector gradually increases in thickness, in

such manner that the arched inner surface (25a) starts froma thinner

end port |90n ( ?ﬁ'@ﬂjechsgﬁ Eﬁija fcﬁn%’fﬁsélﬁiﬁ?g]gé)ﬁ ‘f. Ocac@é'f%%d (ril'ﬁl)at th%r«'féﬂector (25)

termnates w

tion nore downstream

at the ins ﬁ‘tadefoftah‘ﬁeztra‘bmhtant( thiderial, for example Widia or tungsten carbide, or sintered
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materials.

10.  An injection head according to any one of the preceding claims, characterised in
that the helical shape of each duct (13) is defined by a pair of facing helical surfaces, which
include an upper (14a) one and a lower (14b) one, both formed by a rigid helical body (17)
secured within an inner cylindrical cavity (15b) of a sleeve constituting the outer

cylindrical body (12).

11.  An injection head according to claim 10, characterised by comprising sealing
means (26) interposed between the inner helical body (17) and the inner surface (15b) of
the sleeve (12).

12.  An injection head according to claim 10 or 11, characterised in that the deflector
(25) consists of a rigid arched element fixed within the helical duct (13), and having an
outer cylindrical surface (25b) contacting the inner cylindrical surface (15b) of the sleeve
{12), and that the deflector gradually increases in thickness, in such manner that the arched
inner surface (25a) starts from a thinner end portion (25c¢), located more upstream in the
duct (13), and terminates with a thicker end portion (25d) located more downstream, at the

inlet of the nozzle (11).



