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(57) A system (100) for dissolving solid particles
(150) in a liquid (152). The system comprising: a tank
(102), a circulation (110) line configured to circulate the
liquid over the tank, a pre-mixing vessel (120) configured
to receive and dissolve the solid particles in the liquid to
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ured to inject themixture into the circulation line, wherein

a suction inlet (136) of the venturi injector is connected to
an outlet (126) of the pre-mixing vessel, such that the
mixture in the pre-mixing vessel can be drawn from the
pre-mixing vessel and be injected into the circulation line,
to thereby be mixed with and form part of the liquid when
the liquid is circulated in the circulation line. A method of
dissolving solid particles in a liquid is also provided.
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Description

Technical Field

[0001] The invention relates to the field of food produc-
tion. More particularly, it is related to a system for dissol-
ving solid particles in a liquid and to a method of dissol-
ving solid particles in a liquid. The system has a tank
configured to hold the liquid and a pre-mixing vessel or
tank.

Background Art

[0002] When producing food products several ingredi-
ents are commonly used to form the food products.When
producing many types of food products, such as bev-
erages, some type of powder is commonly mixed with
water. For instance,whenproducingsoft drinksor lemon-
ades, powdered sugar is typically mixed with water and
other ingredients. Such other ingredients can include
powdered ingredients such as citric acid.
[0003] Whren powdered dry bulk ingredients like su-
gar, dextrose, citric acid and similar are stored in humid
conditions or for a prolonged period of time, it is common
that powder formations such as lumps or pebbles are
formed inside the package of the dry powdered bulk
ingredients. Such lump formation is even more outspo-
ken for some products which are prone to form lumps.
Powdered ingredients of the above type are typically
distributed and stored in bags. Such bagsmay be of very
different sizes spanning from e.g., a few 100 grams to
several tones.
[0004] When powdered ingredients of the above type
are to be mixed with, for example water, any lumps or
pebbles formed by the bulk ingredients themselves will
also have to be dissolved or else the final product will
have an inferior quality with lumps in it.
[0005] Dissolving of lumps of powdered ingredients is
typically troublesome for instance because when a lump
of a dry powder is subjected to a liquid, the outermost
portion of the lump generally absorbs the liquid while
forming a high concentration ingredient shell around the
interior of the lump. After formation of such high concen-
tration ingredient shell, it is generally time-consuming to
dissolve a lump since the high concentration ingredient
shell efficiently prevents or delays water from reaching
the interior of the lump.Despite this, it is commonpractice
to dissolve lumps of dry bulk ingredients in water or
similar prior to mixing the dry bulk ingredients with other
ingredients. This strategy may, however, cause severe
problems if not completely dissolved lumps are reaching
a pump designed to pump liquid. Pumps designed to
pump liquids are prone to getting clogged or even ruined
if receiving dry bulk ingredient lumps which are not dis-
solved to satisfaction.
[0006] To this end it has been suggested to break apart
lumps in powdered ingredients with various types of
mechanical systems prior to mixing the powdered ingre-

dients with water or another liquid. Such mechanical
systems include so-called lump breakers, massage sys-
tems or vibrators. However, the use of mechanical sys-
tems introduces complexity when it comes to dissolving
powdered ingredients, since the powdered ingredients
will have to pass an additional production stage. More-
over, such mechanical systems are costly and require a
significant amount of energy when operated. Further,
such mechanical systems also require regular mainte-
nancewhichper se is costly, labor intensive and results in
undesired down time.
[0007] Hence, there is still room for improvementwhen
it comes to mixing powdered ingredients with a liquid.

Summary

[0008] With the above in mind, it is an object of the
present invention to provide an improved system for
dissolving solid particles in a liquid as well as a method
of dissolving solid particles in a liquid.
[0009] Another object is to provide such a system and
method which are more efficient when it comes to dis-
solving solid particles in a liquid.
[0010] Another object is to provide such a system and
method which are more efficient when it comes to dis-
solving solid particles including solid particle lumps in a
liquid.
[0011] Another object is to provide such a system and
method which are capable of handling a wider range of
solid particles.
[0012] Another object is to provide such a system and
method which are capable of handling a solid particles
having different qualities.
[0013] Another object is to provide such a system and
method which are less labor intensive.
[0014] Another object is to provide such a system and
method which are more cost-efficient.
[0015] Toachieve at least one of the above objects and
also other objects that will be evident from the following
description, a system for dissolving solid particles in a
liquid, having the features defined in claim 1 is provided
according to the present inventive concept. A method of
dissolving solid particles in a liquid, is provided according
to claim 12. Preferred variations of the inventive concept
will be evident from the dependent claims.
[0016] More specifically, according to a first aspect,
there is provided a system for dissolving solid particles
in a liquid, the system comprising: a tank configured to
hold the liquid, the tank comprising a tank outlet and a
tank inlet, a circulation line configured to circulate the
liquid over the tank, the circulation line extending from the
tank outlet to the tank inlet, a pre-mixing vessel config-
ured to receive and dissolve the solid particles in the
liquid to formamixture, the pre-mixing vessel comprising
a first inlet for receiving the liquid, a second inlet for
receiving the solid particles and an outlet for the mixture,
and a venturi injector configured to inject the mixture into
the circulation line, the venturi injector comprising a
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pressure inlet, an outlet and a suction inlet, the venturi
injector being arranged in the circulation line by being
connected thereto by the pressure inlet and the outlet,
wherein the suction inlet of the venturi injector is con-
nected to theoutlet of the pre-mixing vessel, such that the
mixture in the pre-mixing vessel can be drawn from the
pre-mixing vessel and be injected into the circulation line,
to thereby be mixed with and form part of the liquid when
the liquid is circulated in the circulation line.
[0017] Hereby an improved system for dissolving solid
particles in a liquid is provided.
[0018] Thus, the present invention is based on the
realization that solid particlesmayefficiently bedissolved
in a liquid by utilizing a pre-mixing vessel in combination
with a venturi injector. By receiving the solid particles in
the liquid in thepre-mixing vessel to formamixtureandby
injecting the mixture into the circulation line by means of
the venturi injector, a highly robust system capable of
mixing solid particles with the liquid may be achieved.
The system may efficiently handle solid particles includ-
ing solid particle lumpswith a significantly reduced risk of
getting clogged or otherwise ruined.
[0019] The venturi injector of the system is generally
speaking insensitive to aspiring or drawing in solid par-
ticles or solid particle lumps. This means that even if the
solid particles of themixture are not completely dissolved
or if the mixture includes solid particle lumps, the venturi
injector may still draw the mixture from the pre-mixing
vessel and inject themixture into the circulation line. This
means that the mixture may be mixed with and form part
of the liquid when the liquid is circulated in the circulation
line irrespective of if the solid particles have been com-
pletely dissolved in thepre-mixing vessel or not.Hence, a
system which is highly capable of dissolving solid parti-
cles in a liquid even when the solid particles include solid
particle lumpsmay be achieved according to the present
invention.
[0020] The system may further comprise a liquid feed
line extending from the circulation line upstream the
venturi injector to the first inlet of the pre-mixing vessel,
such that the liquid canbe fed to the pre-mixing vessel via
the first inlet when the liquid is circulated in the circulation
line, which is advantageous in that liquid from the tank
which is circulated may be used to dissolve the solid
particles in the pre-mixing vessel. Hence, one and the
same liquid may be used to dissolve the solid particles in
the pre-mixing vessel and serve as a final product in
which the solid particles are dissolved. Further, any
amount of liquid needed to dissolve the solid particles
in the pre-mixing vessel may be fed to the pre-mixing
vessel via thefirst inlet thereof. In thisway,a largeamount
of liquid may be fed to the pre-mixing vessel and used to
dissolve the solid particles without risking that the overall
amount of liquid in the system and hence the tank be-
comes too large. Furthermore, a single pump may be
used to circulate the liquid in the circulation line and to
feed the liquid to the pre-mixing vessel.
[0021] Thesystemmay further comprisea level sensor

configured to determine a level of the liquid in the pre-
mixing vessel, and a liquid feed valve arranged in the
liquid feed line,wherein the liquid feedvalve is configured
to open in response to the level sensor generating a first
signal indicative of the level of the liquid in the pre-mixing
vessel being below a first predetermined level, and to
close in response to the level sensor generatinga second
signal indicative of the level of the liquid in the pre-mixing
vessel being above a second predetermined level, which
is advantageous in that the level of the liquid in the pre-
mixing vessel may be keep within an interval in which
efficient dissolving of the solid particles at handmay take
place.
[0022] Any type of level sensor may be used to advan-
tage. The level sensor may be a pressure sensor ar-
ranged at the bottom region of the pre-mixing vessel. The
level sensor may be a flotation sensor. The level sensor
may be a radar sensor to give a few non-limiting exam-
ples.
[0023] It should be noted that different amounts of
liquid may be used to advantage for different types of
solid particles. This means that the first predetermined
level and the second predetermined level may be ad-
justed depending on the type of solid particles.
[0024] It shouldbenoted that thewording "toopen"and
the wording "to close" may refer to any state of the liquid
feed valve in which the valve is moved to a more open
state and to a more closed state respectively. In other
words, the valve may open partially or completely and
correspondingly close partially or completely.
[0025] The system may further comprise a circulation
pump configured to circulate the liquid through the cir-
culation line, the circulation pump being arranged in the
circulation line upstream the liquid feed line, which is
advantageous in that the circulation pump may be used
to circulate the liquid in the circulation line as well to fed
liquid to the pre-mixing vessel via the liquid feed line.
[0026] The outlet of the pre-mixing vessel may be
provided at a bottom portion of the pre-mixing vessel
and the first inlet of the pre-mixing vessel may be pro-
vided above the outlet of the pre-mixing vessel, which is
advantageous in that the outlet of the pre-mixing vessel
may be flushed or at least partially kept clear from solid
particles by the liquid entering the pre-mixing vessel
through the first inlet thereof. In other words, liquid en-
tering the pre-mixing vessel through the first inlet thereof
may assist in keeping the outlet open or free or substan-
tially free of solid particles or solid particle lumps.
[0027] The first inlet of the pre-mixing vessel may
comprise a nozzle configured to distribute the liquid
received via the first inlet of the pre-mixing vessel in a
plurality of directions, which is advantageous in that the
liquid may be efficiently distributed throughout the pre-
mixing vessel and hence throughout the solid particles.
Further, by distributing the liquid in a plurality of direc-
tions, a turbulent flow efficiently dissolving the solid par-
ticles in the liquid may be obtained. Furthermore, by
distributing the liquid in a plurality of directions the bottom
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region of the pre-mixing vessel and details of the pre-
mixing vessel associated with the bottom region may be
flushed such that accumulation of solid particles may be
prevented or counteracted.
[0028] The first inlet of the pre-mixing vessel may
comprise a nozzle configured to distribute the liquid
received via the first inlet of the pre-mixing vessel in at
least a horizontal direction.
[0029] The first inlet of the pre-mixing vessel may
comprise a nozzle configured to distribute the liquid
received via the first inlet of the pre-mixing vessel in a
plurality of directions, including at least a horizontal direc-
tion.
[0030] The nozzle may comprise a liquid distribution
element arranged vertically above the first inlet of the pre-
mixing vessel, and having a major bottom surface ex-
tending inahorizontal planeperpendicular to thefirst inlet
of the pre-mixing vessel, such that the liquid received via
the first inlet of the pre-mixing vessel impinges on the
major bottom surface of the liquid distribution element
and is distributed in at least one horizontal direction,
which is advantageous in that the liquidmay be efficiently
distributed throughout the pre-mixing vessel and hence
throughout the solid particles. Further, by distributing the
liquid in at least one horizontal direction, a turbulent flow
efficiently dissolving the solid particles in the liquid may
be obtained. Furthermore, by distributing the liquid in at
least onehorizontal direction thebottomregionof thepre-
mixing vessel and details of the pre-mixing vessel asso-
ciated with the bottom region may be efficiently flushed
such that accumulation of solid particles may be pre-
vented or counteracted.
[0031] The pre-mixing vessel may further comprise a
sievearrangedbelow the first and the second inlets of the
pre-mixing vessel and above the outlet of the mixing
vessel for preventing solid particles above a predeter-
mined size to enter the outlet of themixing vessel.Hence,
the sieve may efficiently prevent or counteract solid
particles or solid particle lumps above a predetermined
size form reaching the venturi injector.
[0032] The sievemay be a strainer. In other words, the
sieve may be any device for blocking big particles or
lumps but letting small through. Hence, in practice the
sieve may efficiently block solid particle lumps above a
certain sizewhile letting solid particles and smaller lumps
through.
[0033] The sieve may have a maximum opening di-
mensionof about 15mm.Hence, the sieveopeningsmay
be about 15 mm across their widest section.
[0034] The sieve may include a mesh or a grid.
[0035] The sieve may be a mesh or a grid.
[0036] The nozzle may be arranged to create a turbu-
lent flow of fluid above an upper surface of the sieve,
which is advantageous in that the solid particles and solid
particle lumps may be efficiently dissolved and mixed.
Further, by creating a turbulent flow of fluid above an
upper surface of the sieve, solid particle lumps which are
too large to pass through the sieve may be efficiently

affected by the turbulent flow and hence dissolved in the
liquid. Furthermore, solid particle lumps which are too
large to pass through the sieve may be stirred or moved
around such that the sieve is counteracted from getting
clogged or blocked. In this regard, "a turbulent flow of
fluid" isheremeant tomeanany turbulent flowof the liquid
aswell asany turbulent flowofamixtureof the liquidanda
gas, such as air.
[0037] The solid particles may comprise one or more
solid particle lumps having a minimum extension of 80
mm or more. It should be noted that within the context of
this application the term "solid particle lumps" maymean
any formation of the solid particles where the solid par-
ticles stick to each other or otherwise adhere to each
other such that a formation larger than the solid particles
themselves is formed. Solid particle lumps may for in-
stance form when solid particles are stored for a pro-
longed time. Solid particle lumps may for instance form
when solid particles attract or absorbwater. Solid particle
lumps may be formed of powdered sugar, such as su-
crose, dextroseandmaltose.Solid particle lumpsmaybe
formed of powdered citric acid or other powders that are
commonly used and dissolved in the food industry.
[0038] At least 10 wt% the solid particles may have the
form of at least one solid particle lump that has an
extension of at least 40 mm. For instance, powdered
sugars andpowdered citric acid tend to formsolid particle
lumps having an extension of 30‑100 mm. However,
larger solid particle lumps may typically be formed. For
instance, when storing a bag of powdered sugar for a
prolonged time in a moist environment more or less the
complete content of the bagmay in practice form a single
solid particle lump.
[0039] According to a second aspect, there is provided
a method for dissolving solid particles in a liquid, using a
system comprising: a tank comprising a tank outlet and a
tank inlet, a circulation line extending from the tank outlet
to the tank inlet, a pre-mixing vessel comprising a first
inlet, a second inlet and an outlet, and a venturi injector
comprising a pressure inlet, an outlet and a suction inlet,
wherein the venturi injector being arranged in the circula-
tion line by being connected thereto by the pressure inlet
and the outlet, andwherein the suction inlet of the venturi
injector is connected to the outlet of the pre-mixing ves-
sel, the method comprising: receiving, via the second
inlet of the pre-mixing vessel, the solid particles at the
pre-mixing vessel, receiving, via the first inlet of the pre-
mixing vessel, the liquid at the pre-mixing vessel, dissol-
ving, at the pre-mixing vessel, the liquid and the solid
particles, thereby forming a mixture, and circulating, via
the circulation line, the liquid from the tank through the
venturi injector by feeding the liquid into thepressure inlet
of the venturi injector and out of the outlet of the venturi
injector, such that the mixture is drawn from the pre-
mixing vessel and injected into the liquid of the circulation
line therebymixing themixture with the liquid to form part
thereof.
[0040] The above-mentioned features of the first as-
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pect, when applicable, apply to this second aspect as
well. In order to avoid undue repetition, reference ismade
to the above.
[0041] The receiving of the liquid may comprise, re-
ceiving, via a liquid feed line extending from the circula-
tion lineupstream theventuri injector to thefirst inlet of the
pre-mixing vessel, the liquid at the pre-mixing vessel.
[0042] The circulating of the liquid from the tank
through the venturi injector may comprise, keeping a
level of the liquid in the tank above the level the liquid
in the pre-mixing vessel, which is advantageous in that
solid powdermaybe addedat level below to liquid level in
the tank. Thismeans in practice that solid powdermaybe
added at a convenient height although the liquid level of
the tankmay be above the pre-mixing vessel, without the
pre-mixing vessel overflowing by the liquid.

Brief Description of the Drawings

[0043] Embodiments of the invention will now be de-
scribed, by way of example, with reference to the accom-
panying schematic drawings, in which:

Fig. 1 is schematic view of an exemplary system for
dissolving solid particles in a liquid.
Fig. 2 is a detailed schematic cross-sectional view of
an exemplary pre-mixing vessel of the systemof Fig.
1.
Fig. 3 is aflowchart showinganexemplarymethodof
dissolving solid particles in a liquid according to an
embodiment of the invention.

Detailed Description

[0044] The present inventive concept will now be de-
scribed more fully hereinafter with reference to the ac-
companying drawings, in which currently preferred var-
iants or embodiments of the inventive concept are
shown. This inventive concept may, however, be imple-
mented in many different forms and should not be con-
strued as limited to the variants set forth herein; rather,
these variants are provided for thoroughness and com-
pleteness, and fully convey the scope of the present
inventive concept to the skilled person.
[0045] Now turning to Fig. 1. Fig. 1 schematically illus-
trates by way of example an exemplary system 100 for
dissolving solid particles 150 in a liquid 152. The system
100 is primarily designed to gradually dissolve solid
particles in the liquid 152 as the liquid is circulated over
a tank 102.
[0046] The tank102 is configured tohold the liquid152,
i.e. the liquid 152 in which the solid particles 150 typically
are to be gradually dissolved. This means that the tank
102mayholdonly the liquid 152beforeanysolid particles
are dissolved in the liquid 152. It alsomeans that the tank
102 may hold the liquid 152 with solid particles 152
dissolved therein. The tank may thus hold the liquid
152 and the solid particles 152 dissolved therein in any

concentration between an initial concentration, normally
with no dissolved solid particles 152, and a final concen-
tration where a desired final amount of solid particles
have been dissolved in the liquid 152.
[0047] The depicted tank 102 comprises a tank outlet
104 and a tank inlet 106. The tank outlet 104 and the tank
inlet 106 are both in fluid communication with the interior
of the tank 102.
[0048] In the depicted system, a circulation line 110
extends from the tank outlet 104 to the tank inlet 106. The
circulation line 100 configured to circulate the liquid 152
over the tank 102. Hence, the circulation line 110 is
designed to feed liquid from the tank outlet 104 and back
to the tank inlet 106 as generally indicated by the arrow in
Fig. 1.
[0049] The depicted system 100 further comprises a
pre-mixing vessel 120. The pre-mixing vessel is config-
ured to receive and dissolve the solid particles 150 in the
liquid 152 to form a mixture 153. When dissolving the
solid particles 150 in the liquid 152 to form the mixture
153, thesolidparticles150and the liquidmaybe received
or introduced in the pre-mixing vessel 120 in any order or
simultaneously. In other words, the solid particles 150
maybe received first in the pre-mixing vessel 120 and the
liquid 152 may be received subsequent to receiving the
solid particles 150. Analogously, the liquid 152 may be
received first in the pre-mixing vessel 120 and the solid
particles 150 may be received subsequent to receiving
the liquid 152. Further, the solid particles 150 and the
liquid may be received simultaneously at the pre-mixing
vessel 120. Further, the solid particles 150 and the liquid
may be received at the pre-mixing vessel 120 at times at
least partially overlapping each other.
[0050] The depicted pre-mixing vessel 120 has first
inlet 122 for receiving the liquid 152 and a second inlet
124 for receiving the solid particles 150.
[0051] The first inlet 122 is consequently a liquid inlet
configured to receive the liquid 152. The liquid 152 may
typically be received from the tank 102 as depicted in Fig.
1. Alternatively, the liquid 152 in which the solid particles
150 are to be dissolved may be received directly from
e.g., a water supply such as a water tap.
[0052] The second inlet 124 is consequently a solid
particle inlet or powder inlet. The second inlet 124 is
typically provided at a top region of the pre-mixing vessel
120.Thesecond inlet 124 typically hasa relatively speak-
ing large cross-sectional area such that bags 170 with
solid particles 150 or powder may be emptied into the
second inlet 124. Further, the fact that the second inlet
124 typically has a relatively speaking large cross-sec-
tional area brings about that solid particles 150 including
solid particle lumps 154 may be received through the
second inlet 124.
[0053] The depicted pre-mixing vessel 120 has an
outlet 126 for the mixture 153. The outlet 126 of the
pre-mixing vessel 120 is provided at a bottom region of
the pre-mixing vessel 120 as depicted in Fig. 1.
[0054] Further details of the pre-mixing vessel 120 will
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be described later below with reference to Fig. 2. How-
ever, before describing the pre-mixing vessel 120 in de-
tail, the remaining overall functionality of the system 100
will be described first while still mainly referring to Fig. 1.
[0055] The depicted system 100 further comprises a
venturi injector 130. The venturi injector 130 is as such a
well know device meaning that its function will not be
described in detail here. However, as I known in the art, a
venturi injector 130 relieson the venturi principle andmay
be used to create an under pressure by feeding a fluid
through it. The so created under pressuremay beused to
draw or suck a different fluid, liquid or gas, into the fluid
which creates theunder pressurewhile being fed through
the venturi injector 130.
[0056] The venturi injector 130 of the depicted system
100 is configured to inject the mixture 153 of the pre-
mixing vessel 120 into the circulation line 110.
[0057] Theventuri injector 130hasapressure inlet 132
and an outlet 134. The venturi injector 130 is arranged in
the circulation line 110 by being connected thereto by the
pressure inlet 132 and the outlet 134.
[0058] The venturi injector 130 further has a suction
inlet 136. The suction inlet 136 of the venturi injector 130
is connected to the outlet 126 of the pre-mixing vessel
120. This configuration of the venturi injector 130 and the
circulation line 110 results in that the mixture 153 in the
pre-mixing vessel 120 can be drawn from the pre-mixing
vessel 120 and be injected into the circulation line 110
when the liquid152 is circulated in thecirculation line 110.
It also results in that when themixture 153 is injected into
the circulation line 110, themixture will bemixedwith and
form part of the liquid 152. Hence, the liquid 152will while
being circulated in the circulation line 110 receive more
and more of the mixture 153 such that the concentration
of the dissolved solid particles 150 in the mixture will
gradually increase.
[0059] This means that the system 100 may typically
be operated or actuated until a desired amount of solid
particles 150 have been dissolved in the liquid 152.
[0060] The depicted systemof Fig. 1 further comprises
a liquid feed line 140. The depicted liquid feed line 140
extends from the circulation line 110upstream the venturi
injector 130 to the first inlet 122 of the pre-mixing vessel
120. This means that the liquid 152 can be fed to the pre-
mixing vessel 120 via the first inlet 122 when the liquid
152 is circulated in the circulation line 110. In otherwords,
the liquid 152 of the tank 102maybe fed to thepre-mixing
vessel 120 via the circulation line 110 and the liquid feed
line 140 while the liquid is circulated in the circulation line
110. In thisway, any desired amount of the liquid 152may
be fed to thepre-mixing vessel 120without increasing the
overall amount of liquid 152 in the system 100. Hence, a
lot of liquid 152maybeused todissolve the solid particles
150 without increasing the overall amount of liquid 152.
[0061] The fact that the liquid feed line 140 extends
from the circulation line 110 upstream the venturi injector
130 brings about that liquid 152 which comes directly
from the tank 102 may be fed to the pre-mixing vessel

120. Hence, the mixture 153 being injected into the
circulation line 110 by the venturi injector 130 will in
practice not affect how the liquid 152 is fed to the pre-
mixing vessel 120 via the liquid feed line 140.
[0062] The depicted systemof Fig. 1 further comprises
a circulation pump 145. The depicted circulation pump
145 is configured and hence designed to circulate the
liquid 152 through the circulation line 110.As canbe seen
in Fig. 1, the circulation pump 145 is arranged in the
circulation line 110 upstream the liquid feed line 140. This
means that the circulation pump 145 may not only be
used to circulate the liquid 152 in the circulation line but
also to feed the liquid to the pre-mixing vessel 120 via the
liquid feed line 140. Any suitable type of circulation pump
may be used to advantage.
[0063] However, it shall be noted that the liquid 152
mayalternatively be fed to the first inlet 122, i.e., the liquid
inlet 122,of thepre-mixingvessel120viaa liquid feed line
(not shown)whichmaybearrangeddirectly from the tank
102 to the to the first inlet 122 of the pre-mixing vessel
120. However, by this alternative setup, a separate pump
or similar will be required to feed the liquid 152 directly to
the to the first inlet 122 of the pre-mixing vessel 120
unless the liquid level 155 of the tank 102 is above the
level 143 of the liquid 152 in the pre-mixing vessel 120.
Even if the liquid level 155 of the tank 102 is above the
level 143 of the liquid 152 in the pre-mixing vessel 120 a
pump or similar may typically be required to achieve a
desired mass flow and/or flow speed of the liquid 152.
[0064] The depicted systemof Fig. 1 further comprises
a level sensor 142. The level sensor 142 is configured
and hence designed to determine a level 143 of the liquid
152 in the pre-mixing vessel 120. The level sensor 124
may be any type of level sensor 142 which is capable of
determiningormeasuring the level 143of the liquid 152 in
the pre-mixing vessel. The level sensor 142 may be a
pressure sensor arrangedat the bottom regionof the pre-
mixing vessel 120. The level sensor 142 may be a flota-
tion sensor having a flotation body arranged and hence
floating on the surface of the liquid 152 in the pre-mixing
vessel 120. The level sensor 142 may be a radar sensor
to give a few non-limiting examples.
[0065] The depicted systemof Fig. 1 further comprises
a liquid feedvalve144arranged in the liquid feed line140.
Hence, the liquid feedvalve144maybeused toopenand
close the liquid feed line 140 such that liquid may or may
not be fed to the pre-mixing vessel 120. Further, the liquid
feed valve 144 may be used to control the flow of liquid
152 through the liquid feed line 140. Any type of suitable
valve may be used to advantage as the liquid feed valve
144.
[0066] The depicted liquid feed valve 144 is configured
to open in response to the level sensor 142 generating a
first signal indicative of the level 134 of the liquid 152 in
the pre-mixing vessel 120 being below a first predeter-
mined level. Further, depicted liquid feed valve 144 is
configured to close in response to the level sensor 142
generating a second signal indicative of the level 143 of
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the liquid 152 in the pre-mixing vessel 120 being above a
second predetermined level. In this way, the level 143 of
the liquid 152 in the pre-mixing vessel may be kept within
an interval defined by the first predetermined level and
the second predetermined level.
[0067] In this regard, it should be noted that different
types of solid particles 150 are typically efficiently dis-
solved in different amounts of liquid 152. Thismeans that
the first predetermined level and the second predeter-
mined levelmay to advantagebeadjusted to in relation to
the typeof solid particles 150presently beingdissolved in
the system 100. In other words, different amounts of
liquid 152 in the pre-mixing vessel may be used to ad-
vantage for e.g., powdered sugar and powdered citric
acid.
[0068] Now also referring to Fig. 2. Fig. 2 is a detailed
schematic cross-sectional view of the pre-mixing vessel
120of thesystem100ofFig. 1. Fig. 2details the interior of
the pre-mixing vessel 120 of Fig. 1 in cross-section
through its center.
[0069] As can be seen in Fig. 2, the premixing vessel
120 may be generally formed as a tank. Hence, the pre-
mixing vessel 120mayalsobe referred to as apre-mixing
tank or a mixing tank.
[0070] As can be seen in Fig. 2, the second inlet 124,
i.e., the solid particle or powder inlet, of the pre-mixing
vessel 120 is provided at the top of the pre-mixing vessel
120. The second inlet 124 of the pre-mixing vessel 120 is
provided with a lid 125 which may be opened when the
solid particles 150or powder is received in thepre-mixing
vessel 120.Correspondingly, the lid 125maybeclosedat
other times, such as when the solid particles 150 are
dissolved in the liquid 152.The lid 125mayalsobeclosed
to protect the interior of the pre-mixing vessel 120 from
contaminations or similar.
[0071] When a bag 170 or several bags of solid parti-
cles 150, such as powdered sugar, are emptied through
the second inlet 124of thepre-mixing vessel 120, apile of
solid particles will typically build up in the pre-mixing
vessel 120 as illustrated in phantom in Fig. 2. Such pile
of solid particles 150 may build up irrespective of liquid
152 is present in the pre-mixing vessel 120 or not. The
solid particles 150 may or may not include solid particle
lumps 154 as illustrated in phantom in Fig. 2.
[0072] As can be seen in Fig. 2, the outlet 126 of the
depicted pre-mixing vessel is provided at a bottom por-
tion of the pre-mixing vessel 120. More specifically, the
outlet is provided at the side of the center of the pre-
mixing vessel 120.
[0073] The first inlet 122, i.e., the liquid inlet, of the pre-
mixing vessel 122 is provided above the outlet 126 of the
pre-mixing vessel 120. In otherwords, the first inlet 122 is
provided vertically above the outlet 126 in the vertical
direction Vof the pre-mixing vessel 120. By this arrange-
ment, of the first inlet 122 in relation to the outlet 126,
liquid 152 which enters the pre-mixing vessel 120 may
agitate, mix or stir the solid particles 150, thereby pro-
moting or assisting in dissolving of the solid particles 150

in the liquid 152. Further, by this arrangement, of the first
inlet 122 in relation to the outlet 126, liquid 152 which
enters the pre-mixing vessel 120may flush the outlet 126
and thereby prevent or counteract that the outlet 126 is
clogged or otherwise blocked by solid particles 150 or
solid particle lumps 154. Further, by this arrangement, of
the first inlet 122 in relation to the outlet 126, liquid 152
which enters the pre-mixing vessel 120 may create tur-
bulence above the outlet 126 in the vertical direction V
and thereby prevent or counteract that the outlet 126 is
clogged or otherwise blocked by solid particles 150 or
solid particle lumps 154.
[0074] The effect of the liquid 152 agitating, mixing or
stirring the solid particles 150 may be further enhanced
by the first inlet 122 of the pre-mixing vessel 120 com-
prising a nozzle 160 as depicted in Fig. 2. The depicted
nozzle 160 is configured and hence designed to distri-
bute the liquid 152 received via the first inlet 122 of the
pre-mixing vessel 120 in aplurality of directionsD.As can
be seen in Fig. 2, indicated by hatched arrows, the liquid
152 may be distributed in a plurality of directions D
including at least a horizontal H direction. However, the
liquid 152 is typically distributed in a plurality of directions
as indicated by the hatched arrows in Fig. 2. As can be
seen in Fig. 2, the liquid 152 may be distributed in a
fashion where the liquid 152 leaves the nozzle 160 while
having a horizontal component in the horizontal direction
H and/or a vertical component in the vertical direction V.
[0075] The depicted nozzle 160 of Fig. 2 comprises a
liquid distribution element 162. The liquid distribution
element 162 is arranged vertically above the first inlet
122 of the pre-mixing vessel 120. Hence the liquid dis-
tribution element 162 is arranged above the first inlet 122
of the pre-mixing vessel 120 in the vertical direction V.
The depicted liquid distribution element 162 has a major
bottom surface 164 which extends in a horizontal plane
perpendicular to thefirst inlet 122of thepre-mixingvessel
120. In other words, the major bottom surface 164 ex-
tends along the vertical direction V of the pre-mixing
vessel 120. By this arrangement of the liquid distribution
element 162, the liquid 152 received via the first inlet 122
of the pre-mixing vessel 122 impinges on the major
bottom surface 164 of the liquid distribution element
162 and is distributed in at least one horizontal direction
D. However, the liquid 152 which is received via the first
inlet 122 of the pre-mixing vessel 122 and impinges on
the major bottom surface 164 of the liquid distribution
element 162 is typically distributed in a plurality of direc-
tions D as indicated in Fig. 2 by the hatched arrows.
[0076] The effect of the liquid 152 agitating, mixing or
stirring the solid particles 150 may be further enhanced
by the liquid distribution element 162. The liquid distribu-
tion element 162 may create a turbulent flow which may
further enhance the effect of the liquid 152 agitating,
mixing or stirring the solid particles 150. Such turbulent
flow is illustrated by the hatched circular arrows of Fig. 2.
Further, the effect of flushing the outlet 126 and thereby
preventing or counteracting that the outlet 126 from get-
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ting is clogged may be further enhanced by the nozzle
160. Further, the effect of flushing the outlet 126 and
thereby preventing or counteracting that the outlet 126
from getting is clogged may be further enhanced by the
nozzle 160 comprising a liquid distribution element 162.
[0077] The depicted pre-mixing vessel of Fig. 2 further
comprises a sieve 166. The depicted sieve 166 is ar-
ranged below the first 122 and the second 124 inlets of
the pre-mixing vessel 120. The depicted sieve 166 is
arranged above the outlet 126 of the pre-mixing vessel
120. In other words, the sieve 166 is arranged between
the inlets 122, 124 and the outlet 126 in the vertical
direction V.
[0078] The depicted sieve 166 extends in a plane ex-
tending along the horizontal direction H. The depicted
sieve 166 extends over a complete cross section of the
pre-mixing vessel 120 and is only penetrated by the
nozzle 160 of the first inlet 122 such that the first inlet
122 and the nozzle 160 are arranged above the sieve
166. The sieve 166 is designed for preventing solid
particles 150 above a predetermined size to enter the
outlet 126 of the mixing vessel 120. In other words, the
sieve 166 is designed for preventing solid particle lumps
164 above a predetermined size to enter the outlet 126 of
themixing vessel 120. The sieve 166may be a strainer, a
mesh or a grid to give a few non-limiting examples.
Generally speaking the sieve 166 may be any type of
device any device blocking big particles but letting small
through. The sieve 166 may for example have openings
which are 15mmacross their widest section. Other sizes
of openings may however be used to advantage.
[0079] The nozzle 160 may typically be arranged to
create a turbulent flowabove theupper surface167of the
sieve 166. The depicted nozzle 160 is arranged to eject
the liquid 152 in a direction that has a directional compo-
nentwhich is parallel to theupper surface167of thesieve
166.
[0080] The depicted nozzle 160 is arranged in the
bottom fifth part or region of the pre-mixing vessel 120.
In other words, the depicted nozzle 160 is arranged in a
lower part of the pre-mixing vessel 120, at a height inside
thepre-mixingvessel 120 that is less than20%of the total
interior height of the pre-mixing vessel 120. By this ar-
rangement of the nozzle 160 an efficient effect of the
liquid 152 agitating, mixing or stirring the solid particles
150may be achievedwhile still leaving plenty of room for
receiving solid particles in the pre-mixing vessel 120. At
the same time, the effect of flushing the outlet 126 and
thereby preventing or counteracting that the outlet 126
fromgetting is cloggedmay be further enhanced. In other
words, the sieve 166 may be kept clear by the liquid 152
circulating in the volumeabove the sieve 166. In yet other
words, the sieve 166 may be kept clear by the liquid 152
creating turbulence in the volume above the sieve 166.
[0081] The solid particles 150 which are dissolved in
the liquid 152 by using the system 100 may typically
comprise one or more solid particle lumps 154 having
a minimum extension of 80 mm or more.

[0082] Some types of solid particles 150 are prone to
forming solid particle lumps 154. This means that for
some types of solid particles 150 at least 10 wt% the
solid particles 150may have the form of at least one solid
particle lump154 that has an extension of at least 40mm.
Thismay for instancebe the casewhen the solid particles
150 include powdered sugar and/or powdered citric acid.
Such solid particle lumps 154 may come in any size
ranging from more or less the size of a complete bag
to small lumps of a few millimeters or less.
[0083] However, the fact that the solid particles 150
may include solid particle lumps 154 may be efficiently
accounted for and handled by the system 100 as have
been thoroughlydescribedabove.Thesolidparticles150
which are dissolved in the liquid 152 by using the system
100 may typically comprise a food material which is
dissolvable in water. The liquid 152 may typically be a
mixture of water and the dissolved solid particles 150.
The liquid 152 may be water prior to any solid particles
150 being dissolved therein.
[0084] Now also turning to Fig. 3. A method 200 for
dissolving solid particles 150 in a liquid 152, will be
described. The method 200 may be performed by using
a system 100 of the above-described kind. In other
words, the method may be performed while using a
system 100 comprising: a tank 102 comprising a tank
outlet 104 and a tank inlet 106, a circulation line 110
extending from the tank outlet 104 to the tank inlet 106, a
pre-mixing vessel 120 comprising a first inlet 122, a
second inlet 124 and an outlet 126, and a venturi injector
130 comprising a pressure inlet 132, an outlet 134 and a
suction inlet 136, wherein the venturi injector 130 is ar-
ranged in the circulation line 110 by being connected
thereto by the pressure inlet 132 and the outlet 134, and
wherein the suction inlet 136 of the venturi injector 130 is
connected to the outlet 126 of the pre-mixing vessel 120.
[0085] Themethod 200 starts by receiving 202, via the
second inlet 124 of the pre-mixing vessel 120, the solid
particles 152 at the pre-mixing vessel 120.
[0086] The method proceeds by receiving 204, via the
first inlet 122 of the pre-mixing vessel 120, the liquid 152
at the pre-mixing vessel 120.
[0087] The method proceeds by dissolving 206, at the
pre-mixing vessel 120, the liquid 152 and the solid par-
ticles 150, thereby forming a mixture 153.
[0088] Themethodproceedsby circulating208, via the
circulation line 110, the liquid 152 from the tank 102
through the venturi injector 130 by feeding the liquid
152 into the pressure inlet 132 of the venturi injector
130 and out of the outlet 134 of the venturi injector
130, such that the mixture 153 is drawn from the pre-
mixing vessel 120 and injected into the liquid 152 of the
circulation line 110 thereby mixing the mixture 153 with
the liquid 152 to form part thereof.
[0089] The receiving 204 of the liquid may optionally
152 comprise, receiving, via a liquid feed line 140 ex-
tending from the circulation line 100 upstream the venturi
injector 130 to the first inlet 122 of the pre-mixing vessel
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120, the liquid 152 at the pre-mixing vessel 120.
[0090] The circulating 208 of the liquid 152 from the
tank 102 through the venturi injector 130 may optionally
comprise, keeping a level 155 of the liquid 152 in the tank
102above the level 143 of the liquid 152 in the pre-mixing
vessel 120.
[0091] As have been described in detail above, the
system 100 and the method 200 may be used to effi-
ciently dissolve solid particles 150 in a liquid 152 irre-
spective of the solid particles 150 include solid particle
lumps 154 or not.
[0092] It will be appreciated that the present inventive
concept is not limited to the variants and examples
shown. Several modifications and variations are thus
conceivable within the scope of the invention which thus
is defined by the appended claims.

Claims

1. Asystem(100) for dissolving solid particles (150) in a
liquid (152), the system (100) comprising:

a tank (102) configured to hold the liquid (152),
the tank (102) comprising a tankoutlet (104) and
a tank inlet (106),
a circulation line (110) configured to circulate the
liquid (152) over the tank (102), the circulation
line (110) extending from the tank outlet (104) to
the tank inlet (106),
a pre-mixing vessel (120) configured to receive
anddissolve the solid particles (150) in the liquid
(152) to form a mixture (153), the pre-mixing
vessel (120) comprising a first inlet (122) for
receiving the liquid (152), a second inlet (124)
for receiving the solid particles (150) and an
outlet (126) for the mixture (153), and
a venturi injector (130) configured to inject the
mixture (153) into the circulation line (110), the
venturi injector (130) comprisingapressure inlet
(132), an outlet (134) and a suction inlet (136),
the venturi injector (130) being arranged in the
circulation line (110) by being connected thereto
by the pressure inlet (132) and the outlet (134),
wherein the suction inlet (136) of the venturi
injector (130) is connected to the outlet (126)
of the pre-mixing vessel (120), such that the
mixture (153) in the pre-mixing vessel (120)
can be drawn from the pre-mixing vessel
(120) and be injected into the circulation line
(110), to thereby be mixed with and form part
of the liquid (152) when the liquid (152) is circu-
lated in the circulation line (110).

2. The system (100) according to claim 1, further com-
prising a liquid feed line (140) extending from the
circulation line (110) upstream the venturi injector
(130) to the first inlet (122) of the pre-mixing vessel

(120), such that the liquid (152) can be fed to the pre-
mixing vessel (120) via the first inlet (122) when the
liquid (152) is circulated in the circulation line (110).

3. The system (100) according to claim 2, further com-
prising a level sensor (142) configured to determine
a level (143) of the liquid (152) in the pre-mixing
vessel (120), and a liquid feed valve (144) arranged
in the liquid feed line (140), wherein the liquid feed
valve (144) is configured to open in response to the
level sensor (142) generating a first signal indicative
of the level (134) of the liquid (152) in the pre-mixing
vessel (120) being below a first predetermined level,
and to close in response to the level sensor (142)
generating a second signal indicative of the level
(143) of the liquid (152) in the pre-mixing vessel
(120) being above a second predetermined level.

4. The system (100) according to claim 2 or 3, further
comprising a circulation pump (145) configured to
circulate the liquid (152) through the circulation line
(110), the circulation pump (145) being arranged in
the circulation line (110) upstream the liquid feed line
(140).

5. The system (100) according to any one of the pre-
ceding claims, wherein the outlet (126) of the pre-
mixing vessel is provided at a bottom portion of the
pre-mixing vessel (120) and wherein the first inlet
(122) of the pre-mixing vessel (122) is provided
above theoutlet (126) of the pre-mixing vessel (120).

6. The system (100) according to any one of the pre-
ceding claims, wherein the first inlet (122) of the pre-
mixing vessel (120) comprises a nozzle (160) con-
figured to distribute the liquid (152) received via the
first inlet (122) of the pre-mixing vessel (120) in a
plurality of directions (D).

7. The system (100) according to claim 6, wherein the
nozzle (160) comprises a liquid distribution element
(162) arranged vertically above the first inlet (122) of
the pre-mixing vessel (120), and having a major
bottom surface (164) extending in a horizontal plane
perpendicular to the first inlet (122) of the pre-mixing
vessel (120), such that the liquid (152) received via
the first inlet (122) of the pre-mixing vessel (122)
impinges on the major bottom surface (164) of the
liquid distribution element (162) and is distributed in
at least one horizontal direction (D).

8. The system (100) according to any one of the pre-
ceding claims, wherein the pre-mixing vessel (120)
further comprises a sieve (166) arranged below the
first (122) and the second (124) inlets of the pre-
mixing vessel (120) and above the outlet (126) of the
mixing vessel (120) for preventing solid particles
(150) above a predetermined size to enter the outlet

5

10

15

20

25

30

35

40

45

50

55



10

17 EP 4 541 453 A1 18

(126) of the mixing vessel.

9. The system (100) according to claim 6 and 8, where-
in the nozzle (160) is arranged to create a turbulent
flowof fluid (168)aboveanupper surface (167)of the
sieve (166).

10. The system (100) according to any one of the pre-
ceding claims, wherein the solid particles (150) com-
prise one or more solid particle lumps (154) having a
minimum extension of 80 mm or more.

11. The system (100) according to any one of the pre-
ceding claims, wherein at least 10 wt% the solid
particles (150) have the form of at least one solid
particle lump (154) that has an extension of at least
40 mm.

12. Amethod (200) for dissolving solid particles (150) in
a liquid (152), using a system (100) comprising: a
tank (102) comprising a tank outlet (104) and a tank
inlet (106), a circulation line (110) extending from the
tank outlet (104) to the tank inlet (106), a pre-mixing
vessel (120) comprising a first inlet (122), a second
inlet (124) and an outlet (126), and a venturi injector
(130) comprising a pressure inlet (132), an outlet
(134) and a suction inlet (136), wherein the venturi
injector (130) being arranged in the circulation line
(110) by being connected thereto by the pressure
inlet (132) and the outlet (134), and wherein the
suction inlet (136) of the venturi injector (130) is
connected to theoutlet (126)of thepre-mixingvessel
(120), the method (200) comprising:

receiving (202), via the second inlet (124) of the
pre-mixing vessel (120), the solid particles (152)
at the pre-mixing vessel (120),
receiving (204), via the first inlet (122) of the pre-
mixing vessel (120), the liquid (152) at the pre-
mixing vessel (120),
dissolving (206), at the pre-mixing vessel (120),
the liquid (152) and the solid particles (150),
thereby forming a mixture (153), and
circulating (208), via the circulation line (110),
the liquid (152) from the tank (102) through the
venturi injector (130) by feeding the liquid (152)
into the pressure inlet (132) of the venturi injec-
tor (130) and out of the outlet (134) of the venturi
injector (130), such that the mixture (153) is
drawn from the pre-mixing vessel (120) and
injected into the liquid (152) of the circulation
line (110) thereby mixing the mixture (153) with
the liquid (152) to form part thereof.

13. The method (200) of claim 14, wherein the receiving
(204) of the liquid (152) comprises, receiving, via a
liquid feed line (140) extending from the circulation
line (100) upstream the venturi injector (130) to the

first inlet (122) of the pre-mixing vessel (120), the
liquid (152) at the pre-mixing vessel (120).

14. The method (200) according to claim 12 or 13,
wherein the circulating (208) of the liquid (152) from
the tank (102) through the venturi injector (130)
comprises, keeping a level (155) of the liquid (152)
in the tank (102) above the level (143) of the liquid
(152) in the pre-mixing vessel (120).
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