IN THE UNITED STATES DISTRICT COURT
EASTERN DISTRICT OF WISCONSIN

HYDRO-THERMAL CORPORATION,

Plaintiff,
Case No. 07-C-0918

Jury Trial Demanded
Vs.

PRO-SONIX, LLC and BRUCE A.
CINCOTTA,

Defendants.

AMENDED COMPLAINT

The Plaintiff, Hydro-Thermal Corp. ("Hydro-Thermal"), by its undersigned
attorneys, as and for its complaint against the Defendants, Pro-Sonix, LLC ("Pro-
Sonix") and Bruce A. Cincotta ("Cincotta"), alleges as follows:

INTRODUCTION

This is an action for patent infringement arising under the patent laws of the

United States, 35 U.S.C. § § 271 and 281, et. seq.
THE PARTIES

1. The Plaintiff, Hydro-Thermal Corporation ("Hydro-Thermal"), is a
corporation organized under the laws of the State of Wisconsin with a principal
place of business located at 400 Pilot Court, Waukesha, Wisconsin 53188. Hydro-

Thermal is a leading designer and manufacturer of direct steam mjection heat
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transfer products for a variety of industries, including pulp and paper, chemical,
textile, pharmaceutical, food processing, biotech, and related industries. Hydro-
Thermal has been in business over 70 years and now sells through a world-wide
network of independent representatives and distributors.

2. Upon information and belief, Defendant Pro-Sonix is a Wisconsin
limited liability company with a principal place of business located at 8124
Hillcrest Drive, Wauwatosa, Wisconsin 53226.

3. Upon information and belief, Defendant Bruce A. Cincotta
("Cincotta") is an adult resident of the State of Wisconsin with a residence at 8124
Hillcrest Drive, Wauwatosa, Wisconsin 53226. Upon information and belief,
Cincotta personally and directly controls all operations and business activity of
Pro-Sonix.

JURISDICTION AND VENUE

4, This Court has exclusive, original subject matter jurisdiction
pursuant to 28 U.S.C. §§ 1331 and 1338(a) because this civil action arises under
the Patent Act, which is an Act of Congress relating to patents.

5. This Court has personal jurisdiction over both Pro-Sonix and
Cincotta pursuant to Wisconsin's long-arm statute, Wis. Stat. § 801.05(1)(d),
because Pro-Sonix and Cincotta are engaged in substantial and not isolated
activities within this state.

6. With respect to both Defendants, venue is proper in this judicial

district under 28 U.S.C. § 1391(b) because both Defendants reside in this district
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and are subject to personal jurisdiction within this judicial district and under 28

U.S.C. § 1400(b) because both Defendants reside, have committed acts of

infringement, and have regular established places of business in this district.
BACKGROUND FACTS

I. Hydro-Thermal's Patented Technology.

7. The Hydro-Thermal patented technology at issue in this case relates
to direct contact steam injection heaters, which are machines or systems to control
with precision the temperature of flowing liquids or slurries. Direct contact steam
injection heaters efficiently transfer heat energy from steam to the liquid to be
heated. They provide rapid heat transfer with virtually no heat loss to the
atmosphere and provide other benefits to users in a variety of industries.

8. Hydro-Thermal is a innovator 1n its field. Hydro-Thermal has
owned and now owns numerous United States and international patents.

9. Defendant Cincotta is a former Hydro-Thermal employee. Cincotta
was employed at Hydro-Thermal from July 1, 1986 until November 10, 2005.

10.  While employed by Hydro-Thermal, Cincotta participated in the
prosecution of several United States patents.

11.  Inall cases in which Cincotta was a sole or co-inventor on any
application filed during his employment with Hydro-Thermal, Cincotta assigned

all rights to his then-employer, Hydro-Thermal.
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12.  On July 4, 2000, United States Letters Patent No. 6,082,712 (the
"712 Patent") was duly and legally issued to inventors Bruce A. Cincotta and
Damon L. Fisher. The patent is entitled, "Direct Contact Steam Injection Heater."
A copy of the '712 Patent is attached to this Complaint as Exhibit A.

13.  Hydro-Thermal is the owner, by assignment, of all right, title, and
interest in and to the '712 Patent.

14.  Hydro-Thermal manufactures and sells products that embody the
claims of the '712 Patent. Hydro-Thermal has consistently marked such products
with the respective patent numbers.

II.  Pro-Sonix's and Cincotta's Infringing Activity.

15.  Upon information and belief, Cincotta is the founder and principal of
Pro-Sonix.

16.  Upon information and belief, Pro-Sonix is offering direct steam
injection heating products.

17.  According to its web site, www.pro-sonix.com/products.html, Pro-

Sonix is selling or offering to sell a "Diffuser Design Direct Steam Injection
Heater." A copy of certain pages from the Pro-Sonix web site depicting the
Diffuser Design Direct Steam Injection Heater is attached to this Complaint as
Exhibit B. Exhibit B also contains a schematic, or cross-section drawing of the
Diffuser Design Direct Steam Injection Heater.

18.  Hydro-Thermal first became aware of the drawings of the Accused

Products on the Pro-Sonix web site in mid-September 2007.
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19.  Hydro-Thermal has not authorized Pro-Sonix or Cincotta to make,
use, sell, or offer to sell any product practicing or embodying any claim of any
patent.

FIRST CAUSE OF ACTION
Infringement of U.S. Patent 6,082,712

20.  Plaintiff repeats and realleges the allegations of Paragraphs 1
through 19 above as if fully set forth herein.

21.  Upon information and belief, Pro-Sonix and Cincotta are selling or
offering to sell direct steam injection heaters that use, practice, embody the
invention of, or otherwise infringe, at least one of the claims of the '712 Patent.

22.  Upon information and belief, Pro-Sonix's and Cincotta's
infringement of the '712 Patent is knowing and willful.

23.  This case presents exceptional circumstances within the meaning of
35 U.S.C. § 285.

24.  Thus, in addition to enhanced compensatory damages, Hydro-
Thermal is entitled to an award of its reasonable attorney fees.

25.  As adirect and proximate result of Pro-Sonix's and Cincotta's
infringement of the '712 Patent, Hydro-Thermal is suffering irreparable injury and
harm, and unless the Defendants are enjoined, Hydro-Thermal will continue to
suffer such irreparable injury and harm, for which Hydro-Thermal has no adequate

remedy at law.
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PRAYER FOR RELIEF

WHEREFORE, the Plaintiff, Hydro-Thermal Corporation, prays that this
Court enter judgment in its favor and against the Defendants, granting the
following relief:

A. An order declaring that Defendants have infringed the '712 Patent.

B. An award of damages to Hydro-Thermal, with interest and costs,
compensating Hydro-Thermal for the Defendants' infringement of the '712 Patent.

C. A permanent injunction enjoining both Defendants, its officers,
partners, employees, agents, parents, subsidiaries, affiliates, attorneys, and any one
acting or participating with any of them, from manufacturing, making, selling,
offering for sale, importing, or using any product or method that infringes the
"712 Patent.

D. An order declaring the Defendants' infringement willful and
increasing the amount of damages up to three times, pursuant to 35 U.S.C. § 284.

E. An order deeming this case "exceptional” under 35 U.S.C. § 285 and
awarding Hydro-Thermal its reasonable attorney fees.

F. Awarding Hydro-Thermal Corporation all other such relief the Court
may deem just and equitable.

DEMAND FOR A JURY TRIAL
Plaintiff, Hydro-Thermal, hereby demands a jury trial as to the above

causes of action.
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Dated this 3rd of February, 2009.

s/Thomas Phillips

David G. Hanson

WI State Bar ID No. 1019486
dhanson(@reinhartlaw.com
Thomas M. Phillips

WI State Bar ID No. 1066192
tphillip@reinhartlaw.com
Attorneys for Plaintiff

Reinhart Boerner Van Deuren s.c.
1000 North Water Street, Suite 1700
Milwaukee, WI 53202
Telephone: 414-298-1000
Facsimile: 414-298-8097

REINHART\2629838
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[57) ABSTRACT

A direct contact steam injection healer includes a Mach
diffuser having a plurality of steam diffusion holes in lieu of
a coaxial steam nozzle. High velocity steam (i.e. choked
flow) flows radially through the plurality of stcam diffusion
holes into a high velocity axial flow of liquid through a
combining tube within the heater, An adjustably positionable
cover over the steam diffusion holes in the Mach diffuser
modulates the amount of stcam added to the liquid by
exposing the proper number of steam diffusion holes. This
modulation is done al constant steam pressure without the
use of an external steam control device. The arrangement
facilitates thorough mixing of steam and liquid within the
combining region. It also discourages the generalion of
relatively large steam bubbles within the mixture, even when
heating liquids that promote the generation of relatively
large steam bubbles such as liquids without a significant
number or nucleation points or without sufficient surface
tension. Upon condensation of steam in the heater, relatively
large steam bubbles tend to cause vibrations in the heater
and adjacent plumbing. The invention substantially elimi-
nates this source of vibrations.

29 Claims, 3 Drawing Sheets
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6,082,712

1

DIRECT CONTACT STEAM INJECTION
HEATER

FIELD OF THE INVENTION

The invention relates to direct contact steam injection
heaters that use full pressure steam. In particular, the inven-
tion relates to an improvement for reducing heater vibrations
that are prevalent when heating certain types of liquids.

BACKGROUND OF THE INVENTION

In direct contact steam injection heaters, steam is directly
mixed with the liquid being heated, or in some cases with a
shurry being heated. Direct contact steam injection heaters
are very effective at transferring heat encrgy from steam to
the liquid. They provide rapid heat transfer with virtually no
heat loss 1o the atmosphere, and also transfer both the latent
and the available sensible heal of the steam 10 the liquid.

The present invention was developed during ongoing
developmental efforts by the assignee in the field of direct
contact steam injection heaters. U.S. Pat, No. 5,622,655
entitled “Sanitary Direct Contact Steam Injection Heater
And Method” by Bruce A. Cincotta et al., issuing on Apr. 22,
15997, and allowed U.S. patent application Ser. No. 08/650,
648, now US. Pat. No. 5,842,497, entitled *Adjustable
Direct Contact Steam Injection Heater”, by Brian Drifka and
Bruce A. Cincotta, filed on May 28, 1998, represent some of
the prior developments in direct contact steam injection
heaters by the assignee, and are hercby incorporated by
reference,

These types of direct contact steam injection heaters use
full pressure steam (i.e. the full amount of steam pressure
available), and modulate the amount of steam added to the
liquid for heating purposes by a nozzle and plug configu-
ration. The stcam exits through the nozzle under sonic
choked flow conditions. The high speed steam from the
nozzle shears the liquid into droplets, and creates a homo-
geneous blend of steam and liquid in a combining region
located downstream of the nozzle. As heat is transferred to
the liquid, the steam condenses,

Although direct contact steam injection heaters are effi-
cient and effective, the heaters can vibrate heavily in certain
specialized applications, It has been found that vibrations
tend to occur when heating liquids in which steam bubbles
in the mixture of liquid and steam merge to create larger
bubbles of steam within the liquid before the steam con-
denscs. The condensation of the large steam bubbles creates
unwanled vibrations in the heater. This type of behavior has
been noticed in liquids such as purified water (e.g. boiler
feed water) which do not have a sufficient amount of
nucleation points for bubble formation. 1t has also been
noticed in liquids thal do not have suitable surface tension 1o
sufficiently atomize the liquid (e.g. oils).

SUMMARY OF THE INVENTION

The invention is a direct contact steam injection heater in
which the steam is injected through a plurality of relatively
small steam diffusion holes in a Mach diffuser into liquid
flowing through the combining region in the heater. The
combining region has an inlet for the liquid and an outlet for
the heated liquid. The Mach diffuser is generally coaxial
with and resides within the combining region inlet, Steam
exils through the plurality of steam diffusion holes in the
Mach diffuser, preferably radially, at a generally sonic
velocity into the liquid flow. The small radial jets of steam
into the axial flow of liquid through the combining region
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enbance mixing of the liquid and steam. In addition, the
velocity of the liquid flowing through the channel between
the Mach diffuser and the combining region is maintained at
a relatively high velocity (i.e., a relatively small flow area in
the channel compared to the downstream portion of the
combining region). The high axial velocity of the liquid
continually wets the outer surface of the Mach diffuser to
prevent continuous enlarged steam bubbles from occurring,
This combined with the thorough mixing of the small high
velocity radial steam jets into the high velocity axial liquid
flow discourages the formation of relatively large steam
bubbles downstream in the combining region prior (o
condensation, and therefore substantially reduces heater
vibrations,

The amount of steam discharged through the Mach dif-
fuser into the liquid flowing through the combining region is
modulated by adjusting the position of a cover over a
selected amount of steam diffusion holes. The Mach diffuser
preferably has a cylindrical wall containing the steam dif-
fusion holes, and the cover is preferably a solid cylindrical
wall located within the Mach diffuser cylindrical wall. The
cover has an internal region that contains steam passing into
the heater. The downstream end of the cover includes a
steam oullet opening. When the cover is in the fully closed
position, the cover completely covers all of the steam
diffusion holes through the Mach diffuser and therefore
prevents the flow of steam through the Mach diffuser into the
flow of liquid in the combining region. When the cover is
opened or partially opened, a generally proportional amount
of steam diffusion holes in the Mach diffuser are exposed,
and radial jets of steam flow through the exposed steam
diffusion holes into the liquid flow through the combining
region. The amount of steam discharged to heat the liquid is
modulated by selectively positioning the cover,

Other features and advantages of the invention will be
apparent upon inspecting the drawings and the following
description thereof.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a side elevational view showing a longitudinal
cross-section of the direct contact stcam injection heater
having a plug-type steam nozzle in accordance with the prior
art.

FIG. 2 is a side elevational view showing a longitudinal
cross-section of the direct contact steam injection heater
including a Mach diffuser having a plurality of radial steam
diffusion holes in accordance with the invention.

F1G. 3 is a sectional view taken along line 3—3 in FIG,
2

FIG. 4 is a detailed view of the preferred embodiment of
a Mach diffuser used to implement the invention as taken in
accordance with line 4—4 in FIG. 3.

FIG. 5 is a delailed schematic view of the mixing of steam
and liquid in a direct contact steam injection heater includ-
ing a Mach diffuser having a plurality of radial steam
diffusion hole.

- DETAILED DESCRIPTION OF THE DRAWINGS

Prior Art

FIG. 1 shows a direct contact steam injection heater 10 in
accordance with the prior art, The heater has a body 12
having a steam inlet 14, a liquid product inlet 16, and a
heated liquid product discharge outlet 18. Steam flows into
the heater 10 through the steam inlet 14, and then through a
plug-type steam nozzle 20 as depicted by arrows 22. A liquid
or slurry product that will be heated enters the heater 10
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through the produet inlet 16 and flows into a combining tube
24 as depicted by arrows 26.

Steam is typically supplied to the heater 10 at the full
available sicam pressure (e.g. 15 to 300 psig). The heater 10
is designed so that the flow of steam 22 through the nozzle
20 is choked such that the speed of the steam 22 exiting the
nozzle is sonic or supersonic, The high velocity steam 22
shears the liquid 26 or shurry into tiny droplets and creates
large surface area within the mixture to facilitate rapid and
cfficient heat transfer in the combining tube 24, The heated
liquid product exits the heater body 10 through the liquid
product discharge outlet 18 as depicted by arrow 27.

The combining tube 24 is a longitudinal tube slidably
mounted within the heater body 12, The steam nozzle 20 is
frustoconical nozzle that is located between the steam inlet
14 and an upstrcam end 28 of the combining tube 24, The
steam nozzle 20 shown in prior art FIG. 1 discharges steam
coaxially into the combining tube 24, An adjustably posi-
lionable plug 30 for the steam nozzle 20 is provided so thal
the amount of steam injected into the heater can be modu-
lated. The plug 30 has a stem 32 that is controlled by an
actuator 34 and a positioner 36, FIG. 1 also shows a filter
regulator 38.

The upstream end 28 of the combining tube 24 is spaced
away from the steam nozzle 20 a variable distance to form
a passage for the liquid product flowing from the liquid
product inlet 16 into the combining tube 24. The size of the
passage is adjustec by adjusting the longitudinal position of
the combining tube 24 within the heater body 12. The
optimum distance between the steam nozzle 20 and the
upstream end 28 of the combining tube 24 depends on
product composition, flow rates, pressures and lemperatures.
U.S. patent application Ser. No. 08/650,648, now U.S. Pat,
No. 5,842,497, entitled “Adjustable Shear Direct Contact
Steam Injection Heater” by Brian N. Drifka and Bruce A,
Cincotta, filed on May 20, 1996 and issuing on Dec. 1, 1998
discloses direct contact steam injection heaters in which the
position of the combining tube 24 can be repositioned
without taking the heater 10 off-line,

Most of the heat transfer from the steam 22 to the liquid
26 in the heater 10 is accomplished within the combining
tube 24. Within the combining tube 24 the steam 22 is
thoroughly mixed with the liquid product 26, and the steam
condenses to transfer the latent heat of the steam 22 to the
liquid 26 being heated. Therefore, in the heater 10 both
latent and sensible heat of the steam 22 are transferred
during high velocity mixing within the combining tube 24 to
efficiently heat the liquid product 26. The amount of steam
22 required 1o provide the desired temperature of the heated
liquid product 26 is controlled within the heater 10 by the
position of the steam nozzle plug 30. The cone-shaped plug
30 resides within the nozzlc 20 opening 1o vary the area of
steam nozzle exit, and thus modulate the flow of steam 22
at the point where the steam 22 and the liquid 26 initially
contact. To those skilled in the art, it should be apparent that
the amount of steam flow is internally modulated within the
heater 10, and there is no need under normal operating
conditions 1o use a valve upstream of the heater 10 1o tfurn
down steam pressure in order to control the flow of steam
through the nozzle 20.

Although the heater 10 works well in most applications,
the heater 10 can vibrate excessively when used to heat
liquid products 26 that have a composition which facilitates
the conglomeration of steam bubbles within the combining
tube 24 before condensation. Such liquids include, for
example, purified water which does not provide a sufficient
amount of nucleation points or liquids such as oils which do
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not have significant surface tension to maintain steam atomi-
zation within the mixture. In these types of liquids, the
enlarged steam bubble conglomerates can cause excessive
vibrations when the steam condenses within the combining
tube.

Present Invention

The invention as illustrated in FIGS. 2-5 is designed to
eliminate or at least substantially reduce the above-described
vibrations which can occur in certain applications, namely
those in which the heated liquid promotes conglomeration of
cnlarged steam bubbles before condensation. The structure
of a heater 110 in accordance with the invention, FIGS. 2-5,
is similar in many respects to the overall structure of the
heater 10 shown in prior art FIG. 1, and similar reference
numbers are used where appropriate. However, in accor-
dance with the invention, the coaxial plug 30 and nozzle 20
configuration in the heater 10 shown in prior art FIG. 1 is
replaced with a Mach diffuser 112 having a plurality of
radial steam diffusion holes 134 and an adjustably position-
able cover 116.

In the beater 110 shown in FIG. 2, steam 22 flows into the
heater 110 through steam inlet 14, and then flows into an
internal region 118 within the cover 116 through opening
120. The cover 116 is a cylindrical wall having a closed top
122 and an open bottom 124, Steam is supplied to the Mach
diffuser 112 through the cover 116 via opening 120, internal
region 118, and open bottom 124 at essentially the full steam
pressure available to the heater 110,

The Mach diffuser 112 preferably includes a cone-shaped
cap 126, a cylindrical wall 128, and a concentric diffuser
base 130. An internal region resides in the Mach diffuser 112
within the cap 126, the cylindrical wall 128, and the base
130, The cover 116, FIG. 2, is preferably contained within
the internal region in the Mach diffuser 112.

As illustrated in FIGS. 3 and 4, the cylindrical wall 128
of the Mach diffuser 112 includes a plurality of radial steam
diffusion holes 134. The size and number of the steam
diffusion holes is a matter of choice depending on the size
of the heater 110, however, a diameter of about ¥is of an inch
is preferred for most applications. Such a diameter is suffi-
ciently small to facilitate the crealion of relatively small
radial jets of steam through the diffuser wall 128, yet is not
so small as to create other problems such as plugging or
scaling due to the liquid characteristics. In addition, it is
preferred that the Mach diffuser 112 be made of stainless
steel, and that the cylinder wall 128 have thickness sufficient
to avoid premature delerioralion as steam passes through the
plurality of steam diffusion holes 134 over extended periods
of time.

The plurality of steam diffusion holes 134 are arranged at
least in part longitudinally (arrow 136) along the cylinder
wall 128. In this manner, the amount of steam supplied
through the Mach diffuser 112 into the liquid 26 flowing
through the combining tube 24 can be easily modulated by
moving the adjustably positionable cover 116 to expose a
selected number of steam diffusion holes 134, The pattern of
steam diffusion holes 134 in the Mach diffuser 112 as shown
in FIG. 4 includes columns of steam diffusion holes 134 in
the axial direction 136, and the rows of steam diffusion holes
134 are slanted. The purpose of the slant is to smooth the
change of total flow area through the steam diffusion holes
134 as the cover 116 is o move linearly within the Mach
diffuser 112. Note that the concentric diffuser base 130 and
the cone-shaped cap 126 are solid, and therefore steam does
not pass through the base 130 and cap 126. The density of
steam diffusion holes 134 through the cylindrical wall 128 is
less along the portion 135 of the wall 128 near the diffuser
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cap 126 than along the remaining portion of the cylinder
wall 128, This is preferred to improve the resolution of
steam modulation at very low steam flow rales.

Referring now to FIG. 5, the Mach diffuser 112 is con-
nected 1o the heater body 12 by placing the concentric
diffuser base 130 on an inwardly extending support step 138,
and engaging a snap ring 140 into a groove 142 in the heater
body 112 1o secure the Mach diffuser 112 in place within the
beater 110. The cover 116 has a solid cylindrical wall 117
that is slidably mounted within the cylindrical wall 128 of
the Mach diffuser 112. Steam 22 thus flows from the heater
inlet 14 into a steam cavity 144 within the heater and into the
cover 116 through opening 120. The solid concentric Mach
diffuser base 130 prevents steam from flowing from steam
cavity 144 in the heater 110 into the flow of lquid 26
through the combining region 24 without passing through
the Mach diffuser 112. In FIG, 5, the cover 116 is shown in
an open position (solid lines), and alternatively in a fully
closed position (in phantom). When the cover 116 is fully
closed, the cylindrical wall 117 of the cover 116 covers all
of the steam diffusion holes 134 in the diffuser wall 128 and
no steam 22 is allowed to flow through the Mach diffuser
128 into the flow of liquid 26 through the combining region
24.

When the cover 116 is moved to an open position (solid
lines), steam 22 within the internal region 118 of the cover
116 is allowed 1o flow through the exposed steam diffusion
holes 134 in the cylindrical wall 128 of the Mach diffuser
112, Steam flows radially through the respective steam
diffusion holes 134 10 form high velocity radial jets 146 of
steam 22 in the axial flow 148 of liquid 26 through the
channel between the cylindrical wall 128 of the Mach
diffuser 112 and the upper end 150 of the combining region
24,

As depicted in FIG. 2, the combining region may take the
form of an adjustably positionable combining tube 24. The
position of the combining tube and consequently the posi-
tion of the upper end 150 of the combining tube 24 is
selected to optimize the shear and flow rate of liquid 26
through the heater 110. The positioning of the combining
tube 150 can be fixed as is known in the art, or can be
adjustable as disclosed in U.S, patent application Ser. No.
08/650,648, cntilled “Adjustable Shear Direct Contact
Steam Injection Heater”, by Brian N. Drifka and Bruce A.
Cincotta, filed on May 20, 1996, now U.S. Pat. No. 5,842,
497, incorporated herein by reference. Alternatively, the
invention can be carried in a heater in which the combining
region is not an adjustably positionable combining tube. For
example, sce above incorporated U.S. Pat. No. 5,622,655
entitled “Sanitary Direct Contact Steam Injection Heater
Method”, by Bruce Cincotta et al, issuing on Apr. 22, 1997,
which shows a combining region integral with the heater
body.

Referring again to FIG. 5, the cylindrical wall 128 and end
cap 126 of the Mach diffuser 112 are located within the
upper end 150 of the combining tube 24 such that the small
jets of steam 146 are discharged radially into the flow of
liquid 26 as the liquid is flowing through the combining
region 24, The width of the channel for liquid 26 flowing
between the Mach diffuser 112 and the wall 152 of the
combining region 24 should be selected to optimize the axial
velocity of liquid 26 flowing through the channel for
enhanced mixing. It is desired that the axial velocity of the
liquid be sufficient to continually wet the outer surface 154
of the cylindrical wall 128 of the Mach diffuser, thus
eliminating the likelihood that continuous large bubbles will
generate from the small radial jets of steam 146 into the axial
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flow of liquid 148. The preferred width of the channel
between the Mach diffuser 112 and the inner wall 152 of the
combining region 24 depends on the size of the heater 110,
and on the type of liquid 26 being heated, and the amount of
steam 22 being added, but it has been found that a channel
width providing axial velocities in the range of 20 to 30 feet
per second has been effective for reducing heater 110
vibrations.

The sleam pressure within the Mach diffuser 112 is
sufficient so that the radial flow through the steam diffusion
holes 134 is choked flow. Therefore, as long as there is a
sufficient pressure drop across the respective steam diffusion
holes 134, the flow of steam 22 into the liquid 26 will remain
stable, and the flow rate of steam will be defined by the
steam pressure and the accumulated flow area of the exposed
steam diffusion holes 134, The amount of steam 22 added to
the liquid 26 can therefore be precisely modulated by
properly positioning the cover 116 within the diffuser 112 to
expose the proper amount of steam diffusion holes 134,

The radial jets 146 of high velocily steam 22 shear the
high velocity axial flow of liquid 148 in the channel between
the Mach diffuser 112 and the inner wall 152, The mixture
flows axially downstream past the cone-shaped Mach dif-
fuser end cap 126 into the combining region 24 to continue
heat transfer and condensation of the steam. It is preferred
that the end cap 126 be cone-shaped in order to facilitate
smooth fluid flow through the heater 110, although it is not
necessary that the end cap 126 be cone-shaped.

Wilh the invention as described in FIGS, 2-5, steam
bubbles within the combining region 24 remain relatively
small and therefore stecam condensation within the combin-
Ing region 24 does not cause substantial vibrations even
when heating difficult liquids (e.g. liquids having relatively
small numbers of nucleation points, or liquids having insuf-
ficient surface tension).

While the preferred embodiment of the invention has been
shown in connection with FIGS, 2-5, it should be noted that
the invention is not limited to this specific embodiment. For
instance, while the drawings show a Mach diffuser 112
having a fixed position with respect to the heater 110 and an
axially positionable cover 116, there are other ways 1o vary
the number of steam diffusion holes that are cxposed, These
other ways should be considered to fall within the scope of
the invention. Further, while it is desirable for the steam jets
to flow radially into the axial flow of liquid, other arrange-
ments may be possible in which the steam does not flow
radially into the axial flow of liquid. These and other
alternatives and modifications which do not depart from the
true spirit of the invention are possible and should be
considered to fall within the scope of the following claims.

We claim:

1. A direct contact steam injection heater comprising;

a heater body having a steam inlet, a liquid inlet, a
combining region and a heated liquid discharge outlet;

the combining region having an inlet and an outlet located
within the heater body in which steam and liquid are
combined to generate heated liquid;

a Mach diffuser that receives the flow of steam into the
heater body and discharges the steam into the liquid
flowing 1hrough the combining region, wherein a
coaxial channel is located between the Mach diffuser
and an inlet portion of the combining region of the
heater body and the Mach diffuser contains a plurality
of steam diffusion holes through which the steam is
discharged into the liquid flowing through the channel
between the Mach diffuser and the inlet portion of the
combining region; and
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an adjustably positionable cover over the steam diffusion
holes contained in the Mach diffuser that is movable
relative to the Mach diffuser to adjustably expose one
or more of the steam diffusion holes in the Mach
diffuser and modulate the amount of steam discharged
through the Mach diffuser into the liquid flowing
through the combining region;

wherein:

the steamn pressure upstream of the Mach diffuser is
sufficient to create sonic choked flow conditions
through the exposed diffusion holes through which
steam is discharged from the Mach diffuser into the
flow of liquid flowing through the channel between
the Mach diffuser and the inlet portion of the com-
bining region;

the coaxial channel has a flow area substantially less
than a flow are of a downstream portion of the
combining region in which the injected steam con-
denses; and

liquid flows through the inlet portion and the down-
stream portion of the combining region in an axial
direction and steam flows in generally radial direc-
lions as the steam flows through the one or more
steam diffusion holes in the Mach diffuser into the
axial liquid flow through the channel between the
Mach diffuser and the combining region of the heater
body.

2.A dire).i:l contact steam injection heater as recited in
claim 1 wherein;

the Mach diffuser includes a wall containing the plurality

of steam diffusion holes which are arranged at least in
part longitudinally along the wall; and

the adjustably positionable cover comprises a solid wall

having an internal region that contains steam passing
into the heater through the steam inlet and a steam
opening that enables steam to Aow from the internal
region within the cover wall and through the exposed
one or more steam diffusion holes in the Mach diffuser
into the flow of liquid through the channel between the
Mach diffuser and the inlet portion of the combining
region of the heater body.

3. A direct contact steam injection heater as recited in
claim 2 wherein the steam outlet in the cover wall is
provided at a discharge end of the cover.

4. A direct contact steam injection heater as recited in
claim 1 wherein the adjustably positionable cover also
comprises a steam inlet provided at an upstream end of the
cover,

S. A direct contact steam injection heater as recited in
claim 2 wherein the wall of the Mach diffuser containing the
plurality of steam diffusion holes is cylindrical and the solid
wall of the adjustably positionable cover is cylindrical.

6. A direct contact steam injection heater as recited in
claim 1 wherein the adjustably positionable cover is part of
an adjustably positionable stem assembly which includes a
longitudinal stem connected to an upstream end of the
adjustably positionable cover, the stem projecting generally
axially away from a cap on the upstream end of the adjuslt-
ably positionable cover.

7. A direct contact steam injection heater as recited in
claim 6 further comprising & linear actuator that is physically
connected lo the longitudinal stem and moves the adjustably
positionable cover 1o modulate the amount of steam dis-
charged through the Mach diffuser into liquid flowing
through the channel between the Mach diffuser and the
combiring region of the heater body.

8. A direct contact steam injection heater as recited in
claim 2 wherein the cover wall is located within the Mach
diffuser.
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9. A direct contact steam injection heater as recited in
claim 1 wherein the plurality of diffusion holes through the
Mach diffuser are distributed relative to the adjustably
positionable cover such that a generally proportional amount
of steam diffusion holes are exposed in relation to the stroke
of the cover,

10, A direct contact sieam injection heater as recited in
claim 9 wherein the stroke of the adjustably positionable
cover ranges from a fully closed position in which no steam
diffusion holes through the Mach diffuser are exposed and a
fully open position wherein a maximum number of steam
diffusion holes through the Mach diffuser are exposed.

11. A direct contact steam injection heater as recited in
claim 10 wherein the steam diffusion holes through the
Mach diffuser are arranged such that the density of steam
diffusion holes exposed when the cover is positioned within
an initial portion of the stroke adjacent the closed position is
less than the density of steam diffusion holes through the
Mach diffuser along other portions of the stroke of the cover.

12. A direct contact steam injection heater as recited in
claim 1 wherein the Mach diffuser comprises:

a longitudinal cylinder having a longitudinal cylindrical

wall conlaining the plurality of steam diffusion holes;

2 solid end cap that covers the downstream end of the
Mach diffuser cylinder exposed to liquid flowing
through the combining region; and

a concentric diffuser base attached to the cylinder wall of
the Mach diffuser and connecting the Mach diffuser to
the heater body.

13. A direct contact steam injection heater as recited in
claim 1 wherein the Mach diffuser is rigidly affixed to the
heater and the cover is movable with respect to the Mach
diffuser to enable modulation of the amount of steam dis-
charged through the Mach diffuser into the liquid flowing
through the channel between the Mach diffuser and the
combining region of the heater body.

14. A direct contact steam injection heater as recited in
claim 1 wherein the relative flow areca of the channel
between the Mach diffuser and the inlet portion of the
combining region is such that the axial velocity of liquid
flowing through the channel is sufficient to continually wet
an outer surface of the Mach diffuser.

15, A direct contact steam injection beater as recited in
claim 1 wherein the relative flow area of the channel
between the Mach diffuser and the inlet portion of the
combining region is selected so that the axial velocity of
liquid flowing through the channel is within the range of 20
feet per second to 30 feet per second.

16. A direct contact steam injection heater comprising;

a heater body having a steam inlet, a liquid inlet, a
combining region and a heated liquid discharge outlet;

the combining region having an inlet and an outlet located
within the heater body in which steam and liquid are
combined to generate heated liquid,

a Mach diffuser that receives the flow of steam into the
heater body and discharges the steam into the liquid
flowing through the combining region, wherein a
coaxial channel is located between the Mach diffuser
and an inlet portion of the combining region of the
heater body and the Mach diffuser contains a plurality
of steam diffusion holes through which the steam is
discharged into the liquid flowing through the channel
between the Mach diffuser and the inlet portion of the
combining region; and

an adjustably positionable cover over the steam diffusion
holes contained in the Mach diffuser that is movable
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relative to the Mach diffuser to adjustably expose one

or more of the steam diffusion holes in the Mach

diffuser and modulate the amount of steam discharged

through the Mach diffuser into the liquid flowing

through the combining region;

wherein:

the steam pressure upstream of the Mach diffuser is
sufficient to create sonic choked flow conditions
through the exposed diffusion holes through which
steam is discharged from the Mach diffuser into the
flow of liquid flowing through the channel between
the Mach diffuser and the inlet portion of the com-
bining region;

the coaxial channel has a flow area subslantially less
than a flow area of a downstream portion of the
combining region in which the injected steamn con-
denses; and

the relative flow area of the channel between the Mach
diffuser and the inlet portion of the combining region
is selected so thal the axial velocity of liquid flowing
through the channel is within the range of 20 feet per
second to 30 feel per second.

17. A direct contact steam injection heater as recited in
claim 16
wherein;

the Mach diffuser includes a wall containing the plurality
of steam diffusion holes which are arranged at least in
part longitudinally along the wall; and

the adjustably positionable cover comprises a solid wall
having an internal region that contains steam passing
Into the heater through the steam inlet and a steam
opening that enables steam to flow from the internal
region within the cover wall and through the exposed
one or more steam diffusion holes in the Mach diffuser
into the flow of liquid through the channel between the
Mach diffuser and the inlet portion of the combining
region of the healer body.

18. A direct contact steam injection healer as recited in
claim 17 wherein the steam outlet in the cover wall is
provided at a discharge end of the cover,

19. A direct contact steam injection heater as recited in
claim 16 wherein the adjustably positionable cover also
comprises a steam inlet provided at an upstream end of the
cover.

20. A direct contact steam injection heater as recited in
claim 17 wherein the wall of the Mach diffuser containing
the plurality of steam diffusion holes is cylindrical and the
solid wall of the adjustably positionable cover is cylindrical.

21. A direct conlact steam injection heater as reciled in
claim 16 wherein liquid flows through the inlet portion and
the downstream portion of the combining region in an axial
direction and steam flows in generally radial directions as
the steam flows through the one or more steam diffusion
holes in the Mach diffuser into the axial liquid flow through
the channel between the Mach diffuser and the combining
region of the heater body.
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22. A direct contact steam injection heater as recited in
claim 16 wherein the adjustably positionable cover is part of
an adjustably positionable stem assembly which includes a
longitudinal stem connected to an upstream end of the
adjustably positionable cover, the stem projecting generally
axially away from a cap on the upstream end of the adjust-
ably positionable cover.

23, A direct contact sleam injection heater as recited in
claim 22 further comprising a linear actualor that is physi-
cally connected to the longitudinal stem and moves the
adjustably positionable cover to modulate the amount of
steam discharged through the Mach diffuser into liquid
flowing through the channel between the Mach diffuser and
the combining region of the heater body.

24, A direct contact steam injection heater as recited in
claim 17 wherein the cover wall is located within the Mach
diffuser.

25, A direcl contact steam injection heater as recited in
claim 16 wherein the plurality of diffusion holes through the
Mach diffuser are distributed relative to the adjustably
posilionable cover such that a generally proportional amount
of steam diffusion holes are exposed in relation to the stroke
of the cover,

26. A direct contact steam injection heater as reciled in
claim 25 wherein the siroke of the adjustably positionable
cover ranges from a fully closed position in which no steam
diffusion holes through the Mach diffuser are exposed and a
fully open position wherein a maximum number of steam
diffusion holes through the Mach diffuser are exposed.

27. A direct contact steam injection heater as recited in
claim 26 wherein the steam diffusion holes through the
Mach diffuser are arranged such that the density of steam
diffusion holes exposed when the cover is positioned within
an initial portion of the stroke adjacent the closed position is
less than the density of steam diffusion holes through the
Mach diffuser along other portions of the stroke of the cover,

28, A direct contact sleam injection heater as recited in
claim 16 wherein the Mach diffuser comprises:

a longitudinal cylinder having a longitudinal cylindrical

wall containing the plurality of steam diffusion holes;

a solid end cap that covers the downstream end of the

Mach diffuser cylinder cxposed to liquid flowing
through the combining region; and

a concentric diffuser base altached to the cylinder wall of

the Mach diffuser and connecting the Mach diffuser to
the heater body.

29. A direct contact steam injection heater as recited in
claim 16 wherein the Mach diffuser is rigidly affixed 1o the
heater and the cover is movable with respect to the Mach
diffuser to enable modulation of the amount of steam dis-
charged through the Mach diffuser into the liquid flowing
through the channel between the Mach diffuser and the
combining region of the heater body,

* kK ¥ K
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ProSonix Direct Steam

Injection Heater

The ProSonix (PSX) Direct Steam
Injection heater is a process device
designed to inject steam at sonic
velocity for liquid heat fransfer
applications. The PSX DSI heater is
well suited for heating of water, as well
as difficult to handle sludge and slurries
with high solids or high particulate

ProSonix provides a

money back concentrations.
guarantee on the
process sohitons The PSX Heater Internal Steam
that we provide. Control delivers a precisely

metered amount of steam, for
smooth and trouble free
operation....

DIRECT STEAM INJECTION...HOW IT WORKS...

* The PSX Direct Steam Injection heater uses a unique method of steam injection, Integral Steam
Control {ISC), which offers a precise method of steam control through a variable area, choked flow,
steam injector.

e Steam is accelerated though the steam injector into the steam condensing chamber, where itis
thoroughly mixed with the liquid to achieve rapid energy transfer.

« The ISC steam injector controls the mass flow of steam so that is can precisely meter the
amount that is required for heating control.

Coaxial Design Direct Steam Injection Heater..... Diffuser Design Direct Steam Injection Heater.....

Discharge >

Advantages & Improvemenis

for Your Process Include:

¢ Flow rates from 1 - 5,000 gpm.

s Compact size and no floor space
required.

s 250 degrees F in a single pass
through the heater.

s The PSX Direct Steam injection heater
uses both the latent and sensible heat
of the steam providing up to 100%
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s The PSX DSl heater is easily
configured to fit exist piping to replace
heat exchangers and sparging devices.

» Eliminates plugging and fouling with

no problematic scale build-up.
o Does not require condensate return
™ system.

Discharge e Ability to handle high particulate, large
particles and difficult to pump slurries
and sludges.

o Self cleaning design reduces
maintenance and provides more
reliability for your process.

s Precise temperature control o +/- 1
degree F.

Fluid Inlet™""

The team at ProSonix would be happy to sit down with you and your team to discuss your fluid
heating application. We will look at your current approach to heating, discuss heating and
process improvements that you feel are necessary, and then provide a recommendation
designed for your particular needs.

To receive additional information on ProSonix equipment or to have a representative
contact you, please call 1-800-849-1130 or for electronic requests, please click on:_
“Contact ProSonix”
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