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(54) Title: MIXER DESIGN FOR A PLURAL COMPONENT SYSTEM

(57) Abstract: A mixer for a plural component spray gun (100) is pre-
sented. The mixer has a mixer body comprising a mixing chamber (400)

FIG. 1A

with an outlet. The mixer also has a first fluid component inlet (410),
coupled to a first fluid conduit, configured to introduce a first fluid com-
ponent into the mixing chamber (400). The mixer also has a second flu-
id component inlet (420), coupled to a second fluid conduit, configured
to introduce a second fluid component into the mixing chamber (400).
The first and second fluid component inlets are offset with respect to a
centerline of the mixing chamber (412, 422) and positioned such that a
first fluid flow from the first inlet is directed toward the outlet, and a
second fluid flow from the second inlet is directed toward the outlet.
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MIXER DESIGN FOR A PLURAL COMPONENT SYSTEM
BACKGROUND

{0001} Plural component systems mix two or more fluids and apply the mixture to an
application sife. Plural component systems are often used fo spray two components that, when
mixed, react and cure on a surface. One particular usage for plural component systems is to
generate a foam through the reaction of an A component and a B component that, when
sprayed, react and cure guickly. Proper foam generation requires sufficient fluid dehivery,
sufficient chemical mixing, and sufficient fluid dispersal.
10062} A plural coraponent spray gun has three main components: a coupling block, a gun
block, and a gun handle. The coupling block facilitates the two plural components entering a
mixer, for example through an A-chemical port and a B-chemical port. The gun block includes
filters, side seals, the mixer, and a fluid spray tip. The gun handle includes an air purge supply,
a trigger mechanism, and an attachmaent to the gun block.
SUMMARY

100063} A mixer for a plural component spray gun is presented. The mixer has a first fluad
component inlet configured to introduce a first fluid component into the mixer. The mixer also
has a second fluid component inlet configured to introduce a second fluid component into the
mixer. The first and second fluid component inlets are offset with respect to a centerline of the
nuxer and positioned such that a first fluid flow from the first inlet is directed away from the
second inlet, and a second tluid flow from the second inlet is directed away from the first inlet.

BRIEF DESCRIPTION OF THE DRAWINGS
[6604] FIGS. 1A-1C are diagrammatic side clevation, front elevation and exploded
perspective views, respectively of a plural component spray gun in which embodiments of the
present invention are particularty useful.
106665} FIG. 2 illustrates a diagrammatic view of a fluid being applied to a wall.
{6066} FIGS. 3A and 3B illustrate a known mixer design.
160671 FIGS. 4A-4H illustrate a comparison between a mixer in accordance with an
embodiment of the present invention, and the known mixer of FIGS. 3A and 3B.
[6608] FIGS. 5A-5F ilustrate diagrammatic views of a mixer in accordance with an
embodiment of the present invention.
00691 FIGS. 6A-6C illustrate a mixer within a removable spray tip in accordance with an
embodiment of the present invention.
16814} FIGS. 7TA-7C illustrate alternative mixer configurations in accordance with some

embodiments of the present invention,
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DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS
16011} A plural component spray gun receives at least two fluids that are reactively
combined within a mixer, and then dispensed. The mixer receives each of the two fluids
through a separate inlet. The mixer facilitates mixing of the plural components from their
respective inlets, and emits, through an outlet, a product which is then spraved or otherwise
provided at an outlet. The mixer is responsible for effective mixing of the two components, for
exarmple a hquid component A and a hquid component B. Components A and B, when cured,
can create a phurality of different materials, for example thermal insulation, protective coating,
efc.
10612} Some important process variables for plural compounent mixing and spraying are
fhnd delivery, fluid dispersal and chemical mixing. Fhuid delivery 1s affected by flow rate
control and filtering. Chemical mixing is affected by reducing jetting and reducing back
pressure. Fhud dispersal is affected by spray pattern, which, in turn, can be affected by the tip
geometry and / or size. Some embodiments described herein utilize a spray tip with a cat-eye
outlet. However, embodiments described herein may also be used with any other suitable outlet
and / or internal geometry.
16613} Components A and B are each pumped 1uto a plural coraponent spray gun mixer
through two separate entry points in order to reduce the risk of a crossover event, ¢.g.
component A backflowing into a fluid line for component B and reacting within the component
B fluid line. Crossover events can result in a plural component gun becoming unusable,
Chemical mixing of components A and B can be imaproved by reducing jetting, and by reducing
back pressure. Jetting can be reduced by modifying an orifice offset between entry points for
components A and B. Back pressure can be reduced by modifying an ornifice angle at which
components A and B enter the mixer,
0014} FIGS. 1A-1C illustrate plural component spray gun 100 in which embodiments of
the present invention mway be useful. Spray gun 1060 1s configured fo spray a mixed tlnid
through outlet 150, when frigger 110 1s actuated. Fhuid components enter spray gun 100
through inlets 102 and 104 (shown m FIG. 1B). For examaple, component A may enter through
infet 102, and component B may enter through inlet 104.
10615} FIG. 1C illustrates an exploded view of a plural component gun 100 Hustrating a
position of mixer 120 within spray gun 100. Mixer 120 received incoming components A and

B from inlets 102, 104, respectively.
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0616} FIG. 2 illustrates a diagrammatic view of a fluid being apphied to a surface. Using
Bernoulli’s principle and momentum conservation, the normal force exerted on the wall and

flow rates can be derived using equations 1-3 presented below.

E, = pAV?sing@ )
Q1 =2Q(1 + cos6) (2)
Q; =zQ(1 ~cos8) 3)

8817} in Equations 1-3, F. is normal force 230, volumetric flow rates Q, Q1, and Q2
correspond, respectively, to flow rates 212, 232, and 234. A is the area of the nozzle, V 1s the
velocity at the nozzle cutlet, and 9 is angle 222 of inclined wall 220, or the impingement angle.
{8018} Using Equation 1 it is determined that normal force 230 18 maximum when the
impingement angle 222 is 90°. Impinging the jet at an angle can decrease the normal force
acting on the wall, which in turn, decreases the force. Flow rates 232 and 234 are also
dependent on angle 222. In a scenaric where angle 222 is not equal to 90°, the fluid has a
higher tendency to move in a first direction as opposed to a second direction, for example, flow
rate 232 is greater than flow rate 234.

16819} As ilhustrated using Equations 1-3, in a first case scenario, a 90° impingement angle
for an incoming component A, with respect to the inlet for component B may result 1o a higher
back pressure, which may distribute the flow equally on both sides of a mixer. Such an equal
distribution can present a disadvantage as there is only one outlet for most mixer designs. Fluid
particles are diverted opposite in direction o the outlet, which restrict flow coming into the
nuxer. In turn, this requires more pressure to reverse the flow back towards the outlet. Since
the mix chamber walls are curved, the fluid particles may have a tendency to move axially
without bouncing back toward the inlet, as compared to a vertical wall.

10026} In a second scenario, the fhud particles from liquid components A and Becometo a
complete rest when impinging on each other in the vicinity of their intersection within the
mixer. The flnd particles may then have to be accelerated to gain axial velocity along the
mixer, which affects the pressure required. Having a higher offset between inlets would
decrease the impingement of the fluid components on cach other, such that the pressure is
solely through impingement off the chamber wall. However, having the flows of ligmd
components A and B impinging at cach other does ensure efficient mixing.

{6021} Aside from the first and second case scenarios presented above, when the pressures
at the orifices are varied by a higher amount, liquid from one inlet (for example, component A

inlet) i1s at a higher risk of flowing info the opposite 1ulet (for example, component B inlet),
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instead of exiting through the outlet. Such a scenario creates a crossover event, where the
liquid components react and cure internally within the spray gun. In many cases, a spray gun
that experienced a crossover event is no longer usable. It is desired, therefore, to improve
efficiency without increasing the risk of crossover. At least some of the embodiments
described herein achieve such improvements,

{8622} FIGS. 3A and 38 illustrate 2 known mixer design. For example, FIG. 3A illustrates
a mixer available from Polyurethane Machinery Corporation, headguartered in Lakewood,
New Jersey (hereinafter referred to as “the PMC chamber”). The PMC chamber illustrated in
FI1G. 3A is a standard 00 mix chamber and 00 tip configured to combine liquid components A
and B i mixer 300 using two inlet apertures 310 and 320 arranged fo have an offset of 0.010
inches from their respective centerlines {as illustrated in FIG. 3A). A portion of hqud
component A impinges on the wall of mixer 300 while the rest impinges on liquid component
B. Liguid component B behaves similarly. FIG. 3B illustrates a diagrammatic cross sectional
view 350 of mixer 300, illustrating the overlap 330 between caused by offset centerlines
between inlets 310 and 320.

10023} Several different design requirements are important to consider for a mixer. In
addition to reducing crossover events, it is also desired to maintain or improve efficiency of
fluid mixing within the mixer, Additionally, a functional spray pattern nwst be maintained by
the spray gun during operation. Ideally, the mixer will also be compatible with existing plural
component spray gun technology, with minimal or no retrofitting. 1t is also desired to mamntain
or increase the flow rate of fluid through the mixer. At least some embodiments herein increase
the robustness of current mixer designs and malke the designs more resistant to crossover, which
can be caused by pressure imbalances between the two fluid entering the mixer. At least some
embodiments described herein change the angle of one or both fluid componeunt miets, with
respect to the mixer from directly perpendicular to the side walls of the mixer to an angle
towards the outlet. In one embodiment, the angle 1s about 10°. Embodiments described herein
may also increase the separation between the mixer inlets of the two fluid components. These
changes can reduce back pressure on the inlet orifices, reduce jetting of the tluds into the
oppostie side orifice, and facilitate proper mixing of the chemicals within the mixer under all
potential pressure differential conditions,

[0624] FIGS. 4A-4H llusirate a comparison between a mixer in accordance with an
embodiment of the present invention, and the mixer of FIGS. 3A and 3B. Mixer 400, illustrated

in FIG. 4A, includes a mixer body that receives a first fluid inlet 410, and a second fluid nlet
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420. As illustrated, fhuid component inlets 410 and 420 are each angled at an orifice angle 412
and 422, respectively. In one embodiment, orifice angles 412 and 422 are about 10°. However,
embodiments can be practiced with other angles, such as 5° to 20°. Additionally, as illustrated,
the positioning of inlets 410 and 420 differs with respect to previous designs.

10025} One advantage of an angled orifice 1s that it results in a larger axial (.. in the
direction of the outlet} component of the fluid velocity when the two fluids components enter
mixing chamber 400 through inlets 410 and 420. When the two fluids enter the mixing
chamber on offeet planes, vorticity, or fhuid rotation, is introduced, which improves the ability
of the two fluids to mix and react. Angling orifices 410, 420 toward the outlet means that, as
the fluid rotates in mixing chamber 400, there s less of an opportunity for i to circulate over
to the opposing orifice and create a small recirculation zone that could be a trigger point for
crossover in the event of a pressure loss on one side.

{6026} Orifice location is an important consideration for a crossover resistant design, in
that inlet orifices 410, 420 should be offset from the centerline of the mixing chamber. In the
design of FIGS. 3A and 3B, each orifice is offset by 0.010 inches from the mix chamber center
line, resulting in a total offset distance of 0.020 inches between the entry plane of the inlets,
Since the mlet diameter of mixer 300 15 0.032 inches, each orifice can see a small section of
the other orifice, which results in fluid jetting from one side to the other, as well as recirculation
in the inlet region of each orifice. As iHlustrated in FIG. 4A, in one emboditnent, the offset of
mlet orifices 410, 420 is increased to 0.040 inches from the center line, or 0.080 inches fotal
otfset, and the inner diameter of mixer 400 1s increased to allow for greater offset.

{66271 FIG. 4B is a computational fluid flow pressure diagram illustrating pressure
contours experienced along a surface of mixer 400, in fluid flow direction 430. The pressure
countours of FIG. 4B were obtained using water as a mediom flowmng through inlets 410 and
420. The tlow rates on both inlets was kept constant at 0.6 gallons/munute (GPM). FIG. 4C
shows a similar pressure contour using mixer 300, shown in FIGS. 3A and 3B. As illustrated
in the comparison between FIGS. 4B and 4C, the pressure drop experienced using mixer 400
i§ lower than that using mixer 300, with the same maximum velocity experienced at 160
meters/second.

10028} FIG. 4D illustrates velocity for mixer 300, As expected, almost zero velocity is
experienced at the intersection of fluid jets 415 and 425, Instead, as one end of mixer 402 is
blocked, fluid particles are directed away from the outlet and are bounced back. The force

from these particles, combined with the inlet flind pressure impinging on the circular wall,
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creates a whirling motion, as illustrated in FIG. 4E. In contrast, when liguid components A
and B are inserted into a circular space tangentially, as illustrated in FIGS. 4F and 4G, they
create an overall rotational motion. The swirling motion dissipates as the flind flows along the
length of mix chamber 400. This behavior is caused by a lower pressure region along axis
430. Fluid particles near the wall move inward into the low pressure region. The rotational
motion is converted to axial motion along the length of mix chamber 400, as llustrated in FIG.
4F, FIG. 4G plots the vorticity contour for mixer 400, quantifying the decrease in rotational
motion along length 430 of mixer 400.

{60291 Additional simulations were also conducted using polymeric thuids. In one
example, A-isocyanate and B-polyol were used. The two compounents entered mixers 300 and
400 at a temperature greater than room temperature. The dynamic viscosity was consequently
measured using a rotary viscometer. The dynarmic viscosity values were found to be 4 - 0.045
Pas and 8 - 0.145 Pas when A was dispersed at 120 + 3°F and B at 130° £ 30°F. CFD
strnulations guantified the differential pressure between the mlets. Using mixer 400, a pressure
differential of 950 PSI was observed, while mixer 300 only reached a differential of 575 PSL
The larger pressure differential allows for mixer 400 to avoid crossover due to user error and/or
pump malfunction. Flow rates were also calculated through the simulations with set pressures
at the inlets. Mixer 400 experienced 0.147 pounds/second while mixer 300 experienced 0.10%
pounds/second.

16036} BExperimental {esting was also conducted between mixers 300 and 400. At a set
pump pressure, gun pressures were compared for each design, using difterent fluids. For hiquid
component B, the gun pressure for mixer 400 was 260 PSI greater than that of mixer 300. For
hiquid component A, the gun pressure was 200 PSL. As tHustrated, mixer 400 has a lower back
pressure when compared to mixer 300, The lower back pressure allows for a higher flow rate
a set pump pressure. This validated the simulated higher flow rate obtained using the CFD
analysis discussed above.

(06331 Tests were also conducted to intentionally cause crossover between hiquid
components for both nuxers 300 and 400. The resulfs are illustrated mn FIG. 4H as pressure
differential vahies with the spray gun between components A and B for different B to A ratios.
Mixer 400 was able to achieve a pressure differential of 841 PSI, while mixer 300 (illustrated
in FIGS 4A-4H as mixer 402} maxed out at 384 PSL

(0032} Additionally, densities of foam sprayed using mixers 300 and 400 were compared,

and presented below as Table 1. Foam was sprayed with a 2000 PSI set point, with component
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A delivered at 120°F and compounent B delivered at 130°F. It 15 noted that the two designs
were tested for double pass samples, instead of a single pass with a specification of 46.45

kg/m>. The obtained density values are sirnilar using mixer 400, indicative of similar mixing

capabilities.
Table 1
Chamber design Core Weight Core Volume Core Density
(gms) (mL) (kg/nt’)
Mixer 300 6.35 110 57.82
Mixer 400 6.07 110 55.34

[6633] The CFD analysis of mixer 300 resulted in crossover at a 560 PSI differential.
When testing mixer 400, crossover did not occur until a differential of 950 PSEL Therefore, the
chance of crossover was reduced by 70%. In a lab setting, crossover could not be induced
using mixer 400,

16834} The CFD analysis for the volume fraction demonstrated that mixing within
chambers 300 and 400 are simular, with mixer 400 showing shightly improved mixing between
components,

18035} The spray pattern and spray atormization has improved when compared to mixer 300
for at lgast some embodiments. The spray pattern has widened in relation to that obtained using
mixer 300. Additionally, as illustrated when comparing FIGS. 3A and 4A, mixer 400 s
configured to be mstalled within similar spray gon configurations.

(0036} An additional benefit of mixer 400 is the increased mass flow rate achieved. Mixer
400 was tested using the sarse inlet size and spray nozzle. CFD results showed that the new
design out-performed the current design by 28% with regard to mass flow rate. Higher flow
rates allow operators to complete jobs faster, saving operators time and money on each job,
and allowing operators to complete more jobs with the same equipment. Muxer 400, and similar
embodiments discussed herein, can accomplish this while maintaining foam density standards
and quality,

16837} FIGS. 5A-5F illustrate diagrammatic views of a mixer in accordance with an
embodiment of the present invention. Mixer 500 is configured to be used in a plural component
spray gun. FiG. 5D illustrates a view taken along the cross-section of ine A-A, illusirated in
FIG. SA. FIG. SE illustrates a cross-section of the spray gun taken along line B-B, shown in
Fi. 5B. FIG. 5F dlustrates a cross-sectional view of the mixer 500 taken along section C-C,
shown in FIG. 5C. Mixer 500 1s configured to receive two components at inlets on opposing
stdes of the mixer, as iHustrated 1o FIGS. 5H and SF. Inlets comprise an offset distance 510,

with an orifice angle 512. In one embodiment, as illustrated by mixer 500, both component A
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and B experience the same offset angle 512 and inlet offset distance 510. However, other
embodiments may be constructed differently, for example with the A and B inlets having
different offset angles and / or different inlet offsets. Mixer 500 has a chamber diameter of
502, of about 0.113 inches, which may allow for a higher volumetric flow rate when compared
to previous designs.

{0038} FIGS. 6A-6C illustrate a mixer within a removable spray tip in accordance with an
embodiment of the present invention, As iHlustrated wn FIG. 1C, in current designs, a mixer is
typically located within a spray gun. In the event crossover occurs, the spray gun must be
completely disassembled in order to remove the mixer and address the damage from the
crossover event. Additionally, in the event the spray gun is to be used for a different operation,
which can require a different mixer configuration, the spray gun must be disassembled and
reassembled with the desired mixer configuration between uses. It is desired for a raixer to be
more easily removed and replaced from a spray gun design. One embodiment that achieves
these goals 1s illustrated in FIGS. 6A-6C. Spray tip 600 is configured o be inserted within a
spray gun, such as spray gun 100, such that fluid flows through the spray tip prior to exiting
outlet 150.

16639} FIG. 6B illustrates a cross-sectional view of spray tip 600 taken along line A-A
ithustrated in FIG. 6A. In one embodiment, the mixer is incorporated into spray tip 600, such
that a first hiquid component enters through inlet 602 at an inlet offset (vot shown), and offset
angle 612, while a second component enters through inlet 604, at an inlet offset (not shown)
and offsct angle 614. The offsets for inlets 602 and 604 may be the same or different. Angles
612 and 614 may be the same or different. In one embodiment, the inlet offset is 0.010 inches,
and miet angles 612 and 614 are cach 20° with respect to a centerline of the mixer. However,
the offset angle 612 and/or 614, may have a magnitude greater than 20°, for example 21°, 22°
23°,24°, 25°,26°, 27°, or 28°, Additionally, while the inlet offset for 602 and 604 has been
described as 0.010, it could also be smaller, for example 0.005 inches, or 0.006 mches, or 8.007
inches, or 0.008 inches, or 0.009 inches. FIG. 6C illustrates volumetric flow through spray tip
600 along flow path 630 to an outlet. As illustrated, complete mixing is achieved between
components A and B, along mixer 630 with minimal risk of crossover.

18646} FIGS. 7A-7C dlustrate aliernative mixer configurations in accordance with some
embodiments of the present invention. In FIG. 7A, a mixer 700 comprises an inlet 702 and an
inlet 704 configured to allow components to enter a mix chamber 700 and exit through outlet

706. FIG. 7B illustrates an alternative mix chamber design with mix chamber design 710 with
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inlets 712 and 714 and outlet 716. Additionally, FIG. 7C illustrates a mix chamber 720 with a

first inlet 722, a second inlet 724, and an outlet 726.
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WHAT IS CLAIMED IS:

1. A muxer for a plaral compounent spray gun, the mixer comprising:
a mixer body comprising a mixing chamber with an outlet;
a first fluid component inlet, coupled to a furst fhuid conduit, configured to introduce a
first fluid component into the mixing chamber;
a second fluid component inlet, coupled to a second fluid conduit, configured to
introduce a second fluid component into the mixing chamber; and
wherein the first and second tluid component inlets are offset with respect to a
centerline of the mixing chamber and positioned such that a first fhud flow
from the first inlet is directed toward the outlet, and a second fluid flow from
the second inlet is directed toward the outlet.
2. The mixer of claim 1, wherein the mixing chamber is incorporated into a removeable
spray tip of the plural component spray gun.
3. The mixer of claim 1, wherein the first inlet is at a first angle with respect to the
outlet, and the second inlet is at a second angle with respect to the centerline of the mixing
chamber.
4, The mixer of claim 3, wherein the magnitude of the first angle is substantially the
sarne as the magmitude of the second angle.
5. The nuxer of claim 4, wherein the first and second angles are substantially mirror
images of each other with respect to the centerline of the mixing chamber.
6. The mixer of claim 3, wherein the magnitude of the first angle is different from the

magnitude of the second angle.

-1

The mixer of claim 3, wherein one of the first and second angles is at least 10°,

8 The nuxer of claim 3, wherein one of the first and second angles is at least 20°,
9. The mixer of claim 3, wherein one of the first and second angles is at least 25°,
10. The mixer of claim 1, wherein the first inlet has a first offset from an axis of the

mixing chamber, and the second inlet has a second offset from the axis of the mixing
chamber.

11, The mixer of claim 10, wherein one of the first and second offsets is at least 0.005
inches.

12. The mixer of claim 10, wherein one of the first and second offsets is less than 0.01
inches.

13, The mixer of claim 1, wherein the mixing chamber is shaped like a rectangular prism.
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14, The mixer of claim 1, wherein the mixing chamber is shaped like a cylinder.
15. A plural component spray gun with a mixing unit, the spray gun comprising:
a spray tip configured to disperse a fhud mixture;
a first component source configured to provide a first component, to a mixing
chamber within the mixing unit, at a first process temperature;
a second component source configured to provide a second component, to the mixing
chamber within the mixing unit, at a second process temperature; and
the mixing chamber comprising:
a centerline extending along a center axis of a body of the mixing chamber;
a first inlet configured to deliver the first component from the first component
source to the mixmng charber;
a second inlet configured to deliver the second component from the second
cormponent source to the mixing chamber; and
wherein the first and second inlets are positioned with respect to the centerline
such that the first component flows through the first inlet in a first
direction, wherein the first direction substantially does not intersect
with the second inlet.
16. The plural component spray gun of claim 15, wherein the first inlet 1s angled with

respect to the centerline.

17.  The plural component spray gun of claim 16, wherein the angle is greater than 10°.
18.  The plural component spray gun of claim 17, wherein the angle is greater than 20°.
19.  The plural component spray gun of claim 18, wherein the angle is greater than 25°,
20.  The plural component spray gun of claim 15, wherein the mixing chamber is

incorporated into a spray tip of the plural component spray gun.
21.  The plural component spray gun of claim 15, wherein the mixing chamber s
incorporated into a gun block of the plural component spray gun.
22, A mxer for a multi-component systers, the mixer comprising:
a mixing chamber within a mixing body of the mixer, the mixing chamber comprising
an outlet;
a first inlet configured to receive a first component fluid flow;

a second mlet configured to receive a second component fluid flow;
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wherein each of the first and second inlets are angled with respect to a centerline of
the mixer such that fluid entering the first and second inlets 1s directed toward
the outlet.
23, The mixer of claim 22, wheremn the first and second mnlets are each angled with
respect to a centerline of the mixer, and wherein the angle is less than 90°.

24. The mixer of claim 23, wherein the first and second inlets are each offset from the

centerline.
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