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(587) Abstract

A gas-air mixing valve using a tube. The
valve has an internal geometry shape for directing
the flow of air and gas, including an air inlet (11),
an inlet part from the inlet to a throttle, a gas inlet
slot proximate the throttle, and an outlet (29). The
inlet part has a first body part (15), preferably of
aluminum or other metal, and a replaceable molded
part (17, 23) nomally of plastic. The first body
part (15) has an inlet surface (19) centered about a
central axis defined by a concave surface having a
first circular cross section. The replaceable molded
part (17, 23) has a composite surface defined by
conical surface having a linear cross section and
further defined by a convex surface (21) having a
second circular cross section forming the throttle.
The replaceable molden outlet part has a conical
(25) surface extending from the second circular
cross section to a second convex surface (27) at
the outlet (29). The throttle has a radius with
respect to the central axis of the valve defined by
the relationship between the desired air flow and
radius for a particular pressure drop. The gas slot
has a thickness with respect to the desired gas flow
defined by the relationship between the desired gas
flow and gas slot for a particular pressure drop.
Both relationships are computer simulated using

parameters of the system for which the valve is
intended to be used.
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INTERNAL GEOMETRY SHAPE DESIGN
FOR VENTURI TUBE-LIKE GAS-AIR MIXING VALE

FIELD OF THE INVENTION
The present invention relates to a multiple capacity Venturi gas-air mixing valve. More

particularly the invention relates to an internal geometrical shape design for a tube-like

gas-air mixing valve.

BACKGROUND OF THE INVENTION
The invention relates generally to a multiple capacity gas-air mixing valve including an
internal geometrical shape design for a tube-like gas-air mixing valve. The output of the

valve is combusted in a downstream combustion device such as a boiler.

Related art gas-air mixing valve have particular inlet parts for gas-air mixing at
particular capacities and drop pressures. These parts are typically designed by trial and
error. For each trial, both inlet and outlet plastic parts, mounted in an aluminum body,
have to be completely manufactured and tested, thus making the design process slow

and expensive. Moreover, the efficiency of the resultant shape is not always satisfactory.

Most of the prior art relating to gas-air mixing relates generally to gas turbines, not to
inlets for boilers. Spielman U.S. Patent No. 5,611,684 relates generally to the field of
use of the subject invention. In this patent, a gaseous fuel and combustion air are

premixed. There is, however, no disclosure of a type mixing valve.

Leonard U.S. Patent No. 5,257,499 employs a between the fuel introduction means and
the air introduction means, such that the air flow is relatively constant over a large range
of fuel flow rates. Both Mowill U.S. Patent No. 5,477,671 and U.S. Patent No.
5,572,862 disclose a having an inlet and an axis, where the inlet is operatively connect
to the source of compressed air to define a compressed air flow path into the inlet. In

essence these patents disclose the concept of using a separate from the combustion

chamber to completely premix the fuel and air.
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Forster U.S. Patent No. 5,002,481 premixes heating oil by vaporization in steam rather than
air, The vaponizing tubes of the second vaporizing portion have a smaller radius of
curvaturc than the first 2s vaporization occurs in downwardly direcied helical pipes. The

resultant mix is discharged directly into a mixing space.

().S. Patent No. 4,845,952 and U.S. Patent No. 4,966,001 (both to Beebe) also use tubes for
mixing fuel by placing the tubes in the air flow path. These patents employ a multiple-

venture tube pre-mix apparatus

Hu U.5. Patent No. 5,402,632 discloses a premix gas nozzle with a longitudinal tangential

entrance slots. Kesseli U.S. Patent No. 5,450,724 uses a plurality of mixing channels that

are oriented to impart a swirling motion to the mixed combustion air and fuel. Finall y, Booz
U1.S. Patent No. 2,140,820 relates to a carburation system for small scale engines but is
stated to be usable in larger engines and even auxiliary power units. It does not disclose a
valve means. Reed et al U.S. Patent No. 3,684,189 comprises a metal burmner tip that is

welded to a standard pipe. No replacement parts are contemplated, nor is the use of

adjustable parts. Also, neither the inlet nor the outlet have the configuration found to be

superior in the present invention.

The manufacturer of gas-air mixing valves is faced with a range of customers that is greatly
diverse and requires a custom design for many of the boilers serviced by the valve
manufacturer. With many boiler manufacturers and an almost unlimited number of
applications for the boilers, the permutations of valve designs is equally immense. At the
same ime, each user of the boiler wants maximum efficiency, minimum pollution or
unburned fuel, minimum cost and prompt, virtually immediate service and response to its

demands for new valves.

The problem that exists is that a number of factors are important in the design process for
making mixing valves. Previous to the present invention, valve parts were designed by
expenence, using trial and error methods that led to high design expense or less than
optimum resuits. For cach trial, both the inlet and outlet parts, which are made from plastic
and mounted 1n an aluminum body, had to be completely manufactured and tested. This
made the design process very slow and quite expensive. Moreover, the efficiency of the

developed shape was not always satisfactory for the many different end uses.

AMENDED SHEET
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Venture principle based gas-air mixing valves are employed in a multitude of boiler
systems, particularly with industrial boilers that produce large quantities of energy for
various industrial processes and applications. A large number of mixing valve

5 characteristics need to be considered during the design of the valve. It is necessary to
meet the requirements for air discharge, gas discharge, gas/air volume proportion for

different fan loads, pressure drop along the valve, modulation band, maximal angle of

the outlet part, and the like.

10 For example, in one industrial application where a large number of valves are produced,
a pressure drop may range from less than 350 Pascals to more than 550 Pascals. at the

same time, desired air capacities range from 18 to 66 cubic meters per hour (m3/h) and

the accompanying gas capacities for that range of air flow.

15 [t would be of great advantage to provide a general inner shape profile for a gas-air

mixing valve that would optimize the most important valve characteristics for a family
of valves. These characteristics include gas/air volume proportion along different fan

load, modulation band, which strongly determine valve overall efficiency.

20 It would be another great advance in the art if the required gas and air capacities could

be accommodated by a valve having a particular shape profile for optimum results.

Another advantage would be if the outlet part of the valve would be configured to

maximize the overall operation of the valve.

25
Other advantages will appear hereinafter.
SUMMARY OF THE INVENTION
It has now been discovered that the above and other objects of the present invention
30 may be accomplished in the following manner. Specifically, the present invention

provides an internal geometrical shape design for a Venture tube-like gas-air mixing

valve. The output of the valve i1s combusted in a downstream combustion device such as

1 N —t sl 4 - = .
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a boiler. The valve of the present invention is selected to operate with such a boiler or other
combustion device, which device determines the range of gas and air flow rates needed to
operate ctficiently over the operating range of the boiler. Once these parameters are

sclected, the valve itself is determined by the method of this invention.

The present invention involves an internal geometrical shape design for a tube-like gas-air
mixing valve. This invention not only enables one to achieve optimal computer provided
etficiency, bur also is used to facilitate intcgration of a plastic inlet part with the aluminum
body which is unchanged over a range of various valve capacities and pressure drops. The
10 inlet part of the valve is made by extrusion from an appropriate plastic material. The same
metal valve body is used for a whole variety of mixing valves by changing only relatively

simply manufactured plastic parts designed for certain gas-alr mixing parameters.

A gas-air mixing valve of the present invention has an adjustable air inlet that is fixed by

15 adjusting the radius of the throttle admitting air to the mixing portion of the valve. The gas
inlet is aiso adjusted, based on the desired operating conditions of the valve. The internal
geometry shape for directing the flow of air and gas in the valve defines that flow. The inlet
patt 1s formed with a more permanent body part, such as one made from aluminum, and a
replaceable molded part, made from plastic. The first body part has an inlet surface centered

20 about a central axis defined by a concave surface having a first circular cross section. The
replaceable molded part has a composite surface defined by conical surface having 4 lhinear
cross section and further defined in part by 2 convex surface having a second circular cross

section forming the throttle. As noted above, the mixing valve of this invention functions

(i by adjusting the proportion of gas and air using the principles of venturi action. The terms

.....
-------
-

25 “convex” and ‘“‘concave” as used above are, of course, surfaces of the cross section with

respect to said central axis.

The replaceable outlet part of the valve has a composite outlet surface defined by a first

con:cal surface extending from the above mentioned second circular cross section of the

30 first body part to a second convex surface on the outlet part, such that the second convex

surface acts as a flared surface for the outlet of the valve.

Based upon the desired air and gas flow characteristics and the demands of the boiler and

system for which the valve is intended, the specifics of the valve such zs air throttle

AMENDED SHEET
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opening (which fixes the air volume) and gas inlet size
(which fixes the gas volume) may be optimized for each

application of the wvalve. The only part that needs to be

adjusted for the completed valve 1s the replaceable molded

5 plastic part.

In accordance with this i1nvention, there 1s provided a gas-
alr mixing valve using a tube, comprising: a throttle for

adjustably controlling the gquantity of gas introduced into

sald tube from a gas 1nlet; a valve having a central axis

10 and an internal geometry shape for directing the flow of air

and gas, said valve having an air inlet, an inlet part from

the i1nlet to said throttle, a gas 1nlet slot (s) proximate

sald throttle, and an outlet; said inlet part having a first

body part and a replaceable molded part; said first body

15 part having inlet surface centered about said central axis

of said valve and being defined with respect to said axis by

a concave surface having a first cilircular cross section at

sald alr inlet; said replaceable molded part being a

composition of a conical surface having a linear cross

20 section and further having a convex surface, said convex

surface having a second circular cross section forming said

throttle; a replaceable outlet part having a composite

out let surface defined with respect to said axis by a
conical surface extending from said second circular cross

25 sgection to a second convex surface at gaid outlet.

BRIEF DESCRIPTION OF THE DRAWINGS

For a more complete understanding of the invention,

reference 1s hereby made to the drawings, in which:

Figure 1 1s a schematic, sectioned view illustrating the

30 wvalve of the present invention;
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Figure 2 1s a schematic, side elevational, sectioned view of

the tube valve of the present invention;

p—

Figure 3 18 an enlarged schematic view of the inlet portion

of the wvalve shown in Fig. 2;

Figure 4 1s an air curve dilagram illustrating the

relationship between air flow and the valve throttle radius;

and

Figure 5 18 a gas curve diagram 1llustrating the

relationship between gas flow and the gas slot size.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

The invention involves an internal geometric shape for a
component of a gas-alr mixing valve. The wvalve itself 1is
based on the principle and includes a structure that can be

made with a simple fabrication process while maintaining the

postulated characteristics of the valve.

The mixing valve has certailn required characteristics

relevant to air discharge, gas discharge, gas/air volume

p—
—

proportions for different fan loads, pressure drops along

the valve, modulation band and the maximum angle of the
outlet part. For the preferred embodiment as described
herein, preferred pressure drops are 350, 450 and 550
Pascals, respectively. The alr capacities are within the

range of 18-66 cubic metergs per hour
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(m-*/h) which are accompanied by the respective gas capacities. Of course, other
pressure drop ranges and air capacities will be sclected for other boilers, fan. and system

vanables.

Taking into account the needed specifications, the general inner shape profile is

designed m order to achieve the most importent valve characteristics, which are gas/air

volume proportions for different fan loads, and the modulation band. and these strongly

determine overall valve efficiency.

Shown 1n Fig. 1 illustrates a portion of an integrated gas/air control safety system with
fan and a Valve 10 generally, having an inlet 11, 2 discharge end 13 that delivers the
appropriate air/gas mixture to a boiler or other combustion system (not shown) in the
optimum quantities. The inlet 11 includes a metal portion 15 and a replaceable plastic
molded parts 17 and 23, ali described in detail below. Metal portion 15 forms concave

surface 15. Molded part 23 forms a convex surface 21 forming part of the throttle 23.

Molded part 17 fits between surfaces 19 and 21.

Discharge end 13 includes a conical surface 25 extending from first convex surface 21

lo a second convex surface 27 at the outlet end 29 of discharge 13. The remalning parts
of valve 10 1s a conventional gas supply unit 30 for supplying gas to the gas inlet

described below and controlled by throttle 23.

Turming now to Figs. 2 and 3, the working portions of valve 10 are shown. Valve 10 is
centercd about an axis 31. First concave surface 19 forms the first surface encountered

by 1nlet air entering in the direction of arrow 33 in Fig. 2. Surface 19 is a circular

segment having a center at Q2 and defining an arc between pomnts P1 and P2, and «

straight portion between P2 and P3. In the present embodiment, this arc was caiculated

to be about 8009,

Similarly, first convex surface 21 is a circular segment having a center at Q1 and

defining an arc between points S1 and S2. In the present embodiment, this arc was

calculated to be about 70°. The region between P3 and S1 is conical surface 25 of

AMENDED Shtkt
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molded part 17. Curved surface 21 1s also the outside of throttle 23, and throttle 23 is
moveable to vary the gas inlet slot 35, which is the gap between throttle 23 and conical

surface 25, to permit gas to enter via the forces in the direction of arrow 37 in Fig. 3.

Gas slot s is the distance between points S3 and S4, as shown in Fig. 3.

For most applications, the metal part 15 can be standardized once the parameters of the

boiler system are established. The only variable for a complete family of valves would
be the molded plastic parts 17, 23, 25, and 27. Conical surface 25 is at an angle with

respect to the axis 31 of the valve. For the present embodiment, the angle surface 25

makes with the axis 31 1s about 429.

Of course, for significantly different operating systems, different boilers and other

circumstances, a different complete family of valves would be available.

The next step is to fine tune the design for the required air and gas capacities. As has
been shown, the shape profile of the inlet part is a combination of two circular surfaces
and one cylindrical surface while the outlet part 1s a combination of one conical surface

and another surface which is described pointwise and smoothed by splines. Figs. 2 and 3

are typical asymmetrical schematics developed for the preferred embodiment but are

common for any design within the scope of this invention.

One major reason why the replaceable part needs to be changed to optimize the design
1s that gas and air are not universally the same everywhere, and even the exact same
boiler will not need the same flow when gas or air quality changes. For example, low
caloric gas may be used on a ratio of gas to air of 1:10 or 1: 12, for example, while high
caloric gas may only require a gas to air ration of 1:15 or even higher. This is true
because one needs less high caloric gas for the same heat output. Gas quality may even

vary over the calendar year at a given location, because of weather, various suppliers or
other factors. All that 1s needed is to replace the molded parts 17, 23, 25, and 27 to
adjust the conical surface 25, and thus the angle of surface along axis 31, which in turn

has a modifying affect on the forces at the gas inlet 35, to thereby achieve uniform heat

output.

1
!
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It 1s not possible, presently, to calculate the cxact air dynamics for premixing air and gas
in these systems using valves to achieve the optimal proportion of gas and air. In some
types of boilers, the amount of gas/air mixture being drawn into the system will vary,
because of process needs and the like, to that the fan will operate at different speeds and
capacilies. The valve therefore must aisc be variable in order to provide a constant

proportion of gas and air. This is done by adjusting the air flow via throttle radius 37,

shown in Fig. 2, and the gas slot 35, shown in Fig. 3.

Thesc two vanables are determined from a series of curves, shown in F 1gs. 4 and §, and

calculated using computer generated data.

Design of the inlet part of the mixing valve 1s a key feature. FLUENT is a
computational fluid dynamics soflware package used in designing the inlet part of the
valve. This software provides for analysis and the visualization of gas and air flow

characteristics. FLUENT 1s made by Fluent, Inc. located in Centerra Resource Park,

Lebanon, New Hampshire. The version used for the calculations for the invention herein
was FLUENT version 4.25. FLUENT is software package for simulation of the
fluid/gas flow m various geometry configurations. It allows physical modeling. Other
flud flow sumulation software would give the same results, since what is being

calculated 1s the desired air and gas flow to complele the combustion most efficiently.

To be able to simulate the air/gas flow inside a valve, one has to input many other
values as an mput values into the program such as FL.LUENT. These include: densities of
the air/gdas mixture, binary diffusivity coefficients, wall roughness, air/gas temperatures,
and many other values that are set out in the program. However, any fluid flow

simulation software would give the same results.

The resulting values which were used for generating of the above mentioned

dependencies were flow [m“/h), the geometry values of the throttle radius and gas slot

[mm] and the pressure drop [pa]. The resulting curves shown in Figs. 4 and 5 are a

result of the Excel ® program by Microsoft software on PC - it is only a power

regression. FLUENT software has

- AMENDED SHEET
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been used for the modeling and simulation of the gas/airflow inside the valve but any

other software of this kind can do the same.

Based on a FLUENT simulation, one analytical description of the valve can be put in
the form of two curves. Fig. 4 is the first curve, which describes the dependence of the
valve’s throttle radius on the air capacity (i.e., the air curve given of Fig. 4). The second
curve indicates the gas slot dimension for a given gas flow (i.e., the gas curve of Fig. 5.
The air curve is common for the whole range of capacities and pressure losses. The gas
curve changes slightly from one given pressure drop to another, and may be determined
for each particular pressure drop characteristic, or, alternatively, for at several selected

neighboring pressure drops (e.g., values 350, 450 and 550 Pascals) of which other

characteristics are determined from interpolated values between them.

The software program, FLUENT or another similar program, is inputted with
information concerning the geometry of the valve, as well as desired air flow

(discharge) [m3/h], gas flow (discharge), [m3/h] pressure drop along the valve [pa],

valve throttle radius [mm], and gas slot width [mm].

As can be seen in Fig. 4, a curve 41 has been generated over a range of air flow in m3/h

of from about 10 to 66 m3/h and extrapolated to the ends of curve 41 as shown. The air
flow is plotted against the needed valve throttle radius to achieve the required air flow.
The data developed for Fig. 4 is for a prescribed pressure drop of 450 Pascals because
that value too was considered to be ideal for the system in use. One now selects the

desired air flow to determine the specific throttle radius that will produce optimum

operation.

This air curve is common for the whole range of capacities and pressure losses for the

system being considered. The software will generate a similar curve for any system over

any range of desired air flow, and thus Fig. 4 is needed to optimize the invention.

The gas curve shown in Fig. 5 changes with the given pressure drop and is to be

determined (from the software) for each particular case separately, or alternatively, for
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at least two selected neighboring pressure drops. Values of 350 and 550 Pascals were
used in the considered case and curve 43 was obtained by interpolating between those
two values to obtain a curve at 450 Pascals. One now selects the desired gas flow to

obtain the required gas slot size that will produce optimum operation.

The advantage of the present invention is that it eliminates the prior trial and error

method. For each trial, both inlet and outlet plastic parts, mounted in an aluminum body, '

had to be completely manufactured. This requirement made the design process itself
very slow and expensive. More critical is that the efficiency of the developed shape was
not always satisfactory. Now, using the present invention, it is possible to achieve
optimal computer provided efficiency and incorporates the integration of the inlet part
with the aluminum body that does not change over a whole intended production range

of various valve capacities and pressure drops.

An optimized air/gas mixing valve based on the above-noted approach has been verified
by experimental data collected on an evaluated prototype valve designed from
computer-predicted values. The experimental data that was collected on the prototype
fully confirmed computer predicted values. An advantage of this is that the valve

manufacturer is able to react very promptly on various customer’s requirements.

While particular embodiments of the present invention have been illustrated and

described, it is not intended to limit the invention, except as defined by the following

claims.
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CLAIMS

1. A gas-air mixing valve using a tube, comprising:

a throttle (23) for adjustably controlling the quantity of gas introduced

Lh

into said tube from a gas inlet;
a valve (10) having a central axis (31) and an internal geometry shape for
dirccting the flow of air and gas, said valve having an air inlet (11), an inlet part (19-2 1)

fromn the 1nlet to said throttle, a gas inlet slot (s) proximate said throttle., and an outlet

(13);
10 said inlet part (19-21) having a first body part (15) and a replaceable
molded part (17);
( said first body part (15) having inlet surface (19) centered about said

central axis (31) of said valve and being defined with respect to said axis by a concave

surface (19) having a first circular cross section (Q2) at said air inlet; said replaceable

15 molded part being a composition of a conical surface having a linear cross section (P3-

51) and further having a convex surface (21), said convex surface (21) having a second
circular cross section (Q2) forming said throttle (23);

a replaccable outlet part having 4 composite outlet surface defined with

respect to said axis (31) by a concal surface (25) extending from said second circular

20 cross section (27) to a second convex surface (29) at said outlet.

2. The valve of claim 1, wherein said throttle has a radius with respect to
o saxd central axis of said valve defined by the relationship between the desired air flow

and radius for a particular pressure drop.

25
2 The valve of claim 2, wherein said relationship is determined by a
computer simulation using parameters of the system for which the valve is intended to
be used.

30 4. The valve of claim 2, wherein said gas slot has a thickness with respect

to the desired gas flow defined by the relationship between the desired gas flow and gas

slot for a parucular pressure drop.

Lh

The valve of claim 4, wherein said relationship is determined by a

CA 02305145 2000-04-04
AMENDED SHEET
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computer simulation using parameters of the system for which the valve is intended to

be used.
6. The valve of claim 1, wherein said body part 1s aluminum and said
5 molded part 1s plastic.
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