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flow through-passages (36) extending between its front face (26) and its back face (28). The blocks (24) are connected to each
other along their edge surfaces (30). A fluid component (438) Is affixed to the front face (26) of each of the blocks (24), with its ports
(52) aligned and in fluid communication with the respective fluid-flow through-passages (36) of the block (24) to which It Is affixed.
A second plurality of fluid-flow block-interconnection tubes (58) external to the blocks (24) are affixed to the back face (28) of a first
block (24) and to the back face (28) of a second block (24). A first end (60) of the fluid-flow block-interconnection tube (58) Is In
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block-interconnection tube (58) Is In fluild communication with one of the fluid-flow through-passages (36) on the second block
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MODULAR SURFACE-MOUNT IFLUID-FLOW SYSTEM

ABSTRACT OF THE DISCLOSURE

A fluid-flow system (20) includes a first plurality of substantially identical
plate-like blocks (24). Each block (24) has at least two fluid-flow through-
passages (36) extending between its front face (26) and its back face (28). The
blocks (24) are connected to each other along their edge surfaces (30). A fluid
component (48) is affixed to the front face (26) of each of the blocks (24), with
its ports (52) aligned and in fluid communication with the respective fluid-flow
through-passages (36) of the block (24) to which 1t i1s affixed. A second plurahity
of fluid-flow block-interconnection tubes (58) external to the blocks (24) are
affixed to the back face (28) of a first block (24) and to the back face (28) of a

second block (24). A first end (60) of the fluid-flow block-interconnection tube
(58) is in fluid communication with one of the {luid-flow through-passages (36)
on the first block (24), and a second end (62) of the fluid-flow block-
interconnection tube (58) is in fluid communication with one of the fluid-flow

through-passages (36) on the second block (24).
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MODULAR SURFACE-MOUNT FLUID-FLOW SYSTEM

{0001} This invention relates to a surface-mount fluid-flow system and,

more particularly, to a tluid sampling system.

BACKGROUND OF THE INVENTION

[0002] In continuous fluid-flow manufacturing industries such as the

production of petrochemicals, a continuous flow of a fluid is periodically sampled

“and analyzed by an automated sampling-and-analysis system. The results of the

analysis are used to control process operating parameters through a feedback
control system. The present invention 1s concerned with the sampling and fluid
control apparatus, rather than the analysis apparatus or the teedback control
system.

{0003} In the sampling-and-analysis system, valves, regulators, gauges,
tlow indicators, and other fluid components are linked together to provide a
sample of the process fluid flow to the analyzer and then to return the sample back
to the process flow. The carliest sampling and analysis systems used conventional
discrete tluid components linked by piping. These systems extract a relatively
large volume of fluid in each sample, and the distances that the fluid must flow
through the system are relatively large. Consequently, the sampling lag time is
rclatively long, which 1s undesirable {rom the standpoint of achieving good
process control. These discrete-component systems have relatively high installed
cost and maintenance cost.

10004] The volume of fluid in the sample and the flow distance may be
reduced by miniaturizing the system. In one approach, the fluid components are
reduced 1n size as much as posstble. The mimature fluid components are mounted
to a surface of a support structure that provides both mechanical support for the
fluid components and also mechanical and fluid interconnection between the fluid
components.

[0005] This surface-mount fluid-flow system has the potential to reduce

mstalled cost and maintenance cost for flow sampling, and a number of surface-
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mount systems have been proposed. However, thc available systems have a
number of shortcomings. Most installations are one-of-a-kind or require only a
few of the same type of sampling-and-analysis systems, so that most installations
are of a custom or semi-custom type. The avatlable systems typically involve a
large number of components, and/or expensive custom machining of components
for each installation, and/or high assembly costs. The design procedures are also
complex. Additionally, in some systems there is a potential for cross
contamination between fluid streams within the apparatus, of a type that cannol
be readily detected.

10006} There 1s a need for an improved fluid-flow system that overcomes
these problems. Such a fluid-flow system is nceded {or the sampling-and-analysis

field, and for other fields as well. The present invention fulfills this need, and

further provides related advantages.

SUMMARY OF THE INVENTION

[0007] The present invention provides an approach and apparatus for
controlling fluid flows using a surface-mount technology. It uses a small number
of different types of standardized elements to build complex systems, making the
design, fabrication, assembly, and installation of fluid-flow systems relatively
inexpensive. Maintenance costs are also relatively low. The present approach is
therefore particularly well suited for sampling-and-analysis systems such as used
in fluid process industries. The potential for undetected leakage and cross
contamination is greatly reduced as compared with prior approaches.

[0008] In accordance with the invention, a fluid-flow system comprises a
first stick. The first stick has a first plurality of substantially identical first-stick
blocks. Each first-stick block is a plate having a front face, a back face, an edge
surface, and at least two fluid-flow through-passages extending between the front
face and the back face. The first-stick blocks are connected to each other aiong
their edge surfaces. The stick includes at least one fluid component affixed to the
front face of each of the plurality of first-stick blocks. Each fluid component has
ports thereon, with the ports of each fluid component being in {luid

communication with the respective fluid-flow through-passages of the first-stick
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block to which it is alfixed. There is a second plurahity of first-stick fluid-flow
block-interconnection tubes external to the first-stick blocks. Each [irst-stick
(Tuid-tlow block-interconnection tube is affixed to the back face of a first first-
stick block with a first end of the fluid-flow block-interconnection tube in fluid
communication with one of the fluid-flow through-passages on the first [irst-stick
block, and also affixed to the back face of a second first-stick block with a second
end of the fluid-flow block-interconnection tube n fluid communication with one
of the fluid-flow through-passages on the second first-stick block. The fluid
handled by the present approach may be a hiquid or a gas.

|0009] In a preferred approach, the first-stick blocks are connected together
in a linear array. The through-passages in each first-stick block all he along a
single line extending between two opposite ends of the first-stick block, paralici
to the linear array where a linear array is used. The {luid-flow system may further
include a mounting plate, and a set of mounting fect affixing the first-stick blocks
to the mounting plate. There may be an adapter plate disposed between one of the
fluid components and the respective block to which it is affixed. The adapter plate
has tluid-flow passages therethrough providing fluid communication between one
of the ports on the fluid component and one of the fluid-flow through passages of
the respective block, and may also provide other capabilities such as a heater to
heat the fluid passing therethrough.

[0010] The fluid-flow system also may include a second stick comprising
a third plurality of substantially identical second-stick blocks, with the second-
stick blocks being substantially identical to the first-stick blocks and connected
to cach other along their edge surfaces. There is at least one {luid component
affixed to the front face of each of the plurality of second-stick blocks. Each fluid
component has ports thereon, and the ports of each {luid component are in fluid
communication with the respective fluid-flow through-passages of the second-
stick block to which it is affixed. A fourth plurality of second-stick fluid-flow
block-interconnection tubes are external to the second-stick blocks. Each second-
stick fluid-flow block-interconnection tube is affixed to the back face of a first
second-stick block with a first end of the fluid-flow block-interconnection tube 1n
fluid communication with one of the fluid-flow through-passages on the first

second-stick block, and also affixed to the back face of a second second-stick
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block with a second end of the {luid-flow block-interconnection tube in fhnd
communication with one ol the f{luid-flow through-passages on the second second-
stick block. There is a fluid interconnection between the first stick and the second
stick.

(0011} In a particularly preferred configuration, each block is a rectangular
plate having a front face, a back face, a first pair of oppositely disposed edge
faces, and a second pair of oppositely disposed edge faces. There are three tluid-
flow through-passages in each block. The blocks are attached to each other in a
linear array along the first pair of oppositely disposed edge faces by a first-stick-
block attachment. The mounting plate comprises a set of rectangularly arranged
mounting holes to which the first-stick mounting feet are atfixed, and this array
of mounting holes defines a rectilinear arrangement and positioning for the other
components of the fluid-flow system. In this preferred structure, the block
attachment between each block comprises a conformable step on each first-stick
block of an attached pair of first-stick blocks, and an aligned attachment bore
extending through the conformable steps, and a fastener extending through the
attachment bore. Two different lengths of interconnection tube are required n
this configuration, a first fluid-{low block-interconnection tube having a length
sufficient to interconnect adjacent fluid-flow through passages, and a second tluid-
flow block-interconnection tube having a length sufficient to interconnect two
fluid-flow passages separated by another fluid-flow passage. The interconnection
tubes are selected from these two lengths, and therefore only two difterent lengths
of intra-stick interconnection tubes need be manufactured.

[0012] The present approach emphasizes good manufacturability and low
cost of custom fluid-flow systems such as fluid-flow sampling systems. There 1s
only one basic block type required, although modifications of the basic block type
may be provided that do not have an end connector on one end and which are used
as the end blocks of a stick. Each block has only holes and bores in its through-
thickness direction, which are easily drilled with good precision. No holes or
bores parallel to the front and back faces are used. There are only two basic
lengths of intra-stick interconnection tubes required, so that only two such types
of interconnection tubes need be fabricated and kept on hand. The rectilinear

“pegboard” character of the mounting holes of the preferred mounting plate,
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which are aligned with comparable holes in the blocks, allows complex systems
to be arranged and assembled rapidly and with no specialized tabrication
procedures or tools applied. No custom machining is required for each stick. This
structural simplicity translates to low labor requirements for the assembler and
minimal chances of error.

[0013] Additionally, the present approach provides excellent technical
capability. The general surface-mount architecture is used, and industry standards
such as SP 76 are {ollowed. Unlike many other surface-mount approaches, the
interconnection tubes are open and visible. Leaks in the interconnection tubes and
their attachments and seals are unhikely. However, if leaks do occur they are
openly visible and readily repaired. If it is necessary to remove and replace or
otherwise alter a block or a fluid-flow interconnection in the middle of a stick,
these changes may be performed only with operations carried out at the block
itself, and disassembly of the remainder of the system 1s not required. JFurther,
there is no chance of cross contamination between two interconnection tubes and
particularly no chance of cross contamination that goes undetected and theretore
adversely influences the analytic results or the content of the tluid flows. The
possibility of undetected leaks and the possibility of cross contamination are
shortcomings with other architectures of {luid-tflow systems.

[0014] The present approach therefore provides for a fluid-flow system that
has low initial (capital) costs and low maintenance costs. The fluid-tlow system
is also highly reliable and, if repairs or changes are necessary, easy to alter. Other
fcatures and advantages of the present invention will be apparent from the
following more detailed description of the preferred embodiment, taken in
conjunction with the accompanying drawings, which illustrate, by way of
example, the principles of the invention. The scope of the invention 1s not,

however, limited to this preferred embodiment.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015]} Figure 1 is a schematic elevational view of a first stick of a fluid-
tlow system;
(0016] Figure 2 is a schematic plan view of the first stick of Figure 1;
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[0017] ['igure 3 1s a plan view of a block used in the fluid flow system;
j0018] Figure 4 1s a sectional view of the block of Figure 3, taken along
line 4-4, illustrating a mid-stick block;
[0019] Figure 5 1s a scctional view like that of Figure 3, except illustrating
an end-stick block:
[0020] Iigure 6 1s a schematic sectional view of a {luid-flow block
Interconnection tube;
[0021] Figure 7 1s a schematic plan view of the fluid-flow block
interconnection tube of Figure 6;
[0022] Figure 8 1s a schematic bottom view of a multi-stick {luid-flow
system;
[0023] Figure 9 i1s a schematic sectional view of a stick-to-stick
interconnection tube; and
0024} Figure 10 is a schematic plan view of thce stick-to-stick

interconnection tube of IFigure 9.

DETAILLD DESCRIPTION OF THE INVENTION

[0025] I'igures 1 and 2 depict a fluid-flow system 20 comprising a first
stick 22. The term “stick” is a term of art applying to an interconnected array of
“blocks” (usually linear in nature) and ther flutd components and {luid-flow
interconnections, which will be described subsequently. The stick 22 includes a
first plurality of substantially identical first-stick blocks 24.

[0026] The structure of a block 24 1s shown in Figures 3-5. Lach block 24
has a front face 26, a back tace 28, and an edge surface 30. Preferably, each block
24 is in the form of a rectangular plate as illustrated, so that there are first pair of
oppositely disposed edge faces 32 and a second pair of oppositely disposed edge
faces 34. There are at least two, and most preferably exactly three, fluid-flow
through-passages 36 extending between the front face 26 and the back face 28.
In the illustrated case of three fluid-flow through-passages 36, the three fluid-tlow
through-passages 36 include a center fluid-flow through passage 36a and two
outer fluid-flow through-passages 36b. In this case, the three fluid-{low through-
passages 36 lie along a stick axis 38 extending between the {irst pair of opposttely
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disposed edge faces 32 at a point midway between the second pair of oppositely
disposed edge faces 34.

[0027] In the itlustrated embodiment, the first-stick blocks 24 are attached
to each other in a linear array oriented along the stick axis 38 at their first pairs of
oppositely disposed edge faces 32 by a block attachment 40. The block
attachment 40 preferably comprises a conformable step 42 on each block 24 of an
attached pair of blocks 24. (“Conformable” means that the steps ot two adjacent
blocks 24 mechanically interface with each other so as to allow attachment
therebetween.) Referring to Figure 4, one of the steps 42a 1s on the side of the
block 24 that includes the front face 26, and the other of the steps 42b 1s on the
side of the block 24 that includes the back face 28. An aligned attachment bore
44 extends through the conformable steps 42a and 42b so that the portion of the
attachment bore 44 within step 42a aligns with the portion of the attachment bore
44 that is within step 42b when two adjacent blocks 24 are affixed together as
shown in Figurc 1. When the two adjacent blocks 24 are attached together, a
fastener 46 such as a screw or bolt extends through the attachment bore 44 and
joins the two adjacent blocks 24 together. For example, one end (here the end that
1s within the step 42a) of the attachment bore 44 may be threaded, and the fastener
46 1s a bolt or screw that engages the threads from the other end (here the end that
is within the step 42b) of the attachment bore 44. This type of block attachment
40 allows the attachment to be completed from either the front {ace 26 or the back
face 28 during the assembly of blocks.

[0028] The block 24 is designed so that only one configuration of block 24
Is required to build up a fluid-flow system 20. However, if only the type of block
24 shown in Figure 4 is used, there is a step 42b extending out of one end of the
stick 22, the right end in the view of Figure 1. To square off the ends of the sticks
22, blocks 24 of the type shown in Figure S are used at the appropriate ends of the
sticks 22. Figure 5 shows an end stick block with the step 42a at one end and the
flat, squared-off surface 30 at the other end. However, the end block 1s otherwise
identical to the mid-stick block shown in I'igure 4.

10029} At least one, and typically exactly one, fluid component 48 1s
affixed to the front face 26 ot each of the plurality of first-stick blocks 24. (This

is the origin of the term “surface-mount” to describe the present architecture. All
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of the fluid components 48 are installed to the surface of the same front face 26
of the respective blocks 24.) The fluid components 48 include any component
that is required in the fluid monitoring or control system. Examples of such {luid
components 48 are valves of different types, {lowmeters, {ilters, heaters, pressurc
transducers, pressure rcgulators, tlow controllers, tempcrature sensors,
mstruments, analyzers, and the like. The structurc and operation of the individual
fluid components are known in the art and are not within the scope of the present
invention.

[0030] The fluid components 48 are affixed to the respective blocks 24 by
fasteners, preferably malc-threaded fasteners, that engage the tluid components
48 and fluid-component attachment bores 50, which are preferably threaded with
a female thread matching that of the fastener, extending downwardly from the
front face 26 into the blocks 24. T'our such attachment bores 50, arranged 1n a
rectangular pattern, arc illustrated in Figure 3. The mechanical connections
between the blocks 24 and the fluid components 48 at the fluid-component
attachment bores 50 are preferably made to conform to the mounting provisions
of SEMI 2787.1 and ISA Draft Specification SP76.00.03 (termed “SP76” in the
industry) which set forth, among othcer things, the arrangement of ports, physical
envelope constraints, mounting hole locations and sizes, and the like for surface-
mounted {luid-control systems. A virtue of the present approach is that, if such
specifications change in the future or other specifications are adopted, the block
24 and other mechanical components of the present approach may be readily
adapted to such new specifications.

[0031] Each fluid component 48 has ports 52 thereon, through which fluid
flows into or out of the fluid component. The ports 52 of each fluid component
48 are in fluid communication with one of the respective {luid-flow through-
passages 36 of the block 24 to which it is affixed, as shown in Iigure 1. The flnd
communication between the ports 52 and the {luid-flow through passage 36 may
be direct, as shown for the leftmost and rightmost fluid components 48 in Figure
].

[0032] There may instead be an adapter plate 54 disposed between the fluid
component 48 and the respective block 24 to which it is affixed, as seen for the

center block 24 in Figure 1. The adapter plate 54 has adapter-plate fluid-tlow
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passages 56 therethrough providing {luid communication between one of the ports
52 on the [luid component 48 and one of the {luid-flow through passages 36 of the
respective block 24. The adapter plate 54 thus allows a different port pattern of
the fluid component 48 to be adapted to the standard patiern of the fluid-flow
through passages 36 1n the block 24. The adapter platec 54 may have other
functions as well in performing as an auxiliary active device. Such auxiliary
active device functions 55 include, for example, temperature measurement and/or
control and tlow direction and/or control. LExamples of temperature measurement
and/or control include a healer, a cooler, and a temperature measurement device
such as a thermocouple within the adapter plate 54. Lxamples of {flow direction
and/or control include a check valve and an orifice in the tlow channel within the
adapter plate 54. In the adapter plate 54 of Figure 1, to illustrate the auxiliary-
active-device functions 55, an electrical resistance heater, represented by
cmbedded insulated resistance wires, is built into the adapter plate 54 and powered
by current from an external source (not shown).

[0033] The fluid connections between the ports 52 of the fluid component
48 and the fluid-flow through passages 36 are sealed with annular seals 57. The
scals 57 preferably reside in recesses in the block 24 or the adapter plate 54, as
appropriate. The seals 57 may be polymeric (for example,
polytetrafluoroethylene), elastomeric (for example, a fluorocarbon such as Viton'™
or Kalrez'™ elastomer), or metallic, according to the type of fluid being processed.
The polymeric or elastomeric seals are presently preferred.

[0034] The blocks 24 do not provide within themselves for the direct flow
of fluid between the blocks, as for example a direct block-to-block fluid flow
through sealed bores in the edge surfaces 30. Such fluid {flow interconnection
techniques result in an increased likelihood of undetected leakages and
particularly cross contamination of fluid flows as a result of undetected leakages.
[0035]) Instead, the present approach provides for a second plurality ot
fluid-flow block-interconnection tubes 58 external to the blocks 24. The fluid-
flow block-interconnection tube 58, which 1s shown in Figures 6-7, 1s atfixed to
the back face 28 of a first block, such as a block 48a in Figure 1, with a first end
60 of the fluid-flow block-interconnection tube 58 in fluid communication with

one of the fluid-flow through-passages 36 on the first block 48. The {luid-flow
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block-interconnection tube 58 is also affixed to the back face 28 of a second
block, such as a block 48b in Figurc 2, with a second end 62 of the {fluid-{low
block-interconnection tube 58 in fluid communication with one of the fluid-flow
through-passages 36 on the sccond block 48b. Similarly, at least one
interconnection tube 58 extends between the block 48b and the block 48c¢ In
Figure 1.

{0036} As shown in I'igures 4 and 6-7, each block interconnection tube 58
includes a tube 64 and a fitting 66 at each end 60 and 62. The tube 64 is brazed
or welded to the fitting 66 at a joint 70. The back face 28 of the block 24 has seal
recesses 67 that receives the annular seals 57 therein. The seal 57 seals the fluid-
flow through passage 36 at its point of emergence from the back face 28 of the
block 24 to the fitting 66. Lach fitting 66 has two fitting attachment bores 72
therein, which align with corresponding fitting attachment bores 74 on the block
24. The fitting attachment bores 72 are prefcrably female threaded, so that a male-
threaded fastener inserted from the front face 26 into the unthreaded fitting
attachment bore 74 may be engaged to the threaded fitting attachment bores 72 (o
tighten the fitting 66 against thc back face 28 of the block 24.

[0037] An important advantage of the present approach 1s that only two
lengths of block interconnection tubes 58 are required for virtually all
applications. One length is required to extend between two adjacent outer fluid-
flow through-passages 36b in neighboring blocks 24, as shown for the block
interconnection tube 58 connecting blocks 24a and 24b in Figure 1. A second
length is required to extend between a center fluid-flow through-passage 36a and
the outer fluid-flow through-passage 36b of neighboring blocks 24, as shown for
the block interconnection tube 58 connecting blocks 24b and 24c¢ in Figure 1.
External interconnections may be made using these two lengths. The requirement
to manufacture and stock only two lengths of block interconnection tubes 58, and
to manufacture the stick 22 from only one type of block 24 (or two types, it the
one end block is considered), is an important advantage of the present invention.
Some other systems require over 100 components to accomplish a similar
functionality. Reduced manufacturing complexity contributes greatly to reduced

installed cost of the fluid-flow system.
10038] External connections to and from the stick 22 are made with
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external interconnection tubes 59 that are similar to the block interconnection
tubes 58, except that they are attached to the blocks 24 at one end and to some
external connection at the other. The external interconnection tubes 59 may be
cantilevered, as illustrated in Figure 1, or affixed to the block 24 or to the
mounting plate discussed next to provide them rigid support. This use of a tubular
external interconnection tube 59 allows a great deal of flexibility in making
external connections. Fluid connections between sticks are made with {luid-flow
stick-to-stick interconnections discussed subsequently.

{0039] The fluid-flow system 20 further preferably includes a mounting
plate 76 and a set of mounting feet 78 affixing the blocks 24 to the mounting plate
76. To facilitate the mounting and alignment, the mounting plate 76 desirably
comprises a set of rectangularly arranged mounting holes 80 to which the
mounting feet 78 are affixed. The fabrication of the fluid-flow system from the
components is then accomplished by matching pre-existing holes and mounting
structure. The mounting feet 78 are preferably in the form of L-shaped brackets
whose lower end is fastened to the mounting holes 80 with fasteners such as
screws or bolts, and whose upper end is affixed to the fitting attachment bore 74
either directly (as illustrated at the right-hand end of Figure 1) or as part of one of
the fittings of thc interconnection tubes discussed subsequently in relation to
Figures 6-7 and 9-10 (as illustrated at the left-hand end of Figure 1).

(0040} The stick 22 may be configured to perform any of a wide variety of
functions, depending upon the selection of the fluid components 48 and the
arrangements of the fluid-flow block interconnection tubes 58. In many types of
fluid-flow systems 20, more-complex arrangements of the fluid-processing
components are required. T'o achieve the higher complexity, multiple sticks 22
may be fabricated and mounted on the mounting plate 76 as illustrated in I'igure
8. In this case, three sticks 82, 84, and 86 are mounted to the mounting plate 76.
The configuration of each stick 82, 84, and 86 is substantially as described earlier,
except that the numbers of blocks, interconnections, and tlutd components may
be varied as necessary. In the illustration, stick 82 has 3 blocks, stick 84 has 6
blocks, and stick 86 has 5 blocks. Fluid interconnections between the sticks is
made using a fluid-flow stick-to-stick interconnection tube 88 that extends

between the sticks 82 and 84, or between the sticks 84 and 86, or between the
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sticks 82 and 86, as illustrated in I'igure 8. These fluid-flow stick-to-stick
interconnection tubes 88 are oriented generally perpendicular to the fluid-flow
block interconnection tubes 58. Alignment of the sticks and their interconnections
1s readily accomplished because of the rectilinear nature of the multi-stick
structure achieved through the use of the mounting holes 80 1n the mounting plate

76. The fluid-flow system of Figure 8 is not intended to relatc to any particular

system, but instead is presented as an illustration of some of the possible types of

fluid-flow interconnections within and between sticks, and external to the sticks.
10041] The fluid-flow stick-to-stick interconnection 83, shown in detail In
FFigures 9-10, is similar in structure 1o the fluid-flow block interconnection 58. A
tube 90 1s affixed by welding or brazing at each end to a respective fitting 92. The
fitting 92 has a flow passage 94 that is aligned with one of the fluid-flow through
passages 36 of the block 24. Fitting attachment bores 96 align with the fitting
attachment bores 74 of the block 24, and fasteners (not shown) inserted into the
fitting-attachment bores 74 fasten the fitting 92 to the block 24. The seals 57 are
used to seal the fittings 92 to the block 24 in the manner discussed earlier.
[0042] The components of the fluid-flow system 20 may be made of any
operable material. Preferably, the block 24 and the interconnection tubes are
made of type 316 stainless steel.

[0043] Although a particular embodiment of the invention has been
described in detail for purposes of illustration, various modifications and
cnhancements may be made without departing from the spirit and scope of the
invention. Accordingly, the invention is not to be limited except as by the

appended claims.
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CLAIMS

1. A fluid-flow system (20) comprising |

a first stick (22) having a first plurality of substantially identical first-stick blocks (24), each
first-stick block (24) being a plate having a front face (26), a back face (28), an edge face (30), and
at least two fluid-flow through-passages (36) extending between the front face (26) and the back face
(28), the first-stick blocks (24) being attached to each other by a first-stick block attachment
including a fastener (46) that extends through an attachment bore (44), the attachment bore (44)
extending through a first step and a second step when the first step and the second step are
conformably positioned;

at least one fluid component (48) affixed to the front face (26) of each of the plurality of

first-stick blocks (24), each fluid component (48) having ports (52) thereon, the ports (52) of each
fluid component (48) being in fluid communication with the respective fluid-flow through-passages
(36) of the first-stick block (24) to which it is affixed; and

a second plurality of first-stick fluid-flow block-interconnection tubes (58) external to the
first-stick blocks (24), each first-stick fluid-flow block-interconnection tube (58) being affixed to
the back face (28) of a first first-stick block (24) with a first end (60) of the fluid-flow
block-interconnection tube (58) in fluid communication with one of the fluid-flow through-passages
(36) on the first first-stick block (24), and also affixed to the back face (28) of a second first-stick
block (24) with a second end (62) of the fluid-flow block-interconnection tube (58) in fluid

communication with one of the fluid-flow through-passages (36) on the second first-stick block (24).

2. The tluid-flow system (20) of claim 1, wherein the first-stick blocks (24) are connected together

in a linear array.

3. The fluid-flow system (20) of claim 1, wherein the through-passages (36) in each first-stick block
(24) all lie along a single line extending between two opposite ends of the first-stick block (24).
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4. The fluid-flow system (20) of claim 1, further including mounting holes (80) extending through
a mounting plate (76), and a set of mounting feet (78), whereby the first-stick blocks (24) are aftixed

to the mounting plate (76) by fasteners extending through the mounting holes.

5. The fluid-flow system (20) of claim 1, further including a second stick (22) comprising

a third plurality of substantially identical second-stick blocks (24), the second-stick blocks
(24) being substantially identical to the first-stick blocks (24), the second-stick blocks (24) being
attached to each other by a second-stick block attachment including a fastener (46) that extends
through an attachment bore (44) extending through a first step and a second step when the first step

and the second step are conformably positioned ,

at least one fluid component (48) affixed to the front face (26) of each of the plurality of
second-stick blocks (24), each fluid component (48) having ports (52) thereon, the ports (52) ot each
fluid component (48) being in fluid communication with the respective fluid-flow through-passages
(36) of the second-stick block (24) to which it is affixed, a fourth plurality of second-stick fluid-flow
block-interconnection tubes (58) external to the second-stick blocks (24), each second-stick
fluid-flow block-interconnection tube (58) being affixed to the back face (28) of a first second-stick
block (24) with a first end (60) of the fluid-flow block-interconnection tube (58) in fluid
communication with one of the fluid-flow through-passages (36) on the first second-stick block (24),
and also affixed to the back face (28) of a second second-stick block (24) with a second end (62) of
the fluid-flow block-interconnection tube (58) in fluid communication with one of the fluid-flow
through-passages (36) on the second second-stick block (24), and

afluid-flow stick-to-stick interconnection tube (58) extending between the first stick (22) and

the second stick (22).

6. The fluid-flow system (20) of claim 1, further including an adapter plate (54) disposed between
one of the fluid components (48) and the respective block (24) to which it is affixed, the adapter
plate (54) having fluid-flow passages therethrough providing fluid communication between one of
the ports (52) on the fluid component (48) and one of the fluid-flow through-passages (36) of the
respective block (24).
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7. The fluid-flow system (20) of claim 6, wherein the adapter plate (54) comprises an auxiliary active

device.

8. A fluid-flow system (20) comprising
a first stick (22) having
a first plurality of substantially identical first-stick blocks (24), each first-stick block

(24) being a rectangular plate having a front face (26), a back face (28), a first pair of oppositely
disposed edge faces (32), and a second pair of oppositely disposed edge faces (34), and three
tfluid-flow through-passages (36) extending between the front face (26) and the back face (28) and
lying on a stick axis (38) extending between the first pair of oppositely disposed edge faces (32)
midway between the second pair of oppositely disposed edge faces (34), the first-stick blocks (24)
being attached to each other in a linear array by a first-stick-block attachment (40), wherein the first
stick-block attachment (40) further comprises

~a conformable step on each first-stick block (24) of an attached pair of stick blocks
(24), an attachment bore (44) extending through the steps when the steps are conformably positioned,
and a fastener (46) extending through the attachment bore (44);

one fluid component (48) affixed to the front face (26) of each of the plurality of first-stick
blocks (24), each fluid component (48) having ports (52) thereon, the ports (52) of each fluid
component (48) being in fluid communication with the respective fluid-flow through-passages (36)
of the first-stick block (24) to which it is affixed;

a second plurality of first-stick fluid-flow block-interconnection tubes (58) external to the
first-stick blocks (24), each first-stick fluid-flow block-interconnection tube (58) being affixed to
the back face (28) of a first first-stick block (24) with a first end (60) of the fluid-flow
block-interconnection tube (58) in fluid communication with one of the fluid-flow through-passages
(36) on the first first-stick block (24), and also affixed to the back face (28) of a second first-stick
block (24) with a second end (62) of the fluid-flow block-interconnection tube (58) in fluid
communication with one of the fluid-flow through-passages (36) on the second first-stick block (24);

a mounting plate (76); and

a set of first-stick mounting feet (78) and the mounting plate (76) including mounting holes
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(80) extending therethrough, affix the first-stick blocks (24) to the mounting plate (76) with fasteners
extending through the mounting holes (80).

9. The fluid-flow system (20) of claim 8, wherein the mounting plate (76) comprises a set of

rectangularly arranged mounting holes (80) to which the first-stick mounting feet (78) are attixed.

10. The fluid-flow system (20) of claim 8, wherein each of the second plurality of fluid-flow
block-interconnection tubes (58) is selected from a first fluid-flow block-interconnection tube (58)
having a length sufficient to interconnect adjacent fluid-flow through-passages (36), and a second
fluid-flow block-interconnection tube (58) having a length sufficient to interconnect two fluid-flow

passages separated by another fluid-flow passage.

11. The fluid-flow system (20) of claim 8, further including an adapter plate (54) disposed between
one of the fluid components (48) and the respective first-stick block (24) to which it 1s affixed, the
adapter plate (54) having fluid-flow passages therethrough providing fluid communication between
one of the ports (52) on the fluid component (48) and one of the fluid-flow through-passages (36)
of the respective first-stick block (24).

12. The fluid-flow system (20) of claim 11, wherein the adapter plate (54) comprises an auxiliary

active device.
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13. The fluid-flow system (20) of claim 8, further including
a second stick (22) comprising
a third plurality of substantially identical second-stick blocks (24), the second-stick
blocks (24) being substantially identical to the first-stick blocks (24), the second-stick blocks (24)
being attached to each other in a linear array by a second-stick-block attachment, wherein the
second-stick-block attachment (40) further comprises
a conformable step on each second-stick block (24) of an attached pair of stick blocks
(24), an attachment bore (44) extending through the steps when the steps are conformably positioned,
and
a fastener (46) extending through the attachment bore (44);
at least one fluid component (48) affixed to the front face (26) of each of the plurality of second-stick
blocks (24), each fluid component (48) having ports (52) thereon, the ports (52) of each fluid
component (48) being in fluid communication with the respective fluid-flow through-passages (36)
of the second-stick block (24) to which it is affixed, and
a fourth plurality of second-stick fluid-flow block-interconnection tubes (58) external to the
second-stick blocks (24), each second-stick fluid-flow block-interconnection tube (58) being affixed
to the back face (28) of a first second-stick block (24) with a first end (60) of the fluid-flow
block-interconnection tube (58) in fluid communication with one of the fluid-flow through-passages
(36) on the first second-stick block (24), and also affixed to the back face (28) of a second
second-stick block (24) with a second end (62) of the fluid-flow block-interconnection tube (58) in
tfluid communication with one of the fluid-flow through-passages (36) on the second second-stick
block (24),
a fluid-flow stick-to-stick interconhection between the first stick (22) and the second stick
(22), and
a second set of second-stick mounting feet (78) and the mounting plate (76) including
mounting holes (80) extending therethrough, affix the second-stick blocks (24) to the mounting plate
(76) with fasteners extending through the mounting holes (80).
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14. A fluid-flow system (20) comprising

a first stick (22) having

a first plurality of substantially identical first-stick blocks (24), each first-stick block (24)
being a rectangular plate having a front face (26), a back face (28), a first pair of oppositely disposed
edge faces (32), and a second pair of oppositely disposed edge faces (34), and three fluid-flow
through-passages (36) extending between the front face (26) and the back face (28) and lying on a
stick axis (38) extending between the first pair of oppositely disposed edge faces (32) midway
between the second pair of oppositely disposed edge faces (34), the first-stick blocks (24) being
attached to each other in a linear array along the first pair of oppositely disposed edge faces (32) by
a first-stick-block attachment (40) wherein the first stick-block attachment comprises

a conformable step on each first-stick block (24) of an attached pair of first stick blocks (24);

an attachment bore (44) extending through the steps when the steps are conformably
positioned, and

a fastener (46) extending through the attachment bore (44);

one fluid component (48) affixed to the front face (26) of each of the plurality of first-stick
blocks (24), each fluid component (48) having ports (52) thereon, the ports (52) of each fluid
component (48) being in fluid communication with the respective fluid-flow through-passages (36)
of the first-stick block (24) to which it is affixed:;

a second plurality of first-stick fluid-flow block-interconnection tubes (58) external to the
first-stick blocks (24), each first-stick fluid-flow block-interconnection tube (58) being affixed to
the back face (28) of a first first-stick block (24) with a first end (60) of the fluid-flow
block-interconnection tube (58) in fluid communication with one of the fluid-flow through-passages
(36) on the first first-stick block (24), and also affixed to the back face (28) of a second first-stick
block (24) with a second end (62) of the fluid-flow block-interconnection tube (58) in fluid
communication with one of the fluid-flow through-passages (36) on the second first-stick block (24);

a mounting plate (76) comprising a set of rectangularly arranged mounting holes (80);

a set of first-stick mounting feet (78) and the mounting plate (76) including mounting holes

(80) extending therethrough, affix the first-stick blocks (24) to the mounting plate (76) with fasteners
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extending through the mounting holes (80);

' a second stick (22) comprising

a third plurality of substantially identical second-stick blocks (24), the second-stick blocks
(24) being substantially identical to the first-stick blocks (24), wherein pairs of the second-stick
blocks (24) are attached to each other by fasteners extending through attachment bores,

at least one fluid component (48) affixed to the front face (26) of each of the plurality of
second-stick blocks (24), each fluid component (48) having ports (52) thereon, the ports (52) of each
fluid component (48) being in fluid communication with the respective fluid-flow through-passages
(36) of the second-stick block (24) to which it is affixed, and

a fourth plurality of second-stick fluid-flow block-interconnection tubes (58) external to the
second-stick blocks (24), each second-stick fluid-flow block-interconnection tube (58) being affixed
to the back face (28) of a first second-stick block (24) with a first end (60) of the fluid-flow
block-interconnection tube (58) in fluid communication with one of the fluid-flow through-passages
(36) on the first second-stick block (24), and also affixed to the back face (28) of a second
second-stick block (24) with a second end (62) of the fluid-flow block-interconnection tube (58) in
fluid communication with one of the fluid-flow through-passages (36) on the second second-stick
block (24),

a flmd-flow stick-to-stick interconnection between the first stick (22) and the second stick
(22), and

a second set of second-stick mounting feet (78) affixing the second-stick blocks (24) to the

mounting holes (80) of the mounting plate (76).

15. The fluid-flow system (20) of claim 14, wherein each of the second plurality of fluid-flow
block-interconnection tubes (58) is selected from

a first fluid-flow block-interconnection tube (58) having a length sufficient to interconnect
adjacent fluid-flow through-passages (36), and

asecond fluid-flow block-interconnection tube (58) having a length sufficient to interconnect'

two fluid-flow passages separated by another fluid-flow passage.
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16. The fluid-flow system (20) of claim 14, further including

an adapter plate (54) disposed between one of the fluid components (48) and the
respective first-stick block (24) to which it is affixed, the adapter plate (54) having fluid-flow
passages therethrough providing fluid communication between one of the ports (52) on the fluid

component (48) and one of the fluid-flow through-passages (36) of the respective first-stick block
(24).

17. The fluid-flow system (20) of claim 16, wherein the adapter plate (54) comprises an auxiliary

active device.
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