By Bob Markiewicz pressure, which is the pressure in the system by the

component being flowed. This pressure is regulated
arting has the advantage of being inexpensive, at ?0 that asb things cha(?ge itr:s kg,pt consistent so that
. low can be compared to other data. Remember that a
least w"?“ comparpd to other forms of racing. In my head flowed at 10” H20 flows less than that same head
observations, experience goes a lot farther than money  fiowed at 28" H20. This means that the test pressure
when it comes to being competitive. This is proven by  must be kept stable for a test and recorded with the fiow to
. : - - give it a relative meaning. Twenty CFM of flow means nothing
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sometimes the money isn’t always available to have

the best equipment, especially on the engine builders’ -~
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| side where equipment can get really expensive. This
| 1 forces builders to be creative and utilize the resources e n s r“ I
| available to the fullest.
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b A flowbench can be a huge investment. A stand
i alone model can easily cost upwards of $8000. Even
the bench-top models will set you back at least $3000 :

by the time you include the fixturing, and some of these §. . NS | g - - L ; S Bt ok 5
:ll aren’t even computerized. In this article we will discuss R

the steps involved in building a bench which can save
,; ' you a lot of money if you have the time to dedicate to this
l project. Last month we looked at how a bench works,
m discussing the components it is made up of: a pressure {8
| source, a flow device, and a measurement component.
| We also discussed the fact that

1 most benches utilize a sharp [\ side Back
edge orifice to measure flow and | 335x24 28.5x 335
i we will also utilize this type of
| orifice on this bench build up.

To recap, the sharp edge [gigntside Middle Shelf
| orifice works by forcing air to flow S x 24 AL x 25
through a thin plate with a hole in
it. When the air flows through this
restriction, a pressure is taken
from one side of the plate to the L | FIGURE 2|

otherand this pressure differential [, Plonum Front || Cablaet Erant
becomes a measurement of the 28.5x 22.5 285x 18 28.5 x 13.125
flow. Because it is so simple,
and nothing can really change
with the measurement device,
it is very repeatable, accurate,
and similar to most all other
manufactured flow benches. We

also talked a little bit about test
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to be repeatable more so than accurate. Even though accuracy is important for
comparison to other data, repeatability is what allows us to test for that last little
bit of horsepower. It had to be upgradeable and able to flow anything from kart
heads to full size automotive heads, this would leave the door open for making
more money in the future by having the ability to move into other markets. It
had to look professional, if it didn't, others may question the validity of your
work. And, it is always good to be proud of the equipment in your shop. It also
had to be computerized, reading manometers and writing down numbers was

| FIGURE 3|

Qty. Part Total Cost
2 Melamine Plywood $ 55.00
1 24” Florescent Light Base $797
1 24" Florescent Light Base $5.98
1 6x6x4” PVC Electrical Enclosure $12.49
1 11-17” TV Wall Mount $29.99
1 White Egg Crate $6.30
2 Easy on Hinge $8.00
1 Cabinet Knob $2.00
1 Cabinet Door Support Stop $2.00
3 6' sections of 1.5"x.125" angle iran, for light support $22.00
1 Quart of fiberglass resin $10.79
3 Generic paint brushes $3.00
2 3 sections of 1” aluminum angle, for trim $5.00
4 General 2" wheel casters $20.00
1 8ft 2x4 $4.00
| 2 8ft 2x2's $5.00
‘ 10ft 6” PVC $25.00
| 6" PVC Flanges, Mcmaster Carr PN 4881-k221 $ 60.00
; 125" Aluminum for oriface plate and bench top $ 40.00
| Miscellaneous PVC $15.00
i Miscellaneous electrical $ 40.00
| 2" drywall screws $6.00
| Miscellaneous supplies, drill bits, silicone, saw blades $20.00
| Performance Trends Black Box and Software $ 899,00

—
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not an option; remember, we want something to be proud of and utilize foday’s
technologies. Most importantly, it had to be affordable and a value for your shop.
It would take a long time to get $8000 out of a flow bench doing kart heads.
Not that a good manufactured bench doesn't have many advantages, but this

bench will be in the range where even a diehard hobbyist engine builder could
afford it.

The basis of the bench stems from the electronics and for this | went to
Performance Trends™. After looking around they ended up being the best bang
for the buck using the above criteria. They have their Black Box which is set up
to do exactly what we want and it reads directly to their Flow Analyzer software
which is a very complete software package. Some of the other systems offered
either good value or adaptability but not both. The Black Box comes fitted with
three transducers; two for measuring the differential pressure across the orifice
and one for measuring the test pressure. Once the software is installed and the
bench is hooked up to your computer by a serial cable, you are ready to flow
parts. Now we just need something to hook it up to.
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After consulting with many text books and Kevin at Performance Trends™,
the bench ended up having to have more than just PVC for ducting. A plenum
or box below the test piece allows for a more stable flow measurement, and
ultimately more accurate results. Not that a complete PVC bench isn’t accurate,
but one of the criteria is to have a highly repeatable bench. This led us to having
a flow bench that looks similar to current benches on the market, which was
also what we were looking for. Performance Trends™ suggested that because
we may want to flow big car heads on the bench to go with 6” PVC to make sure
that we don't run out of flow area when high volumes are needed. One concern
of mine was that with running a 6" pipe to say a 1" orifice plate that the pressure
differential signal would be very weak. This proved not to be the case and
actually by design the turbulent flow of the bigger pipe is more like the designs
of other benches and in the end worked out great. Six inch PVC is a little harder
to find and more expensive, but it is cheaper to buy it up front than to have to
change it later.

We have now established that we need a plenum and six inch PVC tubing.
Figure #1 shows the initial design of the bench. It was laid out with a light bar
and shelf on top with a peg board back, which is optional since it is not functional
and also included a lower cabinet to keep the Black Box and flowing supplies
in. The bench ended up being 30"wide x 23.5" deep x 72 high not including
the PVC out the side. This gave a substantial plenum volume and also gives
the operator some room to work on the top of the bench. The light bar and peg
board gives an area to hang supplies and mount gauges. The plywood used
for the construction was Miramax, or laminated particle board. This had two

| CONSTRUCTING A FLOW BENCH

advantages. First it didn’t require painting on the outside to look good, and it
helped seal the plenum from an air leak which is essential for accuracy. Wood by
itself will leak air through its pores and that is something that we can't have. The
light bar was made out of 1.5" angle iron that was bought at the local hardware
store. The light bar did require a little expertise to construct since some welding
was required.

Let’s walk through the construction of the bench step-by-step.

= I Here is a general list of supplies needed for the bench but keep in
mind that your bench may require more or less depending on how you lay it out.
Remember, the bench design itself is not as critical as the components used.
Feel free to be creative and change the size or features of the bench. See Figure
3 on page 51.

ER=< E The main cabinet and plenum of the bench were constructed from
laminated particle board called Melamine, it is available at any local lumbar yard.
Two 4 X 8 sheets are required for it, along with 16 feet of 2x2's for supports.
Figure 2 shows how the bench is cut out of the plywood. The bench was
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held together using 2" drywall screws. It is very
important to utilize a special drilling countersink bit,
like the one on page 50, so the screws hold securely
and to keep the boards from breaking out.

EX=EZEN The dimensions of the bench were
laid out onto the plywood and it was cut using a
straight edge secured to the plywood by C-clamps.
(Figure 4) What this did was allow for a perfectly
straight cut which is essential for getting the box
to seal when assembled. Don't try to free hand
this because the ability of the bench to seal air is
essential for accuracy.

ERE=Z B Once cut, the bench must be screwed
together. It is very important that screws are placed
generously in the plenum area of the box. Anything
more than 3-4" between screws may allow air to
escape the box and give artificial readings. The
box was assembled by first drilling and screwing
the side panels to the back of the box as shown
in Figure 5. Make sure to use a good construction
adhesive between all the joints, this helps stiffen
the box and seal any leaks.

EXE=Z B The center shelf was then installed at
17.25” to the center from the top edge. A bar clamp
was used to hold it in place while the screws were
installed. Notice how the board in the example isn't

online store

laminated? This is what happens when you try to
do the project with one sheet of Melamine; you run
out and end up scrounging for scraps. Save your
self an extra trip to the hardware store and get two
right away.

ESESZ G Next the bottom is installed keeping
it 1.5" from the bottom of the sides. This allows for
2x4’s to be installed on the bottom to give support
to the casters that will be installed later (Figures 7
and 8).
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E30=Z I The front faces can now be installed.
The lower face gets hinged to create the cabinet
and the upper one is mounted solid to create the
plenum. We used concealed hinges so they could
not be seen to give a clean look to the bench
(Figure 9).

SR EX The top is the most difficult to install
because it was made to be removable. This required
installing a 1x2" or 2x2" board around the edge
3/4” down to screw the top to. This also gave the
box added support. Make sure to put glue behind
the 1x2's to keep air from leaking behind them. The
top can then be drilled for installation, but don't
install it yet (Figure #10).

EXE=Z BN A TV wall mount was added to give a
place for the laptop to sit. Because the bench will be
ran off of the computer it is very import to construct
your “cockpit” in a manner that will allow you to
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comfortably and efficiently use it. The mount used was
a standard 15" TV mount from a local hardware store
(Figure #11).

EXE=Z ] Next a 6” hole is laid out on the right side of
the bench. This hole is offset towards the bottom of the
plenum to allow the air to settle out before it enters the
measured piece located at the top and give an inaccurate
reading. The hole is cut out using a jig saw. Make sure to
use caution, big gaps around the pipe will invite air leaks
(Figure #12).

FIGURE 11

ERES KR Two 24" pieces of the 6” PVC can then be
cut. One way or another the cuts must be made square
at the ends, using a chop saw works good but if other
methods are used make sure to sand the ends square.
One of the 24" pieces can then get installed into the box
with 4" sticking out, which allows room to install the
flange at a later time. A chunk of 2x4 is installed at the
end of the pipe in the box and screwed to the floor and
then the pipe to hold it in place; a hole must be drilled
through the bottom edge of the pipe to do this (Figure
#13).

 FIGURE 12|
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L CONSTRUCTING A FLOW BENCH

FIGURE I's

Eai== KB At this point | took the time to place
silicone on all of the joints of the box. Make sure
to get around the tube and underneath the top
board mounting supports! A general indoor/outdoor
window sealant was used for this.

ERi== KED Next an egg crate was installed on
the far end of each of the 24" PVC pipes. This can
be bought at any hardware store under the lighting
section, (it is used to go over florescent lights in
drop ceilings). It is cut to the inside diameter of
the pipe and then super glued in place at a couple
spots. See figures 14 and 15. What this does is help
straighten the air out going to the measurement
orifice and make for a more accurate reading.

3= I To make extra sure that the inside of
the box is sealed it was coated with fiberglass resin.
This step is a must for accurate testing results! The
inside of the box and the bottom of the top were all

coated with at least one coat installed with a brush.
The more coats the better because it will help
eliminate any chance of leakage (Figure #16).

2= KB Next the flanges which hold the orifice
plate can be installed. | machined mine to have
a recess with an 0-ring seal to make sure that it
seals tight to the orifice plate, but, it is said that
foam tape can also be used and the flanges left as
received. The flanges were ordered from Mcmaster-
Carr under part number 4881K221, which are 6"
PVC flanges and two are required. Figure #17 gives
and example of how they were machined.

FIGURE 15

When the flanges are done to your
liking they can be glued to the 67 PVC, the one in
the box, and the other that is not yet installed. What
this does is give you the place in the pipe for the
orifice plate to sit between when they are bolted
together. Big 3/4” bolts are required to bolt these
together so if you local hardware store doesn't have
them it is then easiest to order the bolts when you
order the flanges (Figure #18).

E25=2 K Notice how in Figure #18, two 1/8"

brass tubes have been drilled into the flanges on
each side of the orifice place. This will be where the
Black Box actually picks up the signal to measure
the pressure differential to obtain its flow reading.
These tubes should be installed so they just fit
through the hole you drill and so they are flush with
the inside of the pipe within 1" of the measuring

FIGURE 17
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orifice, the closer the better.
Make very sure that these
seal to the inside of the pipe
S0 you can get accurate
pressure measurements
of the inside of the pipe,
this is very important. This
bench had the tubes sealed
with epoxy.

EREZE The  test
pressure tap is installed
in the plenum of the
bench in an area that is
not disrupted by air flow.
Somewhere away from the
measurement piece and the end of the PVC pipe is preferred. This one was
installed on the right side at the top back corner. A 1/8” brass tube was installed
through the box and sealed with silicone (Figure #19).

SE=@ I

The top of the box can

then be installed. The -

top for this bench was >

originally installed with

foam tape so that it

could be removed if

something needed to be ot
done to the inside of the
box. It ultimately ended
up getting siliconed
down because of a
couple residual air leaks
that didn't want to seal. |
would try the foam tape
first to see if the leaks can be eliminated without gluing it down.
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Now that the top has
been installed, a hole
should be cut to allow
for the test piece to
be installed. The kit
that was ordered from
Performance Trends™
included an adaptor for
a small block Chevy
and small block Ford
bolt pattern. For this
bench this adaptor was
mounted to the top of
the bench but biased a
little towards the front : e

so the test piece could U@ il pmevaits
be easily reached. A 4” : -
hole was drilled under
the adapter into the
plenum. The adaptor
was mounted with 4"
bolts.

EXE=ZEX The back of the bench had a 1.5” angle iron back installed with a
top shelf to mount a light too. This was welded together and just screwed to the
back of the bench. This can be whatever you want it for it has no function other
than convenience. This one had polished diamond plating bent around the top
for cosmetics and peg board installed on the back for hanging test devices off
of. The total height of the back was 68" to the bottom of the bench (Figure #20
shows this design).

EXE=Z 28 As can be seen by figure #20, diamond plating was also put on
the top of the bench. Not only does this make it look better. but it also gives
you a harder surface to work off of. Anything could be used for this, stainless,
aluminum, steel, etc. but | recommend putting something on the top to protect
the bench.
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. HGURE 21
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ERE=ZZE Now that the bench is pretty much
complete it is just a matter of wiring it up. When it
comes to wiring, especially 110 volt systems it is
recommended that only a qualified technician do it.
This bench was set up with an 8" plastic electrical
box mounted to the sides and two industrial
switches installed. One that would turn the bench
on, this included the power for the laptop, the Black
Box, and the light. The second switch was wired to
an outlet that will be used for the pressure source
(shop vac) to turn it on and off as needed. The
switches were basically just wired to outlets that
were mounted through the lower cabinet that could
then be used to plug the different components into.
Figures #21 and #22 help illustrate how this one
was set up.
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EZ The final step to finishing the main part
of the bench is the hook-up of the Black Box. The
Black Box goes into the lower cabinet. A short piece
of 2" PVC pipe mounted by drilling through the side
of the box to get power and the pressure lines to the
box. Basically the box is just a matter of hooking up
the two pressure differential lines (one from each
side of the orifice plate) and the test pressure which
is taken from the tap we installed into the plenum.
Figure #23 shows the lower cabinet with the Black
Box installed. Performance Trends™ has a lot of
information on the build up of the bench and how to
hook everything up in the manual that comes with
the purchase of the Black Box.

This should help you get started with the
construction of a flowbench. Remember, this is not
a set in stone design, this design fit the criteria laid
out in the beginning of the article; your criteria may
be different. What it does do is lay out some of the
basic principles and designs that could be utilized
to construct a bench. This design could be followed
closely because in the end the design worked out
very well.

In the near future we will take a look at what
it takes to finish off the bench including hooking up
the pressure source, coming up with a way to adjust
the test pressure, and using it to flow a head. We

WWW. kg ka rt' n g. |t will also talk about sizing the measurement orifice.
. . . Finally we will also see how repeatable the results
Gauge email: kgusa@kg ka r tl ng.lt are and look at some of the ways to utilize a bench
Bracket 72 1 for development. -7y
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