A Microleak Calibrator For Orifices

A positive displacement standards measuring device is used to
establish standard orifice flow rates and to calibrate or measure
the unknown flow rates of other small aperture orifices
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It is no longer necessary to struggle with a needle valve to
establish control of gas flow rates. As an alternative, flow
rate calibration of small diameter pinhole orifices o1
apertures used for low volume, low pressure air or gas flow
rates is provided by use of the Lenox Laser "Positive
Displacement Standards Measuring Device" illustrated in
principle in Figure 1. This device is similar in function to a
u-tube manometer and is a liquid reservoir with a gas input
pressure port above the liquid and a small internal bore
(capillary) tube immersed in the liquid. The orifice to be
measured or calibrated is placed in the gas input line. The
conditions of flow measurement for orifices are control and
knowledge of the high side air pressure in pounds/square
inch gauge (PSIG). With reference to Figure 1, the gas flow
of the low volume, low pressure side of the orifice pushes the
reservoir liquid upward through a vertical, open-ended
capillary. Two lamp-photo detector assemblies are mounted
on the outside of the capillary tube, separated by a nominal
distance. As the liquid rises past the lower photo assembly
(point A), a change in light level occurs and time mark event
"A" is registered. Time mark event "B" is registered when
the liquid rises past point B, the upper photo assembly. A
computer is used to record events A and B and, using a
measured constant, the elapsed time is converted into a flow
rate in cubic centimeters per minute (cc/min.) for the orifice
under test. The diameter of the capillary bore is transparent
to the function of the system. Larger diameter capillary
bores are required for greater flow rates.
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Standard atmospheric conditions are described as 68°F and the standard volume is referenced to the
pressure of 14.7 pounds per square inch absolute (PSIA) or 29.92 inches of mercury. PSIA is
referenced to a vacuum or the absence of pressure. When a pressure gauge is open or exposed to
ambient air, it reads zero. With reference to absolute pressure, this zero is actually 14.7 PSIA.
Pounds per square inch gauge (PSIG) is any positive pressure indicated by this gauge. If a gauge
reads 15 PSIG, on the absolute pressure scale this is 15 + 14.7 or 29.7 PSIA. For our measurements,
the units of volume are cubic centimeters per minute or cc/min. Standard CC/Min. (SCCM) are units
of volume measured or calculated under the "standard" temperature and pressure conditions described

above (68°F and 29.92 inches of mercury).

Discussion



Flow measurement testing for orifice calibration is accomplished by using 15 PSIG air pressure exhausted to
atmospheric pressure (zero PSIG, 14.7 PSIA) as per the "air pressure in" shown in Figure 1. This PSIA
pressure ratio is slightly greater than 2 to 1 and is therefore in the "critical flow" range. Critical Flow is
defined as the the condition when the velocity through an orifice reaches the speed of sound and, as a result,
remains constant. Several variables in flow measurement calculation are avoided if the measurement
condition is in the critical flow range. The critical flow range achieved by using 15 PSIG is therefore
desirable. The flow will be critical if the low pressure side is 50% or less than the high pressure side. As the
high side pressure increases, the velocity through the orifice will not increase. However, the weight of air per
minute or the standard units of volume per minute will increase in a manner directly proportional to the
absolute pressure or density.

The flow rate for air at 15 PSIG is described by the following function: Flow in cc/min. = 0.01749 X the
square of the orifice diameter in microns. Lenox Laser provides a flow reference table from this function,
outlining flow in cc/min.@ 15 PSIG for a selection of orifices ranging in size from 0.5 to 2000 microns in
diameter. The major remaining variable in flow calculation in the critical range is the molecular weight of
the gas. The function which describes the numerical "flow adjustment factor" for gases of molecular weights
other than air is available through Lenox Laser graph plots. For example, the molecular weight of helium is
4. The graph shows the correct factor to be 2.76. We may state that, with all conditions being the same, 2.76
more units of volume of helium will pass through an orifice than that of air.
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Orrifice

Numerous other factors influence the flow through an orifice.
Two of the more important factors are the shape of the edges of
an orifice and the flow approach velocity at the inlet to an
orifice. Bourdon tube gauge pressure measurements will remain . ..
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measurements must be compensated for large temperature or
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Positive Displacement Measuring Device

The Lenox Laser "Positive Dlsplacement Standards Measuring

Device," shown in Figure 2, is a versatile, more practical
version of the Figure 1, "Positive Displacement Method"
device. The method and function of the Figure 2 device is the
same as the Figure 1 device. The Figure 2 device is smaller

- and easier to use. The valves allow a quick transfer of flow rate Liquid Reservoir
range from the smaller diameter bore capillary tube to the (Manifold)
larger. The ease of management and measurement of a wide Figure 2
range of orifice diameters and concurrent flow rates is assured NOIE:

. . : This article was published in edited text and
with the Figure 2 device. format, on page 29 of the December 1996
issue of Lasers & Optronics.



