Internal Report
DESY B2-91-01

une

Loon panad:

Ey
L7

7

e

/

: 4+ hthek
'y liorary

2 6. NOV. 139

—

e
oys

Electronic Gasflowmeters for High Energy Physics

~

G. Kessler



fir den Fall der Schutzrechtserteilung und for die wirtschaftliche

DESY behdlt sich alle Rechte
in diesem Bericht enthaltenen informationen vor.

Verwertung der

DESY reserves all rights for commercial use of information included in this report, especially in

case of filing application for or grant of patents.

»Die Verantwortung filr den Inhalt dieses
internen Berichtss liegt susschiieBlich beim Verfasser”



Internal Report
DESY B2-91-01
June 1991

ELECTRONIC GASFLOWMETERS FOR HIGH ENERGY PHYSICS

by

Godehardt Keffler
DESY — B2 -

Mamburg, MApril 11, 1991 BI/Ke/ ke ”UPLIOOL .. TXT






Electronic Gas Flowmeters for High Energy Physics

1. Why do we need electronic flowmeters?

Detectars consist of many assorted types of components. They
comprise steel constructions, lead and iron shielding, liquid
argon systems together with their associated electronic and high
voltage systems. Not least they contain large volumes which are
largely filled with various gas mixtures, some of which are highly
combustible. These are the drift chambers, proportional chambers,
and so on, which are used for tracking the particles, and which,
for this reason are mechanically very delicate structures. They
cannot be tested for leaks by the usual methods, pressure and
vacuum, because they cannot withstand the forces involved. The
only remaining alternative is then to try to establish that the
di fference between input and output flow rates of each moadule’ is
so0 low that one can be certain that no dangerous buwild up of
combustible gasses can occur in the experimental halls. Now we
know why flowmeters are necessary, paragraph 3 explains why
electronic flowmeters offer the best solution.

2. Comparison of the technical possibilities for measuring small
gas flows.

It is possible to measure gas flows to an accuracy of 1-5%. It
therefore follows that if input and output flow rates are
compared, losses due to leaks can only be detected when the leak
rate exceeds 1-5% of the total flowrate. Usually the gas for a
detector is supplied from a single scource and then close to the
chambers is distributed to the individual modules, the outputs
from which are then reunited and retuwrned to the gas system. By
measuring the rates in common flow and return lines, with a
typical flow rate of, say, 5,000nl/h it is possible to detect
leaks of 250nl/h. This is inadequate for combustible gasses. If we
measure the flows in the individual channels the same accuracy
levels, 1-5%, are achievable, and so it can be seen that by
measuring the flows to the individual modules, after distribution,
one can get down to a leak rate of the order of <0.01%4 of the
total flow. This is an acceptable level.

3. Which measuring technique?

In many cases flow rates can be measured at the input and output
of a chamber by observing the height to which a body rises in a
tapered tube due to the gas flowing past it, the so-called
"rRotameter". If a pressure drop of 1-Zmbar can be tolerated then
this is a solution. Rotameters and many electronic flowmeters
cause a pressure drop of 1 — Smbar and for the pressure
sensitivity of the chambers under discussion this, on the output
side, is already too much. An electronic flowmeter with a
practically negligible (§p % 0.05mbar) pressure drop -an, however,
be built. A further advantage of electronic flowmeters is that
readout by a computer enables continuous monitoring and recording,
and furthermore, alarm levels can be set which means that human
assistance need only be called when the situation demands it. In
choosing a measuring system the requirements of negligible




pressure drop together with automatic readout were considered to
be particularly important. One particular electronic transducer
fulfills both of these requirements simultaneously.

4. Principle of operation.

Right from the start it was decided to look for a commercially
available system which, in callaboration with the manufacturer,
could be modified for this particular application. A search
through the catalogues revealed an electronic anemcmeter™ which
works on the principle of dependence of heat loss with air speed.
It uses two very small temperature dependent resistors,
(thermistors, dx0.Smm), both of which sit in the air stream. One
of these measures the air temperature while the other is
maintained at a constant elevated temperature with respect to it.
The heat loss of the warm thermistor is then a function of the
rate of flow of air over it. The heat transfer coefficient is
described by the following equation:

x = Constant + (W + Cp)e-7R6 . Ho.Z14 . (O.16
Where x = heat transfer coefficient; w = air speed; op =
specific heat of airj; X\ = thermal conductivity of air and d =

diameter of the heated thermistor. The heat transfer from the
heated thermistor is then seen to be proportional to we-7896€,

The heating enerqy is measured, and as the airspeed increases so
the energy required to maintain a constant elevated temperature
must increase.

S. Temperature compensation

By using a second unheated thermistor of the same type, mounted in
the air stream close to the heated one, a constant temperature

di fference of say 100°C is held, and so the heat loss is a
function of air speed and independent of ambient temperature.

This results in a temperature compensated measurement over a
sufficiently wide range.

6. Application of the anemometer to other gasses

This principle of operaticocn is clearly not restricted to air, but
by appropriate calibration can be used for other gasses since the
heat loss a is a function of the condusctivity A, other things
staying constant. The commercially available anemometer from the
company Frosser in Ipswich, England, works on the principle
discussed above and is intended for air velocities in two ranges
af 0.1 to Sm/sec and 1 to 30m/sec.
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7. Limitations affecting accuracy and setting of alarm levels

A temporary difference between input and ocutput flow rates does
not necessarily mean that there is a leak. This can occur when
temperatures and pressures in the chamber are not held constant. A
typical example of an apparent "leak" is caused when the
barometric pressure changes, and is dependent on the valume, (V.2
of the individual chamber modules and the rate of -hange of
barometric pressure, (db/dt). In Hamburg, in extreme cases db/dt
can reach * 5 mbar/h, and value of * Zmbar/h are common and can
last for quite long times (6 - 20 h)., Such atmospheric pressure
increases cause apparent leaks in the chamber of about 0.2% of its
valume/h. In determining the gas flow in a chamber cone must allow
for such temperature and pressure gradients and set it high enough
to cover both eventualities. A gas flow of at least 4% of the
chamber volume per hour therefore should be chosen.

8. Technical specification of the flowmeter

The technical specification of an electronic flow meter system

becomes clear from the previous discussion.

a. The pressure drop of the transducer in its working range must
be % 0.0Smbar.

b. The measuring system must be capable of tripping alarms at
preset levels.

z. Automatic monitoving by means of a multiplexed switching system
together with a computer or other data logger must be possible.

d. An accuracy of * Z.5% must be achieved.

9. Optimum operating range

For air speeds between 0.03 and 0.45 m/sec the measured value
increases linearly with air velocity, and therefore this is the
optimum vange, but the system can be used up to 30m/sec. Above
Q.45m/sec the ratio of increasing signal to increasing speed,
di/dw, decreases with increasing air velocity until at S0m/sec.
its value becomes zero. Increasing the flowrate beyond this point
causes no change in the signal. The specific pressure drop, dp in
a pipe of length Im, is proportional to wo. The index n varies
between 1.7 and 2 according to geometry and air speed. Assuming
the conditions that &p < O0.03mbar for a smooth pipe of length 1m
and that the sensor -auses negligible pressure drop, for argon
(20° and 1bar), the following table shows the relationship
between maximun flow rate V and speed of gas w as a function of
pipe diameter:

ds = <4mm Q = S,0 nl/h w = 0,11 m/sec
dy = Smm Vv = 12,0 nl/h w = 0,17 m/sec
dy = 6Emm Vo= 25, 2 nl/h w = 0,25 m/sec
d: = Bmm v = 78 nl/h w = 0,43 m/sec
dy = 10mm ¢ = 192 nl/h w = 0,68 m/sec
ds = 13mm vV = 552 nl/h w = 1,40 m/sec

After many years of experience it has been found that a flow rate
aof 10nl/h per channel is typical and so the system was designed
with di = Smm. If larger flowrates are required then the existing
canstruction allows modification to da = 6mm without alteration of
the external dimensions.
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10. Positioning of the transducer in the pipe

It is well known that the distribution of velocities across a
section of a pipe under laminar flow conditions is parabolic,
while in turbulent flow, outside the boundary layer it is flat.

In figure 1 it may be seen that there is a point at which the twao
curves cross, and it is therefore sensible to align the two
thermistors such that the heated one lies exactly at this radius.
In this position the transition from laminar to turbulent flow
does not cause a step—-function in the measurement. Failure to take
such details into account would cause irvegularities, at least
hysteresis, in the measurements particularly in the transition
region, i.e. it would be practically useless in the Feynolds
number range 1,600 to 2,300. In order to achieve high accuracy the
gas stream around the transducer must be uni form, and this means
choosing the longest practicable staight section for the
measurement channel. On the other hand this is limited by the
requirement to install 6 to B crates each with 20 units in a
standard 19" electronic rack.

11. Constructional details of the DESY/PROSSER flowmeter

Figure 2 shows that the mechanical construction is a compromise
between the longest possible measurement channel and the minimum
height of a unit. The individual tubes =f Smm internal diameter
are 45mm long. A transistor header with three hermetically sealed,
electrically insulated pins has been chosen as a carvier for the
two thermistors. They have the additional advantage of being cheap
and readily available. The electronic printed circuit board is
soldered directly onto this header abviating the need for an
additional connector between the electronics and the actual
transducer. The distance between the two thermistors should be as
big as possible in order to achieve a good zero stability. The
heated thermistor must also be positioned in the measurement tube
as described in 10 above and illustrated in fig.2. Details of the
transistor header with the thermistors are shown in fig.3.

20 such dual measuring systems are mounted on a single aluminium
chassis to which the supply and return connectors are fixed
together with the individual flow control valves (Kuhnke Type No.
SP 747.0129). Together with its power supply and multiplexed
system for automatic readout of the individual flow and return
rates far 20 chamber channels this crate only takes up Z68mm of
height in a 19"standard rack. The aluminium chassis and the
measurement tube units are so desigrned that they can be
economically and accurately produced on numerically controlled
machines. In general the screw fittings, seals and valves are
standard items in the business of hydraulics and pneumatics and
are therefore produced in large numbers which makes them cheap.The
Prosser electronic unit requires SOmA at 215 volts D.C. per
channel. Since there are clear advantages in having a lacal
analogue display on the crate it has been equipped with a "Bar
Graph Indicator”



12. Evaluation of the results measured on the prototype

It was necessary to know what flowrates are possible using the
Fuhnke control valves SF 747.0123 and so an experiment was

per formed using a s2ap bubble counter to measure flowrates of
argon, helium, CO0z and air, dependent on supply pressure at the
valve and number of turns of the valve spindle. The values in the
following table are averaged, since individual valves have shown
measurable differences fom one ancther; 0,0 turns means the valve
is fully closed. At a supply pressure of 1,5 bar absolute the
following flowrates were measured for argon:

1,0 turns V= 0,4 nl/min oY 24 nl/h
2,0 turns V= 1,2 nl/min oY 2 nl/h
2,0 turns ? = 2,2 nl/min ol g 32 nl/h
4,0 turns Vv = 3,2 nl/min oY 132 nl/h
5,0 turns V = 4,5 nl/min or 270 nl/h
€,0 turns V = 5,8 nl/min oy 348 nl/h
7,0 turns V = 7,2 nl/min or 32 nl/h
8,0 turns V = 8,2 nl/min or 438 nl/h
3,0 turns V = 9,8 nl/min or 988 nl/h

The effect of doubling the supply pressure to 3 bar absolute was,
to a first approximation, to double the flowrate.

If, for example, the system is calibrated for a maximum flow of
30nl/h argon then the signal voltage and flowrate are almost
linearly related. A second important result of the tests was that,
regardless of whether a given flow is achieved by increasing or
decreasing the flowrate from the last value, the DESY/PROSSER
flowmeter exhibits no hysteresis, as may be seen in figs. © - 8.
Changing the gas in use, e.g. from argon to C0z causes the
constant of proportionality to change by about a factor of two,
and shifts the origin. This means that a change from argon to C0z
at about half the flowrate can be made without the need for
recalibration. This is illustrated in fig. 9. The electronics
developed by Frosser allows for adjustment to suit various gasses.
The largest differences are seen in hydrogen and helium, (see
figs. 10 - 13, since they have much greater thermal
conductivities than air. As can be seen from the results, when
changing from one gas to another it is not absolutely necessary to
recalibrate the instruments. From a safety point of view it is the
difference in input and output flowrates which count and not their
absolute values. After changing gasses it takes a while to flush a
chamber completely and, of course, until the input and ocutput
flowmeters are measuring the same gas or gas mixture one must
accept this difference. A similar effect is seen, as already
discussed, if there is a change in atmaospheric pressure or chamber
temperature.

13. Prices and costs of the system

Commercially available instruments working on this principle are
very expensive. They cost between DM 2.000,~ and DM 3.000,—-., This
was the reason for starting this collaboration with the
manufacturer of the anemcometer, Frosser Scientific Instruments, to
try to find a way of producing a realistically priced multichannel
electronic flowmeter where every channel needs two measurement
systems. Now that 42 prototypes have been produced an accurate




estimate of the costs can be stated to be close to DM 600, ~ per
channel., This includes all mechanical components, the dual
measurement channels together with their thermistors and
electronics, the needle valves, bargraphs, alarm indicators and
the screw connectors for the tubes to and from the chamber.
Additiconally 1/20th of the cost of the aluminium chassis, the
power supply and wiring is taken into account. What is not
included is the inter face between this crate and the computer
where the signals are digitised and automatically read out.
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KUHNKE control valve SP 747.0129
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Electronic flowmeter
medium: hellum
pressure: 1,0 bar temp.. 20 °C
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Electronic flowmeter
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Electronic flowmeter
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Figure No.

Chassis with 20 dual flowmeters
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