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One of the major factors determihing the sensitivity of a gas chromato-
éraphic apbaratus utilizing tuermal conductivity detectors is the flow rate of
the carrier gas. As the senSitivity is inversely proportional to carrier gas
flow rate, a l% change'iu flow rate is reflected. in avl% change in sensitivity
in the oppoéite direction. If control of sensitivity'of a gas chrcmatograph to
irO.l% is to be achieved, the gas flow rate muat be measured to better than 0.1%.

. Recently Noble, Abel and Cook (U4) have described an electromechanical
device for absolute meaaurement of low flow rates, but the usual method of
determining low flow rates ie by use of a bubble flcwmeter and a stopuatch.
Levy (2) has discussed the experimental parameters cf'the'bubble method and
analyzed the errors inherent in each parameter.

The experimental variables in the'bubble meter are- l) the tiﬁebof rise
of'the bubble between two fixed marks, 2) the volume between the marks, 3) the
temperature of the gas, L4) the pressure of the gas, and 5) the degree of sat-
uration of the gas with water vapor. As analyzed by Levy, by careful de81gn of
the apparatus, close control of temperature, accurate measurement of the pressure,

and pre saturation of the gas, each of these varlables, except time, can be

reduced to an uncertalnty of less than 0. 02% to O. Oh%
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The measurement of time is the most difficult to control. By use of a
stopwatch, reproducibility to *0.2 sec. Qith one oﬁserver is good and With'dif-
ferent ébservers it varigs as much as *¥0.4 sec. These errors were cut in half
when an electric timér (6>'with a one second sweep hand and controlled by an
'eiternal microswitch was substituted for the stopwétch. The basic problem ap-
. pears to be ih-making'reproducible decisions as to when the bubble crosses fhe
indéx mérk and ihjachieving reproducible reaction times.
| For gas chromatographic use, the %time interval of interest is.usually
betweeﬁ lO'séé.'and 120 sec. for displacement of a volume of 50 ml. Thus the
‘errbr.in time varies from 1 to 2% for the short inter&al to 0.1 té.O.E%-for thé
1bnéér interVal.. Most.ofbthe Qork we have encountered involves' flow rates of .
Lo to 120 ml./min.-where the timing errors areAO.B% to 0.8%. .

-In order to reduce timing errors to less than 0502%, an electronic
timer:has,been devised which 0perateé on the principle that fhe fixed marks on
‘the géé burefte are fepiacéd.by two. 0.25 rm. (10 mil.) diémeter'light beams
adfosé the'bﬁrette.‘ Interruption of the iower light beam by a bubble turns
on a .scaler which counts pulses from a 100 KC génerator and interruptibn of
the tép beam turns off the scaling circult. Thus timQS‘cah be megsured to
 ¢0;00001 seconds (or * one count of the 100 KC frequenc&). Qperator-bias is.
also removed since the decision as to when the bubble crosses the index mark
is determined by scatﬁering qf ﬁhevlight beam'by the bubble, and is hence made
in a reproducible manner at both the top and bottom index marks.
| A block diagram of the apparatus 1s shown in Fig.‘l. The gas entéféa
the thermosfated flowmeter (iO.OlO) throﬁgh a thefmostéfed presaturator. A

bubble ié formed in the usual way by means of a rubber’bulb, containing a i’
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‘bubble formiﬁg liquid. "Snoop” (5) was used as the bubble forming liquid as it
gave very uniform bubbles VhiCh retainea the same.dégree of flatness as théy'
'progreséed up the tube.: At the lower detectqr; tﬁevbubble interrupted the light
beam réducing the oufbut of the EN él75 photocell. . This change in photocell |
éuppﬁf,WaS amplified and'fed fo a trigger férming Eircuit_ﬁhiéh generated a
: start pulse. Thisrétart pulse activated the electronic switch and gatéd on.the
decade,scaliﬁg circﬁit. Thé scaling circuit then counted the pulses cominé from '
'é cryéta1>controlled 100 KC pulse generator. | |

The bubbie travéled up the t&be and passed the upper lightAbeam.‘-This
geﬁerated a'stbp pulse in the same manner as the start pulse was generated.
The electronic switch gated the‘scalerboff. The time for the bubble>to tra&el
_between the two light beams was then read directly off the scéler.

The volume between the light beams was calibrated by 1) the filling
‘with water and wéighing the water cbllected between the intefruptidn of the upper .
light beam and intefruption of the lower light beam, and 2) filling with mer-
cury and weighing the mercury collected in tﬁe same manner.- The water collec-
-_tion wés run as a function of drainage time. For a volﬁme of ﬁh.50 mli, the
;difference between water and mercury.calibrations was 0.10 ml. (1 min. water
’drainage)-and the water volume incfeased with increase‘inidrainage time. Thus
for ultimate absolute accuracy, the volume must be calibrated to take account
of the liquid film thicknéss on the gés burette at various rise times of thel
bubble,'this amounting to approximately a 0.05 ml. difference between the
volume collected in 1 minute and 3 minutes drainage times respectively, i.e.,

about 0.1% difference.
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Typical results for a Very fast flow, a‘medium flow, and a low flow are
shown in Table I. The fast flow.wasAregulated by the flow from a helium tank‘
fitted with a 2-stage pressure regulétor at 4O p.s.i.g., a ballast tank and a
temperature insulated Nupro Double Pattern Meteriné Valve (5). The medium and
~low flow rates were through a Moore flow regulator (3) (temperature insulated)'
with thé rressure 4rop coﬁtrolled-by the‘same type Nupro valve as above. The
foom was ﬁhermostatically controlled to 2510.50.

The results in Table I show that over most of the range from 20-500 -
ml./min, the reproducibility is bettef than 0,0l%. The Ereak to greater‘devia-
tions ~0.1% comes at about 30 ml./min., and this may Be a failure in‘operation
of the flow regulator rather than in thenbubble flowmeter.

‘ This flowmeter has been used, not as a working measure of the flow rate,
But ra£her as a primary standard to calibrate the working meters, Hastings
Flowmeters Model LF-100 (1). With suitable precautions regafding.bias and zero
settings, the‘output of these latter flowmeters when measured on a sensitivé

‘ potentiometer, was found to be reproducible to %0.10% between flow rates éf 30.
and 250 ml./min.,.and the calibration has heid for a period of six mbnths.4

This work was performed under the auspices of the U. S. Atomic Energy.

Commission, Contract No. W-7405-eng-L8.



Table I. Reproducibility of Bubble Meter Measurements Using Electronic Timing

Nominal F1§w~5zo ml/min.” . Nominal Flow~62,m1/min.* * Nominal Flow-g2 ml/min.™

- . A Trom S A from .. A from

sec. /4,50 ml average sec./Wt.50 ml  -average  sec./hk.50 ml average

5.12399 .0.00077 h2.9710 | 0.0028 118.80%1 0.2269

5.12340 | 0.00018 Lo, 9652 0.0030 | 119.0687 0.0023

5.12372 0.00050 42.9693 . 0.0011 - 119.2625 B 0.1915

5.12381 0.00059 k2,9610 0.0072 = 119. 2847 0.2138

5.1234k - 0.00022 h2.9650 : 0.0632' | 119.11k9- - 0.0439

5.1.2296 | 0;00036 2,966k  0.0018 118.9133 0.1577
As,12§o5 0.00017 h2.9732 'o.oosoA 118.8973 '0;1737.

5.12250  0.00082 h2.gr29 0.0047 119.0092  0.0618

5.12260 . 0.00062 1&2.9705 - 0.0023 119.1758 - 0.1048

5.12283 © 0.00039 42,9677 0.0005  119.1793"f"  0.1083 3

Average .,_ - 5.l23e2 0.000k45 h2.9682 = 0.0032 119.0710 _' 0.132k
% Average Deviation 0.0088 - - 0.007% . 1 0.110
% Maximum Deviation - 0.016 | - o7 ~ o.z2h
Flov Calcuwlated . 521.157 + 0.046 | -62.139 +:0.005 - 22.hk + 0,025
Flow STP (dry) - —>usb;131 + 0.040 - i53.67o_i.o.oou ~19.368 + 0.022

% ) )
10 consecutive measurements at nominal flow.
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_Fig. 1. Schematic diagram of appz—atus for electronically m
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FIGURE CAPTION

time in a bubble flowmeter.

T ———— =
COOLING A -OlODIA, r
coILs LIGHT |
o BEAM [

0-8v.D.C.

WATER— o] m]‘ i b= /
JACKET
' ELECTRONIC TOGGLE

SWITCH FOR
SCALER CONTROL

i
!
!
i
[
AMPOLIFIER r-—\-—i
!
[
|

' : OIODIA.
g%%gm\\b J ES?T v T T T 7
GE 1493 L,\l oI Mo 8 |
LAMP o ! 2N308 T, !
R E 500~
0-8¥0C. i NS ! :
J | '
W [ eusewe i !
- GAS—am !
FLOW } {
! |
“enoOP® : Mb' ™ 7|
LIGUID S0P ] \ |
Lozleva _ _AMPLIRIER
S

SCHMITT
TRIGGER

UCRL~-16584

CRYSTAL CONTROLLED
100 KC.
PULSE GENERATOR

OECADE
SCALER

R N |

»asuring displacement



]

This report was prepared as an account of Government
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