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A B S T R A C T

A device for measurement and remote direct reading display of the
flowrates of streams in a radiochejnical plant is described. The
device is interposed in the measured stream and consists of a
syphon pot with a specially developed attachment on the discharge
line. Differential pressure switches are used to trigger a timer
device at set levels in the pot and the time required for filling
the pot during each cycle is measured and is used to compute and
display the flowrate.

The device is accurate and reliable and is simple to fabricate
and install. It is maintenance-free since it has no moving parts.
It is also suggested that a manometer with conductive contacts
could be used in place of the d.p. switches.

The background and various stages of development of the device
are described. The operating data is tabulated and parameters
required for plant applications are indicated in detail. A simple
method to detect and correct for errors due to drift in d.p.
switch setting is also outlined. Sketches of typical syphon pot,
the schematic of the apparatus and suggested layout for
application in radiochemical plant are also included.
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ntroduction

One or the important requirement of safe, economical and
efficient operation of a process in radiochemical plants such as
the nuclear fuel reprocessing plants is the availability of
proper and reliable instrumentation and control systems. The
peculiar requirements of a radiochemical plant necessitate
development and improvisation of measuring instruments and it. is
found that instrumentation normally found useful in chemical
industry has to be suitably modified for this environment. One'
such example is instrumentation for the measurement of flowrate
of the process stream.

Flowrate is an important process parameter since it affects the
quality of the product and the throughput of the plant. There are
a number of methods and instruments available for measuring
flowrate viz. rotameter, venturiraeter, orifice meter, velocity
meter, ultrasonic flowmeter, magnetic flow metar. However, they
are often found to be unsuited to the requirements of a radio-
chemical plant due to a variety of reasons. The operating
principles of some of these devices are briefly discussed below
in order to appreciate their limitations.

Ultrasonic Flowmeter: This method of flowrate measurement
consists of two probes fitted outside the process pipe
using a special grease as coupling agent. The probe
assembly can be kept in position without an air gap by an
auto-tension mechanism. A serious problem exists in the
possibility of the degradation of the grease when it is
exposed to radiation.

Magnetic Inductive Flowmeter; This instrument works on
Faraday's Law of Induction whereby an e.m.f. ±3 generated
in an electrically conductive body when it rno%'es in a
static magnetic field. Use of this instrument requires
fitting a probe inside the pipe in conductive contact with
the liquid. The high cost of the instrument is a
disadvantage.

Magnetic Rotameter: In this method the movement of a
rotameter float is converted into a milliampere signal by
means of a magnetic coupling. Since this instrument is
required to be installed in the process line, any failure
of the float could affect the process.



Tank Level Measurement: This method uses a calibrated tank
and requires that the tank be isolated from all other
inlet and outlet streams for the flowrate to be inferred
after a finite interval of time. This places constraints
upon the operation of the plant. The method works well in
practice but has the disadvantage of slow response, poor
accuracy and the loss of operational flexibility.

Two Tank Svjstem: This method requires the use of an
additional tank and can be used effectively when inlet and
outlet from the tank are working simultaneously. Remote
valves and an interlock system are also required resulting
in increased space requirement and complicated piping.
There is also an increased probability of failure due to
the presence of additional remote valves.

2. Background

The flow of caustic in the caustic scrubber in the dissolver
system of a reprocessing plant takes place in a closed loop. The
caustic soda solution passing through the scrubber is pumped back
into the scrubber circuit. The tank level does not provide any
indication of either the continuity or the rate of flow of the
caustic. It was; proposed to pio/ide a sump in the caustic
scrubber circuit and a syphon mechanism to enable a positive
indication of the flow by the periodic action of thr syphon.

A series of experiments were carried out to establish the
feasibility of the above proposal and to determine a suitable
configuration of the syphon system.

Experimental Set-up for Early Ê ;̂yr.imen t_s :

The experimental set-up is shown schematically in fig 1. A tank
of approximately 70 lit volume was used as the syphon chamber. A
variable delivery head was obtained by using different lengths of
pipe. The experiments reported here were all conducted with the
discharge end of the pipe located above the liquid level in the
receiving tank.

It was observed that there was a limiting minimum inlet flowrate
below which the syphon did not operate, since the trickling flow
passing through the pipe prevented build-up of level. Also there
was an upper limit of the inlet flow rate, that is, a flow rate
more than this limiting value resulted in a continuous flow
through the syphon without a brer>k.



The following observations were also found to be of significance.

1. The upper limit of the flow range is affected by the
type of liquid entry into the syphon chamber. Sets of
experimental runs were made with the following different
types of liquid entry :

i) straight entry on to the wall above the liquid level
ii) liquid falling directly near the entry point of syphon

system
iii) liquid falling so as to create a circulatory motion in

the syphon pot

2. The velocity of the inlet liquid is also found to
affect the performance.

3. The safety overflow line can be located as little as
between 5 and 30 mm above the syphon line.

4. The influence of the delivery head on the operating
range of flowrates was marginal as is seen from the data
of Tables I A, II A, III A and IV A. The tables also show
that this effect becomes insignificant at higher delivery
heads of the order of 100 diameters or more. This is as
expected due to the increased suction in the syphon pipe.
The data in Tables I, II, III, IV (A and B) supports this
observation.

5. The introduction of an attachment of suitable design at
the entry to the syphon resulted in a great increase in
the effective range of operation of the syphon. This was
demonstrated to be true for different pipe sizes (tables
I B, II B, III B and IV B). This dramatic enhancement in
the operating range is illustrated in the graph of fig. 5.

The effect occurs probably due to the result of stream-
lining of the inlet flow resulting in reduced pressure
drop and thereby in an increase in the flow taking place
through the syphon.

The effect of the entry attachment proved to be an important
breakthrough for further development work. Fig. 2 shows a few of
the attachments which were developed in an attempt to increase
the maximum flowrate at which system can be operated reliably.
The best configuration which is shown at no. 9 in fig. 2 consists
of a hollow cylinder, closed at the top, placed concentrically in
another cylinder which has a hole in its bottom plate. It is
evident from the plot of flowrate vs head in fig. 5 that the
beneficial effect of the use of the attachment is more pronounced
at higher values of delivery head.

Correct sizing of the entry attachment is important in order to
nullify the effect of the delivery head mentioned above. The
attachment geometry was optimised after prolonged testing of
several configurations.



During later t sts it wa3 found advantageous to avoid liquid
falling directly into the attachment by covering its top with a
plate. The type of liquid entry does not affect the operating
range >f metering system if the attachment is so covered. The
final prototype syphon pot is shown in fig. 4.

Fig. 3 shows the modified syphon pipes that were tested earlier
in order to obtain a reduction of the minimum operable flowrate.
This approach did achieve a limited success. However, it was felt
that the particular geometry required for plant applications may
not be truly reproducible during fabrication of the elements.

Upon evaluation of the data obtained from various experiments,
the behaviour of the syphon system and its reproducibilty were
considered so encouraging that it was decided to extend the
studies oeyond the original objectives of providing a rough
indication of flow in the caustic scrubber circuit and to attempt
the development of a complete on-line flowrate measurement system.

3. Syphon-Based On-Line Flowrate Measurement System

The following is a detailed discussion of the system that has
been developed and tested in the Engineering Development
Laboratory of this Section.

Requirements of an On-Line System :

The following were identified as characteristics desirable for an
on-line flowrate meter for use in a radiochemical plant :

1. reliability 8. should not affect
2. freedom from maintenance the process
3. reproducibility 9. ease of calibration
4. accuracy and operation
5. remote indication 10. ease of fabrication
6. fast response and installation
7. reasonable cost 11. compactness

It was also felt at this stage that a flowrate meter based on the
syphon would offer several of the above advantages.

Principle of the Flowrate Measuring System :

A syphon pot which is provided with a syphon is interposed in the
stream to be measured. Since the discharge from the syphon is
much larger than the inflow into the pot, there is a cyclic make
and break of the syphon. The cyclic operation of the syphon is a
requisite for this system.

The time required for the inflow of a fixed volume into the
syphon pot (between levels corresponding to pressures pi and p2
shown in fig. 6) is related to the rate of inflow and this can be
used to calculate the flowrate. Using a microprocessor, the
information can also be used for a direct digital read-out of
flowrate at remote locations or for data-logging etc.



Description of the Flowrate Measurement System :

Description of Method 1 :

A syphon pot (shown in fig. 4) installed between the process
equipment and the product tank on the line carrying the liquid
stream is the heart of the system. it is simple piece of
equipment provided with inlet, outlet, vent and overflow lines,
two level probes and an optional density probe. It also contains
a specially developed entry attachment. During operation the
level in the syphon pot varies in a cyclic manner, between a
maximum and a minimum, as shown in fig. 6.

There is no flow from the outlet while the pot is filling and the
level is less than maximum. As soon as the maximum level is
reached, flow starts through the syphon. Since the syphon outlet
flowrate is much higher than the inlet flowrate, the level in the
pot falls rapidly to the minimum level. At this point the syphon
breaks resulting in stoppage of the outlet flow. Due to the
continuing inflow the level in the pot starts rising again until
the outflow resumes and the cycle is repeated.

The settings of the two differential pressure (d.p.) switches are
kept at suitable values of pressures pi and p2, the value of p2
being greater than pi. When level corresponding to pi is reached
in the pot, pressure switch 1 triggers the timer and when the
level corresponding to p2 is attained, action of pressure switch
2 stops the timer. The time taken for the increase of the level
from pi to p2 is recorded. This information is used by the
microprocessor to calculate the flowrate which can be displayed
on a digital display as well as transmitted to a data acquisition
system.

F = V / T or F = W/(T.d)

where F is the flowrate,
V is volume of liquid filled in the pot

between levels corresponding to pi, p2
W is weight of this liquid of specific

gravity d and
T is the measured time interval.
The quantity V or W/d is stored by the

microprocessor and
F is computed.

Description of Method 2. :

An alter lative method has also beeu developed (fig. 7). In this
method the time interval is measured between reaching pi in the
rising level part of the cycle and pi in the falling level part
of the cycle. The timer is triggered by a d. p. switch set to
close at a pressure pi depending upon the specific gravity of the
liquid. The switch opens when level falls below pi. The inverse
relationship of this time interval with the flowrate may be
determined by ar. equation fitted to the experimental F vs T datd.



Calibration may be done using the plot of this data as shown in
the figure. The data is found to fit the following equation very
closely.

F - a / (T - b)

where a, b are constant or the system
at constant liquid specific gravity

T is the measured time (as above)
F is the flowrate

Experimental runs were made with a prototype of this system. From
the geneiated data (Table VI) the constants of the abr>v* equation
were found to be as follows.

a = 191 and b = 15.2

This alternative method has the advantage of requiring only one
d.p. switch thus reducing the cost as well as the number of
components subject to failure. However, it has a narrower
operating range compared to the first method. Moreover, the
system is hardware-dependent as well as dependent to some extent
upon the specific gravity of the liquid. A Method 2 system,
therefore, needs to be individually calibrated for determination
of the system constants. This places a constraint on the accuracy
of the method, and on its application to a system where dynamic
variations of the specific gravity of liquid are likely.

The determination of the system constants is, however, quite
simple as any two mid-range values of F and T may be solved to
derive accurate values of the constants a and b. The resulting
constants are applicable with good accuracy over the entire
range.

A Variation of Method 1:

This innovative method was developed in an effort to eliminate
the use of expensive d.p. switches and to make the device simple
and inexpensive without a loss of reliability or ruggedness. In
place of the pressure switches the detection is done by means of
conductive contact switches incorporated in the limb of a
manometer which, in principle, may be any U-tube or well-type
manometer containing a conducting liquid.

The apparatus is so arranged that one condutive contact is always
immersed in liquid and the other two are placed at positions such
that they correspond to the back pressures pi and p2 set for the
two d.p. switches. The arrangement (shown in fig.11) has been
found to be reliable in operation. Yet it is inexpensive and
simple to set up. Due to the simplicity of its components, it
possesses sufficient ruggedness and is well suited to plant use.



4, Applications in A.ctu_a.l FJ--S.njL Conditions

The on-line flowrate measurement system discussed in this
document meets most of the requirements for remote measurement in
a radiochemical plant such as simplicity, accuracy, reliability,
freedom fiom maintenance etc. The methods proposed here are
suited for application in radiochemical plants and the following
paragraphs summarise the information that would be of assistance
in designing an application.

£&.sic[n a.nd O£er_a_t_incj. Parameters :

The following design criteria based on the prolonged experimen-
tation will be of help in designing a system for plant use.

1. The size of the syphon line may vary. The experiments
were done for syphon pipes of sizes from 9mra (1/4"? to
25mm (1") and the experimental observation are given in
Tables I to IV. It is also possible to use a combination
of the pipe sizes in the syphon line to meet conflicting
engineering requirements (fig. 10). For example, in a
case where a 9 ro pipe would suffice for the flowrate but
other engineering considerations, such as avoidance of
choking, necessitate a 15 or 20 mm pipe.

The configurations shown at nos. 2, 5, 6 and 7 in fig. 10
'are recommended for applications with engineering
constraints as mentioned above. Since the syphon pipe
fills up only intermittently during operation and due to
the high rate of discharge through the line, it is
subjected to an automatic cleansing action, there is no
chance of liquid remaining in the syphon line during idle
time thus reducing the chances of choking of the line.

2. The diameter and height of the syphon pot can be
increased or decreased to a certain extent to change the
accuracy and cycle time.

3. The variation in the length of the syphon line i.e. the
location of the delivery point can help vary, to some
extent, the range of flowrates over which the system may
be used. This is indicated in the data of Tables I to IV.

4. The response time may be improved by reducing the cycle
time. This was successfully achieved using a timer with an
accuracy of 0.1 sec (instead of 1 sec}, and at the highest
range of flowrates this resulted in requiring a measured
time of only 10 sec (with cycle time of about 30 sec) to
obtain an accuracy of 1 % instead of 100 sec measured time
(with 130 sec cycle time).

Due to the reduced response time, this enhances the on-
line characteristics of the system. The other benefits of
this improvement ar-i reduced size of pot, reduced cost,
smaller hold-up of stream and a wider range of fLowratss.



In order to achieve the best possible results the following
factors? which ate inherent in the system should be considered
while designing an application.

1. Due to the periodic nature of the discharge from the
T"t, the system is best suited for measurement of outlet
streams. However, in a situation where the downstream
process is not affected adversely by intermittent flow
this system ir.ay well be used on a feed stream.

2. The flowrate measured is the average over a duration
which may be of the order of 10 to 100 seconds and the
cycle time is of the order of 0.5 to 2.5 minutes depending
upon the range of measurement. However, it is possible to
obtain specially designed systems with a shorter cycle
time.

3. A small pocket of liquid is always present in the
bottom of the syphon chamber. However, it is safe to
assume that any stagnant pocket of liquid is eliminated by
natural mixing in the course of the operation.

Typical Physical Dimensions of. the System :

The estimated dimensions of components required for the system
are estimated as follows. The dimensions may vary somewhat
depending upon the actual constraints of the plant.

Operating range : 8-64 lpm to 0.3-4 lpm
Syphon pipe : 25 mm (1 in) to 9 mm (1/4 in)

Pot diameter : 300 mm to 110 mm
Pot height : 400 mm to 250 mm

Active Volume of pot : 15 lit to 1.5 lit

On-line Calibration and Fault Detection :

Problems may arise due to the failure of the d.p. switches or
drift in their pressure settings. k change in the setting of a
d.p. switch would manifest as a change of the volume between two
d.p. switches and cause erroneous computations. These can be
rectified by either re-setting the d.p. switches or by changing
the stored value of W or V.

A. simple method (fig. 8) has been devised to test the calibration
of a syphon system without interrupting the process. The test
utilises comparison of the pattern of the chart obtained from the
level indicator recorder (LIR) in the part of the cycle
comprising the portion where the level rises from pi to p2. Any
drift in the setting of the d.p. switches will be reflected in
the pattern of LIR chart.



When the level is at pi, the timer starts and at the same time
energizes the solenoid valves which connect LIR to the system. On
reaching level p2 the timer stops and de-enetgizes the solenoids
valve thus disconnecting the LIR from the system. The residual
pressure due to level p2 is shown on the moving chart from which
the status of calibration may be inferred. A typical pattern of
the LIR chart is shown in fig. 8.

The procedure will not require much additional instrumentation
and a single test loop with suitable interlocking arrangement
would suffice to serve the requirements of several flowrate meter
systems. It is also evident that systems using the conductive
probe method will not require the above correction for drift.

5. Conclusions

The flowrate device described in this document can effectively
provide on-line measurement and display of flowrates of process
streams in a radiochemical plant. The readings obtained have good
accuracy and reliability. No maintenance of the equipment is
required and calibration procedure, are simple and reliable.
Simple techniques of fault detection and recalibration due to
drifts in d.p. switch setting are available. As already stated,
the problem of drift of setting does not exist in case the
conductive probes method is used.

The syphon p-̂ t and the entry attachment are simple and
inexpensive and do not involve the fabrication of any components
requiring critical precision. With the improvement in the
measured time resolution, it has been possible to reduce the size
of the system as well as improve the accuracy and response.

Direct computation and direct-reading display of flowrate can be
introduced with the addition of simple electronics and this has
been demonstrated in the pilot plant. This approach may be
extended to implemention of applications involving control or
data-logging etc.

For a radiochemical plant such as a fuel reprocessing plant, the
following are some of the possible applications for measurement
and calibration.

1. Measurement of the flowrate of caustic soda solution in
the caustic scrubber closed loop recirculation system in
the head-end portion of the process.

2. Measurement of organic and aqueous outlet flowrates of
pulse columns, mixer-settIer3, ion-exchange columns.

3. Measurement of flowrate of thermosyphon evaporator
product stream and rate of evaporation (by measurement of
condensate rate.)

4. Initial and routine calibration as well as post-
maintenance recalibration of metering pumps.
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Experimental Data for Flow Through Syphon Pipes

Table I

A. 25 mm (1") Syphon Pipe Without Entry Attachment

Head Min Flowrate Max Flowrate Syphon Rate
mrc 1pm 1pm lpm

'30 0
750
1000
1250
2270

8.5
S.5
8.5
8.5
7.8

34.0
34.0
30.0
24.0
23.3

63.0
69.0
N.A.
81.0

102.2

B. 25 mm (1") Syphon Pipe With Entry Attachment

Head Min Flowrate Max Flowrate Syphon Rate
mm 1pm lprr. • lpm

390
510
750
1000
1250
1750
2250

7.0
6.8
6.5
7.5
7.5
6.2
7.0

— :S3C;£2S2K = 2Z53 — «

40.5
57.0
57.5
66.0
64.5
66.0
64.8

49.
63.
69.
N.A
81.
87.

102.

5
0
0
•
0
0
0

Table II

A. 20 mm (3/4") Syphon Fipe Without Entry Attachment

Head Min Flowrate Max Flowrate Syphon Rate
mm 1pm lpm 1pm

250
500
750
1250 '
1750

5.00
4.82
4.64
4.43
4.32

11.4
13.65
13.02
11.54
11.19

33.0
40.0
40.8
41.3
41.5

B. 20 mm (3/4") Syphon Pipe With Entry Attachment

Head Min Flowrate Max Flowrate Syphon Rate
mm 1pm lpm lpm

250
500
750
1250

4.22
4.34
4.55
4.63

1750 4.87

19.00
21.16
20.24
19.02
18.65

33.0
40.0
40.6
41.0
41.3

11



Experimental Data for Flow Through Syphon Pipes

Table III

A. 15 mm (1/2") Syphon Pipe Without Entry Attachment

Head
mm

630
1130
1630

B. 15 mm

Head
mm

Min

(1/2

Min

Flowrate
lpm

1.65
1.55
1.48

") Syphon

Flowrate
lpm

Max

Pipe

Max

Flowrate
1pm

6.25
5.80
5.75

With Entry

Flowrate
lpm

Syphon Rate
lpm

22.4
27.0
28.0

Attachment

Syphon Rate
lpm

200
400
720
1210
1560

1.42
1.42
1.50
1.53
1.64

11.0
12.52
14.31
10.73
9.69

13.0
19.0
26.0
28.0
28.5

Table IV

A. 9 mm (1/4") Pipe Without Entry Attachment

Head
mm

250
750

1250
17f )

B. 9 mm

Head
mm

350
450
980

Min

(1/4")

Min

Flowrate
lpm

0.25
0.20
0.19
0.18

Pipe With

Flowrate
lpm

0.15
0.17
0.20

Max Flowrate
lpm

2.00
1.10
0.85
0.78

Syphon Rate
lpm

5.7
7.4
8.0
9.0

Entry Attachment

Max Flowrate
1pm

5.14
4.00
3 .60

Syphon Rate
lpm

5.9
6.0
7.5

12



TaPle V

Syphon-Based On-Line Flowrate Meter Data
Me.th.od .1 : with 2 d.p. switches
Equation : F = (W/d x 60) / T lpm

where W = 0.204 kg and d = 1 kg/lit

Time,
sec
(T)

Flowrate
computed,
1pm (Fc)

Flowrate
actual,
lpm (Fa)

no of cycle
duplicate time,
runs sec

6
12
18
24
30
35
42
48

2.040
1.020
0.680
0.510
0.408
0.350
0.291
0.255

1.972
1.028
0.689
0,522
0.404
0.338
0.298
0.258

+ 3.45
-0.78
-1.31
-2.30
+0.99
+ 3.55
-2.35
-1.16

20
20
20
20
20
11
17
16

49
73

100
127
157
184
208
240

Table VI

Method 2
Equation

Time,
sec
(T)

66
85
84

101
99

100
77
76
67
71
82
94

107
100
106

: with a single d.p. switch
: F = a / (T - b) lpm.

Flowrate
computed,
lpm (Fc)

3.76
2.74
2.78
2.23
2.28
2.25
3.09
3.14
3.69
3.42
2.86
2.42
2.08
2.25
2.10

Flowrate
actual,
lpm (Fa)

3.76
2.78
2.78
2.28
2.28
2.28
3.13
3.13
3.68
3.46
2.38
2.48
2.13
2.26
2.13

where a =

error,%
tFc-Fal

Fa

0
-1.44
0

-2.19
0

-1.32
-1.28
+ 0.32
+ 0.27
-1.16
-0.69
-2.42
-2.35
-0.44
-1.41

191, b = 15.2

no of
duplicate
runs

2
1
2
1
2
1
2
1
4
1
1
1
1
1
1

f-i
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(§) Flowrate- span- with anacnment.

(§) Flowrale span-no attachment-

(7) No How region- wi1h attachment

(§) No tlow region - no attachment-

(5) Minimum inlef rote - with attachment.

(A) Maximum inlet rate - with attachment.

(3) Minimum inlet rate-no attachment-

(2) Maximum inlet rate - no oftachmsnN
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Fig 5 ENHANCEMENT OF OPERATING REGION_B_Y

THE JJSE OF ENTRY ATTACHMENT.
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Fig. 8. CALIBRATION AND FAULT DETECTION
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OF FLOWRATE MEASURING SYSTEM .
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