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IMPORTANT NOTICE

drop the meter. HANDLE WITH CARE

use liquids incompatible with MATERIALS OF CONSTRUCTION
operate the meter above its RATED PRESSURE

PRESSURE TEST above the specified TEST PRESSURE
expose the meter to excessive vibration (>0.5g continuous)

all ELECTRICAL SAFETY requirements are met

all EXPLOSION PROOF requirements are applied

meter and associated pipework are PRESSURE TESTED to 1% times the maximum operating pressure
after installation
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7812 Gas Density Meter Installation and Maintenance Manual

Chapter 1
Introduction

1.1

1.2

General

The 7812 Gas Density Meter was specifically designed for metering gas in pipelines. Measurements are made
continuously with the accuracy equal to that normally associated with the best laboratory methods. The 7812 is
a replacement for the 7810, 7811, and 3093 Series, and is fully interchangeable with them, incorporating the
following design improvements:

« Single sensing element for all density ranges up to 400 kg/m°.

¢ New design of vibrating cylinder sensing element, which offers less sensitivity to changes in gas composition
and a lower Velocity of Sound Effect.

e Improved temperature equilibrium performance.
e Improved accuracy.

e Improved maintenance features, including new amplifier electronics and a more serviceable gas filter
arrangement.

e A 4-wire PT100 temperature sensor has been incorporated for installation and check purposes.

This meter is suitable for most types of installation. Aspects such as performance, response characteristics, filtration
and servicing vary from application to application and require careful consideration as described in this manual.

The vibrating cylinder sensing element is sensitive to changes in density and, since it is unstressed and is
manufactured from Ni-span C steel, it has very stable characteristics. The influence of other variables such as
temperature, line pressure, flow rate and gas composition are minimized and carefully defined so that, where
necessary and for high precision measurements, suitable corrections can be applied.

Only one low voltage supply is required for the density measurement and the power consumption is low thus
minimising self-heat generation. The output signal is a square wave, the frequency depending on the gas
density. This type of signal can be transmitted over long distances and easily measured without any loss in
accuracy. The PT100 temperature sensor may be used in the conventional manner.

Principle of operation

The density-sensing element consists of a thin metal cylinder, which is activated so that it vibrates in a hoop
mode at its natural frequency. The gas is passed over the outer and inner surfaces of the cylinder and is thus in
contact with the vibrating walls. The mass of gas, which vibrates with the cylinder, depends upon the gas density
and, since increasing the vibrating mass decreases the natural frequency of vibration, the gas density is simply
determined by measuring this frequency.

An amplifier, magnetically coupled to the sensing element, maintains the conditions of vibration and provides

the output signal (see Figure 1-1 and Figure 1-2). The amplifier and signal output circuits are encapsulated in
epoxy resin.

1-1
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Figure 1-2: Schematic block diagram of meter circuit (3-wire system)
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1.3

131

1.3.2

1.3.3

1.4

1.5

Design features

Accuracy

The instrument design achieves high accuracy by minimizing the effects of the variables such as pressure,
temperature, sound velocity and viscosity, whilst providing insensitivity to plant vibration and variations in power
supply. Since the power consumption is extremely small, the self-induced heat may also be neglected. The
absolute accuracy is therefore mainly defined by the accuracy of calibration and correction applied.

Repeatability

The repeatability of measurement is within £0.01% of full scale density.

Stability

The long-term stability of this density sensor is mainly governed by the stability of the vibrating cylinder sensing
element. This cylinder is manufactured from one of the most stable metals and, being unstressed, will maintain
its properties for many years. However, corrosion and deposition on the cylinder will degrade the long-term
stability and care should be taken to ensure that the process gas is suitable for use with materials of
construction. The possibility of deposition is reduced by the use of filters but, should deposition take place, the
sensing element can be removed and cleaned.

The 7812 versions

The following meter types are available, covering the basic density ranges:

Type No. Range (kg/m®* Calibration Gas
78121x 1.5-10 Nitrogen

78122x 9-90 Nitrogen
78123x 25 - 250 Nitrogen
78124x 40 - 400 (pocket) Argon
78125x 40 — 400 (cross pipe) Argon

If x = A: Fluorocarbon (FPM/FKM) O rings are used for the gas path ways.

if x = B: Ethylene Propylene 0 rings are used for the gas path ways.

Nitrogen calibration should be used for low density and natural gas applications. Argon calibration should be
used for high density and heavy hydrocarbon applications.

Frequency relationship

The relationship between gas density and the output frequency follows a well-defined law:

p = KO+Kit+K2t?
2
or . =K+ VK12 = 4K2(KO - p)
2K2

Where: p = Density (kg/m®)
Tt = Meter Time Period (us)
KO, Kl, K2 = Calibration coefficients

' An additional option for low density range measurement (0 to 3 kg/m®), + 0.5% of full scale, is available as a special
purchase. Contact your local Micro Motion sales office for more information.

1-3
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1.6

Range selection and linearization are normally introduced within the readout system. In addition, there is an
influence on the measurement performance from changes in gas temperature and composition. These are as
specified on the calibration certificate of an instrument and should form the basis of manual or automatic
corrections if the full performance potential is to be achieved.

Safety

The 7812 meters have been subjected to the necessary safety regulations and have qualified for ATEX
certification to Class EEx ia [IC T5.

For ATEX safety information, refer to the safety instructions booklet 78125010/SI.
For Pressure Equipment Directive (PED) safety information, refer to safety instructions booklet 78128012/SI.

For CSA safety information, refer to Appendix H.
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Chapter 2
Applications

2.1

2.2

2.3

General

The 7812 Gas Density Meter provides a continuous and accurate measurement of gas density. This measurement
can be made at the actual flowing conditions of temperature and pressure and, in consequence, is ideally suited for
high-performance gas flow metering tasks.

Orifice plate metering

The orifice meter is probably the most widely used meter type for gas measurement. It has the advantage that it
does not require flow calibration, as this is defined from dimensional measurements and application of
International Standards (ISO 5167 and AGA3). For flow measurements in either mass units or volume units, it is
necessary to determine the fluid density in addition to the differential pressure.

The 7812 gas density meter offers a direct measurement of density and is an alternative to density calculation
using pressure, temperature and composition measurements. It offers low measurement uncertainty and is
therefore of prime use in major gas metering stations where best accuracy is required. Orifice metering systems
are discussed in more detail in Appendix C.

Volumetric flow meters

Positive displacement meters or turbine flow meters can be converted to mass flow meters using the 7812 gas
density meter and a simple readout system. Please note that the 7950/51 Signal Converter cannot accept a flow
meter input.

Since both flow meter and density sensor signals are in frequency form, the readout system need use only digital
techniques (see Figure 2-1).

o Signal DISPLAY
o Converter UNIT
DENSITY
TRANSDUCER

VOLUMETRIC

FLOW
Vs

METER

SHUT OFF SHUT OFF
VALVE & FLOW VALVE -
REGULATOR

FLOW

THERMAL
INSULATION

Figure 2-1: Typical volumetric flow metering system
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The combined uncertainties of the density measurement and signal converter are considerably less than that of
volumetric flow meters. Therefore, the overall accuracy of mass flow measurement will be almost entirely
determined by the accuracy of the volumetric flow meter.

2.4 Other applications

Other applications include process monitoring and control in chemical and petrochemical plants where density or
specific gravity of a gas is required as a control variable.
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Chapter 3
General Installation

3.1 Delivery component list

Check that the following items have been included on delivery:
e 7812 Gas Density Meter.

e Nitrogen or Argon Gas Calibration Certificate.

e User Gas Calibration Certificate (if requested).

e Thermal conductor plus silicone fluid (except for 78125).

e Housing blanking plug.

e Cable gland adapter.

3.2 General installation considerations

The basic objective of an installation is to pass a representative sample of gas through the 7812 in a controlled
manner such that the temperature and pressure are at known conditions. Typically, this means that they need to
be the same as the line conditions.

It is worth remembering that the 7812 will always read the correct density for the gas that is inside it. Installation
errors result from the sample gas in the 7812 not being what the installer believes it to be in terms of
composition, temperature or pressure.

The following points should be considered when planning the installation of the 7812:

(a) All necessary mechanical and electrical safety standards MUST be applied.
(b) The effects of the following on the 7812:

e Density Equilibrium.

e Temperature Equilibrium.

e Pressure Equilibrium.

e Sample flow rate and response time.

e Deposition, Corrosion and Condensation.

e Vibration.

e Accuracy of calibration.

o Effects of velocity of sound.

(c) When installing the 7812 in a pipeline, we recommend you do not exceed a 10% reduction of the cross-
sectional area at the point of insertion to ensure minimal effect on pressure.

(d) Adequacy of sample extraction, filtration and conditioning for preventing dirt or condensates from causing
non-operation of the 7812.

(e) Interaction between the 7812 installation and the flow meter.

(f) Unregistered gas, which passes through the 7812 but not the flow meter.

(9) The proving system (e.g. vacuum systems, calibration gas, etc.)

(h) The use of duplicate 7812 meters for performance comparison and for provision of automatic alarm.

(i) Accessibility to the system components for proving and maintenance.
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These points are considered in more detail in the paragraphs below and in subsequent chapters.

3.3 Density equilibrium

Three factors affect the equality of density of the sample gas and the pipeline gas:

(a) The gas in the density sensor should be representative of the main flow with regard to the proportions of
different gas constituents. This is normally best achieved by ensuring that there is a small flow rate of
sample gas.

(b) The pressure of the sample gas MUST be approximately equal to the pipeline pressure as density varies
proportionately with absolute pressure for an ideal gas.

(c) The temperature of the sample gas MUST be approximately equal to the pipeline gas temperature as
density varies inversely with absolute temperature.

3.4 Temperature equilibrium

The major installation consideration is that of temperature equilibrium. If the required density is that of the main
pipeline at the pipeline temperature, it is important that the 7812 is at the same temperature.

A temperature difference of 1°C will cause an error of between 0.3% and 0.6% depending on the gas
composition. Good temperature equilibrium between the 7812 and pipe is therefore essential and may be
achieved by:

(a) Using thermal insulation over the 7812 and associated pipework.
(b) Using a short well-insulated inlet sample pipe.

(c) Using the silicone fluid and pocket cylinder in the recommended way. This will significantly increase the
temperature equilibrium and decrease the response time of the 7812.

(d) Using the smallest acceptable sample flow rate.

(e) Using the 78125 variant mounted in a cross pipe installation; this gives direct contact with the in-line gas,
thus minimizing temperature errors.

The temperature in the 7812 can be checked using the Class A PRT mounted in the spool body.

For an internal pocket installation, the recommendations in Chapter 4 of this manual should be followed. Using
the silicone fluid and aluminium cylinder improves the thermal performance by more than 90% and in order for
the silicone to remain in the base of the pocket, the installation should be vertical. If a non-vertical installation is
preferred then the silicone fluid should be replaced with a heat sink compound.

For installations where an external pocket is used or the temperature cannot be maintained at that of the
pipeline, the 7812 PRT can be used to correct the measured density to the conditions of the pipeline. To do
this, some form of density referral method will need to be employed.

3.5 Pressure equilibrium

It is first necessary to define whether the gas in the 7812 should be at the same pressure as that at the gas
take-off tapping point. It is then necessary to ensure that the pressure difference between the 7812 and the
required tapping point is kept to a minimum by ensuring that there is low sample flow rate and that relevant
filters are not causing excessive restriction. It is normally recommended that the gas flow is controlled by a
needle valve which can be mounted before or after the 7812 depending on the chosen installation method. It is
common to install a flow meter to monitor this flow, and is very useful for ensuring that filters are not blocking,
which can cause errors in some installations.

The usual recommended density measurement is taken from the gas return point (or density point). This
reduces the significance of the pressure build up across the fine gauge filters.
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The state of the filters and any resultant excessive pressure drop can be determined by varying the sample
flow rate and monitoring the magnitude of the resultant density changes. The 7812 filters can be easily
exchanged without disconnecting the associated pipe work. For further details, see Chapter 8.

Note: The 78125 meter, the direct replacement of the 3093, is a filterless unit that is installed in a filtered cross-
pipe installation and is thus held, by definition, at the line pressure.

3.6 Flow rate

The recommended flow rate is 5 1 Litres per hour, but anywhere in the region of 1 to 10 Litre(s) per hour is
acceptable. (At flow rates above 10 Litre(s) per hour, the density reading will start to become slightly unstable
and a small density error may be introduced.)

To maintain this flow rate, a pressure differential is required across the 7812. If the filters are clean, the flow rate
will be approximately:

/AP
Q=05 ? where Q = sample gas flow rate in litres/minute
AP

p

differential pressure across the 7812, in mbar

density of gas, in kg/m®

(About 85% of this differential pressure is across the 2 micron filter, and the remainder is across the 90 micron filter.)

This equation indicates that for natural gas with a typical application density of about 60 kg/m3, a pressure
differential of approximately 1.66 mbar is required to maintain a flow rate of 5 Litres per hour. Figure 3-1 shows
the pressure drop across the 7812 for a typical natural gas application.

The flow rate is dependent on the gas density, which is affected by gas composition, temperature, and pressure.
The first two parameters should not change suddenly, as this would leave the mixture in the pipe inhomogeneous
and render measurements invalid for other reasons. Pressure may change rapidly but this change will be
transmitted to the density meter very rapidly irrespective of the sample gas flow rate.

For most systems, the available differential pressure would create too high a flow for accurate density
measurement and maximum 7812 reliability. A low flow rate helps to achieve pressure and temperature
equilibrium, as well as extending the life of filters and minimising carry over of any condensate. |t is therefore
normal to include a flow control valve in the sample pipeline.
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Figure 3-1: Pressure drop through 7812

3.7 Responsetime

Several different response times need to be considered:
(a)
(b)

Response to pressure changes is instant.

Response to temperature changes is the same response time as the pipework. For a faster response, it
would be necessary to use the 7812 PRT.

(©)

The response to composition changes: this depends on flow rate and dead volume.

For example: 7812 volume 40cc
Filter volume 60cc
Flowmeter volume (if upstream of 7812) 40cc
Pipe volume 60cc

Response time at 4 I/hr = 3 minutes

In order to improve the response time, the inlet pipe should be short and of small diameter and any additional
inlet filters should be of low volume.
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3.8 Deposition, corrosion, condensation and vibration

The prevention of deposition, corrosion, and condensation on the vibrating cylinder sensing element is essential
if drift in calibration and/or malfunction is to be avoided. It is also necessary to restrict the level of vibration
experienced by the 7812.

DEPOSITION

Deposition of solids on the cylinder will cause an increase in vibrating mass and thus a decrease in vibrating
frequency. The 7812 density reading will be high with respect to the actual gas density. Massive deposition may
cause oscillation to stop altogether by filling the gaps between the coils and cylinder walls.

A filter of the appropriate size is fitted on all 7812 units (except the 78125) in both the inlet and outlet gas paths
to remove any solid particles that may be present in the sample gas. The outlet filter is incorporated for protection
should a reverse flow occur. These filters can be exchanged in the field without the removal of any of the
associated pipework.

If the gas is known to be excessively dirty, it is recommended that an external filter is installed in the inlet section
of the sample line. This should be of sufficient area to cause only a negligible pressure drop at the maximum rate
of flow, but of small volume to provide adequate response time to gas composition changes.

CORROSION

Corrosion of the cylinder element will reduce both its stiffness and its mass per unit length, but since its stiffness
is of greater significance, the corrosion will cause a reduction in the resonant frequency. The 7812 density
reading will therefore be high with respect to the actual gas density. Massive corrosion may cause oscillation to
stop due to corroded particles blocking the gap as mentioned above.

In order to prevent corrosion of the sensing element and its maintaining system, the constituents of the process
gas should be compatible with Ni-Span-C 902. Other materials that come into contact with the gas flow are
stainless steel 316 S13, stainless steel AMS5643K, Emmerson & Cummins Type Stycast 2850FT, Catalyst 11,
Permendur Iron, and AlSI316 stainless steel filters.

It is preferable that any traces of corrosive elements present in the process gas that are likely to attack these
materials should be removed by an appropriate absorbent trap, or other method, before the sample gas passes
through the 7812. In general, it is important that the gas is sufficiently dry so that water droplets cannot form as
these, in the presence of certain gases, will cause corrosion.

As a general guide, the properties of Ni-Span-C 902, with regard to corrosion resistance, lie between those of
stainless iron and stainless steel. If there is doubt about the corrosion properties of a gas, advice should be
sought and, if necessary, tests conducted.

CONDENSATION

Condensation of water or other liquid vapours on the sensing element will cause effects similar to deposition of
solids except that the effects will disappear if re-evaporation takes place.

If the gas flow is wet or near dew point, condensation within the 7812 may occur and any condensation on the
sensing element will cause the effects described above. As the vibrating cylinder is very thin, its thermal capacity
is very low in comparison to the heavy body of the unit. It is very likely that the sensing element will take up the
gas flow temperature very quickly and condensation is more likely to occur on the outer casing and other
component parts.

For certain applications, it may be necessary to use a sample tube at the gas take off point to prevent
condensate carry over or to include a condensate trap in the sample line.

VIBRATION

The 7812 can tolerate vibration up to 0.5g, but levels in excess of this may affect the accuracy of the readings.
In situations where this is likely to be encountered, anti-vibration gaskets (part number 78123723A) should be
used, as detailed in section 4.5.1. This will reduce the effects of vibration by at least a factor of 3, at levels up to
10g and 2200Hz.
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3.9
3.9.1

3-6

Recommended installations for 78121/2/3/4 pocket unit

Pressure recovery method

The pressure recovery method is the most common installation method for orifice metering and is recommended
in the ‘Institute of Petroleum measurement manual, Part XV, Metering Systems’.

Figure 3-2 is recommended as a convenient method for obtaining an optimum flow rate, as well as providing a means
for checking the condition of the 7812’s filters and the calibration of the sensor. Density is measured at the
downstream tapping of the orifice plate for which the relevant ‘expansion factor’ must be used.

It is recommended that the sample input pipework and the heat conduction coil are made from 6mm instrument

tubing, and the sample return pipework (from the 7812), from 12mm tubing. The heat conduction coil should be

firmly clamped to the external surface of the meter run to ensure that the temperature of the gas being measured

is as close as possible to that of the main gas flow. The whole arrangement should be enveloped in thermal

cladding at least 100mm thick.

The installation in Figure 3-2 has the following features:

e No bypass of the orifice plate.

o Flow is achieved because the pressure after the orifice is lower than that further downstream.

e Pressure drops through the valves and filters do not affect the reading as the pressure at the outlet, and
hence inside the 7812, is identical to the orifice downstream point. Hence if the filters are not maintained, the
flow will decrease but the density reading will not be in error.

e The correct expansion factor for the downstream point must be used in the orifice flow calculations.

o The measured density at the Density point is used in the mass flow calculation as specified by ISO 5167 and
AGA3.

$1 Fm T F

THERMAL LAGGING VENT/VACUUM TEST POINT S1+84 Transducer isolation valves
_____________ };_______””____________ (Double block and bleed,
' 2 full bore ball valve type)
y Eq 53 , Fm Flow meter
0 -gm SAMPLE FLOW , s3 Venting valve
L} 1
' , M Sample gas flow control needle valve
: Y F Filter (where liquid droplets could be
: : encountered, a coalescing filter
: : is recommended)
1 L}
i 54 ;
, L
L} L}
¥ I

\ DENSITY POINT

8D

Y

DIFFERENTIAL
PRESSURE
TRANSMITTER

Figure 3-2: Pressure recovery method
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3.9.2

Installation procedure

SETTING-UP

All the procedures described in this section should be carried out when the gas flow rate in the main pipeline is at
the Nominal Design flow rate. If this condition cannot be conveniently obtained then the density percent offsets
should be adjusted accordingly.

1. Close vent valve S3. Fully open flow control valve T1. Slowly and carefully, fully open valve S1 and then S4.

2

3.

. Allow at least 15 minutes for the purging and temperature stabilisation of the 7812.

Close isolating valve S1. This will result in a change of indicated density. Immediately record the value of

density thus obtained which should be the density at the ‘density point’.

. Re-open valve S1 and immediately adjust the flow control valve to give a density reading 0.02% above that

observed in operation 3.

. Close valve S1 again and check that the density decreases by 0.02%.

. Return valve S1 to the fully open position.

Notes:

The 0.02% value is considered the optimum value for most systems. However, if a quicker response is
required, opening the flow control valve T1 would create a higher % value.

Should the density increase by more than 0.02% with valve T1 at its minimum setting, then partially closing
valve S1 should reduce the flow rate and the resultant density increase. However, this situation would
suggest the flow control valve is too large for the application and ideally should be replaced by a more
suitable type.

All isolating valves should be of the FULL-BORE type to prevent unnecessary restriction.

FILTER CHECK

Record the present density reading without disturbing any valve setting.
Close isolating valve S1 and note the density reading.

(a) If the reading has decreased by more than 0.01% of that recorded in 1, then it can be assumed that the
7812'’s filters are reasonably clean.

(b) If the reading has decreased by less than 0.01% of that recorded in operation 1, it is recommended that the
7812’s filters are replaced or thoroughly cleaned and then the system optimised as detailed in Section 3.7.

After the filter check, return valve S1 to the fully open position.

RESPONSE TIME CHECK

Close valves S1 and S4 to isolate the 7812 and open valve S3 to vent it.

Pressurise the 7812 through valve S3 with a different gas to that within the pipeline and at a similar
pressure to that of the pipeline. Close valve S3 and allow 15 minutes for temperature stabilisation.

Open valve S4 to expose the 7812 to pipeline pressure. Now open S1 to enable gas to flow through the
7812 at the set rate and measure the time taken for the 7812 to stabilise. This should be a good indication
of the 7812’s response to a change in gas composition.
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GENERAL

An additional filter to the 7812 meter filter is normally fitted to ensure the gas is clean and dry. Typically a Balston
85 filter coalescer (accessory/spare part no. 450600770) or a Balston 95S-4 (accessory/spare part no. 450600810)
is used, but any equivalent filter can be used.

Isolating valves should be included in the installation so that the 7812 meter can be isolated from the pipeline for
filter replacement without the need to shut down the pipeline.

The gas inlet and outlet points should be designed so that they do not collect any liquid that might have
condensed on the pipe wall.

3.9.3 Other methods

For most other methods, the density is required at the pressure conditions of the 7812 inlet. In these cases, any
pressure drop through the filters and pipes will cause a small offset. These are minimised by putting the control
valve downstream of the meter and controlling the flow to the recommended level.

S1+84 Transducer isolation valves
(Double block and bleed,
full bore ball valve type)

Fm Flow meter

S3 Venting valve
THERMAL

LAGGING \

T Sample gas flow control needle valve

F Filter (where liquid droplets could be
encountered, a coalescing filter
is recommended)

C>

Figure 3-3: Differential Pressure Method

The installation shown in Figure 3-3 can be used with orifice metering or gas turbines. With gas turbines, it is
common to have a tapping point on the turbine body in which case this would be used rather than the upstream
tapping. The important features are:

e The sample flow bypasses the meter but should be low enough (5 I/hr) not to be of significance.

o The measured density is the upstream density that is the most commonly required point.

e Pressure drops through the filters will cause density errors if they become large.

e The control valve and the flow meter can be mounted on either side of the 7812 to suit the installation and
dependent on where the density point is. For example if the upstream density point is required on an orifice
application, the needle valve and flow meter would be downstream of the 7812 to reduce the pressure loss
before the measurement.

If a convenient pressure drop is not available to generate the sample flow, the installation in Figure 3-4 can be

used. The gas can be vented to flare or, in some cases to atmosphere. In this installation, the full pipe pressure is

available as a pressure drop. Therefore, caution needs to be taken to ensure the flow is adequately controlled by
the control valve. For high-pressure applications, a two-stage let down system may be required to prevent icing.

3-8
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Other methods for generating the required DP (differential pressure) for the required flow can be used such as
pitot tubes or natural bends or changes in section of the main pipework. For any of these other methods
calculations need to be performed to check that the available DP will be sufficient to achieve an adequate sample

flow rate.
TO FLARE
A S1/4 Transducer isolating
s3 valves
I I I N N N t - -~ Fm Flow meter
?1%271,\% S3  Venting valve
N T1  Sample gas flow control

needle valve

F Filter (where liquid droplets
could be encountered, a
coalescing filter is recommended)

> >

Figure 3-4: Vented gas method

3.10 RECOMMENDED INSTALLATION FOR 78125 CROSS PIPE UNITS
3.10.1 CROSS PIPE METHOD

Figure 3-5 below is recommended as a convenient way of measuring line density with minimal temperature and
pressure effects. The sensing element is held in direct contact with pre-filtered on-line gas held in temperature
equilibrium. Flow rates are governed by the flow path of the cross pipe and the filters held within it.

MAIN PIPELINE

ISOLATING
VALVE

DENSITY
TRANSDUCER

FLOW
REGULATOR
VALVE

o -

FILTER/CONDENSATE

ABSORBER HEAT
CONDUCTING
FINS

Figure Chapter 3-5: Cross pipe installation
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3.10.2

7812 Gas Density Meter

INSTALLATION PROCEDURE

A small diameter pipe configuration is fitted across the interior of the main pipeline. It should be isolated from the
main gas flow and be capable of accepting the threaded mounting base of the 78125 transducer. The pipe
configuration should incorporate an isolating valve and a filtration system as shown in Figure 3-5. Minimal
thermal lagging is required, mainly involving the sample gas pipeline, since the temperature of the gas
surrounding the sensing element is being kept at main line gas temperature.
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Chapter 4
Mechanical Installation

4.1

4.2

General

The 7812 is a sample by-pass meter which can be inserted into the main gas stream. This ensures good thermal
equalisation yet allows the gas to be adequately filtered for reliable measurement. Gas density meters are
normally used as part of a mass metering exercise and in consequence the location of the density meter, with

regards to the flow measuring element, is most important.

Physical dimensions

The physical dimensions of the 78121/2/3/4 meter variants are shown in Figure 4-1. This unit has been designed
to be a direct replacement for the 7810 and 7811 gas density meters. The 78125* meter is a direct replacement
for the 3093 gas density meter and its physical dimensions are shown in Figure 4-2.

Note: For additional information regarding the physical dimensions of the meter, contact Micro Motion.
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Figure 4-1: Physical dimensions of 78121/2/3/4 meters
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4.3

4.4

4.5

Liners

The liners incorporate a replacement inconel spring which takes up tolerances of the specific cylinder assembly
fitted. This enhances the long-term stability of the sensing element.

Note: The instrument is unaffected by the normal strip down and re-assembly operation. However, should a

spool body or cylinder require replacing, then a new liner spring is recommended and a recalibration is
imperative.

Filtration

For 78121/2/3/4 meters, two identical filter housings are provided adjacent to their respective gas connection
ports. The ports are identified by a label and should always be correctly connected. The in-line filters used are a
2 micron (inlet) and 90 micron (outlet), the outlet filter affording some protection should a reverse gas flow occur.
This filter arrangement is optimised for best protection of the sensing element and is best suited for density
measurement at the sample gas return point.

Pocket installation

An aperture is required in the pipeline to receive the pocket, which is inserted to the correct depth and welded

into position without distortion. Ideally, the pocket should be installed on a vertical diameter at the top of the
pipeline. Figure 4-3 shows the pocket installation drawing; a detailed drawing of the pocket dimensions is shown

in Figure 4-4.

If high levels of vibration are likely encountered, fit two 78123723A anti-vibration gaskets as detailed in Section 4.5.1.
To enhance the temperature equalisation:

(a) Pour the supplied silicone fluid (20cc) into the pocket.

(b) Slip the aluminium cylinder over the lower end of the 7812’s main housing.

The main housing can now be installed:
1. Fit one gasket to the pocket and insert the main housing complete with its 2” OID ‘O’ ring into the pocket.
2. Clamp the main housing securely in position by the clamp ring and its securing screws.

3. Connect the sample lines to their respective gas inlet and outlet ports, ensuring a relaxed pipeline run with
the correct 7812 orientation.

4. Complete the electrical connections as detailed in Chapter 5.

A typical type of installation is shown in Figure 4-4. The advantages of this type of installation are as follows:
o Good temperature equalisation.

e Suitable for high pressure installations.

e Best anti-vibration arrangement.

e 7812 can be changed without pipeline closure.

The sophistication of the system employed rests with the customer but should include isolating valves in the
sample by-pass line and preferably a flow control valve and a means of checking the sensor calibration in situ.
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45.1

Anti-vibration installation

In cases where vibration levels are above the recommended maximum of 0.5g, two optional anti-vibration
gaskets (accessory/spare part no. 78123723A) can be fitted to improve the vibration performance of the 7812.
These anti-vibration gaskets are manufactured from 0.2” (5mm) thick Neoprene and are fitted to either side of the
main body of the 7812 to isolate it from any pipeline vibration. This installation has been evaluated at levels up to
10g maximum and 2200 Hz and shown to reduce the effects of vibration by at least a factor of 3 over the
standard installation.

It should be noted that fitting these gaskets will raise the 7812 main body by approximately 0.4” (9mm) which will
need to be taken into account when re-fitting the gas pipe connections.

The gaskets are fitted as follows (see Figure 4-2 for details):

1.

Pour the supplied silicone fluid (20cc) into the pocket. Slip the aluminium cylinder over the lower end of the
7812’s main housing.

Place one 5mm gasket between the pocket and the main body of the 7812, and insert the main housing
complete with its 2” o/d ‘O’ ring into the pocket, checking that the gasket is centrally positioned over the bolt
holes.

Position the second gasket between the 7812 body and the clamping ring, again placing it centrally, such that
the clamping ring does not touch the spigot and the bolts are located centrally in the 7812 main body holes.

Screw in six M8 x 65mm bolts (accessory/spare part no. 409601420) ensuring that the assembly stays
concentric, that the bolts are clear from the main body and that the clamping ring is not touching the central
spigot. It is important that there is no metal to metal contact between the 7812 and the clamping ring and
bolts that hold it in position. This is how vibration isolation is achieved.

(In most cases the bolts should be lightly greased to ensure they can be removed in the future, although if
there is concern about the bolts coming loose and creating any sort of hazard, then Loctite Screw Lock
should be used. An alternative to this is placing grease on the threads and a sealant around the bolt heads to
prevent any risk of vibration loosing.)

. Tighten the M8 bolts to a torque of 15 £ 5 Ib/in (1.7 £ 0.6 Nm). This is equivalent to lightly finger tight with a 3”

(80mm) long Allen key.

- Electronics Housing

Cl ing Ring—3» ————
amping Ring — <l— Anti-vibration Gasket

0
7812 —»

0
= Aluminium Cylinder
L«

~ Anti-vibration Gasket
Pocket —3»

Figure 4-3: Exploded view of 7812 anti vibration installation
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Figure 4-4: 7812 pocket installation drawing
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4.6

4.7

External pocket installation

In this arrangement, the sensing element of the 7812 is enclosed in a robust housing. The housing can be either
bonded directly on to the pipeline, using Thermon Heat Transfer Cement or equivalent. Figure 4-6 depicts this
arrangement.

It is essential that temperature equalisation is maintained between the pipeline gas and the sample gas at the 7812.
In order to achieve this, the sample gas pipework must be kept to a minimum and, in conjunction with the 7812 and
the external pocket housing, must be adequately lagged for thermal insulation.

For installation of the 7812, it has been assumed that the housing has been assembled to its pipeline and that
the sample pipelines are ready for connection.

See Section 4.5 for installation instructions.

Post-installation mechanical checks

After installation, the 7812 should be pressure tested, with gas only, to 1% times the maximum working pressure
of the system.

CAUTION: The 7812 pressure test figure should NOT be exceeded to avoid possible changes to the
calibration characteristics. Check around all joints for signs of leakage of gas.
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Note: If required, a suitable spacer may be fitted in order to prevent the electronics
housing from fouling during wall mounting.

Figure 4-7: External pocket installation
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Chapter 5
Electrical Installation

5.1

5.2

General

The electrical connections to the 7812 gas density meter are governed by the environment within which the 7812
is mounted. When installed in hazardous areas, connections between the 7812 and the power supply/readout
equipment must be completed through ZENER SAFETY BARRIERS or GALVANIC ISOLATORS.

The electrical cable enters the amplifier housing through a cable gland assembly. The terminal layout of the 7812
is shown in Figure 5-1.

The amplifier housing has two chambers; the one which is nearest to the cable gland axis contains the terminals
for connecting the 7812 to signal processing instrument. The other chamber contains the amplifier unit, its PCB
encapsulated in a circular plastic container. The complete module is secured in place by one keyway and one
centrally positioned clamping screw. Behind the maintaining amplifier there is an interconnect terminal board
which links the sensor to the maintaining amplifier, the maintaining amplifier to the user connect board and the
RTD to the user-connect board.
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1 2 3 4 5 6 7 8
LI | L ]
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(@[] |
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O
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OU

—_
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Figure 5-1: 7812 main terminal board connections

EMC cabling and earthing

To meet the EC Directive for EMC (Electromagnetic Compatibility), it is recommended that the meter be
connected using a suitable instrumentation cable and earthed through the meter body and pipework.

The instrumentation cable should have individual screen(s), foil or braid over each twisted pair and an overall
screen to cover all cores. Where permissible, the overall screen should be connected to earth at both ends
(360° bonded at both ends). The inner individual screen(s) should be connected at only one end, the
controller (e.g. Signal Converter) end.

Note that for intrinsic safety, termination of the inner individual screen(s) to earth in the hazardous area is NOT
generally permitted.

Use suitable cables that meet BS5308 multi-pair Instrumentation Types 1 or 2.



Installation and Maintenance Manual

5.3

5.4

Use with Signal Converters and Flow Computers
The 7812 can be operated in two general environments, either in SAFE AREAS or in HAZARDOUS AREAS.

When used in hazardous areas, safety barriers or galvanic isolators MUST be interposed between the
7812 and signal processing equipment.

System connections (7950/7951)

The following pages contain wiring diagrams for connecting the 7812 to the 795x Series of Signal Converters.

For each of the following products, diagrams are given for 2-wire and 3-wire connections for both safe and
hazardous areas:

e 7950 Signal Converter.
e 7951 Signal Converter.

When the 7812 is installed in a hazardous area, refer to the safety instruction booklet shipped with the unit
for ATEX installations and general safety matters. For CSA-approval installation drawings, refer to the
system drawings in Appendix H.

Section 5.5 contains a similar set of diagrams for wiring to other manufacturer equipment.

7812 Gas Density Meter
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5.4.1 Connections to 7950 Signal Converter

Hazardous = Safe Area

7812 7950
1 ~ 330R cC 1 Cc .2
N
+ @ — ® PL9/1 PL9/5  Density power+
sl F
- e ; : ® PL9/2 PL9/6 Density input +
3 L
+ @ ‘\ | ® PL9/4  PL9/8  Density power-
SIG 4 \[/
- e — ® PL9/3 PL9/7  Density input-
5 r
" “ ® PL12/1 PL12/5 RTD power+
6 B
L e PL122 PL12/6 RTD signal+
RT . L
i l, ® PL12/3 PL12/7 RTD signal-
|
8 )
‘\ I' ® PL12/4 PL12/8 RTD power-
\.(
Figure 5-2: 7950 2-wire connection to 7812 (non-hazardous areas)
7812 | 7950
|
|
1 A Ch. Ch.2
+ e - | 3 1@ e PLY/ PL9/  Density power +
SIG ) i » MTL 787 (+ve)
- e : | ® 4 2@ ® PLY/ PLO/ Density input +
|
3 L
+ @ “I' | ° ® PLY/ PLY/ Density power -
SIG Y |
- e 4 | ® PLY/ PLY/ Density input -
,"l : ® 3 1@ ® PL12/ PL12/ RTD power +
" ‘| | MTL 764 (+ve)
It | ® 4 2e ® PL12/ PL12/ RTD signal +
]
RTD L | \ |
" :I 3 1e ® PL12/ PL12/ RTD signal -
b MTL 764 (+ve)
l‘,' : ®4 20 —e PL12/ PL12/ RTD power -
e
|
|
]

Note: When the ATEX-approved 7812 is installed in a hazardous area, the
safety instruction booklet shipped with the unit is the authoritative document.

Figure 5-3: 7950 2-wire connection to 7812 using Shunt-Diode Safety Barriers (Hazardous areas)
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c 2

P

9/5 Density power +

9/8 Density power -

9/6 Density input +

9/7 Density input -

11/6 Analog i/p +

177 Analog i/p -

11/5 Analog pwr +

11/8 Analog pwr -

7812 7950
|
|
| c .1
1
+ e N I o 4 1 ® P 9/1
SIGA [ | 2kR
2 [ |
- e v ° | e 5 1 e ® P 94
T
3 | = 0Rr | b
+ 0 e 1 1@ ® P 92
sics |
- e | 1@ e P 93
5 I
° At o1 1@ e P1/2
[ |
6 I .
. . o4 1 e e P13
|
RT ] |
[
o’ 'l t } ®5 b 1@ ® P 1/1
|
8 (] I
° v +e3 1@ e P1/4
L I
|
Hazardous | Safe Area
|

Note: When the ATEX-approved 7812 is installed in a hazardous area, the
safety instruction booklet shipped with the unit is the authoritative document.

Figure 5-4: 7950 2-wire connection to 7812 using Galvanic Isolators (Hazardous areas)

7812 7950
1 o c.1 cC .2
+ e - ® PL91 PL9/5  Density power+
[
SIG 9 1
- e : t ® PL9/2 PL9/6  Density input+
3 N
+ e '. ! ® PL9/4 PL9/8 Density power-
SIG 4 L i
- e v ® PL9/3 PL97  Density input-
o A ® PL12/1 PL12/5 RTD power+
|
6 L
= ® PL12/2 PL12/6 RTD signal+
RT . L
: ; ® PL12/3 PL12/7 RTD signal-
g |
' / ® PL12/4 PL12/8 RTD power-
(

Figure 5-5: 7950 3-wire connection to 7812 (Safe areas)
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7812
\
\
/ \
\
+=1 ‘/\‘ ®3 1@
SIG el MTL 787 (+ve)
. o2 L] ®4 20
|
\H
+-3 ‘\\
N |
|
SIG 4 n
_. / ‘ & e

+ ® 3 1®

MTL 764 (+ve)

® 4 2@

RTD

® 3 1@

MTL 764 (+ve)

L ®4 20
|
7
)

i
Hazardous | -
\

Note: When the ATEX-approved 7812 is installed in a hazardous area, the

Safe Area

7950
Ch. Ch.

® PLY9/ PLY/ Density power +

® PLY/ PLY/ Density input +

® PLY/ PLY/ Density power -

® PLY/ PLY/ Density input -

® PL12/ PL12/5 RTD power

® PL12/ PL12/6 RTD signal

® PL12/ PL12/7 RTD signal -
—e PL12/ PL12/8 RTD power

safety instruction booklet shipped with the unit is the authoritative document.

Figure 5-6: 7950 3-wire connection to 7812 using Shunt-Diode Safety Barriers (Hazardous areas)
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7950
c .1 c 2

® P 9N P 9/5 Density power +
® P 9/4 P 9/8 Density power -
® P 9/2 P 9/6 Density input +
® P 9/3 P 9/7 Density input -
® P 1/2 P11/6 Analogi/p +
® P 1/3 P1/7 Analogi/p -
® P11 P11/5 Analog pwr +
® P 1/4 P 1/8 Analog pwr -
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Note: When the ATEX-approved 7812 is installed in a hazardous area, the

safe