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This case study discusses the sizing of a coalescer filter and
demonstrates its fouling life cycle analysis using a Flownex® model
which implements two new pressure loss components:

- Arated pressure loss component.
- A specified pressure loss component.
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Challenge:

The main challenge is the sizing and life cycle analysis of a typical coalescing filter. To simplify the
Flownex model and assist with the analysis of the system performance, two new pressure loss
components have been developed and are also presented in this case study.

Benefits:

Although not overly complicated, the design and lifecycle analysis of a filter system has a few
interesting aspects that need to be highlighted. The two new components specifically developed
to assist with this analysis should prove useful to other Flownex users by simplifying the
specification of typical pressure losses in complex networks.

Solution:

A complete filter life cycle analysis is presented which may be applied to other similar filtration
systems in Flownex networks. Two simple compound components have been developed and are
discussed and demonstrated in this case study.

“The ability to simplify complex systems into a few basic components,
coupled with Flownex's designer and sensitivity analysis capabilities,
offers the design engineer a tool of incredible power and flexibility.”

Hannes van der Walt
Principal Thermal Engineer
Gasco (Pty) Ltd




Introduction

In the oil and gas industry, Flownex is often used to build
complex gas flow networks with the purpose of determining
pressures, temperatures and velocities at any point, and
pressure losses of certain components or groups of
components, as well as the system as a whole.

“The operational life cycle of
such a coalescing filter is

more complicated than it
As such, situations often arise where the pressure loss of a may at first appear and is
component or network area is known at certain conditions (at a
certain flow, a certain pressure and a certain temperature for a '
certain gas) but calculations have to be performed at other this case study.”
conditions. It is for this specific purpose that the Rated Pressure
Loss component was developed and is presented in this case
study.

presented and discussed in

A typical application of the Rated Pressure Loss component is a gas coalescing filter, which serves
the purpose of removing solids and liquids from the gas, and as such will become increasingly
fouled, resulting in increasing pressure losses. The operational lifecycle of such a coalescing filter is
more complicated than it may at first appear and is presented and discussed in this case study.
Coalescing filters also serve to remove liquids from the gas flow, however, the detail of the liquid
removal process is outside of the scope of this case study and is not considered in detail.

Similarly, the user often wants to specify a constant pressure loss for a component or area, typically
during the design phase when pressure loss quotas are allocated to specific components or areas.
The Specified Pressure Loss component was developed for this purpose and is also presented in
this case study.

Gas Coalescing Filter Operation

Coalescing filters vary substantially in size and design. A reasonably large example of an upright
coalescing filter used in a gas-fired power station gas conditioning skid is shown in Figure 1. This
specific coalescing filter is fitted with 29 Pall Seprasol® cartridge elements offering 9.66 m? of
filtration area and is designed to handle flow rates of up to 39.2 kg/s at a maximum inlet pressure
of 15306 kPag and a clean filter pressure drop of 13.1 kPa.
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Figure 1: Typical Natural Gas Coalescing Filters in a Gas Turbine Power Station.
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Figure 2: Operation of a Pall® Coalescing Filter.
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Gas coalescing filters operate by passing the gas through filter cartridges to trap solids and liquids.
Figure 2 shows the typical operation of a coalescing filter as well as a single Pall Seprasol® filter
cartridge. Gas enters the coalescing filter approximately in the bottom third with the vessel
diameter much larger than the supply line diameter. The consequent reduction in velocity is
enough to allow most liquid droplets and any larger solids to drop out of the upwards flowing gas
stream and be collected in the lower sump from where it may be drained in intervals.

The gas then flows towards the upper section of the vessel where it enters the filter cartridges from
the inside, leaving any solids behind as it flows through to the gas outlet as shown. Liquid droplets
that were not removed via gravity in the bottom section of the vessel due to their small size, will
also be coalescing in the fibres of the cartridges and will be collected in the upper liquid sump to
be drained in intervals. The number of coalescing filter cartridges housed in the filter vessel
depends on the following:

e the maximum gas flow rate;

e the expected solid and liquid material loading;

e the required clean filter pressure loss; and

e the required mean time between replacement (MTBR) of the filter cartridges.

During the early plant design phase the exact number of filter cartridges required may not be
known, however, the pressure loss characteristics of a single cartridge is readily available from
Pall®. The Rated Pressure Loss component simplifies the design process by enabling the Flownex
user to specify the pressure loss rating of a single filter cartridge (or a number of cartridges) and
then scale the elements to larger or smaller sizes according to an area ratio. Furthermore, different
flow conditions such as pressures, temperature and flow rates may then be used once a filter has
been rated.

An important part of filter design is to consider the operational life cycle of the unit with specific
emphasis on the mean time between replacement (MTBR) and bursting pressures of the cartridges
under certain conditions. To assist with this, the Rated Pressure Loss component allows the user to
apply fouling to the cartridges, resulting in increases in pressure losses.

Implementing the Rated Pressure Loss Compound Component

The Rated Pressure Loss component is based on Flownex's General Empirical (GE) relationship. The
GE component is a very simple element that is often used to relate flows to pressure losses
according to the following simple relationship (refer to the Flownex Help):

APy = Ci pP Q*
Equation 1
where
AP, is the total (stagnation) pressure loss [Pa]
Cy, is the pressure loss coefficient
p is the mean fluid density [kg/m’]
Q is the fluid volume flow rate [m?/s]
a is the proportionality constant between pressure loss and velocity and is taken as 2 since
the pressure loss is proportional to the square of the velocity
B is the proportionality constant between pressure loss and density and is taken as 1
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The above equation is expressed in terms of volume flow, but it may be reorganised in terms of
mass flow as follows:

APy =C m
0 k)

Equation 2
where
m is the fluid mass flow rate [kg/s]

Given a known or required pressure loss, density and flow rate (mass flow or volume flow), the
required pressure loss coefficient may be calculated:

AP AP p
= 207 and Cy =

Cr

Equation 3

Note that these equations account for variations in density, and hence pressure and temperature,
but they do not account for variations in viscosity. Since viscous effects are very important in
pressure drop calculations, the Rated Pressure Loss component should only be rated and then
scaled with fluids (gases in this case) of similar viscosity.

These two equations have been implemented in a script and connected to a GE component via a
data transfer link (DTL) to create the Rated Pressure Loss component.

Specify Pressure Loss Rating True

Specified Loss Coefficient (Ck) 5.000

Area Ratio (Actual / Rating) 1.000

Fouling 0.000 % u_.'@ —
Rating Flaw Option Mass flow  General Empiﬂca@?elaﬁunship - 148
Rating Mass Flow Rate 7200.0 kg/h i

Rating Volume Flow Rate 1066.1 m¥h E

Rating Density 6.754 kg/m® —l

Rating Pressure Loss 6.743kPa '

Loss Coefficient (Ck) 11384.893 Script- 150

Pressure drop excluding elevation  6.741 kPa

Figure 3: Implementation of the Rated Pressure Loss compound component using a GE
component and a Script.

LN
)
Q0
©
a

www.flownex.com | enquire@flownex.com




H=cript main execution function - called every cycle
Idertifier blic override void Execute{double Time)

Description
Solving
Steady State Behaviour 7 FlowSpecOptions option = (FlowSpecOptions)_flowOption SelectedOption;
Execute before steady state
Execute during steady state
Execute after steady state 1 _Ck_caleValue = _dP_rated Value * _Rho_rated Value / (_m_rated Valus = _m_rated Value):
S 1
Use repository script {
I Seript ) _Chk_calc Value = _dP_rated Value / (_Rho_rated Value *_OQ_rated Value * _G_rated Value);
=/ Seript Inputs And Outputs 7 _Ck_cale Value /= (_A_ratio.Value *_A_ratio.Valug) * (1 - _Fouling Valug) * (1 - _Fouling Valus);
=l Inputs 1
Specify Pressure Loss Rating
Area Ratio (Actual / Rating)

Fouling
N Hfany processing you want to do before steady state
= R s public override void BeforeSteadyState!)

Ef(_Speci‘fyRating.Value == true)

if (option == FlowSpecOptions. MassFlow)

_Ck_caleValue = _Ck_spec.Value; /I if the user does not select the element rating option, then he/she n

Rating Fow Option Mass flow {

Rating Mass Flow Rate 7200 ka/h Execute(0.0);

Rating Densty 675361  kammiw| 21 1

Rating Pressure Loss 6.743 kPa Ifany processing you want to do while solving steady state
=l Results 0 Fuhil:wen'ide void

Loss Coefficient (Ck) 113845 g e L

Description

| Compile and check for emors | | Execute and test script | ‘ Convert to Repositary Script |

Figure 4: Implementation of the two forms of Equation 3 in the Script.

As shown in the script above, both forms of Equation 3 are implemented in the inner-most if-else
statement. The outer-most if-else statement allows the user to either specify rating parameters
(see the rating input fields above) or directly specify the pressure loss coefficient Ci.

. . | RatedPressure Loss Rﬁt"-: PSR les e el o ) 2 Rated Pressure Loss - 149 (Rated Pressure L. v R X
. Pt Elj2¢ EJEN
E) = General = General
Identfier Rated Pressure Loss - ... Identifier Rated Pressure Loss -
BET .
Solving Solving
Description Description
----------- < > = Fluids = Fluid
1 2 Fluid data reference Victorian Natural Gas ... Fluid data reference Victorian Natural Gas ...
eoatss = Inputs A O Inputs
Rated Pressure Loss - 149 | Spedify Pressure Loss Rating v Specify Pressure Loss Rating | Yes [l
Area Ratio (Actual / Rating) ™ Area Ratio (Actual [Rating) | 1
Fouling % -
Rated Loss Inputs N r——— Fouiing 0 % [v]
- - Rating Inputs |-/ Rating Inputs
Specify Pressure Loss Rating  True Rating Flow Option Mass flow E Rating Flow Option Volume flow E
Area Ratio (Actual | Rating) 1.000 Rating Mass Flow Rate 00 kah || Rating Volume Flow Rate 066.1 mh v
Fouling 0.000% Ea:ng Eenwt\f - :;:361 kg{;’ % Rating Density 57531  kam® v |
ating Pressure Loss . a | w ) )
Rating Flow Option Mass flo Rating Pressure Loss 8.743 kPa E
Rating Mass Flow Rate | 7200.0Kgh | Rated Pressure Loss - 149 (Rated PressureL.. » I X Rated Pressure Loss - 149 (Rated Pressure .. = 3 X
Rating Density 6.754 kgm* =24 =24
Rating Pressure Loss 6.743kPa = General = General
Rated L oss Resuls Identifier Rated Pressure Loss -... Identifier Rated Pressure Loss - 149
Solving = Results
Mass Flow Rate 7200.0kg/h = =1
Description o
Volume Flow Rate 1065.7 m3h = Fluids Mass Flow Rate 7200 kg/h E
Av'emge Density | | 6786 kg/m*® | Fluid data reference Victorian Natural Gas ... Valume Flow Rate 1065.73 m:fh E
: Average Densi 6.75591 kafm? | w
Loss Chefficient (CK) 11384.893 1 Inputs D ST v
i e f T e7atkRa | Specify Pressure Loss Rating lz‘ Pressure Loss
Tssureoss ' a Spedified Loss Coeffident (Ck) Loss Coeffident (Ck) 11384.8
Pressure Loss 6.7407 kPa

Figure 5: Using the Rated Pressure Loss Component.
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As shown above (left), the Rated Pressure Loss component is a simple compound component that
is used in a network like any other flow component. The input and result fields are shown on the
right in Figure 5. The user may specify a loss rating (option A) which then requires the specification
of an area ratio as well as several rating inputs as shown. The area ratio is the ratio of the actual
filter element surface area to the surface area of the filter for which rating data is supplied.
Typically this area ratio may be used as a number ratio of actual to rated filter cartridges.

Filter pressure loss rating data consists of a flow rate (mass flow or volume flow as selected by
options B or C), a reference density, which is the gas density applicable to the rating flow, and the
pressure loss, which would be measured for a clean filter at the rating conditions.

For fouling studies, the user may specify a level of fouling (the third field in circle A) which is only
valid between 0% and 99% and simply serves to reduce the filter area proportionally.

Lastly, the user may opt not to specify rating data and simply specify the loss coefficient G directly
as shown by D.

Implementing the Specified Pressure Loss Compound Component

This compound component is also based on the same Flownex GE element but only implements
the first form of Equation 3. It allows the user to specify a required pressure loss for a specific
component or group of components regardless of the pressure, temperature and flow rate. The
Specified Pressure Loss component script will then use the actual volume flow rate and density to
calculate an appropriate pressure loss coefficient Ci to result in the required component pressure
loss. Furthermore, the user may also specify a required or desired flow velocity. The script will then
calculate a required flow area to satisfy that requirement.

Loss Specification Option Pressure Loss

Required Pressure Loss 30,000 kPa H@ —
Required Velacity 15.000 m/s Spedified dFé Elohent- 1
Volume Flow 0243 ms

Average Density 8.216 kg/m® v g

Required Area 0.016 m*

Loss Coefficient (Ck) 61619.661 @

Pressure drop excluding elevation  30.000 kPa Specified dP and Velocity Script - 2

Figure 6: Implementation of the Specified Pressure Loss compound component using a GE
component and a Script.

This component has one more handy capability. As discussed above, the user may specify a
pressure loss for the current flow conditions which will result in an appropriate loss coefficient
being calculated. The user may then change the Loss Specification Option to Constant Loss
Coefficient. The component will then maintain the same loss coefficient regardless of the flow
conditions. This allows the component to be used in situations where a specific pressure loss is
known at a specific flow condition. The component is then “calibrated” and then switched to a
constant loss coefficient model, so that the pressure loss at other flows, pressures and
temperatures may be calculated. This gives the Specified Pressure Loss component some of the
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rating capabilities of the Rated Pressure Loss component albeit in a simpler, yet less flexible
manner.

= General

. . Hfzcript main execution function - called every cyde
Identfier Fixed dP and Velocty Sc... public =17 15 Exeouteldouble Tine)

Description
Salvi 7 il Stability insurance
L - if _rho Value <= 0)
Steady State Behaviour 7 rhoValus = 1;
Exzcute befors steady s... | Yes if (_volume_flow Value <= 0)
. lume_flow Value = 1;

Execute during steady s... | Yes . —volume_tlow -

o after steady state | Yes if (_velocity_required Value <= 0)
Script

_wvelocity_required Value = 1;
Lise repositary script No LossSpecOptions option = {LossSpecOptions)_lossOption. SelectedOption;

1 Script if (option == LoessSpecOptions Pressureloss)
=l Script Inputs And ... i ) ] ) )
B input 7 I Calculate the required loss coefficient to achieve the required bumer pressure drop.
npLiLs _Ck\Value = _dP_required Value / (_rhoValue * _volume_flow.Value * _volume_flow Value):
Loss Specificati.. Pressure Loss

Required Press.. 30
Required Velocty | 12
Volume Flow 1

Aversge Densty 1 [fany processing you want to do before steady state
= 6 blic override void Execute

Required Area /

Loss Coefficient... | 30000 Execute{0.0).

L]

<<«

<

I Calculate the flame arrestor size
_areaValue = _volume_flow Value / _velocity_required.Value;

}

<lelelel<]

<

Description

| Compile and check for emors | | Execute and test script | | Convert to Repositary Script |

Figure 7: Implementation of the two forms of Equation 3 in the Script.

As shown in Figure 7 above, the loss coefficient and area are only calculated and updated to the
GE component when the Pressure Loss option is selected.

T. I P 1 She[:iﬁed Pressure Loss = Specified Pressure Loss - 13 (Specified Pressu.. » I X || Specified Pressure Loss - 13 (Specified Pressu.. = 1 X
I - i F | N H A A
> y Bk |[E]24
E 6 =l General =l General
T = T === Identifier Specified Pressure Loss - 13 Identifier Specified Pressure Loss - 13
Solving =l Results
Description =l Flow
= Fluids Mass Flow Rate 2 kafs v
Fluid data reference Victorian Natural Gas Wins... Volume Flow Rate 0.243429 mifs E
i } B R
Specified PressurelLoss - 13 = Inputs A Average Density 8.21595 kafm E
— T+ T+ Loss Spedification Option Pressure Loss E =) Pressure Loss
S ! - - Required Pressure Loss 0 kPa v Loss Coeffident (Ck) 61619.7
Fixed Loss Inputs Required Velodty 15 mfs E Calculated Pressure Loss | 30 kPa El
Loss Specification Option |Pressure Loss = Geometry B
Required Pressure Loss  30.000 kPa | Required Area Coote2s6 D m2 [y
Required Velocity [15000mis | ified Pressure Loss - 13 (Specified Pressu... » 8 X ified Pressure Loss - 13 (Specified Pressu... » 0 X
Fixed Loss Results Bl ) Al
Mass Flow Rate 2.000 kgls = General = General
Volume Flaw Rate 10243 mels Identifier Spedified Pressure Loss - 13 Identifier Specified Pressure Loss - 13
Average Density 8216 kgime | Solving 1=/ Results
Jroeeek i freeent Joreeh Description = Flow
Calculated Pressure Loss  30.000 kPa
Mass Flow Rate 2 kafs E
Calculated Area 0016 m® Fluid data reference Victorian Natural Gas Winsi. .. Wolume Flow Rate 0.055349 m3fs E
Loss Cocflicient (Ck) 61619.661 = Inputs C Average Density 33.699 kafm? |
Loss Specification Option Constant Loss Coefficien u [=l Pressure Loss
Loss Coeffident (Ck) 651619 D
Calculated Pressure Lo @ kPa v

Figure 8: Using the Specified Pressure Loss Component.
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As shown above, the Specified Pressure Loss component is used in the same way as the Rated
Pressure Loss component discussed before. The input - and result fields are shown on the right in
Figure 8. The user may specify a Pressure Loss option (option A) which then requires the
specification of the required pressure loss and required velocity. The results will include the
required flow area to satisfy the specified velocity requirement (B).

The loss specification option should only be changed to Constant Loss Coefficient after the
component had been “calibrated” to ensure a valid loss coefficient (i is assigned to the GE
component. With this option selected, the pressure and velocity requirement input fields are
removed as well as the required flow area result field. As shown in Figure 8 (D) above, a constant
loss coefficient at a supply pressure of 4000 kPag instead of 1000 kPag as before will result in a
much lower calculated pressure loss. The Specified Pressure Loss component has been used to
represent the pressure losses of large sections of the gas conditioning skid.

Case Study: Gas Coalescer Filter Design and Life Cycle

A coalescing filter is to be designed as part of a gas conditioning skid feeding a gas-fired power
station. The skid contains the coalescing filter, numerous actuated ball valves, piping, an electric
heater and a pressure reducing section. The gas supply to the skid may vary widely in pressure as
the upstream piping, which runs for many kilometres, is used as a fuel gas storage buffer. The gas
supply temperature may also vary but the flow rate to the gas turbines must be kept practically
constant. The minimum fuel gas delivery pressure and temperature are guaranteed by contract
and are therefore very critical.

The filter cartridge manufacturer Pall® has advised the following:

e Filter cartridges must be changed out when the measured differential pressure across them
has reached 150 kPa.

e The filter cartridges may burst at a differential pressure of 415 kPa. During operation the
recommended maximum safe pressure differential is 300 kPa.

e FEach coalescing filter cartridge is capable of handling liquid loads of up to 22 ppmm, hence the
number of cartridges may be estimated using the following:

Neartriages = ROUNDUP(0.04545 X ppm._)

where  Mearerigees is the required number of cartridges, rounded up to the next integer,
ppmyis the liquid loading in parts per million mass.

e The following clean filter performance characteristics for flowing air were obtained from a prior
design:

Table 1: Existing Filter Design Performance Characteristics for Dry Air.
Pressure | Temp | Mass Flow | Density | Vol.Flow | Number of | AP
[kPag] | [°C] lkg/hr] lkg/m?] | [Sm*/hr] | Cartridges | [kPa]

800 15 5000 10.8 464 3 28.2
4000 15 5000 50.2 99.6 3 6.1
8000 15 5000 99.5 50.2 3 3.1
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The client has provided the following gas conditioning skid performance requirements:

Table 2: Client Design Performance Characteristics for Natural Gas.

Requirement Unit Value
Maximum fuel gas flow rate kg/hr 7200
Minimum fuel gas flow rate kg/hr 5000
Fuel density (STP conditions) kg/m? 0.7443
Maximum supply pressure kPag 7400
Minimum supply pressure kPag 1000
Maximum supply temperature °C 35
Minimum supply temperature °C 15
Delivery pressure regulator set pressure kPag 680
Contracted minimum delivery pressure kPag 550
Contracted minimum delivery temperature °C 10
Maximum liquid loading PPMm 80

A comprehensive Flownex model of the entire skid was developed in order to account for each
valve, pipe length, pipe bend, pipe T, coalescing filter and heaters. The purpose of this case study
is not to discuss that model but to focus on the coalescing filter unit and the use of the two
developed compound components. For completeness, however, Figure 9 is provided below as an
overview of the complete network in a clockwise manner starting from the top-left. Fuel gas enters
the gas-conditioning skid at the tie-in point at A into the filter skid. The coalescing filter is
positioned at point B. The metering skid houses two Coriolis flow meters at C. The heater skid
contains two electric heaters in series operation which are shown at D. The regulator skid houses
shut down valves and two pressure control valves at E operating in an active-monitor

arrangement. The skid outlet is at tie-in point F.
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Since this case study aims to discuss the application of the Rated Pressure Loss component as a
coalescing filter as well as investigating the operational life cycle of the filter in practical operation,
the network presented in Figure 9 is simplified to only contain the filter component, the heater
component and the pressure control valve. Other losses are represented by Specified Pressure Loss
components for simplicity. This arrangement is shown in Figure 10.

Simplified Gas Conditioning Skid

Fluid data reference Victorian Natural Gas Winsim| Gasco Gases (Pure Fluids)

35.0°C
33z2°C
7200.0 kgfh

34.8mfs
7200.0 kgth
66.4kPa
66.4kPa
1038.7 kPa
31.8kPa
0.0%
1006.8 kPa
155.2 kPa
155.2 kPa
850.1 kPa
33.7°C
32.4kPa
817.7 kPa
336°C
40.6 kPa
40.6 kPa
777.0kPa
781.3kPa
25.3kPa
Fully Open
750.7 kPa
12.8mis
Total pressure  753.3 kPa

Static pressure 1101.3kPa
0.0 kW

Total pressure 11059 kPa

Static pressure 752.9kPa

o Temperature

Temperature
Mass flow

-

DN: 200 Schedule: 80 XS

DN: 100 Schedule: 80 XS
Calibrated dP
Static pressure
Pressure Loss
Static pressure
Calibrated dP
Static pressure
Static pressure
Calibrated dP
Static pressure
Static pressure

¥ Valve condition

e e
E E
E 2 g -
- s 5 £ E =
- = o T A =z E = =
#D =] = = = 2 g )
C o o ] o E 5o 5 o T o 5 C
! P 5 2 S [ i = 0 o = =
g
=

Welocity

=

[os]
—_—

=

NE8 . N3 oLy N4 - | N5 by NE NO =5 N1Z N7 N9
Skid Inlet et ﬁ;iping Piping Losses - 1 o Piping Losses - 2 Heater Piping Losses - 3 outiet PipingKid Oullet
i Coalescing Filter . A7 Regulating Valve
Filter Inputs Filter Resulis
Specify Pressure Loss Rating  True Supply Static Pressure 1038.7 kPa
Area Ratio (Actual | Rating) 1.667 Supply Temperature M4.7°C
Fouling 0.0% Mass Flow Rate 7200.0 kg/h
Rating Flow Option Mass flow Vaolume Flow Rate 1002.6 m*fh
Rating Mass Flow Rate 5000.0 kg/h Average Density 7.181 kg/m®
Rating Density 50.200 kg/m* Loss Coefficient (Ck) 57152.573
Rating Pressure Loss 6.100 kPa Pressure Loss 31.8kPa

Figure 10: Simplified Flownex Model Representing the Gas Conditioning Skid.

Figure 10 represents actual pressures and pressure losses obtained from the full model. From a
pressure drop consideration, there is a very tight margin at low pressure and high temperature
(1000 kPag, 35°C) to be able to deliver 550 kPag at the skid outlet. Figure 10 shows the pressures
along the gas-conditioning skid for a clean filter. It was determined that only approximately 30 kPa
pressure loss can be afforded to the filter under the low pressure, high temperature conditions,
resulting in an outlet pressure of practically 650 kPag. This means that there is only a 100 kPa
margin for calculation inaccuracies and filter fouling. For simplicity, a margin of 50 kPa (should
typically be 10%) will be reserved for calculation inaccuracies which leave approximately 50 kPa for
fouling. A design minimum outlet pressure of 600 kPag is therefore targeted.

However, the first step is to verify the details obtained from the filter manufacturer. The
information may be checked using a simple network containing just the Rated Pressure Loss
component as presented in Figure 11. Entering the performance data received from the filter
manufacturer as the Rated Loss Inputs reveals that the calculated results are in close agreement
with the supplied information. It is also shown that the calculated loss coefficient Ci is
approximately constant with the value at 4000 kPag close to average. Therefore the rating data at
4000 kPag will be used in the case study. The next step in the design process is to determine the
number of cartridges required for this design. There is of course the matter of the liquid loading
which often governs this choice. This is normally advised or verified by the filter cartridge
manufacturer Pall®, but for this study it is simply estimated using the relationship provided at the
start of this section.
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Rated Pressure Loss

Air| Gasses (Pure Fluids)

T P

N1 3
s v

Rated Pressure Loss - 149

Rated Loss Inputs
Specify Pressure Loss Rating  True
Area Ratio (Actual [ Rating) 1.000
Fouling 0.000 %
Rating Flow Option Mass flow
Rating Mass Flow Rate 5000.0 ka/h
Rating Density 10.800 kg/m*
Rating Pressure Loss 28.200 kPa
Rated Loss Results
Supply Pressure (801.3kPa)
Supply Temperature 15.0°C
Mass Flow Rate 5000.0 kg/h
Volume Flow Rate 4643 m%¥h
Average Density 10.768 kg/im*
Loss Coefficient (Ck) 157883.904
Pressure Loss (28.284kPa)

P Rated Pressure Loss

Air| Gasses (Pure Fluids)

M BTZ
—_—
N1 3 N2

-z vmn

Rated Pressure Loss - 149

P Rated Pressure Loss

Airl Gasses (Pure Fluids)

N1 5 N2
[

Rated Pressure Loss - 149

Rated Loss Inputs Rated Loss Inpuis
Specify Pressure Loss Rating  True Specify Pressure Loss Rating  True
Area Ratio (Actual [ Rating) 1.000 Area Ratio (Actual { Rating) 1.000
Fouling 0.000 % Fouling 0.000 %
Rating Flow Option Mass flow Rating Flow Option Mass flow
Rating Mass Flow Rate 5000.0 ka/h Rating Mass Flow Rate 5000.0 ka/h
Rating Density 50.200 kg/m* Rating Density 99.500 kg/m*
Rating Pressure Loss 6.100 kPa Rating Pressure Loss 3.100kPa
Rated Loss Resulis Rated Loss Results
Supply Pressure (4101.3kPa) Supply Pressure (8101.3kPa)
Supply Temperature 15.0°C Supply Temperature: 15.0°C
Mass Flow Rate 5000.0 ka/h Mass Flow Rate 5000.0 ka/h
Volume Flow Rate 99.6 m¥h Volume Flow Rate 502 m¥h
Average Density 50.214 kgfm?* Average Density 99 529 kg/m®
Loss Coefficient (Ck) 158744.448 Loss Coefficient (Ck) 159900.480
Pressure Loss 6.098 kPa Pressure Loss 3.099kPa

Figure 11: Filter Supplier Performance Data Verification for 800 kPag, 4000 kPag and 8000 kPag

Respectively for Air.

Figure 12 shows the expected filter pressure loss for 3 cartridges (Area Ratio = 1.0), 4 cartridges
(Area Ratio = 1.333) and 5 cartridges (Area Ratio = 1.667). Aiming for a maximum clean filter

pressure loss of 30 kPa suggests the use of a 5 cartridge filter design.
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Rating Flow Option Mass flow
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Rating Pressure Loss 6.100 kPa
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Supply Pressure 1101.3kPa
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Mass Flow Rate 7200.0 kgjh
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Rated Loss Inputs Rated Loss Inputs

Specify Pressure Loss Rating  True Specify Pressure Loss Rating  True

Area Ratio (Actual [ Rating) Area Ratio (Actual [ Rating)

Fouling 0.000 % Fouling 0.000 %

Rating Flow Option Mass flow Rating Flow Option Mass flow

Rating Mass Flow Rate 5000.0 kg/h Rating Mass Flow Rate: 5000.0 kg/h
Rating Density 50.200 kg/m® Rating Density 50.200 kg/m*
Rating Pressure Loss 6.100kPa Rating Pressure Loss 6.100 kPa
Rated Loss Resulls Rated Loss Resulls

Supply Pressure 1101.3kPa Supply Pressure 1101.3kPa
Supply Temperature 350°C Supply Temperature 350°C

Mass Flow Rate 7200.0 kg/h Mass Flow Rate 7200.0 kgjh
Volume Flow Rate 950.9 m¥h Volume Flow Rate 943.2 m%h
Average Density 7.572 kg/m® Average Density 7.633 kg/m®

Loss Coefficient (Ck) 89298.217 Loss Coefficient (Ck) 57148.047
Pressure Loss (47.173kPa) Pressure Loss (29.947kPa)

Figure 12: Filter Sizing at Low Pressure, High Temperature for Natural Gas at Design Flow.
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For the liquid loading information supplied, the required number of cartridges is:

Neartridges = ROUNDUP(0.04545 x 80) = 4

In this case the pressure loss limitation dictates the sizing selection and a minimum of five
cartridges must be used.

Using the five-cartridge filter design, the worst case clean filter pressure drop scenario analysis is as
shown in Figure 10 above. It is also shown that the regulator is wide open since the pressure at its
inlet has dropped below the set point. Higher supply pressures and lower supply temperatures will
result in higher pressures at the regulator inlet and consequently the regulator may return to
actively regulating the pressure to the set point.

It may appear as if the current design is sufficient, however, before this design is considered
acceptable, the operating life cycle of the filter component has to be considered. This means that
the impact of pressure and temperature variations as well as fouling have to be considered.

There are three major issues or limitations that need to be considered:

1. Pressure Constraint System: Fouling may result in lower outlet pressures, especially for the low
pressure, high temperature case. Since there is not much available excess pressure above the
design minimum value of 600 kPag (550 kPag + 50 kPa safety margin) at the skid outlet,
fouling may cause pressures to drop below the minimum contracted pressure at the skid
outlet.

2. Filter Cartridge Changeout Pressure Limit: At higher pressures, the system is not pressure
constrained at the outlet, and hence fouling appears to become irrelevant. Note, however, that
the filter cartridge manufacturer has specified a maximum changeout pressure differential of
150 kPa.

3. Filter Cartridge Bursting Pressure Limit: Similarly, as the pressure increases, increasingly heavier
fouling appear to be allowable since as the gas density increases, the pressure differential
across the filter will decrease for the same physical fouling. However, there is a hidden danger
of filter cartridges bursting should the supply pressure reduce whilst the filter cartridges are
fouled at high pressures.

These limitations must be tested and the design evaluated using the model presented in Figure 10.

Pressure Constraint System: The filter pressure loss as a function of supply pressure at maximum
flow rate is presented in Figure 13. The lower two curves represent clean filter pressure losses for
15°C and 35°C. Since the gas density will be higher at lower temperatures, less pressure loss will be
experienced. The upper two curves represent a fouled filter. The level of fouling is determined at
the minimum supply pressure of 1000 kPag by adjusting the fouling percentage until a static
pressure of 600 kPag at the skid outlet is calculated. The fouling percentage is then kept constant
whilst calculating the filter pressure losses for higher supply pressures, i.e. the level of physical
fouling is kept constant. The reasoning behind this method is that should the supply pressure drop
from a higher pressure to the minimum, the minimum contracted outlet pressure can be
guaranteed.
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Filter Pressure Loss vs Line Pressure
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Figure 13: Clean and Maximum Fouled Filter Pressure Loss vs. Supply Pressure and Temperature
Ensuring 600 kPag Delivery Pressure (Maximum Flow Rate).

The two groups of curves (clean vs. fouled) plotted represent the minimum and maximum
temperatures. It is interesting to note that for the clean filter, the low temperature pressure loss is
less than for the high temperature as previously explained, however for the fouled filter, the low
temperature pressure loss is higher than for the high temperature. The reason for this is simply
that at low temperatures, there are less losses elsewhere in the system, therefore the filter is being
fouled more before the 600 kPag design minimum outlet pressure is reached. It is possible
therefore that a filter which is fully fouled at low temperature will cause a higher pressure loss
should the gas supply temperature increase, causing the skid outlet pressure to fall below the
design minimum guaranteed pressure of 600 kPag.

Hence, for a pressure constrained system where the supply pressure may realistically vary between
high pressures and the minimum supply pressure such as the one discussed in this case study, it is
recommended to allow fouling only between the two inner curves, i.e. the blue and red curves
representing the maximum operating temperature of 35°C. This will ensure that the minimum
contracted outlet pressure can always be guaranteed.

Filter Cartridge Changeout Pressure Limit: If the upstream control system can guarantee that the

supply pressure will not vary suddenly, or that higher pressures could be guaranteed for extended
periods of time, then operation may be allowed at filter fouling levels in excess of the Pressure
Constraint System discussed above. In such circumstances the filter fouling curve will be different.
The following figure presents the clean filter (blue) and fouled filter (red) curves from Figure 13
again and then adds three more limit curves for cases where the system will not suddenly become
pressure constrained.
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Coalescer Filter Operational Envelope
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Figure 14: Filter Operational Envelope for Maximum Flow Rate.

As supply pressure increases, there is a larger margin between the minimum guaranteed outlet
pressure and the actual (calculated) outlet pressure. This excess pressure may be offset against
additional fouling until the filter cartridge change-out limit of 150 kPag has been reached as shown
by curve C (green series).

For further increases in supply pressure, the filter is capable of additional fouling by virtue of the
reduction in filter pressure loss resulting from the increasing density with increasing pressure.
However, the change-out limit of 150 kPag continues to apply and is shown by the horizontal line
D (purple series).

Filter Cartridge Bursting Pressure Limit: The filter cartridge bursting limit is represented by curve E
(orange series). This curve is calculated in a similar way to the fouling curve B (red series) by
solving for the fouling percentage at the minimum contracted supply pressure of 1000 kPag such
that a pressure differential of 300 kPa will exist across the filter. This level of fouling is then kept
constant when the pressure differential is calculated at higher supply pressures. In essence this
curve represents the upper fouling limit at any supply pressure and temperature such that filter
cartridges will not burst should a sudden drop of line pressure to the minimum occur.

www.flownex.com | enquire@flownex.com



\o)
i
&
&

Discussion

For a pressure constrained system, the amount of fouling allowable between curves A and B above
may severely limit the MTBR of the coalescing filter. In such cases it may be necessary to increase
the number of coalescing filter cartridges in order to increase the operational “area” between
curves A and B.

Furthermore, at flow rates lower than the maximum, the operational envelope presented in Figure
14 must be derated to ensure that the resulting lower pressure losses do not translate into higher
levels of fouling, assuming constant density between maximum and actual flow rates:

. 2
m
APgeratea = AP X (%)

Summary

Two new compound components have been developed to assist in pressure loss calculations. The
Rated Pressure Loss component was used to design and analyse the coalescing filter, and the
Specified Pressure Loss component was used to combine large groups of components in the gas
conditioning skid into a single component as presented in this case study. These components are
capable of significantly simplifying complex networks and allowing the design engineer to focus on
specific areas of interest such as the coalescing filter's operational life cycle.

The ability to simplify complex systems into a few basic components, coupled with Flownex's

designer and sensitivity analysis capabilities, offers the design engineer a tool of incredible power
and flexibility.
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