Figure 49 Liquid Production for Pressure Delay Simulations

For Case 1 and 2, with a two bar delay on both sides of the bubblepoint pressure,
and two bar and five bar delay before and after the bubblepoint respectively,
there is barely no change. This is mainly because the bubblepoint pressure is very
close to the reservoir pressure, not giving much of a change. When increasing
the dissolution effect however, up to 10 bar for Case 3 and 4, there is an equal
trend for the production flow rate. It is lower for increasing flow rates than for
Case 1 and Case 2, as it will expand more below the bubblepoint pressure. All
four cases intersect at almost the same production flow rate for a gas injection
rate of 260 kg/s. A high dissolution effect will decrease production for lower gas
injection rates, but will seemingly reach the same production flow rates at higher
gas injection rates.

Figure 50 shows the viscosity, as it will be affected by the solution or dissolution
effects. There is next to no effect of an equal or distinct solution or dissolution
effect at around two to five bars, though the distinct case will give a higher
viscosity as more gas will be released below the bubblepoint pressure. When
increasing the dissolution effect, however, there is a great impact on the viscosity
and it will be much lower. This is because the solution is one phase and will not
flash any gas. This gives a high production rate at a low viscosity. For Case 1 and
Case 2 there will be more gas in the pipe, increasing the driving force for the
fluid.
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Figure 50 Viscosity for Pressure Delay Simulations

The producing GOR, shown in Figure 51, is very similar for Case 1 and Case 2, but
it is zero for Case 3 and Case 4 as it will never dip below the bubblepoint. More
simulations could be run for higher pressure delays, though the code’s structure
would need to be altered. This is because with a pressure delay input over the
output pressure, there will be a negative input pressure to NegSim that will cause
the simulation to crash.
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7.2.5 Discussion of Thermodynamic Results

The code was found to be prone to instabilities and very sluggish in relation to
the addition of lift-gas. Due to the massive density of the fluid, the static pressure
loss is very high and the fluid needs a high amount of injection gas to overcome
this pressure drop. The code is also very sensitive of the bubblepoint, as the
saturation pressure-function built into NeqSim has difficulties finding a
bubblepoint when there is a high input of gas, causing the simulation to crash.
This is easily adjusted by adjusting the input for suggested flow rates. Seeing as
when the suggested flow rate is very low compared to the targeted flow rate,
the value of the saturation pressure spikes. There are also behaviour that strays
outside of what is theorised, this can possibly be explained by the high Reynolds
number in the wellbore, which exceeds the range denoted for the Blasius
correlation, at 10°.

To analyse the results, the numerical values, due to the margin of error from the
computational models and assumptions made, are not taken into consideration.
Instead, the trends of the curves are analysed to remark upon the behaviour
from increased gas injection and pressure changes in the pipe.

The four different thermodynamic simulations are discussed in the following
before conclusions are drawn.

To explore the effect of different lift-gas compositions, two different lift-gas
compositions were tested. It was found that a lighter lift-gas composition have a
positive effect on the production flow rate as a lighter gas, such as methane,
expands first and increases the gas fraction and thus the local pressure in the
wellbore. Solubility increases for a denser gas, as the surface tension will be
lower and as the denser gas gives a lower density and viscosity. It will also give a
positive effect for gas lift, higher than for the lighter gas, though requiring a much
higher gas injection rates. This can be explained by looking at the methane
content of the gas as this is the main gas to expand as the pressure decreases,
increasing the density and viscosity for the lighter gas simulation. Meanwhile,
more of the denser gas will dissolve. As the lighter gas contains more methane
this will have a large increase in both density and viscosity, giving it the higher
local density and viscosity.

Undersaturation in the reservoir was simulated by changing the bubblepoint
pressure of the reservoir. As the undersaturation level increases the production-
rate will go down and a higher rate of lift-gas is required to reach peak
performance. The production increase is at 127-193% with an undersaturated
reservoir, making gas lift highly effective for such a reservoir, though requiring a
higher rate of gas injection as mentioned.
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When simulating an altered reservoir pressure, the BHFP changes and the
production flow rate goes down. The gas lift efficiency and driving force goes up
as the undersaturation level goes down. As the BHFP in a field decreases, the
response of gas lift increases, though requiring higher gas injection rates and
yielding lower production rates.

The pressure delay simulations yielded very different trends in the results. For a
high solution and solution implementation, there is only one phase flow, giving
a low viscosity and high production rates. This can be because at a five bare
solution effect over the bubblepoint, the pressure only increases, never allowing
for an increased dissolution effect below the bubblepoint pressure. For low
solution and dissolution effects, there is a small change in production and
viscosity from the equilibrium simulation since it is so close to the bubblepoint
pressure.

There is a notable high value of the Reynolds number, mainly due to the high gas
injection rate inducing a high mixed velocity, but this needs to be checked.

Gas lift has a positive effect on production, increasingly so with a lighter lift-gas
composition and an increased efficiency on undersaturated reservoirs. At low
bubblepoint pressures, the gas injection rates has to be increased to reach the
same production rates.
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8 SUMMARY AND RECOMMENDATIONS

8.1 MaAIJOR RESuULTS AND CONCLUSIONS

From the two main simulation categories in this thesis, interesting discoveries
were made for both the hydrodynamic and thermodynamic explorations. When
studying the hydrodynamics, it appears that no ideal situation will occur in a real
life well production and the addition of slip will decrease the production. There
is an increase in gas lift efficiency for the slip-model, 65 %, which is 8.5 % more
than for a no-slip model. Without accounting for slip, the production rate
prediction will be 3.3 % higher than what is realistic for the set conditions, which
makes it important to consider this in future calculations.

When looking at the thermodynamics of gas lift in vertical wells, the change in
lift-gas composition was tested. It was found that a lighter lift-gas composition
had a positive effect on the volumetric production flow rate as the lighter gas,
such as methane, expands first and increases the gas fraction and thereby the
local pressure in the wellbore. Solubility increases for a denser gas, as the surface
tension will be lower. The denser gas will give a lower total viscosity and total
density, which will result in a higher production flow rate, though this will require
increased gas injection rates. As the lighter gas contains more methane, this will
have a large increase in both viscosity and density as more gas flashes out of
solution, giving it the highest local density and viscosity. It will, however have a
large void fraction, increasing the local pressure and increasing the volumetric
flow rate. The volumetric flow rate will differ only slightly between the two
compositions, while the mass flow rate is what will govern the change in density.
The composition of a lift-gas is of importance when using gas lift on a well system,
and should be considered when using artificial lift.

With an increased undersaturated reservoir the production increase is at 127-
193%, making gas lift highly effective for such a reservoir, though requiring a
higher rate of gas injection.

When running simulations with an altered reservoir pressure, the BHFP and the
gas lift efficiency changes. The gas lift efficiency and driving force goes up as the
undersaturation level goes down. As the BHFP in a field decreases, the response
of gas lift increases, though requiring higher gas injection rates and yielding
lower production rates.
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The pressure delay simulation results were inconclusive as to the gas lift
efficiency due to the settings of the simulations. As the reservoir pressure was
close to the bubblepoint pressure there is a very small change in the production.
The effects of higher solution rates, there is a change in the pressure. This means
never allowing the gas to flash, as it will not drop below the bubblepoint, keeping
the flow as one phase. This effect is beneficial for production.

In conclusion, gas lift has a generally positive effect on an oil field, more so for
an undersaturated reservoir, though requiring an increased gas injection rate. As
for the composition of the lift-gas, it will have an impact on efficiency and should
be taken into account. The delays occurring in a mass transfer situation between
the phases will also affect the production, especially for a higher solution effect,
and this should be studied further. From the assumptions made and the model
used, it is not feasible to model all effects in a real well. The plots show
indications that the production flow rate can be increased by approximately 127
% by adding approximately 150 kg/s lift-gas of a low density, and for even higher
gas injection rates than simulated, there can be a much higher production for the
denser gas.

8.2 LIMITATIONS

When considering the modelling work done in this thesis, where the qualitative
trends have been identified and explicated, the accuracy of the predictions of
the behaviour of the system will not be as good as it should be due to the
assumptions made such as the constant temperature and no mass transfer. This
will thus still b an approximation of the behavioural trends of changing lift-gas
compositions.

The model itself is limited by the numerical frame it follows in the code. An
example being that the pressure delay function is not able to simulate higher
pressure-delays than around the output pressure, this resulting in negative
pressure inputs to NeqSim. Due to the heavy nature of the oil, it will limit itself
to no flow for the lowest input values of lift-gas, and no simulations will include
this lower value.

The accuracy of the model can be increased by increasing the number of grids
and lowering the tolerance, though this will give a much higher simulation time.
In addition, the magnitude of the output values may be due to the simplified
nature of the model, which does not account for mass transfer, pipe roughness
etc., and can therefore be explained by numerical effects.

All the results will be relying on models adapted to simulate a physical situation
depending on several factors that is near impossible to predict accurately,
making the results an approximation. Specifically oil compositions with
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components in the heaviest range can destabilise the code, depending on which
viscosity correlations utilised. The viscosity variable calculated by NeqSim is a
vital part of the frictional pressure drop calculations, while the density variable
is commanding of the static pressure drop. Both governing the mathematical
model, giving these two parameters a highly influential role and any small
deviation will give big ripple effects on the results.

Due to the nature of multiphase flow and its complexity, numerical errors
occurring during simulations and irregularities compared to experimental results
will occur.

8.3 RECOMMENDATIONS

To further investigate the gas lift efficiency and improve results, there are several
measures that can be taken, amongst them are to:

- Develop a method to analyse the simulated results in terms of non-
dimensional physical parameters, from which the gas-lift efficiency is
estimated is a task than is should be prioritised.

- Expand the model to include a more complex geometry, as a realistic
scenario will include several different pipe angles and diameters.

- Further, advance the code to include a transport model, with heat and
mass transfer and temperature variations, thus make the model more
realistic, accounting for more of the natural variations occurring during
pipe flow at a well site.

- Study the different composition components’ effect on the lift efficiency,
trying to determine the ultimate lift-gas composition for a given
reservoir. Especially the impact of the lighter components as it appears
as if the density will be lower for the gas lift composition with a higher
mole percentage of light components.

- Run the simulations again, using the Haaland friction factor, or the
Fanning friction factor to account for the high Reynolds number.

- Separate the input flow into two streams, one for the reservoir and one
for the lift-gas. Integrate and couple with NeqSim in order to explore the
impact of pressure changes on interfacial behaviour, such as solution or
dissolution. This will make a more realistic setup of the gas lift operation
as the gas flow is not integrated into the reservoir itself but will be
treated as its own entity when interacting with the reservoir fluid.

- Make the code more robust by expanding the range of viscosity size and
ability to handle different outcomes NeqgSim produces, such as too high
viscosities, too high reservoir pressure etc. In addition, alter the pressure
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input for the pressure delay sequence, so it can simulate increased
pressure delays.

Compare the results for gas lift to other artificial lift methods by
implementing them in the model, like for example ESP.
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APPENDICES

APPENDIX A: RESERVOIR PARAMETERS

A.1: Field 1 Reservoir

Table 5 Initial Conditions Field 1

Pinlet [bar] 120
Poutlet [bar] 15

Tres [K] 319.15
Pipe Diameter [m] 0.177
Pipe Length [m] 1492
Bubblepoint [bar] 139

Table 6 Reservoir Composition for Field 1

Reservoir Composition

Component Mole Percent Mole Liquid
Weight Density
[g/cm?]
N2 0.36
Co2 0.4
Cl 35.07
C2 0.17
C3 0.06
ic4 0.04
c7 0.03 90.645 0.7709
C8 0.02 103.418 0.798
C9 0.18 115.361 0.8168
C10 0.46 127.087 0.8317
Cl1-C13 4.85 152.969 0.8575
Cl4-C19 19.17 200.781 0.8911
C20-C24 8.36 256.61 0.9189
C25-C29 6.42 306.011 0.9381
C30+ 24.41 653.609 1.0187



A.2: Altered Field 1 Reservoir

Table 7 Initial Conditions for Altered Field 1

Pinlet [bar]

Poutlet [bar]

Tres [K]

Pipe Diameter [m]
Pipe Length [m]
Bubblepoint [bar]

120

15
319.15
0.177
1492
96 bar

Table 8 Altered Reservoir Composition for Field 1

Reservoir Composition

Component Mole Percent Mole Liquid
Weight Density
[g/cm®]
N2 0.36
CO02 0.4
Cl 27.07
iC4 0.04
C7 0.03 90.645 0.7709
C8 0.02 103.418 0.798
C9 0.18 115.361 0.8168
C10 0.46 127.087 0.8317
Cll1-C13 4.85 152.969 0.8575
Cl4-C19 19.17 200.781 0.8911
C20-C24 16.36 256.61 0.9189
C25-C29 6.65 306.011 0.9381
C30+ 24 .41 653.609 1.0187
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APPENDIX B: LIFT-GAS PARAMETERS

Field 1 Lift-gas Composition

Table 9 Lift-gas Compositions

Mix 1 Mix 2

Mole% Mole%
C1l 61.621 81.621
Cco2 0.817 0.817
c2 0.801 0.801
N2 0.638 0.638
Cc3 0.398; 0.398
ic4 35.725 15.725

Altered Field 1 Lift-gas Composition

Table 10 Altered Lift-gas Compositions

Mix 1 Mix 2
Mole% Mole%
Cl 61.621 81.621
Cco2 0.817 0.817
N2 0.638 0.638
iCc4 36.924 16.924
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APPENDIX C: MATLAB-CODE

clear all

close all

clc

clf

InitNegSim

addpathNegSim
processOperations.clearAll

z = 1;
= 0;
Add = 1.3;
for z = 2:2
disp(z)
press = 1;

while press < 2

for x = 113:2:206
t = x-1;
st = u*0.1;

disp(t)

GridNo = 300;
$SystemParametersField?2
P absl = 5;

P abs2 = 10;

Pinlet = 120;

Poutlet = 15;

Temp = 319.15;

Pipe D = 0.177;

Pipe L = 1492;

Length l:Pipe L;
DeltaX = Pipe L/GridNo;
A = pi*(Pipe D/2)"2;

g = 9.81;

P n = Pinlet;

P new = 0;

TOL = 0.1;

NMAX = 10000;



N = 1;

Q1 = 100;
Q2 = 105;
Q3 = 115;

Q right
Qlift =

= 0;
t;

% Matrix-list:

Equilibrium = 1;
Zuber Findlay =

2;

Jowitt = 3;

Bestion =

4;

Zzhilin Yang = 5;
NoOfCorrelations = 5;
ChosenCorrelation = Zhilin Yang;

Q11 = 01;
Q22 = Q2;
Q33 = Q3;

k=1
Eg =
Zu =
Jo
Be
Su =

~.

Il
.o~

Il
el = =
~

~.

~e

P Eq
P Zu
P Jo =
P Be =
P Su =

Il
e

~e

Q

for k = 5:5
V(l,1) = Q11;
V(l,2) = Q22;
V(1l,3) = Q33;
if k == 1
disp('Equilibrium Model') ;
elseif k ==
disp ('ZuberFindlay Correlation');
elseif k == 3

% Iterating

Ne Ne N

~e

disp('Jowitt Correlation');

between the different Correlations

76



elseif k ==

disp('Bestion Correlation');
elseif k ==

disp('Zhilin Yang');
end

while N < NMAX

for 1 l:1length (V)
Q =V(l,1);

if z == 1
$Mole Comp - Mixed Compositionl - more iButane
Cl 1g = 61.621;
CO02 1g = 0.817;
C2 1g 0.801;
N2 1g 0.638;
C3 1g = 0.398;
iC4 1g = 35.725;
else z ==

$Mole Comp - Mixed Composition2 - more ethane, some nButane
Cl 1g = 81.621;
CO02 1g = 0.817;

c2 1g = 0.801;
N2 1g = 0.638;
c3 1g = 0.398;

iC4 1g = 15.725;

end

o)

% MolePercent Composition - Field 1

N2 org = 0.36;

CO2 org = 0.4;

Cl org = 35.07;
C2_org 0.17;

C3 org 0.06;

iC4 org = 0.04;

C7 org = 0.03;

C8 org 0.02;

C9 org = 0.18;

Cl0 org = 0.46;
Cl1C13 org = 4.85;
Cl4C19 org 19.17;
C20C24 org = 8.36;
C25C29 org = 6.42;
C30etc_org = 24.41;
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TotalStart =

N2 org+CO2 org+Cl org+C2 org+C3 org+iC4 org+C7 org+C8 org+C
9 org+Cl0 org+Cl1C13 org+Cl4C1l9 org+C20C24 org+C25C29 org+C

30etc_org;

% GasLiftAdjustment

N2 ad = N2 org*Q + N2 1lg*Qlift;
CO2_ad = CO2 org*Q + CO2 1lg*Qlift;
Cl ad = Cl _org*Q + Cl 1g*Qlift;
C2_ad C2 org*Q + C2 1lg*Qlift;

C3 ad C3 org*Q + C3 1lg*Qlift;
iC4 ad = iC4 org*Q + iC4 1g*Qlift;
C7 _ad = C7_org*Q;

C8 ad = C8 org*Q;

C9 ad = C9 org*Q;

Cl0_ad = C10_org*Q;
Cl1Cl3 ad = Cl1C13 org*Q;

Cl4Cl9 ad = Cl4Cl9 org*Q;
C20C24 ad = C20C24 org*Q;
C25C29 ad = C25C29 org*Q;
C30etc_ad = C30etc_org*Q;

Total =

N2 ad+C02 ad+Cl ad+C2_ ad+C3_ ad+iC4 ad+C7 ad+C8_ ad+C9 ad+Cl0

_ad+Cl1Cl3 ad+C1l4C1l9 ad+C20C24 ad+C25C29 ad+C30etc_ad;

$NewCompositionWithGasLift
N2 = N2 ad/Total*100;

CO2 = CO2_ad/Total*100;

Cl = Cl _ad/Total*100;

C2 C2 _ad/Total*100;

C3 = C3 ad/Total*100;

iC4 = iC4 ad/Total*100;

C7 = C7_ad/Total*100;

C8 C8 ad/Total*100;

C9 = C9 ad/Total*100;

Cl0 = C10 ad/Total*100;
Cl1C13 = C1l1C13 ad/Total*100;
C1l4C19 C14C19 ad/Total*100;
C20C24 = C20C24 ad/Total*100;
C25C29 = C25C29 ad/Total*100;
C30etc = C30etc_ad/Total*100;

MolePercentTotalNew =

N2+C02+C1+C2+C3+1C4+C7+C8+C9+C10+C11C13+C14C19+C20C24+C25C2

9+C30etc;



% Field 1 Composition

systeml = SystemPrEos (Temp, Pinlet);
systeml.addComponent ('nitrogen', N2);
systeml.addComponent ('CO2', CO2);
systeml.addComponent ('methane', C1);
systeml.addComponent ('ethane', C2);
systeml.addComponent ('propane', C3);
systeml.addComponent ('i-butane', iC4);

systeml.addTBPfraction('C7', C7, 90.645/1000.0, 0.77009);

systeml.addTBPfraction('C8', C8, 103.418/1000.0,
systeml.addTBPfraction
systeml.addTBPfraction
systeml.addTBPfraction

0.8575);

'ci0', C10, 127.087/1000.0,

— e~ o~ —~

systeml.addTBPfraction('C14-C19', C14C19, 200.781/1000.0,

0.8911);

systeml.addTBPfraction ('C20-C24"', C20C24, 256.61/1000.0,

0.9189);

systeml.addTBPfraction('C25-C29', C25C29, 306.011/1000.0,

0.9381);

systeml.addTBPfraction ('C30etc', C30etc, 653.609/1000.0,

1.10187);

disp(z)
disp(t)

systeml.createDatabase (1) ;
systeml.setMixingRule (2) ;

% systeml.setMultiPhaseCheck (1) ;
systeml.initPhysicalProperties();
TPflash(systeml, 0) ;

Bubblepointl = bubp (systeml) ;

if k == 1 % Counters for the different
Correlations

Matrix (k, Eq) = Q;

Eg = Eg + 1;
elseif k ==

Matrix (k, Zu) = Q;

Zu = Zu + 1;
elseif k ==

Matrix (k, Jo) = Q;

Jo = Jo + 1;
elseif k ==

Matrix (k, Be) = Q;

Be = Be + 1;
elseif k ==

Matrix (k, Su) = Q;

Su = Su + 1;

'c9', C9, 115.361/1000.0, 0.8168);
0.8317);
'cl1-c13', Cl1Cc1l3, 152.969/1000.0,
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P n
j =

end

= Pinlet;
1;

while j <= GridNo

if Pn >0
systeml.setTemperature (Temp) ;

if z == 1
systeml.setPressure (P n);
else

if press ==
systeml.setPressure (P _n);
$ Bubblepoint for given composition
elseif press ==
if P n >= Bubblepointl
systeml.setPressure(P_n + P absl);
BPCheck (press,i) = 1;
elseif P n == Bubblepointl
systeml.setPressure (P _n);
BPCheck (press, i) = 2;
elseif P n <= Bubblepointl
systeml.setPressure(P_ n - P absl);
BPCheck (press,i) = 3;
end
elseif press ==
if P n >= Bubblepointl
systeml.setPressure(P_n + P absl);
BPCheck (press,i) = 1;
elseif P n == Bubblepointl
systeml.setPressure (P n);
BPCheck (press, i) = 2;
elseif P n <= Bubblepointl

systeml.setPressure(P. n - (P n - 1));
BPCheck (press,i) = 3;
end
end

end

TPflash (systeml,0);
systeml.initPhysicalProperties();
systeml.calcInterfaceProperties();
numberOfPhases=systeml.getNumberOfPhases () ;
if numberOfPhases==

Zgas = systeml.getPhase(0).getZ();
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Zoil = systeml.getPhase(l).getZ();
molFracGas =systeml.getBeta (0);
molFracOil = systeml.getBeta(l);

gasViscosity =
systeml.getPhase (0) .getPhysicalProperties () .getViscosity ()
0ilViscosity =
systeml.getPhase (1) .getPhysicalProperties () .getViscosity ()
gasDensity =
systeml.getPhase (0) .getPhysicalProperties () .getDensity () ;
oilDensity =
systeml.getPhase (1) .getPhysicalProperties () .getDensity ()
surfaceTension =
systeml.getInterphaseProperties () .getSurfaceTension (0,1);
% GOR at standard conditions
GOR =

PVTsimulation.simulation.GOR (systeml) ;
GOR.runCalc () ;
GORstandpoint = GOR.getGOR() ;

% Composition Tracking - Field 1
N2InGas =
systeml.getPhase (0) .getComponent ('nitrogen') .getx();
N2InOil =
systeml.getPhase (1) .getComponent ('nitrogen') .getx () ;
C02InGas =
systeml.getPhase (0) .getComponent ('CO2") .getx () ;
C02In0il =
systeml.getPhase (1) .getComponent ('CO2") .getx () ;
methaneInGas =
systeml.getPhase (0) .getComponent ('methane') .getx () ;
methaneInOil =
systeml.getPhase (1) .getComponent ('methane') .getx () ;
ethaneInGas =
systeml.getPhase (0) .getComponent ('ethane') .getx () ;
ethaneInOil =
systeml.getPhase (1) .getComponent ('ethane') .getx () ;
propanelnGas =
systeml.getPhase (0) .getComponent ('propane') .getx () ;
propaneInOil =

systeml.getPhase (1) .getComponent ('propane') .getx () ;
i1 butanelInGas =

systeml.getPhase (0) .getComponent ('i-butane') .getx () ;
i butaneInOil =

systeml.getPhase (1) .getComponent ('i-butane') .getx () ;

29 = Zgas;
z1l = Zoil;
MoleFraction g = molFracGas;
MoleFraction 1 molFracOil;

’

’
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Visc g =
Visc 1

Rho g =
Rho 1

MassFrac
MassFrac

Mas
Mas

Qg
Q1 =

Usg =
Usl

Qg
01

Usg

gasViscosity;

oilViscosity;
gasDensity;
oilDensity;

tion g =
tion 1 =

sFraction g*Q;
sFraction 1*Q;

/ (A*Rho_g) ;
/ (A*Rho 1) ;

+ Usl;

systeml.getWtFraction (0) ;
systeml.getWtFraction (1) ;

= Qg
Q1
—QV

10 1O
< <
3
(|

VolumeFr
VolumeFr
Visc m =
Visc 1*V
Rho m =

Rho 1*Vo

CcCoO =1.2;

U0 =

/Rho_gj;
/Rho_1;
g + Qvl;

action g = Qvg/Qvm;
action 1 = Qvl/Qvm;

Visc g*VolumeFraction g +
olumeFraction 1;

Rho g*VolumeFraction g +
lumeFraction 1;

’

Rho g)/ (Rho 172))"0.25;

VolumeFr
fraction

VolumeFr
$holdup

Visc m =
Visc l*VolumeFraction 1;

Rho m =
Rho 1*VolumeFraction 1;

action g = Usg/ (CO*Um+U0) ;

action 1 =

Visc g*VolumeFraction g +

Rho g*VolumeFraction g +

%$Zuber-Findlay drift flux correlation

1.53* (g*surfaceTension* (Rho 1 -

Svoid

1-VolumeFraction g;

% Jowitt
elseif k == 3

drift flux correlation
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CO = 1+0.796*exp (-0.061
*sqrt (Rho_1/Rho_g));

U0 = 0.034* (sqrt(Rho _1/Rho_g)-1);

VolumeFraction g = Usg/(CO0*Um+UO0); %void
fraction

VolumeFraction 1 = 1-VolumeFraction g;
$holdup

Visc m = Visc g*VolumeFraction g +
Visc 1*VolumeFraction 1;

Rho m = Rho g*VolumeFraction g +
Rho 1*VolumeFraction 1;

%Bestion drift flux correlation
elseif k == 4

co = 1;

uo 0.188*sqgrt ((g*Pipe D*Rho 1-

Rho_g)/Rho_g);

VolumeFraction g = Usg/(CO0*Um+U0); %void
fraction

VolumeFraction 1= 1-VolumeFraction g;
$holdup

Visc m = Visc g*VolumeFraction g +
Visc l1*VolumeFraction 1;

Rho m = Rho g*VolumeFraction g +
Rho 1*VolumeFraction 1;

% Zhilin Yang correlation

Cco = 1;

U0 = 1.53* (g*surfaceTension* (Rho 1-
Rho g)/Rho_172)"0.25;

VolumeFraction g = Usg/(CO0*Um+UO0); %void
fraction

VolumeFraction 1 1-VolumeFraction g;

sholdup
Visc m = Visc g*VolumeFraction g +
Visc l*VolumeFraction 1; N
Rho m = Rho g*VolumeFraction g +
Rho 1*VolumeFraction 1;
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Qvl = Ql/Rho_1;

Qvg = Qg/Rho_g;

GORpoint = Qvg/Qvl;
% Qvm = Qvg + Qvl;

Re = Rho m*Um*Pipe D/Visc m;
f lam = 64/Re;
f turb = 0.316*Re”*-0.25;

if Re > 2100

f = £ turb;

X DeltaX*Rho m*g;

ST = X*10"(-5);

Y =
0.5*f*DeltaX*Rho m*Um"~2/ (Pipe D);

FR = Y*10"(-5);

P new = P n - ST - FR;

else

Hh

= f lam;
= DeltaX*Rho m*g;
ST = X*10"(-5);

b

=

0.5*f*DeltaX*Rho _m*Um"2/ (Pipe D);
FR = Y*10" (-5);
P new = P n - ST - FR;
end

else

Zo0i1l = systeml.getPhase(0).getZ();

0ilViscosity =
systeml.getPhase (0) .getPhysicalProperties () .getViscosity () ;

oilDensity =
systeml.getPhase (0) .getPhysicalProperties () .getDensity () ;

GOR =
PVTsimulation.simulation.GOR (systeml) ;

GOR.runCalc();

GORstandpoint = GOR.getGOR() ;

GORpoint = 0;

z1l = Zoil;

Visc 1 = oilViscosity;

Rho 1 = oilDensity;

surfaceTension = 0;
% Composition Tracking - Field 1

N2InOil =
systeml.getPhase (0) .getComponent ('nitrogen') .getx () ;

CO2In0il =
systeml.getPhase (0) .getComponent ('CO2") .getx () ;
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methaneInOil =
systeml.getPhase (0) .getComponent ('methane') .getx () ;
ethaneInOil =
systeml.getPhase (0) .getComponent ('ethane') .getx () ;
propaneInOil =
systeml.getPhase (0) .getComponent ('propane') .getx () ;
i butaneInOil =
systeml.getPhase (0) .getComponent ('i-butane') .getx () ;

MassFraction 1 = 1;

Q1 = MassFraction 1*Q;

Qvl = Ql/Rho_1;

Qg = 0;
VolumeFraction g
Visc g = 0;
VolumeFraction 1 = 1;

0;

Usl = Q1/(A*Rho_1);
Usg = 0;
Um = Usl;

Visc m = Visc 1;
Rho m = Rho 1;

Re = Rho m*Um*Pipe D/Visc m;
f lam = 64/Re;
f turb = 0.316*Re"-0.25;

if Re > 2100

f = £ turb;

X = DeltaX*Rho m*g;

ST = X*10"(-5);

Y:
0.5*f*DeltaX*Rho m*Um"2/ (Pipe D);

FR = Y*10"(-5);

P new = P n - ST - FR;

f =f lam;

X DeltaX*Rho m*g;
ST = X*10"(-5);
Y

(

0.5*f*DeltaX*Rho m*Um"2/ (Pipe D) ;
FR = Y*10" (-5);
P new = P n - ST - FR;

end



end

else
disp ('Pressure is negative!');
disp(P_n)
P n = Pinlet;
=1
V()
if i ==
V(lrl) = Q - Add,‘
Q =vV(l,1);
elseif i ==
V(l,i) = Q - Add;
Q =V(,1);
elseif 1 ==
V(l,i) = Q - Add;
Q =V(,1);
end
end
end
P(1,1i) = P _new;
if k ==
Bisection(k, P _Eg) = P_new;
P Eq = P Eq + 1;
elseif k == 2
Bisection(k, P_Zu) = P_new;
P Zu =P Zu + 1;
elseif k == 3
Bisection(k, P _Jo) = P new;
P Jo = P Jo + 1;
elseif k == 4
Bisection(k, P_Be) = P _new;
P Be = P Be + 1;
elseif k ==
Bisection(k, P_Su) = P_new;
P Su = P Su + 1;
end
end
disp('Pressure is: ');
P()
D1 = (P(1,1)-Poutlet);
D2 = (P(l,2)-Poutlet);
D3 = (P(1l,3)-Poutlet);
if abs (P(1,1)-Poutlet) < TOL

Q right = V(1,1);



kg/s!'1;

elseif

kg/s!'1;

elseif

kg/s!'1;

else

S =

disp (S)
break

abs (P (1,2)-Poutlet)

Q right
S:

disp (S)
break

abs (P (1, 3) -Poutlet)

Q right
g =

disp (S)
break

['QO is correct, ',

=V(1l,2);

['Q is correct,' ,

= V(1,3);

['Q is correct,',

< TOL

< TOL

num2str(v(l,1)) , !

num2str (V(1,2)), '

num2str (V(1,3)) , '

if D1 > 0 && D2 > 0 && D3 < 0 SNo.

if D1 > D2
01 =
02 -

else

Ql =
Q2 =

end
Q3 =

I
Vi(l,2);
Vi(1,3);

(1,1)7

\Y
Vi(1,3);

(Q1+02) /2;

D1

D2

elseif DI > 0 && D2 < 0 && D3 > 0

if D1 > D3
o1 =
02 -

else

01 =
02 =

end
Q3 =

(Q1+402) /2;

D1

%sk

%sk

elseif D1 < 0 && D2 > O

if D2 > D3
01
Q2

else

Q1 =
Q2 =

end
Q3 =

|| D2
= V(1,3);
= V(l,1);

(Q1+Q2) /2;

elseif D1 < 0 && D2 < O

if D2 > D1
Q1 =

|| D
V(1,3);

D3
al vere 3

al vere 1

& D3 > 0

&& D3 > 0

D1

o°

o\

No.

No.
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1 and No.

<<

o

8

= Ql;
= Q2;

elseif D1 < 0 && D2 > 0 && D3 < O

elseif D1 > 0 && D2 < 0 && D3 < O

elseif DI > 0 && D2 > 0 && D3 > 0

else

end

Q2 = V(ll2);
else

QL =V

Q2 = V(1,1);
end
03 = (Q1+Q2)/2;

if D1 > D3 || D1 == D3
Ql = V(1,2);
Q2 =V(1,3);
else
01 =
Q2 =
end
Q3 = (Q1+02)/2;

if D2 > D3 || D2 == D3
Q1 = Vv(1,1);
Q02 = V(1,2);
else
Ql = Vv(1,1);
Q2 = V(1,3);
end

Q3 = (Q1+0Q2)/2;

%No.

sNo.

ENo.

disp('All Q give positive output!')

o)

% P big small

P()

V()

Q3 = V(1,3) + Add;
Q2 = V(1,2);

Q1 =V ;

disp('All Q give negative output!')

%P too small
P()
V()
Q3 =V

Q2 = V(1,2);
Q1 =V ;
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V(1l,3) = Q3;

end
N = N+1;
end

end

end

press = press +1;
end
end
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APPENDIX D: THE BISECTION METHOD

The bisection method will be used to find the output flow rate. The method is a
very simple and robust method to find the root in any continuous function. First
finding two points x = aand x = b (a < b) such that f(x) changes sign
when travelling from a to b. Assuming that f(x) is a continuous function there
must at least be one root between a and b. There could be instances of an odd,
even or zero number of roots, so for the method to work it requires a sign
change to ensure that there is at least one root. Then the midpoint between a
and b is found, creating a new point c. If f(c) is opposite of f(a), than c is the
new b. If it is the same as f(c), then c is the new a. Then keep going until the
interval [a - b] is less than a chosen tolerance (Physics 6720 — Root Finding,
2012).

This study uses a set output pressure to decide the varying flow rate using this
method.

Figure 52 and Figure 53 show how the MATLAB-code (Appendix C) works out
the correct flow rate by looking for the correct pressure. Here all correlations
are shown working out which flow rate will give the correct output pressure.

Bisection Method

Equilibrium
Zuber-Findlay
Jowitt

Bestion
Suggested Correlation

P(Q)

o 5 10 15 20 25 30 35
Iterations

Figure 52 Pressure Development with Bisection Method
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Flowrate Approach

/

NYNVAN

e ————

Equilibrium
Zuber-Findlay
Jowitt
Bestion

Suggested Correlation

|

Figure 53 Flow rate Development with Bisection Method

20
Iterations

25

35

The pressure development up the wellbore is shown for all five correlations in
Figure 54, where reservoir pressure is set to a test case at 300 bar and wanted
outlet pressure is set to 20 bar. Showing very little difference between the four
correlations and the no-slip model, though a lower pressure in the top part of
the pipe for the Zhilin Yang-correlation, substantiating the findings from Section

3.1.2.

Pressure (bar)

300 .

250

200

150

100

50

0

Pressure Development up Piping
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Zuber-Findlay

Jowitt
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Suggested Correlation

]

Length of Pipe (m)

Figure 54 Pressure Decrease in Pipe for All Correlations
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