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Abstract  

 

4ÏÐÉÃ 

7ÅÌÌ ÓÔÒÅÁÍÓ ÉÎ ÐÉÐÅÌÉÎÅÓ ÁÒÅ ÏÆÔÅÎ ÔÒÁÎÓÐÏÒÔÅÄ ÏÖÅÒ ÒÅÌÁÔÉÖÅÌÙ ÌÏÎÇ ÄÉÓÔÁÎÃÅÓȢ  

4ÈÅ ×ÅÌÌ ÓÔÒÅÁÍÓ ÏÆÔÅÎ ÃÏÎÓÉÓÔ ÏÆ ÓÉÍÕÌÔÁÎÅÏÕÓ ÆÌÏ× ÏÆ ÇÁÓȟ ÏÉÌ ÁÎÄ ×ÁÔÅÒȢ /ÉÌ ÁÎÄ ×ÁÔÅÒ 

ÁÆÆÅÃÔ ÅÁÃÈ ÏÔÈÅÒ ÂÙ ÍÁËÉÎÇ ÅÍÕÌÓÉÏÎÓȟ ×ÈÉÃÈ ÉÎÆÌÕÅÎÃÅ ÏÎ ÔÈÅ ÆÌÕÉÄ ÐÒÏÐÅÒÔÉÅÓ ÏÆ ÔÈÅ 

ÆÌÕÉÄ ÍÉØÔÕÒÅȟ ÁÎÄ ÆÕÒÔÈÅÒ ÈÁÓ ÁÎ ÉÍÐÁÃÔ ÏÎ ÆÌÏ× ÐÒÏÐÅÒÔÉÅÓ ÌÉËÅ ÐÒÅÓÓÕÒÅ ÌÏÓÓȟ ×ÁÔÅÒ 

ÈÏÌÄÕÐ ÁÎÄ ÆÌÏ× ÒÅÇÉÍÅÓȢ !ÃÃÕÒÁÔÅ ËÎÏ×ÌÅÄÇÅ ÏÆ ÔÈÅ ÆÌÏ× ÂÅÈÁÖÉÏÕÒ ÉÎ Á ÐÉÐÅÌÉÎÅ ÉÓ 

ÃÒÕÃÉÁÌ ÔÏ ÄÅÓÉÇÎ ÁÎÄ ÏÐÔÉÍÉÚÅ ÐÒÏÄÕÃÔÉÏÎȟ ÔÒÁÎÓÐÏÒÔÁÔÉÏÎ ÁÎÄ ÐÒÏÃÅÓÓÉÎÇ ÆÁÃÉÌÉÔÉÅÓȢ 4ÈÅ 

ÃÏÒÒÅÃÔ ÄÅÓÉÇÎ ÏÆ Á ÐÉÐÅÌÉÎÅ ÃÁÎ ÒÅÓÕÌÔ ÉÎ ÅØÔÅÎÄÅÄ ÌÉÆÅÔÉÍÅ ÆÏÒ ÔÈÅ ÏÉÌ ÆÉÅÌÄȟ ÈÉÇÈÅÒ 

ÅÃÏÎÏÍÉÃ ÐÒÏÆÉÔÁÂÉÌÉÔÙ ÁÎÄ ÏÐÔÉÍÉÚÅÄ ÐÒÏÄÕÃÔÉÏÎ ÒÁÔÅȢ  

To extend the knowledge of the well fluids behaviour, there are several experimental 

techniques available. One is the conventional flow loops, at SINTEF Petroleum 

laboratories at Tiller, Trondheim. They are accurate testing devices. However, the 

problem with these flow loops are that they can only test the fluid behaviour inside a 

pipeline of a certain length. For this reason, SINTEF Petroleum also use the wheel flow 

ÓÉÍÕÌÁÔÏÒȟ ×ÈÉÃÈ ÉÓ Á ÒÏÔÁÔÉÎÇ ×ÈÅÅÌȟ ×ÈÅÒÅ ÔÈÅ ÆÌÕÉÄÓ ÉÎÓÉÄÅ ȰÓÅÅȱ ÁÎ ÅÎÄÌÅÓÓ ÐÉÐÅ 

through which they flow as a multiphase mixture.  

Computer programs simulating the fluid flow, is also an available experimental method 

to consider. LedaFlow Q3D is a computer program developed by SINTEF, for the 

purpose to simulate the multiphase fluid mixture in more detail. A special version of 

LedaFlow Q3D is also available, specially designed to simulate the wheel flow.  

 

2ÅÓÅÁÒÃÈ ÑÕÅÓÔÉÏÎÓ 

The research questions are based on how the input parameters in LedaFlow Q3D affect 

the simulation results. Will it be possible to tune specific simulations to match the 

results (output of torque) produced from experiments with the wheel flow simulator? 

Will it be possible to create a blueprint of which input parameters to use for various 

systems in future simulation work, to match the simulation results with the results 

produced from experiments with the wheel flow simulator? 
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!ÎÁÌÙÓÉÓ 

The simulation work in LedaFlow Q3D will be based on the fluid system from one 

particular wheel flow experiment, conducted by SINTEF at Tiller, in Trondheim.  

The fluid system contains 60 % nitrogen, 30 % water (tap water), and 10 % oil (Exxsol 

D80) by volumes. The initial temperature and pressure was 25 °C and 1 bar. The tested 

profile of the wheel experiment was a stepwise velocity scan from 0.1 m/s to 2 m/s. 

However, when simulating in LedaFlow in this thesis, the focus will be on a wheel 

velocity of 2 m/s, which gave an output of torque equal to approximately 4.5 Nm.  

2ÅÓÕÌÔÓ 

Multiple  simulations have been conducted, by systematically adjusting several input 

parameters. The effect of the input parameters on the simulation results has been 

investigated, and the acquired knowledge have been used in attempts to tune the 

simulation cases to match the results produced from experiments with the wheel flow 

simulator. Some of the simulations was successfully tuned to match with the results 

from the wheel flow experiment (torque = 4.5 Nm), for a wheel velocity of 2 m/s. 

However, by using the same input parameters to tune simulations with a wheel velocity 

of 1 m/s, the simulations failed to match with the results from the wheel flow 

experiment. These results indicate that it is difficult to create a blueprint for the input 

parameters. Although some input parameters successfully manage to tune specific 

simulations to match with the wheel flow experiment, they may not work for various 

velocities or systems.   
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1 Introduction  

 

4ÈÅ ÓÉÍÕÌÔÁÎÅÏÕÓ ÆÌÏ× ÏÆ ÇÁÓȟ ÏÉÌ ÁÎÄ ×ÁÔÅÒ ÉÎ ÐÉÐÅÌÉÎÅÓ ÉÓ Á ÃÏÍÍÏÎ ÏÃÃÕÒÒÅÎÃÅ ÉÎ ÔÈÅ 

ÐÅÔÒÏÌÅÕÍ ÉÎÄÕÓÔÒÙȟ ÁÎÄ ÃÁÎ ÃÁÕÓÅ ÓÉÇÎÉÆÉÃÁÎÔ ÆÌÏ× ÁÓÓÕÒÁÎÃÅ ÐÒÏÂÌÅÍÓ ÄÕÒÉÎÇ 

ÐÒÏÄÕÃÔÉÏÎȢ )ÎÃÒÅÁÓÅÄ ÏÆÆÓÈÏÒÅ ÏÉÌ ÁÎÄ ÇÁÓ ÅØÐÌÏÒÁÔÉÏÎ ÁÎÄ ÐÒÏÄÕÃÔÉÏÎ ÈÁÖÅ ÒÅÓÕÌÔÅÄ ÉÎ 

ÔÒÁÎÓÐÏÒÔÁÔÉÏÎ ÏÆ ×ÅÌÌ ÆÌÕÉÄÓ ÉÎ ÐÉÐÅÌÉÎÅÓ ÏÖÅÒ ÒÅÌÁÔÉÖÅÌÙ ÌÏÎÇ ÄÉÓÔÁÎÃÅÓȢ /ÆÔÅÎȟ ÔÈÅ ÆÌÕÉÄ 

ÆÒÏÍ ÔÈÅ ×ÅÌÌ ÃÏÎÔÁÉÎÓ ×ÁÔÅÒȟ ×ÈÉÃÈ ÉÓ ÁÌÒÅÁÄÙ ÐÒÅÓÅÎÔ ×ÉÔÈÉÎ ÔÈÅ ÒÅÓÅÒÖÏÉÒȟ ÏÒ ÉÎÊÅÃÔÅÄ 

ÄÕÒÉÎÇ ÅÎÈÁÎÃÅÄ ÏÉÌ ÒÅÃÏÖÅÒÙ ÏÐÅÒÁÔÉÏÎÓ ɉ%/2ɊȢ 7ÁÔÅÒ ÆÒÁÃÔÉÏÎ ÏÆÔÅÎ ÉÎÃÒÅÁÓÅ ÄÕÒÉÎÇ ÔÈÅ 

ÐÒÏÄÕÃÉÎÇ ÌÉÆÅ ÏÆ Á ×ÅÌÌ ɍρɎɍςɎȢ 

 

!ÃÃÕÒÁÔÅ ËÎÏ×ÌÅÄÇÅ ÏÆ ÂÅÈÁÖÉÏÕÒ ÏÆ ÏÉÌ ÁÎÄ ×ÁÔÅÒ ÆÌÏ× ÉÎ Á ÐÉÐÅÌÉÎÅ ÉÓ ÃÒÕÃÉÁÌ ÔÏ 

ÄÅÓÉÇÎȾÏÐÔÉÍÉÚÁÔÉÏÎ ÏÆ ÐÒÏÄÕÃÔÉÏÎȟ ÔÒÁÎÓÐÏÒÔÁÔÉÏÎȟ ÁÎÄ ÐÒÏÃÅÓÓÉÎÇ ÆÁÃÉÌÉÔÉÅÓȢ  

/ÉÌ ÁÎÄ ×ÁÔÅÒ ÁÆÆÅÃÔ ÅÁÃÈ ÏÔÈÅÒ ÂÙ ÍÁËÉÎÇ ÅÍÕÌÓÉÏÎÓȟ ×ÈÉÃÈ ÉÎÆÌÕÅÎÃÅ ÏÎ ÔÈÅ ÆÌÕÉÄ 

ÐÒÏÐÅÒÔÉÅÓ ÏÆ ÔÈÅ ÆÌÕÉÄ ÍÉØÔÕÒÅȟ ÁÎÄ ÆÕÒÔÈÅÒ ÈÁÓ ÁÎ ÉÍÐÁÃÔ ÏÎ ÆÌÏ× ÐÒÏÐÅÒÔÉÅÓ ÌÉËÅ 

ÐÒÅÓÓÕÒÅ ÌÏÓÓȟ ×ÁÔÅÒ ÈÏÌÄÕÐȟ ÁÎÄ ÆÌÏ× ÒÅÇÉÍÅÓȢ #ÈÁÐÔÅÒ ς ×ÉÌÌ ÅØÐÌÁÉÎ ÓÏÍÅ ÐÒÏÐÅÒÔÉÅÓ ÏÆ 

ÅÍÕÌÓÉÏÎÓȟ ÁÎÄ #ÈÁÐÔÅÒ σ ×ÉÌÌ ÐÒÅÓÅÎÔ ÉÎÆÏÒÍÁÔÉÏÎ ÁÂÏÕÔ ÔÈÅ ÍÕÌÔÉÐÈÁÓÅ ÆÌÏ× ÔÏÇÅÔÈÅÒ 

×ÉÔÈ ÔÈÅ ÆÌÏ× ÐÒÏÐÅÒÔÉÅÓ ÊÕÓÔ ÍÅÎÔÉÏÎÅÄȢ 

 

4ÈÅ ÃÏÒÒÅÃÔ ÄÅÓÉÇÎ ÏÆ Á ÐÉÐÅÌÉÎÅ ÃÁÎ ÒÅÓÕÌÔ ÉÎ ÁÎ ÅØÔÅÎÄÅÄ ÌÉÆÅÔÉÍÅ ÆÏÒ ÔÈÅ ÏÉÌ ÆÉÅÌÄȟ ÈÉÇÈÅÒ 

ÅÃÏÎÏÍÉÃ ÐÒÏÆÉÔÁÂÉÌÉÔÙȟ ÁÎÄ ÏÐÔÉÍÉÚÅÄ ÐÒÏÄÕÃÔÉÏÎ ÒÁÔÅȢ 7ÈÅÎ ÔÈÅ ÄÅÓÉÇÎ ÁÎÄ ÐÒÏÄÕÃÔÉÏÎ 

ÏÆ ÔÈÅ ÆÉÅÌÄÓ ÉÎÆÒÁÓÔÒÕÃÔÕÒÅ ×ÉÔÈ ÁÓÓÏÃÉÁÔÅÄ ÐÉÐÅÌÉÎÅÓ ÉÓ ÃÏÍÐÌÅÔÅÄȟ ÉÔ ÉÓ ÎÏÔ ÏÎÌÙ 

ÃÏÍÐÌÉÃÁÔÅÄȟ ÂÕÔ ÁÌÓÏ ÅØÐÅÎÓÉÖÅ ÔÏ ÃÈÁÎÇÅ ÔÈÅ ÃÏÎÓÔÒÕÃÔÉÏÎȢ 2ÅÓÅÁÒÃÈ ÉÎ ÔÈÉÓ ÆÉÅÌÄ ÈÁÓ 

ÂÅÅÎ ÔÁËÉÎÇ ÐÌÁÃÅ ÆÏÒ ÄÅÃÁÄÅÓȟ ÁÎÄ ÉÔ ÉÓ ÓÔÉÌÌ ÎÅÃÅÓÓÁÒÙ ÔÏ ÉÍÐÒÏÖÅ ÐÒÏÄÕÃÔÉÏÎ ÔÅÃÈÎÉÑÕÅÓ 

ÁÎÄ ÍÁËÅ ÔÈÉÎÇÓ ÃÈÅÁÐÅÒȢ -ÁÎÙ ÒÅÓÅÁÒÃÈÅÒÓ ÈÁÖÅ ÁÔÔÅÍÐÔÅÄ ÔÏ ÇÅÎÅÒÁÌÉÚÅ ÔÈÅ ÌÉÑÕÉÄȤ

ÌÉÑÕÉÄ ÏÒ Ô×Ï ÐÈÁÓÅ ÆÌÏ× ÓÙÓÔÅÍ ÔÈÒÏÕÇÈ ÍÅÃÈÁÎÉÃÁÌ ÍÏÄÅÌÓ ÁÎÄ ÄÅÖÅÌÏÐÅÄ ÍÅÁÎÓ ÆÏÒ 

ÐÒÅÄÉÃÔÉÎÇ ÔÈÅ ÆÌÏ× ÐÁÔÔÅÒÎÓȟ ÐÒÅÓÓÕÒÅ ÄÒÏÐȟ ÁÎÄ ×ÁÔÅÒ ÈÏÌÄÕÐÓȢ  !Ô 4ÉÌÌÅÒȟ ÉÎ 4ÒÏÎÄÈÅÉÍȟ 

3).4%& 0ÅÔÒÏÌÅÕÍ ÈÁÓ ÓÅÖÅÒÁÌ ËÉÎÄÓ ÏÆ ÆÌÏ× ÌÏÏÐÓȟ ÁÎÄ Á ×ÈÅÅÌ ÆÌÏ× ÓÉÍÕÌÁÔÏÒ ɉÅØÐÌÁÉÎÅÄ 

ÉÎ ÃÈÁÐÔÅÒ υɊȟ ÁÖÁÉÌÁÂÌÅ ÔÏ ÐÅÒÆÏÒÍ ÅØÐÅÒÉÍÅÎÔÓ ÏÎ Ô×ÏȤÐÈÁÓÅ ÁÎÄ ÔÈÒÅÅȤÐÈÁÓÅ ÆÌÏ× 

ÍÉØÔÕÒÅÓȢ 4ÈÅ ÌÁÓÔ ρυ ÙÅÁÒÓȟ 3).4%& ÈÁÖÅ ÁÌÓÏ ÂÅÅÎ ×ÏÒËÉÎÇ ÏÎ ÔÈÅ ÄÅÖÅÌÏÐÍÅÎÔ ÏÆ 

,ÅÄÁ&ÌÏ×ȟ ×ÈÉÃÈ ÃÁÎ ÂÅ ÕÓÅÄ ÔÏ ÍÏÄÅÌ ÍÕÌÔÉÐÈÁÓÅ ÆÌÏ× ÓÙÓÔÅÍÓ ÏÎ ÃÏÍÐÕÔÅÒÓȢ  
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4ÈÅÒÅ ÁÒÅ Ô×Ï ÍÅÔÈÏÄÓ ÁÖÁÉÌÁÂÌÅ ÔÏ ÍÏÄÅÌ ÔÈÅ ÍÕÌÔÉÐÈÁÓÅ ÆÌÏ×Ȣ &ÏÒ Á ÓÔÒÁÉÇÈÔ ÐÉÐÅ ×ÉÔÈ 

ÃÏÎÓÔÁÎÔ ÍÁÓÓ ÆÌÏ× ÒÁÔÅȟ ÉÔ ÉÓ ÐÏÓÓÉÂÌÅ ÔÏ ÁÓÓÕÍÅ ÓÔÅÁÄÙȤÓÔÁÔÅȟ ÓÏÌÖÅ Á ÍÏÍÅÎÔÕÍ 

ÂÁÌÁÎÃÅȟ ÁÎÄ ÔÈÅÎ ÆÉÎÄ ÐÒÅÓÓÕÒÅ ÌÏÓÓ ÁÎÄ ÐÈÁÓÅ ÈÏÌÄÕÐÓȢ 4ÈÅ ÏÔÈÅÒ ÏÐÔÉÏÎ ÉÓ ÔÏ ÐÅÒÆÏÒÍ Á 

ÄÙÎÁÍÉÃ ÓÉÍÕÌÁÔÉÏÎȟ ÁÓ ÉÎ ÔÈÉÓ ÔÈÅÓÉÓȢ 

 

4ÈÅÒÅ ÁÒÅ ÍÁÎÙ ÁÖÁÉÌÁÂÌÅ ÃÏÍÐÕÔÁÔÉÏÎÁÌ ÆÌÕÉÄ ÄÙÎÁÍÉÃÓ ɉ#&$Ɋ ÃÏÄÅÓȟ ÔÈÁÔ ÃÁÎ ÐÒÏÖÉÄÅ ÁÎ 

ÁÃÃÕÒÁÔÅ ÐÒÅÄÉÃÔÉÏÎ ÏÆ ÔÈÅ ×ÅÌÌ ÓÔÒÅÁÍ ÕÓÉÎÇ Á ÔÈÒÅÅȤÄÉÍÅÎÓÉÏÎÁÌ ÇÒÉÄȢ .ÅÖÅÒÔÈÅÌÅÓÓȟ ÉÔ 

ÃÏÕÌÄ ÔÁËÅ ÍÁÎÙ ÙÅÁÒÓ ÔÏ ÓÉÍÕÌÁÔÅ Á υπȤÍÉÌÅ ÌÏÎÇ ÐÉÐÅÌÉÎÅ ×ÉÔÈ ÔÈÅÓÅ ÔÏÏÌÓȟ ×ÈÉÃÈ ÉÓ 

ÉÍÐÒÁÃÔÉÃÁÌ ÁÎÄ ÉÎÃÏÎÖÅÎÉÅÎÔȢ 4ÈÅÒÅÆÏÒÅȟ ÔÈÅ ÐÅÔÒÏÌÅÕÍ ÉÎÄÕÓÔÒÙ ÕÓÅ ÏÎÅ ÄÉÍÅÎÓÉÏÎÁÌ 

ɉρ$Ɋ ÍÏÄÅÌÓ ÉÎÓÔÅÁÄȟ ÌÉËÅ ÔÈÅ ,ÅÄÁ ρ$ ÍÏÄÅÌȢ ,ÅÄÁ 1σ$ȟ ÔÈÅ ÃÏÄÅ ÕÓÅÄ ÉÎ ÔÈÉÓ ÔÈÅÓÉÓȟ ÉÓ 

ÓÏÍÅÔÈÉÎÇ ÉÎ ÂÅÔ×ÅÅÎ Á #&$ ÃÏÄÅ ÁÎÄ ÔÈÅ ,ÅÄÁ ρ$ ÃÏÄÅȢ )Ô ÉÓ ÕÎÐÒÁÃÔÉÃÁÌ ÔÏ ÓÉÍÕÌÁÔÅ ÔÈÅ 

ÅÎÔÉÒÅ ÐÉÐÅÌÉÎÅ ×ÉÔÈ ,ÅÄÁ 1σ$ȟ ÆÏÒ ÔÈÅ ÓÁÍÅ ÒÅÁÓÏÎ ÁÓ ×ÉÔÈ Á #&$ ÃÏÄÅȢ )Ô ÉÓ ÔÉÍÅ 

ÃÏÎÓÕÍÉÎÇ ÔÏ ÐÒÏÄÕÃÅ ÔÈÅ ÓÉÍÕÌÁÔÉÏÎ ÒÅÓÕÌÔÓȢ .ÅÖÅÒÔÈÅÌÅÓÓȟ ÔÈÅ ,ÅÄÁ 1σ$ ÃÏÄÅ ÉÓ ÕÓÅÆÕÌ 

×ÈÅÎ ÔÒÙÉÎÇ ÔÏ ÇÅÔ ÄÅÔÁÉÌÅÄ ÉÎÆÏÒÍÁÔÉÏÎ ÁÂÏÕÔ ÐÈÅÎÏÍÅÎÁ ÔÈÁÔ ÏÎÅ ÔÒÉÅÓ ÔÏ ÓÉÍÕÌÁÔÅ ×ÉÔÈ 

ÔÈÅ ρ$ ÃÏÄÅȢ 4ÈÉÓ ËÎÏ×ÌÅÄÇÅ ÃÁÎ ÐÏÓÓÉÂÌÙ ÂÅ ÕÓÅÄ ÉÎ ÆÕÒÔÈÅÒ ×ÏÒËȟ ÂÙ ÉÍÐÒÏÖÉÎÇ ÔÈÅ ρ$ 

ÍÏÄÅÌÓȟ ÅȢÇȢ ÂÙ ÁÎÓ×ÅÒÉÎÇ ÈÏ× ÆÁÓÔ ÅÍÕÌÓÉÏÎÓ ÁÒÅ ÍÁÄÅ ÕÎÄÅÒ ÃÅÒÔÁÉÎ ÃÏÎÄÉÔÉÏÎÓȟ ÈÏ× 

ÓÔÁÂÌÅ ÔÈÅÓÅ ÅÍÕÌÓÉÏÎÓ ÁÒÅȟ ÈÏ× ÔÈÅ ÖÉÓÃÏÓÉÔÙ ÅÖÏÌÖÅÓȟ ÏÒ ÈÏ× ÉÍÐÏÒÔÁÎÔ ÄÒÏÐÌÅÔ ÓÉÚÅ 

ÄÉÓÔÒÉÂÕÔÉÏÎ ÉÎ ÅÍÕÌÓÉÏÎÓ ÁÒÅ ÆÏÒ ÔÈÅ ÒÅÓÕÌÔÓ ÏÆ ÔÈÅ ÓÉÍÕÌÁÔÉÏÎÓȢ -ÏÒÅ ÉÎÆÏÒÍÁÔÉÏÎ ÁÂÏÕÔ 

#&$ ÃÏÄÅÓȟ ÁÎÄ ,ÅÄÁ&ÌÏ× ×ÉÌÌ ÂÅ ÐÒÅÓÅÎÔÅÄ ÉÎ ÃÈÁÐÔÅÒ τ ÁÎÄ ÃÈÁÐÔÅÒ υȢ  

 

4ÈÅ ×ÏÒË ÉÎ ÔÈÉÓ ÔÈÅÓÉÓ ×ÉÌÌ ÉÎÃÌÕÄÅ ÓÅÖÅÒÁÌ ÓÉÍÕÌÁÔÉÏÎÓ ÕÓÉÎÇ ,ÅÄÁ&ÌÏ× 1σ$Ȣ  

"Ù ÓÙÓÔÅÍÁÔÉÃÁÌÌÙ ÃÈÁÎÇÉÎÇ ÔÈÅ ÉÎÐÕÔ ÐÁÒÁÍÅÔÅÒÓ ÉÎ ÔÈÅ ÓÉÍÕÌÁÔÉÏÎÓȟ ÔÈÅ ÁÉÍ ÉÓ ÔÏ ÂÅÔÔÅÒ 

ÕÎÄÅÒÓÔÁÎÄ ÈÏ× ÔÈÅÓÅ ÉÎÐÕÔ ÐÁÒÁÍÅÔÅÒÓ ÁÆÆÅÃÔ ÔÈÅ ÓÉÍÕÌÁÔÉÏÎ ÒÅÓÕÌÔÓȢ (ÏÐÅÆÕÌÌÙ ÔÈÉÓ 

ËÎÏ×ÌÅÄÇÅ ×ÉÌÌ ÍÁËÅ ÉÔ ÐÏÓÓÉÂÌÅ ÔÏ ÔÕÎÅ ÓÐÅÃÉÆÉÃ ÓÉÍÕÌÁÔÉÏÎÓ ÉÎ ,ÅÄÁ&,Ï× 1σ$ ÔÏ ÂÅ 

ÍÏÒÅ ÏÒ ÌÅÓÓ ÉÄÅÎÔÉÃÁÌ ×ÉÔÈ ÔÈÅ ÒÅÓÕÌÔÓ ÐÒÏÄÕÃÅÄ ÆÒÏÍ ÔÈÅ ×ÈÅÅÌ ÆÌÏ× ÓÉÍÕÌÁÔÏÒȟ ÁÎÄ ÔÏ 

ÂÅÔÔÅÒ ÕÎÄÅÒÓÔÁÎÄ ×ÈÉÃÈ ÐÈÙÓÉÃÁÌ ÐÒÏÃÅÓÓÅÓ ÔÈÁÔ ÁÒÅ ÉÍÐÏÒÔÁÎÔ ÉÎ ÔÈÅ ÆÏÒÍÁÔÉÏÎ ÏÆ 

ÅÍÕÌÓÉÏÎÓȢ 4ÈÉÓ ×ÉÌÌ ÍÁËÅ ÉÔ ÐÏÓÓÉÂÌÅ ÔÏ ÕÓÅ ÔÈÅ ÒÅÓÕÌÔÓ ÆÒÏÍ ,ÅÄÁ&ÌÏ× 1σ$ ÁÓ ÉÎÐÕÔ 

ÖÁÌÕÅÓȟ ÏÒ ÁÓ ÁÄÄÉÔÉÏÎÁÌ ÉÎÆÏÒÍÁÔÉÏÎȟ ÉÎ ÔÈÅ ÏÎÅ ÄÉÍÅÎÓÉÏÎÁÌ ÍÏÄÅÌÓȢ  
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2 Emulsions  

 

2.1 Petroleum emulsions  

By mixing two immiscible fluids in a container, then shaking the container, examination 

will reveal that one of the two phases has become a collection of droplets dispersed in 

the other phase. A colloidal system or colloidal dispersion has been created, which is a 

heterogeneous system that is made up of a dispersed phase and a continuous phase. The 

dispersed phase is often referred to as the internal phase, and the continuous phase as 

the external phase. I.e. in case of dust, the solid particles are the dispersed phase, and the 

air is the continuous phase [3][4] . 

 

Emulsions are a special kind of colloidal dispersion. One in which a liquid is dispersed in 

a continuous liquid phase, and the dispersion is stabilised due to surfactants, solid 

particles or other mechanisms, often referred to as emulsifying agents. Petroleum 

emulsions of any significant stability contain oil, water, and at least one emulsifying 

agent. The amount of water that emulsifies with crude oil varies widely from field to 

field. It can be less than 1 % and sometimes larger than 80 % [4][5 ]. 

 

Emulsions occur in almost all phases of oil production and processing, i.e. inside 

reservoirs, wellbores, wellheads, wet crude handling facilities, gas/oil separation plants, 

and during transportation through pipelines, crude storage, and processing [5]. 

 

As shown in table 2.1, some petroleum emulsions may be desirable and others may not.  

The water that is co-produced together with the crude oil creates several problems, and 

usually increases the unit cost of the oil production. The produced water must be 

separated from the oil, treated, and disposed off properly. All these steps increase costs. 

Emulsions can be difficult to treat and may cause several operational problems in crude 

handling facilities and gas/oil separating plants [5]. 
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Occurence  Usual type of emulsion 

UNDESIRABLE EMULSIONS   

Well-head emulsions  W/O 

Fuel oil emulsions (marine)  W/O 

Oil sand flotation process, froth  W/O or O/W 

Oil sand flotation process, diluted froth  O/W/O 

Oil spill mousse emulsions  W/O 

Tanker bilge emulsions  O/W 

DESIRABLE EMULSIONS   

Heavy oil pipeline emulsion  O/W 

Oil sand flotation process, slurry O/W 

Emulsion drilling fluid, oil-emulsion mud  O/W 

Emulsion drilling fluid, oil-base mud  W/O 

Asphalt emulsion  O/W 

Enhanced oil recovery in situ emulsions  O/W 

 
4ÁÂÌÅ φȢυȡ %ØÁÍÐÌÅÓ ÏÆ ÅÍÕÌÓÉÏÎÓ ÉÎ ÔÈÅ 0ÅÔÒÏÌÅÕÍ ÉÎÄÕÓÔÒÙ ɍψɎȢ 

 

Although, petroleum emulsions might be desirable in some situations. Oil based drilling 

fluid is an example of a desirable petroleum emulsion. Here a stable emulsion (usually 

oil dispersed in water) lubricate the drill bit and carry cuttings up to the surface.  

Other emulsions are made to reduce viscosity to increase the ability to flow. Emulsions 

of asphalt are both less viscous than the original asphalt and stable so that they can be 

transported and handled. Another example of emulsions that are made for lower 

viscosity with good stability are those made from heavy oils. They are intended for 

economic pipeline transportation over long distances. In these emulsions, the heavy oil 

is dispersed as droplets in the continuous water phase, which means that mostly water 

is in contact with the pipe wall, resulting in less friction and pressure drop [4] . 
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2.2 Types of emulsions  

Produced oilfield emulsions can be classified into three broad groups:  

¶ Oil-in-water (O/W).  

¶ Water-in-oil (W/O). 

¶ Multiple or complex emulsions (O/W/O or W/O/W) [10] . 

Figure 2.1: Different kinds of emulsions. 

 

W/O emulsions consist of water droplets dispersed in a continuous oil phase, and O/W 

emulsions consist of oil droplets dispersed in a continuous water phase. In the oil 

industry, W/O emulsions are more common, therefore, the O/W emulsions are 

ÓÏÍÅÔÉÍÅÓ ÒÅÆÅÒÒÅÄ ÔÏ ÁÓ ȰÒÅÖÅÒÓÅȱ ÅÍÕÌÓÉÏÎÓȢ Multiple emulsions are more complex and 

consist of tiny droplets suspended in bigger droplets that are suspended in a continuous 

phase. Figure 2.1 and figure 2.2 illustrates the different kinds of emulsions. From left to 

right, in both figures, there is examples of O/W emulsion, W/O emulsion, and then 

examples of multiple- or complex emulsions. The multiple emulsion, illustrated in figure 

2.2, is an W/O/W emulsion. The droplet sizes in figure 2.1 have been greatly 

exaggerated for illustration purposes [5]. 

 

Figure 2.2: Types of emulsions [5]. 
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Given the oil and water phases, the type of emulsion formed depends on several factors. 

As a rule of thumb, when the volume fraction of one phase is very small compared with 

the other, the phase that has the smaller fraction is the dispersed phase and the other is 

the continuous phase. When the volume-phase ratio is close to one (a 50:50 ratio), then 

other factors determine the type of emulsion formed [5]. 

 

Bancroft's rule states that Ȱthe liquid in which the emulsifying agent is most soluble 

becomes the continuous phase.ȱ The theory is based on the belief that if an emulsifying 

agent is preferentially wetted by one of the phases, then more of the agent can be 

accommodated at the interface if the interface is convex towards that phase, i.e. if that 

phase is the continuous phase [4] . 

 

 

Figure 2.3: Water-in-oil emulsion [6]. 

 

W/O and O/W emulsions represent symmetrically inverted images of the interface. 

Emulsifying agents (surfactant molecules) with strong polar group interaction tend to 

form W/O emulsions, whereas molecules with weaker polar group interactions tend to 

form O/W emulsions. More detailed explanation of emulsifying agents and surfactant-

chemistry will be presented later in this chapter. Figure 2.3 and figure 2.4 shows 

examples of W/O and O/W mixtures [6]. 
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&ÉÇÕÒÅ φȢψȡ /ÉÌȤÉÎȤ×ÁÔÅÒ ÅÍÕÌÓÉÏÎ ɍϊɎȢ 

 

3ÉÎÃÅ 'ÒÁÈÁÍ ÉÎÖÅÎÔÅÄ ÔÈÅ ÔÅÒÍ ȰÃÏÌÌÏÉÄȱ ÉÎ ρψφρȟ ÏÎÅ ÈÁÓ ÄÉÓÔÉÎÇÕÉÓÈÅÄ ÂÅÔ×ÅÅÎ Ô×Ï 

very different types of colloidal dispersions. They can be subdivided into lyophobic and 

lyophilic colloids (if the dispersion medium is aqueous then the terms hydrophobic and 

hydrophilic, respectively, are used). Lyophilic colloids form spontaneously when two 

phases are brought together, because the dispersion is thermodynamically more stable 

than the original separated state. Lyophobic colloids, which include all petroleum 

emulsions other than microemulsions, are not formed spontaneously when the phases 

are brought together, because they are unstable compared with the separated states. 

However, these dispersions can be created by other means, and need emulsifying agents 

to form a stable emulsion [4] . 

 

Emulsions are also classified by the size of the droplets in the continuous phase. 

Dispersed droplets smaller than 100 nm are referred to as microemulsions, and 

dispersed droplets larger than 100 nm are referred to as macroemulsions.  

Most petroleum emulsions are macroemulsions. Emulsions of this kind are normally 

thermodynamically unstable, i.e. the two phases will separate over time because of a 

tendency for the emulsion to reduce its interfacial energy by coalescence and separation. 

However, droplet coalescence can be reduced or even eliminated through several 

stabilization mechanisms [5][7 ]. 
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Interfacial tension, interfacial energy, and stabilizing mechanisms will be further 

explained later in this chapter.  

 

In contrast to the macroemulsions, the microemulsions form spontaneously when two 

immiscible phases are brought together because of their extremely low interfacial 

energy. Droplets of this size scatter little light, and the emulsion appear to be 

transparent. These microemulsions are considered thermodynamically stable, and do 

not break on centrifuging [4][5 ]. 

 

2.3 Formation of emulsions  

The amount of mixing and the presence of emulsifier are critical for the formation of an 

emulsion. Petroleum emulsions form when oil and water come into contact with each 

other, when there is sufficient mixing, and when an emulsifying agent or emulsifier is 

present. During crude oil production, there are several sources of mixing, including [5]: 

¶ Flow through reservoir rock.  

¶ Flow through tubing, flow lines and production headers. 

¶ Flow through valves, fittings and chokes.  

¶ Flow through surface equipment. 

 

In general, the greater the mixing, the smaller the droplets dispersed in the continuous 

phase, and consequently a tighter emulsion [5]. 

 

The second factor important in emulsion formation is the presence of an emulsifier.  

The presence, amount and nature of the emulsifier determines, to a large extent, the 

ÔÙÐÅ ÁÎÄ ȰÔÉÇÈÔÎÅÓÓȱ ÏÆ ÁÎ ÅÍÕÌÓÉÏÎȢ #ÒÕÄÅ ÏÉÌÓ ÃÏÎÔÁÉÎ ÎÁÔÕÒÁÌ ÅÍÕÌÓÉÆÉÅÒÓȢ .ÅÖÅÒÔÈÅÌÅÓÓȟ 

there are different types of crudes with different amounts of natural emulsifiers.  

The emulsifying tendencies vary widely. Crude with a small amount of emulsifier forms 

a less stable emulsion and separates relative easily. Other crudes contain the right type 

and amount of emulsifier, which lead to a very stable or tight emulsion [5]. 
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2.4 Emulsifying agents  

!Ó ÁÌÒÅÁÄÙ ÍÅÎÔÉÏÎÅÄȟ ÐÒÏÄÕÃÅÄ ÏÉÌÆÉÅÌÄ ÅÍÕÌÓÉÏÎÓ ÃÏÎÔÁÉÎ ÏÉÌȟ ×ÁÔÅÒ ÁÎÄ ÁÎ ÅÍÕÌÓÉÆÙÉÎÇ 

ÁÇÅÎÔȢ %ÍÕÌÓÉÆÉÅÒÓ ÓÔÁÂÉÌÉÚÅ ÅÍÕÌÓÉÏÎÓ ÁÎÄ ÉÎÃÌÕÄÅ ÓÕÒÆÁÃÅ ÁÃÔÉÖÅ ÁÇÅÎÔÓ ÁÎÄ ÆÉÎÅÌÙ 

ÄÉÖÉÄÅÄ ÓÏÌÉÄÓ ɍυɎȢ 

 

3ÕÒÆÁÃÔÁÎÔÓ ÁÎÄ ÓÏÌÉÄ ÐÁÒÔÉÃÌÅÓ 

3ÕÒÆÁÃÅ ÁÃÔÉÖÅ ÁÇÅÎÔÓ ɉÓÕÒÆÁÃÔÁÎÔÓɊ ÁÒÅ ÃÏÍÐÏÕÎÄÓ ÔÈÁÔ ÁÒÅ ÐÁÒÔÌÙ ÓÏÌÕÂÌÅ ÉÎ ÂÏÔÈ ×ÁÔÅÒ 

ÁÎÄ ÏÉÌȢ 4ÈÅÙ ÈÁÖÅ Á ÈÙÄÒÏÐÈÏÂÉÃ ÐÁÒÔ ÔÈÁÔ ÈÁÓ ÁÎ ÁÆÆÉÎÉÔÙ ÆÏÒ ÏÉÌ ÁÎÄ Á ÈÙÄÒÏÐÈÉÌÉÃ ÐÁÒÔ 

ÔÈÁÔ ÈÁÓ ÁÎ ÁÆÆÉÎÉÔÙ ÆÏÒ ×ÁÔÅÒȢ 4ÈÅ ÅÎÅÒÇÅÔÉÃÁÌÌÙ ÍÏÓÔ ÆÁÖÏÕÒÁÂÌÅ ÏÒÉÅÎÔÁÔÉÏÎ ÆÏÒ ÔÈÅÓÅ 

ÍÏÌÅÃÕÌÅÓ ÉÓ ÁÔ ÔÈÅ ÏÉÌȾ×ÁÔÅÒ ÉÎÔÅÒÐÈÁÓÅȟ ×ÅÒÅ ÔÈÅÙ ÆÏÒÍ ÉÎÔÅÒÆÁÃÉÁÌ ÆÉÌÍÓȟ ÓÏ ÔÈÁÔ ÅÁÃÈ 

ÐÁÒÔ ÏÆ ÔÈÅ ÍÏÌÅÃÕÌÅ ÃÁÎ ÒÅÓÉÄÅ ÉÎ ÔÈÅ ÓÏÌÖÅÎÔ ÆÏÒ ×ÈÉÃÈ ÉÔ ÈÁÓ ÔÈÅ ÇÒÅÁÔÅÓÔ ÁÆÆÉÎÉÔÙȢ 4ÈÅ 

ÉÎÔÅÒÆÁÃÉÁÌ ÆÉÌÍÓ ÏÆÔÅÎ ÐÒÏÖÉÄÅ ÔÈÅ ÓÔÁÂÉÌÉÚÉÎÇ ÉÎÆÌÕÅÎÃÅ ÉÎ ÅÍÕÌÓÉÏÎÓ ÂÅÃÁÕÓÅ ÔÈÅÙ ÃÁÎ 

ÂÏÔÈ ÌÏ×ÅÒ ÉÎÔÅÒÆÁÃÉÁÌ ÔÅÎÓÉÏÎ ÁÎÄ ÉÎÃÒÅÁÓÅ ÔÈÅ ÉÎÔÅÒÆÁÃÉÁÌ ÖÉÓÃÏÓÉÔÙȢ &ÉÇÕÒÅ ςȢυ ÉÌÌÕÓÔÒÁÔÅÓ 

ÁÎ ÅØÁÍÐÌÅ ÏÆ ÔÈÅ ÍÅÃÈÁÎÉÓÍ ÏÆ ÅÍÕÌÓÉÏÎ ÓÔÁÂÉÌÉÚÁÔÉÏÎ ɍτɎɍυɎȢ 

 

 

&ÉÇÕÒÅ φȢωȡ -ÅÃÈÁÎÉÓÍ ÏÆ ÅÍÕÌÓÉÏÎ ÓÔÁÂÉÌÉÚÁÔÉÏÎ ɍϋɎȢ 

 

)ÎÃÒÅÁÓÉÎÇ ÉÎÔÅÒÆÁÃÉÁÌ ÖÉÓÃÏÓÉÔÙ ÐÒÏÖÉÄÅÓ Á ÍÅÃÈÁÎÉÃÁÌ ÒÅÓÉÓÔÁÎÃÅ ÔÏ ÃÏÁÌÅÓÃÅÎÃÅȢ 

,Ï×ÅÒÉÎÇ ÔÈÅ ÉÎÔÅÒÆÁÃÉÁÌ ÔÅÎÓÉÏÎ ÐÒÏÍÏÔÅÓ ÄÉÓÐÅÒÓÉÏÎȟ ÁÎÄ ÔÈÅÒÅÂÙ ÍÁËÅÓ ÉÔ ÅÁÓÉÅÒ ÔÏ 

ÃÒÅÁÔÅ ÓÍÁÌÌÅÒ ÄÒÏÐÌÅÔÓȢ ! ÃÏÎÓÅÑÕÅÎÃÅ ÏÆ ÓÕÒÆÁÃÔÁÎÔ ÁÄÓÏÒÐÔÉÏÎ ÁÔ ÁÎ ÉÎÔÅÒÆÁÃÅ ÉÓ ÔÈÁÔ ÉÔ 

ÐÒÏÖÉÄÅÓ ÁÎ ÅØÐÁÎÄÉÎÇ ÆÏÒÃÅ ÁÃÔÉÎÇ ÁÇÁÉÎÓÔ ÔÈÅ ÎÏÒÍÁÌ ÉÎÔÅÒÆÁÃÉÁÌ ÔÅÎÓÉÏÎȢ  

)Æ ʌ ÉÓ ÔÈÉÓ ÅØÐÁÎÄÉÎÇ ÐÒÅÓÓÕÒÅ ɉÓÕÒÆÁÃÅ ÐÒÅÓÓÕÒÅɊȟ ÔÈÅÎ ×Å ÇÅÔ ÅÑÕÁÔÉÏÎ ςȢρ ɍτɎȢ 
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ɉÅÑȢ φȢυɊ 

‎  ‎  “ 

 

ɾȡ  .Å× ÉÎÔÅÒÆÁÃÉÁÌ ÔÅÎÓÉÏÎȟ ÁÆÔÅÒ ÒÅÄÕÃÔÉÏÎ ÄÕÅ ÔÏ ÅØÐÁÎÄÉÎÇ ÉÎÔÅÒÆÁÃÉÁÌ ÐÒÅÓÓÕÒÅȢ 

‎ȡ  )ÎÉÔÉÁÌ ÉÎÔÅÒÆÁÃÉÁÌ ÔÅÎÓÉÏÎȢ  

ʌȡ  %ØÐÁÎÄÉÎÇ ÉÎÔÅÒÆÁÃÉÁÌ ÐÒÅÓÓÕÒÅȢ  

 

4ÈÕÓȟ ÓÕÒÆÁÃÔÁÎÔÓ ÔÅÎÄ ÔÏ ÌÏ×ÅÒ ÉÎÔÅÒÆÁÃÉÁÌ ÔÅÎÓÉÏÎȟ ÁÎÄ ÈÅÎÃÅ ÈÅÌÐ ÔÈÅ ÄÉÓÐÅÒÓÉÏÎ ÁÎÄ 

ÅÍÕÌÓÉÆÉÃÁÔÉÏÎ ÐÒÏÃÅÓÓ ÔÏ ÈÁÐÐÅÎ ÍÏÒÅ ÅÁÓÉÌÙȟ ÂÅÃÁÕÓÅ ÏÎÌÙ Á ÍÉÎÏÒ ÉÎÃÒÅÁÓÅ ÉÎ ÔÏÔÁÌ 

ÉÎÔÅÒÆÁÃÉÁÌ ÅÎÅÒÇÙ ÉÓ ÒÅÑÕÉÒÅÄ ɍτɎȢ 

 

.ÁÔÕÒÁÌÌÙ ÏÃÃÕÒÒÉÎÇ ÅÍÕÌÓÉÆÉÅÒÓ ÉÎ ÔÈÅ ÃÒÕÄÅ ÏÉÌ ÉÎÃÌÕÄÅ ÁÓÐÈÁÌÔÅÎÅÓ ÁÎÄ ÒÅÓÉÎÓȟ ÏÒÇÁÎÉÃ 

ÁÃÉÄÓȟ ÁÎÄ ÂÁÓÅÓȢ /ÔÈÅÒ ÓÕÒÆÁÃÔÁÎÔÓ ÔÈÁÔ ÍÁÙ ÂÅ ÐÒÅÓÅÎÔ ÁÒÅ ÆÒÏÍ ÔÈÅ ÃÈÅÍÉÃÁÌÓ ÉÎÊÅÃÔÅÄ 

ÉÎÔÏ ÔÈÅ ÆÏÒÍÁÔÉÏÎ ÏÒ ×ÅÌÌÂÏÒÅÓȟ ÅȢÇȢ ÄÒÉÌÌÉÎÇ ÆÌÕÉÄÓȟ ÓÔÉÍÕÌÁÔÉÏÎ ÃÈÅÍÉÃÁÌÓȟ ÃÏÒÒÏÓÉÏÎ 

ÉÎÈÉÂÉÔÏÒÓȟ ÓÃÁÌÅ ÉÎÈÉÂÉÔÏÒÓȟ ×ÁØȟ ÁÎÄ ÁÓÐÈÁÌÔÅÎÅ ÃÏÎÔÒÏÌ ÁÇÅÎÔÓ ɍυɎȢ 

 

&ÉÎÅ ÓÏÌÉÄÓ ÃÁÎ ÁÃÔ ÁÓ ÍÅÃÈÁÎÉÃÁÌ ÓÔÁÂÉÌÉÚÅÒÓȢ 4ÈÅÓÅ ÐÁÒÔÉÃÌÅÓȟ ×ÈÉÃÈ ÍÕÓÔ ÂÅ ÓÍÁÌÌÅÒ ÔÈÁÎ 

ÅÍÕÌÓÉÏÎ ÄÒÏÐÌÅÔÓȟ ÃÏÌÌÅÃÔ ÁÔ ÔÈÅ ÏÉÌȾ×ÁÔÅÒ ÉÎÔÅÒÆÁÃÅ ÁÎÄ ÁÒÅ ×ÅÔÔÅÄ ÂÙ ÂÏÔÈ ÏÉÌ ÁÎÄ 

×ÁÔÅÒȢ 4ÈÅ ÅÆÆÅÃÔÉÖÅÎÅÓÓ ÏÆ ÔÈÅÓÅ ÓÏÌÉÄÓ ÉÎ ÓÔÁÂÉÌÉÚÉÎÇ ÅÍÕÌÓÉÏÎ ÄÒÏÐÌÅÔÓ ÄÅÐÅÎÄÓ ÏÎ 

ÆÁÃÔÏÒÓ ÓÕÃÈ ÁÓ ÐÁÒÔÉÃÌÅ ÓÉÚÅȟ ÉÎÔÅÒÐÁÒÔÉÃÌÅ ÉÎÔÅÒÁÃÔÉÏÎÓ ÁÎÄ ×ÅÔÔÁÂÉÌÉÔÙ ÏÆ ÔÈÅ ÐÁÒÔÉÃÌÅÓȢ 

&ÉÎÅÌÙ ÄÉÖÉÄÅÄ ÓÏÌÉÄÓ ÆÏÕÎÄ ÉÎ ÏÉÌ ÐÒÏÄÕÃÔÉÏÎ ÉÎÃÌÕÄÅ ÃÌÁÙ ÐÁÒÔÉÃÌÅÓȟ ÓÁÎÄȟ ÓÉÌÔȟ ÁÓÐÈÁÌÔÅÎÅÓ 

ÁÎÄ ×ÁØÅÓȟ ÃÏÒÒÏÓÉÏÎ ÐÒÏÄÕÃÔÓȟ ÓÈÁÌÅ ÐÁÒÔÉÃÌÅÓȟ ÍÉÎÅÒÁÌ ÓÃÁÌÅ ÁÎÄ ÄÒÉÌÌÉÎÇ ÍÕÄÓ ɍυɎȢ 
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&ÉÇÕÒÅ φȢϊȡ 3ÕÒÆÁÃÔÁÎÔÓ ÁÎÄ ÍÉÃÅÌÌÅÓ ÉÎ ÁÎ /Ⱦ7 ÓÏÌÕÔÉÏÎ ɍψɎȢ 

 

-ÉÃÅÌÌÅÓ 

)Î ÎÏÒÍÁÌ ÁÑÕÅÏÕÓ ÓÏÌÕÔÉÏÎÓȟ ÄÉÌÕÔÅ ÃÏÎÃÅÎÔÒÁÔÉÏÎÓ ÏÆ ÓÕÒÆÁÃÔÁÎÔ ÁÃÔ ÁÓ ÎÏÒÍÁÌ 

ÅÌÅÃÔÒÏÌÙÔÅÓȟ ÂÕÔ ÁÔ ÈÉÇÈÅÒ ÃÏÎÃÅÎÔÒÁÔÉÏÎÓ ÖÅÒÙ ÄÉÆÆÅÒÅÎÔ ÂÅÈÁÖÉÏÕÒ ÏÃÃÕÒȢ 4ÈÉÓ ÂÅÈÁÖÉÏÕÒ 

ÃÁÎ ÂÅ ÅØÐÌÁÉÎÅÄ ÉÎ ÔÅÒÍÓ ÏÆ ÏÒÇÁÎÉÚÅÄ ÁÇÇÒÅÇÁÔÅÓ ÃÁÌÌÅÄ ÍÉÃÅÌÌÅÓ ÉÎ ×ÈÉÃÈ ÔÈÅ ÌÉÐÏÐÈÉÌÉÃ 

ÐÁÒÔÓ ÏÆ ÔÈÅ ÓÕÒÆÁÃÔÁÎÔÓ ÁÓÓÏÃÉÁÔÅ ÉÎ ÔÈÅ ÉÎÔÅÒÉÏÒ ÐÁÒÔ ÏÆ ÔÈÅ ÁÇÇÒÅÇÁÔÅ ÁÎÄ ÌÅÁÖÅ ÔÈÅ 

ÈÙÄÒÏÐÈÉÌÉÃ ÐÁÒÔÓ ÔÏ ÆÁÃÅ ÔÈÅ ÁÑÕÅÏÕÓ ÍÅÄÉÕÍȢ #ÏÎÓÅÑÕÅÎÔÌÙȟ ÔÈÅ ÍÉÃÅÌÌÅÓ ×ÉÌÌ ÎÏÔ 

ÓÔÁÂÉÌÉÚÅ ÔÈÅ ÅÍÕÌÓÉÏÎ ÄÒÏÐÌÅÔÓ ÌÉËÅ ÔÈÅ ÍÏÎÏÍÅÒ ÓÕÒÆÁÃÔÁÎÔ ÍÏÌÅÃÕÌÅÓȢ  

&ÉÇÕÒÅ ςȢφ ÉÌÌÕÓÔÒÁÔÅÓ ÓÕÒÆÁÃÔÁÎÔÓ ÁÓÓÏÃÉÁÔÉÏÎÓ ÉÎ ÁÎ /Ⱦ7 ÅÍÕÌÓÉÏÎȟ ×ÉÔÈ ÂÏÔÈ ÍÏÎÏÍÅÒ 

ÓÕÒÆÁÃÔÁÎÔ ÍÏÌÅÃÕÌÅÓ ÁÎÄ ÍÉÃÅÌÌÅ ÁÇÇÒÅÇÁÔÅÓȢ 4ÈÅ ÓÉÚÅ ÏÆ ÔÈÅ ÓÕÒÆÁÃÔÁÎÔ ÍÏÌÅÃÕÌÅÓ ÁÎÄ 

ÔÈÅ ÏÉÌ ÄÒÏÐÌÅÔÓ ÈÁÓ ÂÅÅÎ ÇÒÅÁÔÌÙ ÅØÁÇÇÅÒÁÔÅÄ ÆÏÒ ÔÈÅ ÐÕÒÐÏÓÅÓ ÏÆ ÉÌÌÕÓÔÒÁÔÉÏÎ ɍτɎȢ 
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&ÉÇÕÒÅ φȢϋȡ 4ÈÅ ÁÓÓÏÃÉÁÔÉÏÎ ÏÆ ÓÕÒÆÁÃÔÁÎÔÓ ÉÎ ÓÏÌÕÔÉÏÎȟ ÓÈÏ×ÉÎÇ ÔÈÅ #-# ɍψɎȢ 

 

4ÈÅ ÃÏÎÃÅÎÔÒÁÔÉÏÎ ÁÔ ×ÈÉÃÈ ÍÉÃÅÌÌÅ ÆÏÒÍÁÔÉÏÎ ÂÅÃÏÍÅÓ ÓÉÇÎÉÆÉÃÁÎÔ ÉÓ ÃÁÌÌÅÄ ÔÈÅ ÃÒÉÔÉÃÁÌ 

ÍÉÃÅÌÌÅ ÃÏÎÃÅÎÔÒÁÔÉÏÎ ɉ#-#ɊȢ 4ÈÅ #-# ÉÓ ÄÅÐÅÎÄÅÎÔ ÏÎ ÔÈÅ ÐÒÏÐÅÒÔÙ ÏÆ ÔÈÅ ÓÕÒÆÁÃÔÁÎÔ 

ÁÎÄ ÓÅÖÅÒÁÌ ÏÔÈÅÒ ÆÁÃÔÏÒÓȟ ÂÅÃÁÕÓÅ ÔÈÅ ÍÉÃÅÌÌÉÚÁÔÉÏÎ ÉÓ ÏÐÐÏÓÅÄ ÂÙ ÔÈÅÒÍÁÌ ÁÎÄ 

ÅÌÅÃÔÒÏÓÔÁÔÉÃ ÆÏÒÃÅÓȢ ! ÌÏ× #-# ÉÓ ÆÁÖÏÕÒÅÄ ÂÙ ÉÎÃÒÅÁÓÉÎÇ ÔÈÅ ÍÏÌÅÃÕÌÁÒ ÍÁÓÓ ÏÆ ÔÈÅ 

ÌÉÐÏÐÈÉÌÉÃ ÐÁÒÔ ÏÆ ÔÈÅ ÍÏÌÅÃÕÌÅȟ ÌÏ×ÅÒÉÎÇ ÔÈÅ ÔÅÍÐÅÒÁÔÕÒÅ ÁÎÄ ÁÄÄÉÎÇ ÅÌÅÃÔÒÏÌÙÔÅȢ  

3ÏÍÅ ÔÙÐÉÃÁÌ ÖÁÌÕÅÓ ÆÏÒ ÌÏ× ÅÌÅÃÔÒÏÌÙÔÅ ÃÏÎÃÅÎÔÒÁÔÉÏÎÓ ÁÔ ÒÏÏÍ ÔÅÍÐÅÒÁÔÕÒÅ ÁÒÅ 

ÐÒÅÓÅÎÔÅÄ ÉÎ ÔÁÂÌÅ ςȢςȢ &ÉÇÕÒÅ ςȢχ ÓÈÏ×Ó ÈÏ× ÔÈÅ ÃÏÎÃÅÎÔÒÁÔÉÏÎ ÏÆ ÓÕÒÆÁÃÔÁÎÔÓ ÍÏÎÏÍÅÒÓ 

ÁÆÆÅÃÔÓ ÔÈÅ ÓÕÒÆÁÃÅ ÔÅÎÓÉÏÎȟ ÕÎÔÉÌ ÔÈÅ ÃÏÎÃÅÎÔÒÁÔÉÏÎ ÒÅÁÃÈÅÓ #-# ɍτɎȢ 

 

Surfactant   class CMC [mol/l] 

Nonionic 10-5 ² 10-4 

Anionic 10-3 ² 10-2 

Amphoteric 10-3 ² 10-1 

 

4ÁÂÌÅ φȢφȡ 4ÙÐÉÃÁÌ #-# ÖÁÌÕÅÓ ɍψɎȢ 
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4ÈÅ ÓÏÌÕÂÉÌÉÔÙ ÏÆ ÍÉÃÅÌÌÅȤÆÏÒÍÉÎÇ ÓÕÒÆÁÃÔÁÎÔÓ ÓÈÏ× Á ÓÔÒÏÎÇ ÉÎÃÒÅÁÓÅ ÁÂÏÖÅ Á ÃÅÒÔÁÉÎ 

ÔÅÍÐÅÒÁÔÕÒÅȟ ÔÅÒÍÅÄ ÔÈÅ +ÒÁÆÆÔ ÐÏÉÎÔ ɉ4ËɊȟ ÉÌÌÕÓÔÒÁÔÅÄ ÉÎ ÆÉÇÕÒÅ ςȢψȢ 4ÈÅ ÓÕÄÄÅÎ ÉÎÃÒÅÁÓÅ 

ÉÎ ÓÕÒÆÁÃÔÁÎÔ ÓÏÌÕÂÉÌÉÔÙ ÉÓ ÅØÐÌÁÉÎÅÄ ÂÙ ÔÈÅ ÆÁÃÔ ÔÈÁÔ ÔÈÅ ÍÏÎÏÍÅÒ ÓÕÒÆÁÃÔÁÎÔÓ ÈÁÖÅ 

ÌÉÍÉÔÅÄ ÓÏÌÕÂÉÌÉÔÙȟ ×ÈÅÒÅÁÓ ÔÈÅ ÍÉÃÅÌÌÅÓ ÁÒÅ ÖÅÒÙ ÓÏÌÕÂÌÅȢ "ÅÌÏ× ÔÈÅ +ÒÁÆÆÔ ÐÏÉÎÔ ÔÈÅ 

ÓÏÌÕÂÉÌÉÔÙ ÏÆ ÔÈÅ ÓÕÒÆÁÃÔÁÎÔ ÉÓ ÔÏÏ ÌÏ× ÆÏÒ ÍÉÃÅÌÌÉÚÁÔÉÏÎȢ !Ó ÔÅÍÐÅÒÁÔÕÒÅ ÉÎÃÒÅÁÓÅÓ ÔÏ×ÁÒÄÓ 

ÔÈÅ +ÒÁÆÆÔ ÐÏÉÎÔȟ ÔÈÅ ÓÏÌÕÂÉÌÉÔÙ ÉÎÃÒÅÁÓÅÓ ÕÎÔÉÌ ÔÈÅ #-# ÉÓ ÒÅÁÃÈÅÄȢ !Ô ÔÈÉÓ ÔÅÍÐÅÒÁÔÕÒÅȟ Á 

ÒÅÌÁÔÉÖÅÌÙ ÌÁÒÇÅ ÁÍÏÕÎÔ ÏÆ ÓÕÒÆÁÃÔÁÎÔ ÃÁÎ ÂÅ ÄÉÓÐÅÒÓÅÄ ÉÎ ÍÉÃÅÌÌÅÓȟ ÁÎÄ ÓÏÌÕÂÉÌÉÔÙ 

ÉÎÃÒÅÁÓÅÓ ÇÒÅÁÔÌÙȢ !ÂÏÖÅ ÔÈÅ +ÒÁÆÆÔ ÐÏÉÎÔ ÔÈÅ #-# ÄÅÔÅÒÍÉÎÅÓ ÔÈÅ ÓÕÒÆÁÃÔÁÎÔ ÍÏÎÏÍÅÒ 

ÃÏÎÃÅÎÔÒÁÔÉÏÎȢ #ÏÎÓÅÑÕÅÎÔÌÙȟ ÍÁØÉÍÕÍ ÒÅÄÕÃÔÉÏÎ ÉÎ ÓÕÒÆÁÃÅ ÏÒ ÉÎÔÅÒÆÁÃÉÁÌ ÔÅÎÓÉÏÎ ÏÃÃÕÒÓ 

ÁÔ ÔÈÉÓ ÓÕÒÆÁÃÔÁÎÔ ÃÏÎÃÅÎÔÒÁÔÉÏÎ ɍτɎȢ 

 

 

&ÉÇÕÒÅ φȢόȡ 4ÈÅ ÓÏÌÕÂÉÌÉÔÙȤÍÉÃÅÌÌÉÚÁÔÉÏÎ ÂÅÈÁÖÉÏÕÒ ÏÆ ÓÕÒÆÁÃÔÁÎÔÓ ÉÎ ÓÏÌÕÔÉÏÎ ɍψɎȢ 

 

Classification of surfactants  

4ÈÅ ȰÔÁÉÌȱ ÏÆ ÍÏÓÔ ÓÕÒÆÁÃÔÁÎÔÓ ÁÒÅ ÆÁÉÒÌÙ ÓÉÍÉÌÁÒȟ ÃÏÎÓÉÓÔÉÎÇ ÏÆ Á ÈÙÄÒÏÃÁÒÂÏÎ ÃÈÁÉÎȢ 

Surfactant molecules have either one or two tails. Those with two tails are said to be 

double-chained. Most commonly, surfactants are classified according to their polar head 

group. This is illustrated in figure 2.9. A nonionic surfactant has no charged groups in its 

head. The head of an ionic surfactant carries a net negative charge (anionic), or a net 

positive charge (cationic). If a surfactant contains a head with two oppositely charged 

groups, it is termed amphoteric [8]. 
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Figure 2.9: Surfactant classification [8]. 

 

2.5 Characteristics and physical properties  

Droplet size  

Colloidal droplets in colloidal dispersions are between 10-3 µm and 1 µm in diameter, 

but emulsion droplets may be even larger. In fact, produced oilfield emulsions generally 

have droplet diameters that exceed 0.1 µm and may be larger than 100 µm [4] [5]. 

 

As already mentioned, one can distinguish between macroemulsions (size>100 nm) and 

microemulsions (size<100 nm). Petroleum emulsions are normally macroemulsions, but 

there will always be a distribution of the droplet sizes. Figure 2.10 shows the droplet 

size distribution of typical petroleum emulsions. The droplets size distribution in an 

emulsion depends on several factors including the [4] [5][7] : 

¶ Interfacial tension.  

¶ Shear.  

¶ Nature and amount of emulsifying agents.  

¶ Presence of solids.  

¶ Bulk properties of oil and water.  
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Droplet size distribution in an emulsion determines, to a certain extent, the stability of 

the emulsion. As a rule of thumb, the smaller the average size of the dispersed droplets, 

the tighter and more stable the emulsion becomes [5]. 

 

 

 

 

 

 

 

 

Figure 2.10: Droplet size distribution [5]. 

 

"Ù ÃÏÍÐÁÒÉÎÇ ÓÅÖÅÒÁÌ ÅÍÕÌÓÉÏÎÓȟ Á ÄÒÏÐÌÅÔ ÓÉÚÅ ÄÉÓÔÒÉÂÕÔÉÏÎ ×ÅÉÇÈÔÅÄ ÔÏ×ÁÒÄ ÔÈÅ ÓÍÁÌÌÅÒ 

ÓÉÚÅÓ ×ÉÌÌ ÕÓÕÁÌÌÙ ÒÅÐÒÅÓÅÎÔ ÔÈÅ ÍÏÓÔ ÓÔÁÂÌÅ ÅÍÕÌÓÉÏÎȢ 4ÈÅ ÄÒÏÐÌÅÔ ÓÉÚÅ ÁÌÓÏ ÈÁÓ ÁÎ 

ÉÍÐÏÒÔÁÎÔ ÉÎÆÌÕÅÎÃÅ ÏÎ ÔÈÅ ÖÉÓÃÏÓÉÔÙȢ #ÏÎÓÉÄÅÒÉÎÇ ÒÅÐÕÌÓÉÏÎ ÆÏÒÃÅÓ ÌÉËÅ ÅÌÅÃÔÒÏÓÔÁÔÉÃ ÁÎÄ 

ÓÔÅÒÉÃ ÉÎÔÅÒÁÃÔÉÏÎ ÂÅÔ×ÅÅÎ ÔÈÅ ÄÒÏÐÌÅÔÓȟ ÔÈÅ ÅÍÕÌÓÉÏÎ ÖÉÓÃÏÓÉÔÙ ×ÉÌÌ ÂÅ ÈÉÇÈÅÒ ×ÈÅÎ 

ÄÒÏÐÌÅÔÓ ÁÒÅ ÓÍÁÌÌÅÒȢ 4ÈÅ ÖÉÓÃÏÓÉÔÙ ×ÉÌÌ ÁÌÓÏ ÂÅ ÈÉÇÈÅÒ ×ÈÅÎ ÔÈÅ ÄÒÏÐÌÅÔ ÓÉÚÅÓ ÁÒÅ 

ÒÅÌÁÔÉÖÅÌÙ ÈÏÍÏÇÅÎÏÕÓȟ ÉȢÅȢ ×ÈÅÎ ÔÈÅ ÄÒÏÐÌÅÔ ÓÉÚÅ ÄÉÓÔÒÉÂÕÔÉÏÎ ÉÓ ÎÁÒÒÏ× ÒÁÔÈÅÒ ÔÈÁÎ ×ÉÄÅ 

ɍτɎȢ 

 

2ÈÅÏÌÏÇÙ 

(ÉÇÈ ÖÉÓÃÏÓÉÔÙ ÍÉÇÈÔ ÂÅ ÔÈÅ ÒÅÁÓÏÎ ÔÈÁÔ ÁÎ ÅÍÕÌÓÉÏÎ ÉÓ ÔÒÏÕÂÌÅÓÏÍÅȟ ÅȢÇȢ ÉÔ ÃÁÎ ÒÅÓÕÌÔ ÉÎ Á 

ÒÅÓÉÓÔÁÎÃÅ ÔÏ ÆÌÏ× ÔÈÁÔ ÍÕÓÔ ÂÅ ÄÅÁÌÔ ×ÉÔÈȢ 4Ï ÄÅÓÃÒÉÂÅ ÔÈÅ ÖÉÓÃÏÓÉÔÙ ÏÆ ÔÈÅ ÅÍÕÌÓÉÏÎ ×Å 

ÎÅÅÄ ÔÏ ÃÏÎÓÉÄÅÒ ÉÆ ÔÈÅ ÅÍÕÌÓÉÏÎ ÉÓ Á .Å×ÔÏÎÉÁÎ ÏÒ ÎÏÎȤ.Å×ÔÏÎÉÁÎ ÆÌÕÉÄȢ  ! ÃÏÎÖÅÎÉÅÎÔ 

×ÁÙ ÔÏ ÓÕÍÍÁÒÉÚÅ ÔÈÅ ÆÌÏ× ÐÒÏÐÅÒÔÉÅÓ ÏÆ ÆÌÕÉÄÓ ÉÓ ÂÙ ÐÌÏÔÔÉÎÇ ÆÌÏ× ÃÕÒÖÅÓ ÏÆ ÓÈÅÁÒ ÓÔÒÅÓÓ 

ÖÅÒÓÕÓ ÓÈÅÁÒ ÒÁÔÅȢ 4ÈÅÓÅ ÃÕÒÖÅÓ ÃÁÎ ÂÅ ÃÁÔÅÇÏÒÉÚÅÄ ÉÎÔÏ ÓÅÖÅÒÁÌ ÒÈÅÏÌÏÇÉÃÁÌ 

ÃÌÁÓÓÉÆÉÃÁÔÉÏÎÓȢ &ÉÇÕÒÅ ςȢρρ ÇÉÖÅÓ Á ÐÒÅÓÅÎÔÁÔÉÏÎ ÏÆ ÓÏÍÅ ÏÆ ÔÈÅÓÅ ÒÈÅÏÌÏÇÉÃÁÌ 

ÃÌÁÓÓÉÆÉÃÁÔÉÏÎÓ ɍτɎȢ 
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&ÉÇÕÒÅ φȢυυȡ 2ÈÅÏÌÏÇÙ ÃÕÒÖÅÓȢ 

 

4ÈÅ ÒÈÅÏÌÏÇÉÃÁÌ ÐÒÏÐÅÒÔÉÅÓ ÏÆ ÁÎ ÅÍÕÌÓÉÏÎ ÁÒÅ ÖÅÒÙ ÉÍÐÏÒÔÁÎÔȟ ÁÎÄ ÄÅÐÅÎÄÓ ÏÎ ÓÅÖÅÒÁÌ 

ÆÁÃÔÏÒÓ ÌÉËÅ ÔÈÅ ɍυɎȡ 

¶ 6ÉÓÃÏÓÉÔÉÅÓ ÏÆ ÏÉÌ ÁÎÄ ×ÁÔÅÒȢ 

¶ 6ÏÌÕÍÅ ÆÒÁÃÔÉÏÎ ÏÆ ×ÁÔÅÒ ÄÉÓÐÅÒÓÅÄȢ  

¶ $ÒÏÐÌÅÔȤÓÉÚÅ ÄÉÓÔÒÉÂÕÔÉÏÎȢ  

¶ 4ÅÍÐÅÒÁÔÕÒÅȢ  

¶ 3ÈÅÁÒ ÒÁÔÅȢ  

¶ .ÕÍÂÅÒ ÏÆ ÓÏÌÉÄÓ ÐÒÅÓÅÎÔȢ  

 

! ÆÌÕÉÄ ÉÓ ÃÏÎÓÉÄÅÒÅÄ ÎÏÎȤ.Å×ÔÏÎÉÁÎ ×ÈÅÎ ÉÔÓ ÖÉÓÃÏÓÉÔÙ ÉÓ Á ÆÕÎÃÔÉÏÎ ÏÆ ÓÈÅÁÒ ÒÁÔÅȢ  

!Ô Á ÃÅÒÔÁÉÎ ÖÏÌÕÍÅ ÆÒÁÃÔÉÏÎ ÏÆ ÔÈÅ ×ÁÔÅÒ ÐÈÁÓÅ ɉ×ÁÔÅÒ ÃÕÔɊȟ ÏÉÌÆÉÅÌÄ ÅÍÕÌÓÉÏÎÓ ÂÅÈÁÖÅ ÁÓ 

ÓÈÅÁÒȤÔÈÉÎÎÉÎÇ ÏÒ ÐÓÅÕÄÏÐÌÁÓÔÉÃ ÆÌÕÉÄÓ ɉÉȢÅȢȟ ÁÓ ÓÈÅÁÒ ÒÁÔÅ ÉÎÃÒÅÁÓÅÓȟ ÖÉÓÃÏÓÉÔÙ ÄÅÃÒÅÁÓÅÓɊȢ 

&ÉÇÕÒÅ ςȢρς ÓÈÏ×Ó ÁÎ ÅØÁÍÐÌÅ ÏÆ ÔÈÅ ÖÉÓÃÏÓÉÔÉÅÓ ÏÆ ÔÉÇÈÔ ÅÍÕÌÓÉÏÎÓ ÁÔ υς Ј# ÁÔ ÄÉÆÆÅÒÅÎÔ 

×ÁÔÅÒ ÃÕÔÓȢ 4ÈÅ ÃÏÎÓÔÁÎÔ ÖÁÌÕÅÓ ÏÆ ÖÉÓÃÏÓÉÔÙ ÆÏÒ ÁÌÌ ÓÈÅÁÒ ÒÁÔÅÓȟ ÏÒ Á ÓÌÏÐÅ ÏÆ ÚÅÒÏȟ ÉÎÄÉÃÁÔÅ 

ÔÈÁÔ ÔÈÅ ÅÍÕÌÓÉÏÎÓ ÅØÈÉÂÉÔ .Å×ÔÏÎÉÁÎ ÂÅÈÁÖÉÏÒ ÕÐ ÔÏ Á ÃÏÎÔÅÎÔ ÏÆ τπ ϷȢ !Ô ×ÁÔÅÒ ÃÕÔÓ 

ÇÒÅÁÔÅÒ ÔÈÁÎ τπ Ϸȟ ÔÈÅ ÓÌÏÐÅ ÏÆ ÔÈÅ ÃÕÒÖÅÓ ÄÅÖÉÁÔÅ ÆÒÏÍ ÚÅÒÏȟ ×ÈÉÃÈ ÉÎÄÉÃÁÔÅ ÎÏÎȤ

.Å×ÔÏÎÉÁÎ ÂÅÈÁÖÉÏÒȢ 4ÈÅ ÎÏÎȤ.Å×ÔÏÎÉÁÎ ÂÅÈÁÖÉÏÒ ÉÓ ÐÓÅÕÄÏÐÌÁÓÔÉÃ ÏÒ ÓÈÅÁÒ ÔÈÉÎÎÉÎÇ 

ÂÅÈÁÖÉÏÒ ɍυɎȢ 
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!Î ÉÎÔÅÒÅÓÔÉÎÇ ÐÈÅÎÏÍÅÎÏÎ ÉÓ ÏÂÓÅÒÖÅÄ ÉÎ ÆÉÇÕÒÅ ςȢρς ÁÔ ψπ Ϸ ×ÁÔÅÒ ÃÕÔȢ 5Ð ÔÏ Á ×ÁÔÅÒ 

ÃÕÔ ÏÆ ψπ Ϸȟ ÔÈÅ ÅÍÕÌÓÉÏÎ ÉÓ Á 7Ⱦ/ ÅÍÕÌÓÉÏÎȢ !Ô ψπ Ϸ ×ÁÔÅÒ ÃÕÔȟ ÔÈÅ ÅÍÕÌÓÉÏÎ ȰÉÎÖÅÒÔÓȱ 

ÔÏ ÁÎ /Ⱦ7 ÅÍÕÌÓÉÏÎȟ ÁÎÄ ÔÈÅ ×ÁÔÅÒȟ ×ÈÉÃÈ ×ÁÓ ÔÈÅ ÄÉÓÐÅÒÓÅÄ ÐÈÁÓÅȟ ÎÏ× ÂÅÃÏÍÅÓ ÔÈÅ 

ÃÏÎÔÉÎÕÏÕÓ ÐÈÁÓÅȢ 4ÈÉÓ ÐÈÅÎÏÍÅÎÏÎ ÉÓ ÃÁÌÌÅÄ ȰÐÈÁÓÅ ÉÎÖÅÒÓÉÏÎȟȱ ÁÎÄ ×ÉÌÌ ÂÅ ÆÕÒÔÈÅÒ 

ÅØÐÌÁÉÎÅÄ ÌÁÔÅÒ ÉÎ ÔÈÉÓ ÃÈÁÐÔÅÒȢ )Î ÔÈÉÓ ÐÁÒÔÉÃÕÌÁÒ ÃÁÓÅȟ ÔÈÅ ÐÈÁÓÅ ÉÎÖÅÒÓÉÏÎ ÔÏÏË ÐÌÁÃÅ ÁÔ 

ψπ Ϸ ×ÁÔÅÒ ÃÕÔȟ ÂÕÔ ÅÍÕÌÓÉÏÎÓ ÃÁÎ ȰÉÎÖÅÒÔȱ ÁÔ ÏÔÈÅÒ ×ÁÔÅÒ ÃÕÔÓ ɍυɎȢ 

 

4ÈÅ ÐÈÁÓÅ ÉÎÖÅÒÓÉÏÎ ÐÈÅÎÏÍÅÎÏÎ ÉÓ ÉÌÌÕÓÔÒÁÔÅÄ ÍÏÒÅ ÉÎÆÏÒÍÁÔÉÖÅ ÉÎ ÆÉÇÕÒÅ ςȢρσȟ ×ÈÅÎ 

ÔÈÅ ÇÒÁÐÈ ÉÓ Á ÆÕÎÃÔÉÏÎ ÏÆ ÁÐÐÁÒÅÎÔ ÖÉÓÃÏÓÉÔÙ ÖÅÒÓÕÓ ×ÁÔÅÒ ÃÕÔȢ  

 

 

 

 

 

 

 

 

&ÉÇÕÒÅ φȢυφȡ 4ÈÅ ÅÆÆÅÃÔ ÏÆ ÓÈÅÁÒ ÒÁÔÅ ÁÎÄ ×ÁÔÅÒ ÃÕÔ ÏÎ ÖÉÓÃÏÓÉÔÙ ÏÆ ÅÍÕÌÓÉÏÎÓ ÁÔ ωφ Ќ# ɍωɎȢ 

 

&ÉÇÕÒÅ ςȢρσ ÁÌÓÏ ÓÈÏ×Ó ÔÈÅ ÅÆÆÅÃÔ ÏÆ ÔÅÍÐÅÒÁÔÕÒÅ ÏÎ ÅÍÕÌÓÉÏÎ ÖÉÓÃÏÓÉÔÙȢ %ÍÕÌÓÉÏÎ 

ÖÉÓÃÏÓÉÔÙ ÄÅÃÒÅÁÓÅÓ ×ÉÔÈ ÉÎÃÒÅÁÓÉÎÇ ÔÅÍÐÅÒÁÔÕÒÅ ɍυɎȢ 

 

4ÈÅ ÐÒÅÖÉÏÕÓ ÄÉÓÃÕÓÓÉÏÎ ÁÂÏÕÔ ÒÈÅÏÌÏÇÙ ÈÁÓ ÄÅÁÌÔ ×ÉÔÈ ÔÈÅ ÂÕÌË ÖÉÓÃÏÓÉÔÙ ÏÆ ÔÈÅ 

ÅÍÕÌÓÉÏÎȢ ! ÃÌÏÓÅÌÙ ÒÅÌÁÔÅÄ ÁÎÄ ÉÍÐÏÒÔÁÎÔ ÐÒÏÐÅÒÔÙ ÉÓ ÔÈÅ ÉÎÔÅÒÆÁÃÉÁÌ ÖÉÓÃÏÓÉÔÙȟ ÉÎ ÔÈÅ ÏÉÌȤ

×ÁÔÅÒ ÉÎÔÅÒÆÁÃÅ ÒÅÇÉÏÎȢ !Ó ÍÅÎÔÉÏÎÅÄ ÐÒÅÖÉÏÕÓÌÙȟ ÅÍÕÌÓÉÏÎÓ ÆÏÒÍ ÒÉÇÉÄ ÉÎÔÅÒÆÁÃÉÁÌ ÆÉÌÍÓ 

ÅÎÃÁÐÓÕÌÁÔÉÎÇ ÔÈÅ ÄÉÓÐÅÒÓÅÄ ÄÒÏÐÌÅÔÓȢ 4ÈÅÓÅ ÉÎÔÅÒÆÁÃÉÁÌ ÆÉÌÍÓ ÓÔÁÂÉÌÉÚÅ ÁÎ ÅÍÕÌÓÉÏÎ ÂÙ 

ÌÏ×ÅÒÉÎÇ ÔÈÅ ÉÎÔÅÒÆÁÃÉÁÌ ÔÅÎÓÉÏÎȟ ÁÎÄ ÉÎÃÒÅÁÓÉÎÇ ÉÎÔÅÒÆÁÃÉÁÌ ÖÉÓÃÏÓÉÔÙ ×ÈÉÃÈ ÒÅÓÕÌÔ ÉÎ 

ÓÕÐÐÒÅÓÓÉÎÇ ÔÈÅ ÒÁÔÅ ÏÆ ÏÉÌ ÆÉÌÍ ÄÒÁÉÎÁÇÅ ÄÕÒÉÎÇ ÔÈÅ ÃÏÁÌÅÓÃÅÎÃÅ ÏÆ ÄÉÓÐÅÒÓÅÄ ÄÒÏÐÌÅÔÓ 

ɉÔÈÅÒÅÂÙ ÒÅÄÕÃÉÎÇ ÔÈÅ ÒÁÔÅ ÏÆ ÅÍÕÌÓÉÏÎ ÂÒÅÁËÄÏ×ÎɊ ɍτɎɍυɎȢ 
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&ÉÇÕÒÅ φȢυχȡ 4ÅÍÐÅÒÁÔÕÒÅ ÅÆÆÅÃÔ ÏÎ ÖÉÓÃÏÓÉÔÙ ɉÓÈÅÁÒ ÒÁÔÅ ÏÆ τȢυ ɍυȾÓɎɊ ɍωɎȢ 

 

 

2.6 The Krieger -Dougherty equation  

The Krieger-$ÏÕÇÈÅÒÔÙ ÅÑÕÁÔÉÏÎ ÃÁÎ ÂÅ ÕÓÅÄ ÔÏ ÍÏÄÅÌ ÔÈÅ ÓÕÓÐÅÎÓÉÏÎ ÖÉÓÃÏÓÉÔÙ  

(viscosity of the entire mix of dispersed and continuous phase), and to evaluate 

aggregation phenomena, illustrated in equation 2.2 [9][10][11]. 

(eq. 2.2) 

ρ  

 

r: The relative viscosity [cP]. 

:  The intrinsic viscosity of the suspension [cP]. 

c: The viscosity of the continuous fluid phase [cP]. 

:  The volume concentration of dispersion droplets in the continuous phase.  

M:  The maximum packing.  
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Formally the equation models the dependence on particle volume fraction, , and the 

maximum volume fraction, M (also referred to as the maximum packing). This equation 

shows that there is an increase in viscosity of the medium when particles are added, and 

the increase depends on the concentration of the particles [9]. 

 

Note that in the simulations with LedaFlow Q3D in this thesis, the default value in 

LedaFlow of the maximum volume fraction was used ( M=1). This value for the 

maximum volume fraction is very high, and in reality this value would be closer to 

approximately 0.77. 

 

Figure 2.14 illustrate the concentration dependence of the relative viscosity by plotting 

the viscosity at two shear stresses (0.2 Pa and 2 Pa) as a function of the oil volume 

fraction [10]. 

 

 

Figure 2. 14: The relative viscosity of the dispersion  

as a function of the oil volume fraction [10]. 

 

An intrinsic viscosity value of 2.5 cP is expected for suspensions of spherical particles, or 

an emulsion with non-deformed droplets [9][10 ].  

 

Therefore, if the viscosity of the dispersed phase and the concentration of the aggregates 

are known, and the maximum packing of the particles is determined, then the viscosity 

of the emulsion can be calculated. 
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2.7 Properties of interfaces  

)Î ÓÉÍÐÌÅ Ô×ÏȤÐÈÁÓÅ ÃÏÌÌÏÉÄÁÌ ÓÙÓÔÅÍÓȟ Á ÔÈÉÎ ÉÎÔÅÒÍÅÄÉÁÔÅ ÒÅÇÉÏÎȟ ËÎÏ×Î ÁÓ ÔÈÅ 

ÉÎÔÅÒÆÁÃÅȟ ÌÉÅÓ ÂÅÔ×ÅÅÎ ÔÈÅ ÉÎÔÅÒÎÁÌ ɉÄÉÓÐÅÒÓÅÄɊ ÁÎÄ ÔÈÅ ÅØÔÅÒÎÁÌ ÐÈÁÓÅ ɉÃÏÎÔÉÎÕÏÕÓ 

ÐÈÁÓÅɊȢ %ÍÕÌÓÉÆÉÅÄ ÄÒÏÐÌÅÔÓ ÈÁÖÅ ÌÁÒÇÅ ÉÎÔÅÒÆÁÃÉÁÌ ÁÒÅÁȟ ÁÎÄ ÅÖÅÎ Á ÍÏÄÅÓÔ ÉÎÔÅÒÆÁÃÉÁÌ 

ÅÎÅÒÇÙ ÐÅÒ ÕÎÉÔ ÁÒÅÁ ÃÁÎ ÂÅÃÏÍÅ Á ÃÏÎÓÉÄÅÒÁÂÌÅ ÔÏÔÁÌ ÉÎÔÅÒÆÁÃÉÁÌ ÅÎÅÒÇÙȢ &ÉÇÕÒÅ ςȢρυ 

ÉÌÌÕÓÔÒÁÔÅÓ ÔÈÅ ÉÎÔÅÒÁÃÔÉÏÎ ÂÅÔ×ÅÅÎ ÔÈÅ ÄÒÏÐÌÅÔ ÒÁÄÉÕÓȟ ÔÏÔÁÌ ÁÒÅÁ ÁÎÄ ÔÏÔÁÌ ÉÎÔÅÒÆÁÃÉÁÌ 

ÅÎÅÒÇÙȢ 4ÈÅ ÆÉÇÕÒÅ ÉÎ ÔÈÉÓ ÅØÁÍÐÌÅ ÓÈÏ× ÔÈÅ ÔÏÔÁÌ ÁÒÅÁ ÁÎÄ ÅÎÅÒÇÙ ÃÈÁÎÇÅÓ ÉÎÖÏÌÖÅÄ ÉÎ 

ÅÍÕÌÓÉÆÙÉÎÇ ρ ÂÁÒÒÅÌ ÏÆ ÏÉÌ ÉÎÔÏ ×ÁÔÅÒ ÂÙ ÄÉÓÐÅÒÓÉÎÇ ÉÎÔÏ ÐÒÏÇÒÅÓÓÉÖÅÌÙ ÆÉÎÅÒ ÄÒÏÐÌÅÔÓȢ  

4ÈÅ ÔÏÔÁÌ ÁÒÅÁ ÉÎÃÒÅÁÓÅÓ ÂÙ Á ÆÁÃÔÏÒ ÏÆ Ô×Ï ÅÁÃÈ ÔÉÍÅ Á ÄÒÏÐÌÅÔ ÉÓ ÓÕÂÄÉÖÉÄÅÄ ÉÎÔÏ ÄÒÏÐÓ ÏÆ 

ÈÁÌÆ ÔÈÅ ÐÒÅÖÉÏÕÓ ÒÁÄÉÕÓȢ 4ÈÉÓ ÅØÁÍÐÌÅ ÒÅÐÒÅÓÅÎÔÓ ÅÍÕÌÓÉÏÎ ÄÒÏÐÌÅÔÓ ×ÉÔÈ ÉÎÔÅÒÆÁÃÉÁÌ 

ÔÅÎÓÉÏÎ ÏÆ συ Í.ȾÍȟ ÁÎÄ ÔÈÅ ÔÏÔÁÌ ÉÎÔÅÒÆÁÃÉÁÌ ÅÎÅÒÇÙ ÉÓ ÃÏÎÓÅÑÕÅÎÔÌÙ ÃÁÌÃÕÌÁÔÅÄ ÂÙ 

ÍÕÌÔÉÐÌÙÉÎÇ ÔÈÅ ÉÎÔÅÒÆÁÃÉÁÌ ÔÅÎÓÉÏÎ ÂÙ ÔÈÅ ÔÏÔÁÌ ÉÎÔÅÒÆÁÃÉÁÌ ÁÒÅÁ ɍτɎȢ 

 

4Ï ÁÃÈÉÅÖÅ ÅÍÕÌÓÉÆÉÃÁÔÉÏÎ ÁÎ ÅÎÅÒÇÙ ÅÑÕÉÖÁÌÅÎÔ ÔÏ ÔÈÅ ÔÏÔÁÌ ÉÎÔÅÒÆÁÃÉÁÌ ÅÎÅÒÇÙ ÈÁÓ ÔÏ ÂÅ 

ÁÄÄÅÄ ÔÏ ÔÈÅ ÓÙÓÔÅÍȟ ÆÏÒ ÅØÁÍÐÌÅ ÂÙ ÍÅÃÈÁÎÉÃÁÌ ÓÈÅÁÒ ÆÏÒÃÅȢ !ÎÏÔÈÅÒ ÁÌÔÅÒÎÁÔÉÖÅ ÉÓ ÔÏ ÕÓÅ 

ÓÕÒÆÁÃÔÁÎÔ ÃÈÅÍÉÓÔÒÙ ÔÏ ÌÏ×ÅÒ ÔÈÅ ÉÎÔÅÒÆÁÃÉÁÌ ÆÒÅÅ ÅÎÅÒÇÙȟ ÏÒ ÉÎÔÅÒÆÁÃÉÁÌ ÔÅÎÓÉÏÎȢ 

)ÎÔÅÒÆÁÃÉÁÌ ÔÅÎÓÉÏÎ ÉÓ ÔÈÅ ÆÏÒÃÅ ÐÅÒ ÕÎÉÔ ÌÅÎÇÔÈ ÁÒÏÕÎÄ Á ÓÕÒÆÁÃÅȟ ÏÒ ÔÈÅ ÆÒÅÅ ÅÎÅÒÇÙ 

ÒÅÑÕÉÒÅÄ ÔÏ ÃÒÅÁÔÅ ÎÅ× ÓÕÒÆÁÃÅ ÁÒÅÁȢ 5ÎÉÔ ÆÏÒ ÉÎÔÅÒÆÁÃÉÁÌ ÔÅÎÓÉÏÎ ÁÒÅ ÍÉÌÌÉÎÅ×ÔÏÎÓ ÐÅÒ 

ÍÅÔÅÒ ɉÍ.ȾÍɊȢ %ÑÕÁÔÉÏÎ ςȢσ ÓÈÏ×Ó ÔÈÅ ÒÅÌÁÔÉÏÎ ÂÅÔ×ÅÅÎ ÉÎÔÅÒÆÁÃÉÁÌ ÔÅÎÓÉÏÎ ɉɾȟ Í.ȾÍɊȟ 

ÉÎÔÅÒÆÁÃÉÁÌ ÔÏÔÁÌ ÁÒÅÁ ɉ!ȟ ÍςɊ ÁÎÄ ÉÎÔÅÒÆÁÃÉÁÌ ÅÎÅÒÇÙ ɉ%ȟ .ÍɊ ɍτɎȢ 

 

ɉÅÑȢ φȢχɊ 

%  ɾz ! 
 

%ȡ  )ÎÔÅÒÆÁÃÉÁÌ ÅÎÅÒÇÙ ɍ.ÍɎȢ 

ɾȡ  )ÎÔÅÒÆÁÃÉÁÌ ÔÅÎÓÉÏÎ ɍÍ.ȾÍɎȢ 

!ȡ  4ÏÔÁÌ ÁÒÅÁ ɍÍςɎȢ  
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&ÉÇÕÒÅ φȢυωȡ $ÒÏÐÌÅÔ ÒÁÄÉÕÓȟ ÔÏÔÁÌ ÁÒÅÁȟ ÁÎÄ ÔÏÔÁÌ ÉÎÔÅÒÆÁÃÉÁÌ ÅÎÅÒÇÙ ɍψɎȢ 

 

&ÉÇÕÒÅ ςȢρφ ÉÌÌÕÓÔÒÁÔÅÓ ÈÏ× ÔÏ ÕÓÅ ÔÈÅ ÄÉÁÇÒÁÍ ÔÏ ÆÉÎÄ ÔÈÅ ÔÏÔÁÌ ÉÎÔÅÒÆÁÃÉÁÌ ÅÎÅÒÇÙ ÒÅÌÁÔÅÄ 

ÔÏ ÔÏÔÁÌ ÉÎÔÅÒÆÁÃÉÁÌ ÁÒÅÁȢ $ÒÁ× Á ÈÏÒÉÚÏÎÔÁÌ ÌÉÎÅ ÆÒÏÍ Á ÇÉÖÅÎ ÖÁÌÕÅ ÆÏÒ ÔÏÔÁÌ ÁÒÅÁȟ ÕÎÔÉÌ ÉÔ 

ÒÅÁÃÈÅÓ ÔÈÅ ÆÉÒÓÔ ÓÌÏÐÉÎÇ ÌÉÎÅ ɉ×ÈÉÃÈ ÒÅÐÒÅÓÅÎÔ ÔÈÅ ÒÅÌÁÔÉÏÎ ÂÅÔ×ÅÅÎ ÔÏÔÁÌ ÁÒÅÁ ÁÎÄ 

ÓÐÈÅÒÅ ÒÁÄÉÕÓɊȢ 4ÈÅÎ ÄÒÁ× Á ÖÅÒÔÉÃÁÌ ÌÉÎÅ ÄÏ×Îȟ ÕÎÔÉÌ ÉÔ ÒÅÁÃÈÅÓ ÔÈÅ ÓÅÃÏÎÄ ÓÌÏÐÉÎÇ ÌÉÎÅ 

ɉ×ÈÉÃÈ ÒÅÐÒÅÓÅÎÔ ÔÈÅ ÒÅÌÁÔÉÏÎ ÂÅÔ×ÅÅÎ ÓÐÈÅÒÅ ÒÁÄÉÕÓ ÁÎÄ ÔÏÔÁÌ ÉÎÔÅÒÆÁÃÉÁÌ ÅÎÅÒÇÙɊȢ 

&ÉÎÁÌÌÙ ÄÒÁ× Á ÈÏÒÉÚÏÎÔÁÌ ÌÉÎÅ ÕÎÔÉÌ ÉÔ ÒÅÁÃÈÅÓ ÔÈÅ ÁØÉÓ ÆÏÒ ÔÈÅ ÔÏÔÁÌ ÉÎÔÅÒÆÁÃÉÁÌ ÅÎÅÒÇÙȢ  

"Ù ÁÄÄÉÎÇ ÓÕÒÆÁÃÔÁÎÔÓ ÔÏ ÌÏ×ÅÒ ÔÈÅ ÉÎÔÅÒÆÁÃÉÁÌ ÔÅÎÓÉÏÎ ÏÆ ÔÈÅ ÅÍÕÌÓÉÏÎ ÄÒÏÐÌÅÔÓȟ 

ÃÏÎÓÅÑÕÅÎÔÌÙ ÔÈÅ ÁÎÇÌÅ ÏÆ ÔÈÅ ÓÌÏÐÉÎÇ ÌÉÎÅÓ ÉÎ ÔÈÅ ÄÉÁÇÒÁÍ ×ÉÌÌ ÄÅÃÒÅÁÓÅȢ  
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&ÉÇÕÒÅ φȢυϊȡ (Ï× ÔÏ ÕÓÅ ÄÉÁÇÒÁÍ ÔÏ ÆÉÎÄ ÔÏÔÁÌ ÉÎÔÅÒÆÁÃÉÁÌ ÅÎÅÒÇÙ ɍψɎȢ 

 
 

2.8 Stability of emulsions  

From a thermodynamic point of view, an emulsion is an unstable system because there 

is a natural tendency for a liquid/liquid system to separate and reduce its interfacial 

area and, hence, its interfacial energy. However, most emulsions demonstrate kinetic 

stability, i.e. they are stable over a period of time. Petroleum emulsions are classified 

based on their degree of kinetic stability. Loose emulsions separate in a few minutes, 

medium emulsions separate in tens of minutes and tight emulsions separate (sometimes 

only partially) in hours or days, or sometimes even longer (figure 2.10) [12] . 

 

Stabilizing mechanisms  

The tendencies to form stable or unstable emulsions vary a lot among different kinds of 

crude oils. Emulsions of any significant stability contain at least one emulsifying agent. 

The emulsifying agent may lower interfacial tension and thereby make it easier to create 

small droplets, and stabilize the small droplets to prevent them from coalescing into 



 
34 

 

larger droplets, or even separate out as a bulk phase. Just straightforward casual mixing 

of the components seldom produces emulsions that persists for any length of time.  

The emulsifying agents suppress the mechanisms that would otherwise break down the 

emulsion. Such mechanisms include i.a.; sedimentation, creaming, aggregation, and 

coalescence. Creaming, aggregation, and coalescence is illustrated in figure 2.17 

(sedimentation is not included in the figure, but is the opposite of creaming) [4][12] . 

¶ 3ÅÄÉÍÅÎÔÁÔÉÏÎ ÁÎÄ ÃÒÅÁÍÉÎÇ ÒÅÓÕÌÔÓ ÆÒÏÍ ÅØÔÅÒÎÁÌ ÆÏÒÃÅÓȟ ÕÓÕÁÌÌÙ ÇÒÁÖÉÔÁÔÉÏÎÁÌ ÏÒ 

ÃÅÎÔÒÉÆÕÇÁÌȢ 4ÈÅ ÅÍÕÌÓÉÏÎ ÄÒÏÐÌÅÔÓ ÒÉÓÅ ÔÏ ÔÈÅ ÔÏÐ ɉÃÒÅÁÍÉÎÇɊȟ ÉÆ ÔÈÅÉÒ ÄÅÎÓÉÔÙ ÉÓ 

ÌÏ×ÅÒ ÔÈÁÎ ÔÈÅ ÃÏÎÔÉÎÕÏÕÓ ÐÈÁÓÅȟ ÏÒ ÓÉÎË ÔÏ ÔÈÅ ÂÏÔÔÏÍ ɉÓÅÄÉÍÅÎÔÁÔÉÏÎɊȟ ÉÆ ÔÈÅÉÒ 

ÄÅÎÓÉÔÙ ÉÓ ÌÁÒÇÅÒ ÔÈÁÎ ÔÈÅ ÃÏÎÔÉÎÕÏÕÓ ÐÈÁÓÅ ɍρσɎȢ 

¶ !ÇÇÒÅÇÁÔÉÏÎ ɉÁÌÓÏ ÒÅÆÅÒÒÅÄ ÔÏ ÁÓ ÆÌÏÃÃÕÌÁÔÉÏÎ ÏÒ ÃÏÁÇÕÌÁÔÉÏÎɊ ÉÓ ×ÈÅÎ Ô×Ï ÏÒ ÍÏÒÅ 

ÄÒÏÐÌÅÔÓ ÃÏÌÌÉÄÅ ÁÎÄ ÓÔÉÃË ÔÏÇÅÔÈÅÒȟ ×ÉÔÈ ÖÉÒÔÕÁÌÌÙ ÎÏ ÃÈÁÎÇÅ ÉÎ ÔÏÔÁÌ ÓÕÒÆÁÃÅ ÁÒÅÁȢ  

The surface charge influence the distribution of nearby ions in the polar medium. 

Ions of opposite charge (counter-ions) are attracted to the surface, and ions of 

like charge (co-ions) are repelled from the surface. In other words, the main 

cause of repulsive forces are electrostatic repulsion between like-charged 

emulsion droplets, and the main cause of attractive forces are the Van der Waals 

forces between opposite-charged emulsion droplets. 7ÈÅÎ ÔÈÅ ÄÒÏÐÌÅÔÓ ÃÏÌÌÉÄÅ 

ÁÎÄ ÓÔÉÃË ÔÏÇÅÔÈÅÒȟ ÔÈÅÙ ÒÅÔÁÉÎ ÔÈÅÉÒ ÉÄÅÎÔÉÔÙ ÂÕÔ ÌÏÓÅ ÔÈÅÉÒ ËÉÎÅÔÉÃ ÉÎÄÅÐÅÎÄÅÎÃÅȟ 

ÂÅÃÁÕÓÅ ÔÈÅ ÁÇÇÒÅÇÁÔÅ ÍÏÖÅÓ ÁÓ Á ÓÉÎÇÌÅ ÕÎÉÔȢ !ÇÇÒÅÇÁÔÉÏÎ ÍÁÙ ÆÕÒÔÈÅÒ ÌÅÁÄ ÔÏ 

ÃÏÁÌÅÓÃÅÎÃÅ ÁÎÄ ÔÈÅ ÆÏÒÍÁÔÉÏÎ ÏÆ Á ÌÁÒÇÅÒ ÄÒÏÐÌÅÔÓ ɍτɎɍρσɎȢ 

¶ )Î ÃÏÁÌÅÓÃÅÎÃÅȟ ÔÈÅ ÏÒÉÇÉÎÁÌ ÓÐÅÃÉÅÓ ÌÏÓÅ ÔÈÅÉÒ ÉÄÅÎÔÉÔÙ ÁÎÄ ÂÅÃÏÍÅ ÐÁÒÔ ÏÆ Á ÎÅ× 

ÓÐÅÃÉÅÓȢ )Î ÏÔÈÅÒ ×ÏÒÄÓȟ Ô×Ï ÏÒ ÍÏÒÅ ÄÒÏÐÌÅÔÓ ÆÕÓÅ ÔÏÇÅÔÈÅÒ ÔÏ ÆÏÒÍ Á ÓÉÎÇÌÅ ÌÁÒÇÅÒ 

ÕÎÉÔ ×ÉÔÈ Á ÒÅÄÕÃÅÄ ÔÏÔÁÌ ÓÕÒÆÁÃÅ ÁÒÅÁȢ 4ÈÉÓ ÍÁÙ ÃÏÎÔÉÎÕÅ ÕÎÔÉÌ ÔÈÅ ÐÈÁÓÅÓ 

ÓÅÐÁÒÁÔÅÓ [4] . 
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&ÉÇÕÒÅ φȢυϋȡ #ÒÅÁÍÉÎÇȟ ÁÇÇÒÅÇÁÔÉÏÎȟ ÁÎÄ ÃÏÁÌÅÓÃÅÎÃÅ ÉÎ ÁÎ /Ⱦ7 ÅÍÕÌÓÉÏÎ ɍψɎȢ 

 

0ÅÔÒÏÌÅÕÍ ÅÍÕÌÓÉÏÎÓ ÁÒÅ ÓÔÁÂÉÌÉÚÅÄ ÂÙ ÆÉÌÍÓ ÔÈÁÔ ÆÏÒÍ ÁÒÏÕÎÄ ÔÈÅ ÄÉÓÐÅÒÓÅÄ ÄÒÏÐÌÅÔÓȢ  

!Ó ÁÌÒÅÁÄÙ ÍÅÎÔÉÏÎÅÄȟ ÔÈÅÓÅ ÆÉÌÍÓ ÒÅÓÕÌÔ ÆÒÏÍ ÁÄÓÏÒÐÔÉÏÎ ÏÆ ÅÍÕÌÓÉÆÙÉÎÇ ÁÇÅÎÔÓ 

ɉÓÕÒÆÁÃÔÁÎÔÓ ÏÒ ÓÏÌÉÄ ÐÁÒÔÉÃÌÅÓɊȢ 4ÈÅÙ ÅÎÈÁÎÃÅ ÔÈÅ ÓÔÁÂÉÌÉÔÙ ÏÆ ÁÎ ÅÍÕÌÓÉÏÎ ÂÙ ÉÎÃÒÅÁÓÉÎÇ 

ÔÈÅ ÉÎÔÅÒÆÁÃÉÁÌ ÖÉÓÃÏÓÉÔÙȟ ÁÎÄ ÓÕÐÐÒÅÓÓÉÎÇ ÔÈÅ ÃÏÁÌÅÓÃÅÎÃÅ ÐÒÏÃÅÓÓ ÂÙ ÐÒÏÖÉÄÉÎÇ Á 

ÍÅÃÈÁÎÉÃÁÌ ÂÁÒÒÉÅÒ ÔÏ ÃÏÁÌÅÓÃÅÎÃÅȢ  #ÌÅÁÒÌÙ ÉÎÔÅÒÆÁÃÉÁÌ ÆÉÌÍÓ ÁÒÅ ÐÒÉÍÁÒÉÌÙ ÒÅÓÐÏÎÓÉÂÌÅ ÆÏÒ 

ÅÍÕÌÓÉÏÎ ÓÔÁÂÉÌÉÔÙȢ &ÁÃÔÏÒÓ ÔÈÁÔ ÁÆÆÅÃÔ ÉÎÔÅÒÆÁÃÉÁÌ ÆÉÌÍÓ ÁÒÅÁ ɍρσɎȡ 

¶ (ÅÁÖÙ ÐÏÌÁÒ ÆÒÁÃÔÉÏÎÓ ÉÎ ÔÈÅ ÃÒÕÄÅ ÏÉÌȢ 4ÈÅÓÅ ÃÏÍÐÏÕÎÄÓ ÁÒÅ ÔÈÅ ÍÁÉÎ ÃÏÎÓÔÉÔÕÅÎÔÓ 

ÏÆ ÔÈÅ ÉÎÔÅÒÆÁÃÉÁÌ ÆÉÌÍÓ ÓÕÒÒÏÕÎÄÉÎÇ ÔÈÅ ×ÁÔÅÒ ÄÒÏÐÌÅÔÓ ÔÈÁÔ ÇÉÖÅ ÅÍÕÌÓÉÏÎÓ ÔÈÅÉÒ 

ÓÔÁÂÉÌÉÔÙ ɍρσɎȢ 

¶ 3ÏÌÉÄÓȟ ÉÎÃÌÕÄÉÎÇ ÏÒÇÁÎÉÃ ɉÁÓÐÈÁÌÔÅÎÅÓȟ ×ÁØÅÓɊ ÁÎÄ ÉÎÏÒÇÁÎÉÃ ɉÃÌÁÙÓȟ ÓÃÁÌÅÓȟ 

ÃÏÒÒÏÓÉÏÎ ÐÒÏÄÕÃÔÓȟ ÅÔÃȢɊ ÍÁÔÅÒÉÁÌÓȢ &ÉÎÅ ÓÏÌÉÄ ÐÁÒÔÉÃÌÅÓ ÆÏÒÍ ÒÉÇÉÄ ÆÉÌÍÓ ÔÈÁÔ ÃÁÎ 

ÉÎÈÉÂÉÔ ÔÈÅ ÃÏÁÌÅÓÃÅÎÃÅ ÏÆ ÅÍÕÌÓÉÏÎ ÄÒÏÐÌÅÔÓȢ 3ÏÌÉÄ ÐÁÒÔÉÃÌÅÓ ÍÁÙ ÂÅ ÅÌÅÃÔÒÉÃÁÌÌÙ 

ÃÈÁÒÇÅÄȟ ×ÈÉÃÈ ÁÌÓÏ ÅÎÈÁÎÃÅ ÔÈÅ ÓÔÁÂÉÌÉÔÙ ÏÆ ÔÈÅ ÅÍÕÌÓÉÏÎ ÂÅÃÁÕÓÅ ÏÆ ÒÅÐÕÌÓÉÏÎ 

ÆÏÒÃÅÓ ÂÅÔ×ÅÅÎ ÔÈÅ ÄÉÓÐÅÒÓÅÄ ÄÒÏÐÌÅÔÓ ɍρσɎȢ 

¶ 4ÅÍÐÅÒÁÔÕÒÅȢ 4ÅÍÐÅÒÁÔÕÒÅ ÁÆÆÅÃÔ ÓÔÁÂÉÌÉÔÙ ÏÆ ÔÈÅ ÅÍÕÌÓÉÏÎ ÂÙ ÁÆÆÅÃÔÉÎÇ ÔÈÅ 

ÐÈÙÓÉÃÁÌ ÐÒÏÐÅÒÔÉÅÓ ÏÆ ÏÉÌȟ ×ÁÔÅÒȟ ÉÎÔÅÒÆÁÃÉÁÌ ÆÉÌÍÓȟ ÁÎÄ ÓÕÒÆÁÃÔÁÎÔ ÓÏÌÕÂÉÌÉÔÙȭÓ ÉÎ ÔÈÅ 

ÏÉÌ ÁÎÄ ×ÁÔÅÒ ÐÈÁÓÅÓȢ 0ÅÒÈÁÐÓ ÔÈÅ ÍÏÓÔ ÉÍÐÏÒÔÁÎÔ ÅÆÆÅÃÔ ÏÆ ÔÅÍÐÅÒÁÔÕÒÅ ÉÓ ÏÎ ÔÈÅ 



 
36 

 

ÖÉÓÃÏÓÉÔÙ ÏÆ ÅÍÕÌÓÉÏÎÓ ÂÅÃÁÕÓÅ ÖÉÓÃÏÓÉÔÙ ÄÅÃÒÅÁÓÅÓ ×ÉÔÈ ÉÎÃÒÅÁÓÉÎÇ ÔÅÍÐÅÒÁÔÕÒÅÓ 

ɉÓÅÅ ÆÉÇÕÒÅ ςȢρσɊȢ /ÔÈÅÒ ÅØÁÍÐÌÅÓ ÉÎÃÌÕÄÅȠ ÔÅÍÐÅÒÁÔÕÒÅ ÉÎÃÒÅÁÓÅÓ ÔÈÅ ÔÈÅÒÍÁÌ 

ÅÎÅÒÇÙ ÏÆ ÔÈÅ ÄÒÏÐÌÅÔÓ ÁÎÄȟ ÔÈÅÒÅÆÏÒÅȟ ÉÎÃÒÅÁÓÅÓ ÔÈÅ ÆÒÅÑÕÅÎÃÙ ÏÆ ÄÒÏÐ ÃÏÌÌÉÓÉÏÎÓȢ  

)Ô ÁÌÓÏ ÒÅÄÕÃÅÓ ÉÎÔÅÒÆÁÃÉÁÌ ÖÉÓÃÏÓÉÔÙȟ ×ÈÉÃÈ ÒÅÓÕÌÔÓ ÉÎ Á ÆÁÓÔÅÒ ÆÉÌÍȤÄÒÁÉÎÁÇÅ ÒÁÔÅ 

ÁÎÄ ÆÁÓÔÅÒ ÄÒÏÐ ÃÏÁÌÅÓÃÅÎÃÅ ɍρσɎȢ 

¶ $ÒÏÐÌÅÔ ÓÉÚÅ ÁÎÄ ÄÒÏÐÌÅÔ ÓÉÚÅ ÄÉÓÔÒÉÂÕÔÉÏÎȢ %ÍÕÌÓÉÏÎÓ ÔÈÁÔ ÈÁÖÅ ÓÍÁÌÌÅÒ ÄÒÏÐÌÅÔÓ 

×ÉÌÌ ÇÅÎÅÒÁÌÌÙ ÂÅ ÍÏÒÅ ÓÔÁÂÌÅ ɍρσɎȢ 

¶ Ð( ÏÆ ÔÈÅ ÂÒÉÎÅȟ ÁÎÄ ÂÒÉÎÅ ÃÏÍÐÏÓÉÔÉÏÎȢ 4ÈÅ Ð( ÏÆ ÔÈÅ ×ÁÔÅÒ ÁÆÆÅÃÔÓ ÔÈÅ ÒÉÇÉÄÉÔÙ ÏÆ 

ÔÈÅ ÉÎÔÅÒÆÁÃÉÁÌ ÆÉÌÍÓȟ ÁÎÄ ÔÈÅ ÓÐÅÃÉÆÉÃ ÉÏÎÓ ÐÒÅÓÅÎÔ ÉÎ ÔÈÅ ÂÒÉÎÅ ÃÁÎ ÁÌÓÏ ÉÎÆÌÕÅÎÃÅ 

ÉÎÔÅÒÆÁÃÉÁÌ ÆÉÌÍ ÂÅÈÁÖÉÏÕÒȢ &ÉÇÕÒÅ ςȢρψ ÉÌÌÕÓÔÒÁÔÅÓ ÔÈÅ ÅÆÆÅÃÔ ÏÆ ÂÒÉÎÅ ÁÎÄ Ð( ÏÎ 

ÅÍÕÌÓÉÏÎ ÓÔÁÂÉÌÉÔÙ ɍρσɎȢ 

 

 

 

 

 

 

 

 

Figure 2.18: Effect of brine and pH on emulsion stability [13]. 

 

 

2.9 Inversion  

0ÈÁÓÅ ÉÎÖÅÒÓÉÏÎȟ ÉÎ ÏÉÌȤ×ÁÔÅÒ ÅÍÕÌÓÉÏÎ ÓÙÓÔÅÍÓȟ ÒÅÆÅÒÓ ÔÏ Á ÐÈÅÎÏÍÅÎÏÎ ×ÈÅÒÅȟ ×ÉÔÈ Á 

ÓÍÁÌÌ ÃÈÁÎÇÅ ÉÎ ÔÈÅ ÏÐÅÒÁÔÉÏÎÁÌ ÃÏÎÄÉÔÉÏÎȟ ÄÉÓÐÅÒÓÉÏÎÓ ÏÆ ÏÉÌ ÄÒÏÐÓ ÉÎ ×ÁÔÅÒ ÂÅÃÏÍÅÓ 

ÄÉÓÐÅÒÓÉÏÎÓ ÏÆ ×ÁÔÅÒ ÄÒÏÐÓ ÉÎ ÏÉÌȟ ÏÒ ÖÉÃÅ ÖÅÒÓÁȢ 4ÈÉÓ ÔÒÁÎÓÉÔÉÏÎ ÉÓ ÕÓÕÁÌÌÙ ÁÓÓÏÃÉÁÔÅÄ ×ÉÔÈ 

ÁÎ ÁÂÒÕÐÔ ÃÈÁÎÇÅ ÉÎ ÔÈÅ ÒÁÔÅÓ ÏÆ ÍÏÍÅÎÔÕÍȟ ÈÅÁÔ ÁÎÄ ÍÁÓÓ ÔÒÁÎÓÆÅÒ ÂÅÔ×ÅÅÎ ÔÈÅ 

ÃÏÎÔÉÎÕÏÕÓ ÁÎÄ ÄÉÓÐÅÒÓÅÄ ÐÈÁÓÅÓ ÁÎÄ ÂÅÔ×ÅÅÎ ÔÈÅ ÄÉÓÐÅÒÓÉÏÎ ÁÎÄ ÔÈÅ ÓÙÓÔÅÍ ÓÏÌÉÄ 

ÂÏÕÎÄÁÒÉÅÓȢ 3ÉÎÃÅ ÔÈÅ ÒÈÅÏÌÏÇÉÃÁÌ ÃÈÁÒÁÃÔÅÒÉÓÔÉÃÓ ÏÆ ÔÈÅ ÄÉÓÐÅÒÓÉÏÎȟ ÁÎÄ ÔÈÅ ÁÓÓÏÃÉÁÔÅÄ 
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ÐÒÅÓÓÕÒÅ ÄÒÏÐȟ ÃÈÁÎÇÅ ÁÂÒÕÐÔÌÙ ÁÎÄ ÓÉÇÎÉÆÉÃÁÎÔÌÙ ÁÔȟ ÏÒ ÎÅÁÒȟ ÔÈÅ ÐÈÁÓÅ ÉÎÖÅÒÓÉÏÎ ÐÏÉÎÔ 

ɉ0)0Ɋȟ ÔÈÅ 0)0 ÉÓ Á ÍÁÊÏÒ ÆÁÃÔÏÒ ÔÏ ÂÅ ÃÏÎÓÉÄÅÒÅÄ ÉÎ ÔÈÅ ÄÅÓÉÇÎ ÏÆ ÏÉÌȤ×ÁÔÅÒ ÔÒÁÎÓÐÏÒÔÁÔÉÏÎ 

ÐÉÐÅÌÉÎÅÓȢ  0)0 ÉÓ ÕÓÕÁÌÌÙ ÄÅÆÉÎÅÄ ÁÓ ÔÈÅ ÃÒÉÔÉÃÁÌ ÖÏÌÕÍÅ ÆÒÁÃÔÉÏÎ ɉÃÒÉÔÉÃÁÌ ×ÁÔÅÒ ÆÒÁÃÔÉÏÎ ÏÒ 

ÃÒÉÔÉÃÁÌ ÏÉÌ ÆÒÁÃÔÉÏÎɊ ÏÆ ÔÈÅ ÄÉÓÐÅÒÓÅÄ ÐÈÁÓÅ ÁÂÏÖÅ ×ÈÉÃÈ ÔÈÉÓ ÐÈÁÓÅ ×ÉÌÌ ÂÅÃÏÍÅ ÔÈÅ 

ÃÏÎÔÉÎÕÏÕÓ ÐÈÁÓÅȢ &ÏÒ ÅØÁÍÐÌÅȟ ÔÈÅ ÃÏÒÒÏÓÉÏÎ ÏÆ ÔÈÅ ÐÉÐÅ ÉÓ ÄÅÔÅÒÍÉÎÅÄ ÔÏ Á ÌÁÒÇÅ ÅØÔÅÎÔ 

ÂÙ ÔÈÅ ÉÄÅÎÔÉÔÙ ÏÆ ÔÈÅ ÐÈÁÓÅ ÔÈÁÔ ×ÅÔÓ ÉÔȢ )Æ ÁÖÏÉÄÉÎÇ ÃÏÒÒÏÓÉÏÎ ÉÓ ÏÆ ÈÉÇÈ ÉÍÐÏÒÔÁÎÃÅȟ ÉÔ 

ÍÉÇÈÔ ÂÅ ÃÌÅÖÅÒ ÔÏ ÄÅÓÉÇÎ ÔÈÅ ÐÉÐÅ ÔÏ ÉÎÄÕÃÅ 7Ⱦ/ ÅÍÕÌÓÉÏÎÓȟ ×ÅÒÅ ÔÈÅ ÏÉÌ ÐÈÁÓÅ ×ÅÔÓ ÔÈÅ 

ÐÉÐÅ ×ÁÌÌȢ )Î ÏÔÈÅÒ ÓÉÔÕÁÔÉÏÎÓȟ ÒÅÄÕÃÉÎÇ ÐÒÅÓÓÕÒÅ ÄÒÏÐ ÍÉÇÈÔ ÂÅ ÏÆ ÈÉÇÈÅÒ ÉÍÐÏÒÔÁÎÃÅȢ  

"Ù ÉÎÄÕÃÉÎÇ /Ⱦ7 ÅÍÕÌÓÉÏÎÓȟ ×ÈÅÒÅ ×ÁÔÅÒ ×ÅÔÓ ÔÈÅ ÐÉÐÅ ×ÁÌÌȟ ÔÈÅ ÆÒÉÃÔÉÏÎ ÏÎ ÔÈÅ ÐÉÐÅ 

×ÁÌÌ ×ÉÌÌ ÂÅ ÒÅÄÕÃÅÄȟ ÁÎÄ ÃÏÎÓÅÑÕÅÎÔÌÙ ÔÈÅ ÐÒÅÓÓÕÒÅ ÄÒÏÐ ×ÉÌÌ ÂÅ ÌÅÓÓ ÁÓ ×ÅÌÌ ɍρɎȢ 

 

 

&ÉÇÕÒÅ φȢυύȡ 0ÈÁÓÅ ÉÎÖÅÒÓÉÏÎȟ ×ÁÔÅÒ ÆÒÁÃÔÉÏÎ ÖÓȢ ÖÉÓÃÏÓÉÔÙ ɍυɎȢ 

 

&ÉÇÕÒÅ ςȢρω ÉÌÌÕÓÔÒÁÔÅÓ ÔÈÅ ÐÈÁÓÅ ÉÎÖÅÒÓÉÏÎ ÐÒÏÃÅÓÓȢ !Ó ÔÈÅ ×ÁÔÅÒ ÆÒÁÃÔÉÏÎ ÉÎÃÒÅÁÓÅȟ ÔÈÅ 

×ÁÔÅÒ ÄÒÏÐÌÅÔÓ ÂÅÃÏÍÅ ÍÏÒÅ ÃÏÎÃÅÎÔÒÁÔÅÄ ÁÎÄ ÓÔÁÒÔ ÔÏ ÃÏÁÌÅÓÃÅȢ !Ô ÔÈÅ 0)0 ÔÈÅ ×ÁÔÅÒ 

ÂÅÃÏÍÅ ÔÈÅ ÃÏÎÔÉÎÕÏÕÓ ÐÈÁÓÅȟ ÁÎÄ ÔÈÅ ÉÎÖÅÒÓÉÏÎ ÏÃÃÕÒÓ ÁÔ ÔÈÅ ÍÁØÉÍÕÍ ÁÐÐÁÒÅÎÔ 

ÖÉÓÃÏÓÉÔÙȢ /ÎÃÅ ÐÁÓÔ ÔÈÅ 0)0ȟ ÔÈÅ ÁÐÐÁÒÅÎÔ ÖÉÓÃÏÓÉÔÙ ÄÒÏÐÓ ÓÉÇÎÉÆÉÃÁÎÔÌÙ ÄÕÅ ÔÏ ÔÈÅ ×ÁÔÅÒ 

ÂÅÃÏÍÉÎÇ ÔÈÅ ÃÏÎÔÉÎÕÏÕÓ ÐÈÁÓÅȢ 4ÈÅ ÓÉÇÎÉÆÉÃÁÎÔ ÒÅÄÕÃÔÉÏÎ ÏÆ ÖÉÓÃÏÓÉÔÙ ÒÅÓÕÌÔÓ ÉÎ Á 

ÄÒÁÍÁÔÉÃÁÌÌÙ ÒÅÄÕÃÔÉÏÎ ÏÆ ÐÒÅÓÓÕÒÅ ÄÒÏÐ ÁÓ ×ÅÌÌ ɍρɎȢ 
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)Î ÔÈÅ ÒÅÇÉÏÎ ÎÅÁÒ ÔÈÅ ÉÎÖÅÒÓÉÏÎ ÐÏÉÎÔȟ ÍÕÌÔÉÐÌÅ ÅÍÕÌÓÉÏÎÓ ÍÁÙ ÂÅ ÅÎÃÏÕÎÔÅÒÅÄȢ  

4ÈÅ ÐÒÏÃÅÓÓ ÉÓ ÎÏÔ ÁÌ×ÁÙÓ ÅØÁÃÔÌÙ ÒÅÖÅÒÓÉÂÌÅȢ 4ÈÁÔ ÉÓȟ ÈÙÓÔÅÒÅÓÉÓ ÍÁÙ ÏÃÃÕÒ ÉÆ ÔÈÅ ÉÎÖÅÒÓÉÏÎ 

ÐÏÉÎÔ ÉÓ ÁÐÐÒÏÁÃÈÅÄ ÆÒÏÍ ÄÉÆÆÅÒÅÎÔ ÓÉÄÅÓ ÏÆ ÔÈÅ ÃÏÍÐÏÓÉÔÉÏÎ ÓÃÁÌÅȢ &ÉÇÕÒÅ ςȢςπ ÓÈÏ×Ó ÔÈÅ 

ÉÒÒÅÖÅÒÓÉÂÌÅ ÉÎÖÅÒÓÉÏÎ ÏÆ ÁÎ ÅÍÕÌÓÉÏÎ ÂÒÏÕÇÈÔ ÁÂÏÕÔ ÂÙ ÔÈÅ ÁÐÐÌÉÃÁÔÉÏÎ ÏÆ ÓÈÅÁÒȢ 4ÈÅ 

ÆÉÇÕÒÅ ÉÌÌÕÓÔÒÁÔÅÓ ÈÏ× ÉÎÖÅÒÓÉÏÎ ÏÃÃÕÒ ×ÈÅÎ ÓÈÅÁÒ ÒÁÔÅ ÉÎÃÒÅÁÓÅȟ ÓÉÍÕÌÔÁÎÅÏÕÓÌÙ ÁÓ ÔÈÅ 

ÖÉÓÃÏÓÉÔÙ ÄÅÃÒÅÁÓÅȢ .ÅÖÅÒÔÈÅÌÅÓÓȟ ÔÈÅ ÅÍÕÌÓÉÏÎ ÓÔÁÙ ÔÈÅ ÓÁÍÅ ×ÉÔÈÏÕÔ ÁÎÙ ÒÅÖÅÒÓÉÂÌÅ 

ÐÒÏÃÅÓÓ ×ÈÅÎ ÓÈÅÁÒ ÒÁÔÅ ÄÅÃÒÅÁÓÅ ÔÏ ÉÎÉÔÉÁÌ ÖÁÌÕÅ ɍτɎȢ 

 

 

&ÉÇÕÒÅ φȢφτȡ %ØÁÍÐÌÅ ÏÆ ÔÈÅ ÓÈÅÁÒȤÉÎÄÕÃÅÄ ÉÎÖÅÒÓÉÏÎ ÏÆ ÁÎ ÅÍÕÌÓÉÏÎ ɍψɎȢ 

 

4ÈÅ ÆÉÒÓÔ ÃÏÎÔÒÉÂÕÔÉÏÎ ÏÆ ÐÈÁÓÅ ÉÎÖÅÒÓÉÏÎ ÍÏÄÅÌÌÉÎÇ ×ÁÓ ÒÅÇÉÓÔÅÒÅÄ ÁÔ ÔÈÅ ÂÅÇÉÎÎÉÎÇ ÏÆ 

ÔÈÅ ςπÔÈ ÃÅÎÔÕÒÙ ×ÈÅÎ /ÓÔ×ÁÌÄ ɉρωρπɊ ÁÓÓÕÍÅÄ ÔÈÁÔ ÔÈÅ ÄÉÓÐÅÒÓÉÏÎ ÐÈÁÓÅ ÖÏÌÕÍÅ 

ÆÒÁÃÔÉÏÎ ÃÏÕÌÄ ÎÏÔ ÅØÃÅÅÄ ÔÈÅ ÒÅÌÁÔÉÖÅ ÖÏÌÕÍÅ ÏÃÃÕÐÉÅÄ ÂÙ ÔÈÅ ÃÌÏÓÅÄȤÐÁÃËÅÄ ÓÐÈÅÒÅ 

ÃÏÎÆÉÇÕÒÁÔÉÏÎȟ ×ÈÉÃÈ ÉÓ ÁÂÏÕÔ πȢχτ ÆÏÒ ÍÏÎÏÄÉÓÐÅÒÓÅÄ ÒÉÇÉÄ ÓÐÈÅÒÅÓȢ /ÔÈÅÒ×ÉÓÅȟ ÐÈÁÓÅ 

ÉÎÖÅÒÓÉÏÎ ×ÏÕÌÄ ÏÃÃÕÒȢ 4ÈÉÓ ÅÓÓÅÎÔÉÁÌÌÙ ÍÅÃÈÁÎÉÓÔÉÃ ÍÏÄÅÌ ÈÁÓ ÔÈÅ ÖÉÒÔÕÅ ÏÆ 

ÁÃËÎÏ×ÌÅÄÇÉÎÇ ÔÈÅ ÈÙÓÔÅÒÅÓÉÓ ÐÈÅÎÏÍÅÎÏÎȟ ÂÕÔ ÉÔ ÄÏÅÓ ÎÏÔ ÔÁËÅ ÉÎÔÏ ÁÃÃÏÕÎÔ ÁÎÙ 

ÓÕÒÆÁÃÔÁÎÔ ÅÆÆÅÃÔÓȟ ×ÈÉÃÈ ÁÒÅ ËÎÏ×Î ÔÏ ÂÅ ÏÆ ÃÏÎÓÉÄÅÒÁÂÌÅ ÉÍÐÏÒÔÁÎÃÅ ÉÎ ÍÏÓÔ ÐÒÁÃÔÉÃÁÌ 

ÃÁÓÅÓȢ "ÅÃÁÕÓÅ ÏÆ ÓÕÒÆÁÃÔÁÎÔÓȟ ÔÈÅ ÉÎÖÅÒÓÉÏÎ ÐÏÉÎÔ ÃÁÎ ÏÃÃÕÒ ÁÔ Á ×ÉÄÅ ÒÁÎÇÅ ÏÆ ÖÏÌÕÍÅ 

ÆÒÁÃÔÉÏÎÓ ɍρɎȢ 
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2.10 Demulsification  

$ÅÍÕÌÓÉÆÉÃÁÔÉÏÎ ɉÅÍÕÌÓÉÏÎ ÂÒÅÁËÉÎÇɊ ÉÎÖÏÌÖÅÓ Ô×Ï ÓÔÅÐÓȢ &ÉÒÓÔȟ ÁÇÇÌÏÍÅÒÁÔÉÏÎ ÏÆ ÄÒÏÐÌÅÔÓ 

ÍÕÓÔ ÏÃÃÕÒȢ 4ÈÅÎȟ ÔÈÅ ÁÇÇÌÏÍÅÒÁÔÅÄ ÄÒÏÐÌÅÔÓ ÍÕÓÔ ÃÏÁÌÅÓÃÅȢ /ÎÌÙ ÁÆÔÅÒ ÔÈÅÓÅ Ô×Ï ÓÔÅÐÓ 

ÃÁÎ ÃÏÍÐÌÅÔÅ ÐÈÁÓÅ ÓÅÐÁÒÁÔÉÏÎ ÏÃÃÕÒȢ ! 7Ⱦ/ ÐÅÔÒÏÌÅÕÍ ÅÍÕÌÓÉÏÎ ÆÒÏÍ Á ÐÒÏÄÕÃÔÉÏÎ ×ÅÌÌ 

ÍÉÇÈÔ ÃÏÎÔÁÉÎ ÕÐ ÔÏ φπ ɀ χπ Ϸ ×ÁÔÅÒȢ 3ÏÍÅ ÏÆ ÔÈÉÓ ×ÉÌÌ ÒÅÁÄÉÌÙ ÓÅÔÔÌÅ ÏÕÔȢ 4ÈÅ ÒÅÓÔ 

ÒÅÑÕÉÒÅÓ ÓÐÅÃÉÆÉÃ ÅÍÕÌÓÉÏÎ ÔÒÅÁÔÍÅÎÔȢ )Î ÓÙÓÔÅÍÁÔÉÃ ÅÍÕÌÓÉÏÎ ÂÒÅÁËÉÎÇ ÔÈÅÒÅ ÁÒÅ ÓÅÖÅÒÁÌ 

ÓÔÅÐÓ ÉÎÃÌÕÄÅÄȢ 4ÈÅ ÆÉÒÓÔ ÓÔÅÐ ÉÓ ÔÏ ÃÈÁÒÁÃÔÅÒÉÚÅ ÔÈÅ ÎÁÔÕÒÅ ÏÆ ÔÈÅ ÅÍÕÌÓÉÏÎ ÔÏ ÂÅ ÅÉÔÈÅÒ 

/Ⱦ7 ÏÒ 7Ⱦ/Ȣ 4ÈÅÎ ÉÎÖÅÓÔÉÇÁÔÅ ÔÈÅ ÎÁÔÕÒÅ ÏÆ ÔÈÅ Ô×Ï ÐÈÁÓÅÓȟ ÁÎÄ ÔÈÅ ÓÅÎÓÉÔÉÖÉÔÙ ÏÆ ÔÈÅ 

ÅÍÕÌÓÉÆÉÅÒÓȢ "ÁÓÅÄ ÏÎ ÓÕÃÈ ÁÎ ÅÖÁÌÕÁÔÉÏÎȟ ÄÅÓÉÇÎ Á ÃÈÅÍÉÃÁÌ ÁÄÄÉÔÉÏÎ ÔÏ ÎÅÕÔÒÁÌÉÚÅ ÔÈÅ 

ÅÆÆÅÃÔ ÏÆ ÔÈÅ ÅÍÕÌÓÉÆÉÅÒȟ ÆÏÌÌÏ×ÅÄ ÂÙ ÍÅÃÈÁÎÉÃÁÌ ÍÅÔÈÏÄÓ ÔÏ ÃÏÍÐÌÅÔÅ ÔÈÅ ÐÈÁÓÅ 

ÓÅÐÁÒÁÔÉÏÎ ɍτɎȢ 

 

)Æ ÁÎ ÅÍÕÌÓÉÏÎ ÉÓ ÓÔÁÂÉÌÉÚÅÄ ÂÙ ÅÌÅÃÔÒÉÃÁÌ ÒÅÐÕÌÓÉÖÅ ÆÏÒÃÅÓȟ ÔÈÅÎ ÄÅÍÕÌÓÉÆÉÃÁÔÉÏÎ ÃÏÕÌÄ ÂÅ 

ÉÎÄÕÃÅÄ ÂÙ ÏÖÅÒÃÏÍÉÎÇ ÏÒ ÒÅÄÕÃÉÎÇ ÔÈÅÓÅ ÆÏÒÃÅÓȢ )Î ÔÈÉÓ ÃÏÎÔÅØÔȟ ÔÈÅ ÁÄÄÉÔÉÏÎ ÏÆ 

ÅÌÅÃÔÒÏÌÙÔÅ ÔÏ ÁÎ ÅÍÕÌÓÉÏÎ ÃÏÕÌÄ ÂÅ ÕÓÅÄ ÔÏ ÁÃÈÉÅÖÅ ÔÈÅ ÃÒÉÔÉÃÁÌ ÁÇÇÒÅÇÁÔÉÏÎ 

ÃÏÎÃÅÎÔÒÁÔÉÏÎ ɉ#!#Ɋ ɍτɎȢ 

 

 

&ÉÇÕÒÅ φȢφυȡ 4ÈÅ ÅÆÆÅÃÔ ÏÆ ÄÉÆÆÅÒÅÎÔ ÒÅÐÕÌÓÉÖÅ ÁÎÄ ÁÔÔÒÁÃÔÉÖÅ ÆÏÒÃÅÓ ɉυ ÁÎÄ φɊ ɍψɎȢ 
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$ÅÒÊÁÇÕÉÎ ÁÎÄ ,ÁÎÄÁÕȟ ÁÎÄ ÉÎÄÅÐÅÎÄÅÎÔÌÙ 6ÅÒ×ÅÙ ÁÎÄ /ÖÅÒÂÅÃËȟ ÄÅÖÅÌÏÐÅÄ Á 

ÑÕÁÎÔÉÔÁÔÉÖÅ ÔÈÅÏÒÙ ÆÏÒ ÔÈÅ ÓÔÁÂÉÌÉÔÙ ÏÆ ÌÙÏÐÈÏÂÉÃ ÃÏÌÌÏÉÄÓȟ ÎÏ× ËÎÏ×Î ÁÓ ÔÈÅ $,6/ 

ɉ$ÅÒÊÁÇÕÉÎȟ ,ÁÎÄÁÕȟ 6ÅÒ×ÅÙ ÁÎÄ /ÖÅÒÂÅÃËɊ ÔÈÅÏÒÙȢ 4ÈÅ ÔÈÅÏÒÙ ×ÁÓ ÄÅÖÅÌÏÐÅÄ ÔÏ ÁÃÃÏÕÎÔ 

ÆÏÒ ÔÈÅ ÏÂÓÅÒÖÁÔÉÏÎ ÔÈÁÔ ÃÏÌÌÏÉÄÓ ÃÏÁÇÕÌÁÔÅ ÑÕÉÃËÌÙ ÁÔ ÈÉÇÈ ÅÌÅÃÔÒÏÌÙÔÅ ÃÏÎÃÅÎÔÒÁÔÉÏÎÓȟ 

ÓÌÏ×ÌÙ ÁÔ ÌÏ× ÅÌÅÃÔÒÏÌÙÔÅ ÃÏÎÃÅÎÔÒÁÔÉÏÎÓȟ ÁÎÄ ×ÉÔÈ Á ÖÅÒÙ ÎÁÒÒÏ× ÅÌÅÃÔÒÏÌÙÔÅ 

ÃÏÎÃÅÎÔÒÁÔÉÏÎ ÒÁÎÇÅ ÏÖÅÒ ×ÈÉÃÈ ÔÈÅ ÔÒÁÎÓÉÔÉÏÎ ÆÒÏÍ ÏÎÅ ÔÏ ÔÈÅ ÏÔÈÅÒ ÏÃÃÕÒÓȢ 4ÈÉÓ ÎÁÒÒÏ× 

ÅÌÅÃÔÒÏÌÙÔÅ ÃÏÎÃÅÎÔÒÁÔÉÏÎ ÒÁÎÇÅ ÄÅÆÉÎÅÓ ÔÈÅ ÃÒÉÔÉÃÁÌ ÁÇÇÒÅÇÁÔÉÏÎ ÃÏÎÃÅÎÔÒÁÔÉÏÎ ɉ#!#ɊȢ 

)ÌÌÕÓÔÒÁÔÅÄ ÉÎ ÆÉÇÕÒÅ ςȢςρȟ ÔÈÅ $,6/ ÔÈÅÏÒÙ ÁÃÃÏÕÎÔÓ ÆÏÒ ÔÈÅ ÅÎÅÒÇÙ ÃÈÁÎÇÅÓ ÔÈÁÔ ÔÁËÅ 

ÐÌÁÃÅ ×ÈÅÎ Ô×Ï ÄÒÏÐÌÅÔÓ ÁÐÐÒÏÁÃÈ ÅÁÃÈ ÏÔÈÅÒȟ ÁÎÄ ÉÎÖÏÌÖÅÓ ÅÓÔÉÍÁÔÉÎÇ ɍτɎȡ 

 

¶ 4ÈÅ ÅÎÅÒÇÙ ÏÆ ÁÔÔÒÁÃÔÉÏÎ ÖÓȢ ÉÎÔÅÒ ÐÁÒÔÉÃÌÅ ÄÉÓÔÁÎÃÅȢ 

¶ 4ÈÅ ÅÎÅÒÇÙ ÏÆ ÒÅÐÕÌÓÉÏÎ ÖÓȢ ÉÎÔÅÒ ÐÁÒÔÉÃÌÅ ÄÉÓÔÁÎÃÅȢ 

 

)ÌÌÕÓÔÒÁÔÅÄ ÉÎ ÆÉÇÕÒÅ ςȢςρ ÁÎÄ ÅÑÕÁÔÉÏÎ ςȢτȟ ÔÈÅ ÔÏÔÁÌ ÉÎÔÅÒÁÃÔÉÏÎ ÅÎÅÒÇÙ ÉÓ ÔÈÅ ÓÕÍ ÏÆ ÔÈÅ 

ÅÎÅÒÇÙ ÏÆ ÁÔÔÒÁÃÔÉÏÎ ÁÎÄ ÔÈÅ ÅÎÅÒÇÙ ÏÆ ÒÅÐÕÌÓÉÏÎȡ 

 

ɉÅÑȢ φȢψɊ 

ὠ  ὠ ὠ 

 

6!ȡ  %ÎÅÒÇÙ ÏÆ ÁÔÔÒÁÃÔÉÏÎȢ 

62ȡ  %ÎÅÒÇÙ ÏÆ ÒÅÐÕÌÓÉÏÎȢ  

6ȡ  4ÏÔÁÌ ÉÎÔÅÒÁÃÔÉÏÎ ÅÎÅÒÇÙȢ  

 

)Î ÓÉÍÐÌÉÃÉÔÙȟ Á ÒÅÌÁÔÉÖÅ ÌÁÒÇÅ ÐÏÓÉÔÉÖÅ ÖÁÌÕÅ ÆÏÒ ÔÈÅ ÔÏÔÁÌ ÉÎÔÅÒÁÃÔÉÏÎ ÅÎÅÒÇÙ ×ÉÌÌ ÒÅÓÕÌÔ ÉÎ 

ÁÎ ÅÍÕÌÓÉÏÎ ÓÔÁÂÌÅ ÔÏ ÁÇÇÒÅÇÁÔÉÏÎȟ ÁÎÄ ÔÈÅ ÃÏÌÌÏÉÄÁÌ ÄÒÏÐÌÅÔÓ ÓÈÏÕÌÄ ÒÅÂÏÕÎÄ ×ÉÔÈÏÕÔ 

ÃÏÎÔÁÃÔȢ )Æ ÏÎ ÔÈÅ ÏÔÈÅÒ ÈÁÎÄȟ ÔÈÅ ÔÏÔÁÌ ÉÎÔÅÒÁÃÔÉÏÎ ÅÎÅÒÇÙ ÉÓ ÎÏÔ ÓÏ ÈÉÇÈȟ ÔÈÅÎ ÓÌÏ×ÌÙ 

ÁÇÇÒÅÇÁÔÉÏÎ ÓÈÏÕÌÄ ÏÃÃÕÒȢ  
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3 Multiphase flow  

 

3.1 Basics about multiphase flow   

The production of crude oil is most often associated with several distinctive phases. 

Hence, the production flow is commonly named as a multiphase flow. Three-phase flow 

of gas and two immiscible liquids (oil and water) occurs frequently in production 

wellbores and transport pipelines. The complexity of multiphase pipe flow is mainly due 

to the co-existence and motion of multiple phases separated in different layers while 

simultaneously being dispersed with arbitrary complexity in these layers. In a 

multiphase flow where separated and dispersed fields coexist, each continuous fluid 

layer of one phase may contain dispersed fields of other phases. This is illustrated in 

figure 3.1, with a large-scale interface (LSI) between layers of continuous fluids (in this 

case gas, oil and water) [1][14]. 

 

 

 

Figure 3.1: Large-scale interface between layers of continuous fluids [14]. 
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3.2 Flow regimes  

The multiphase flows can take any of an infinite number of forms. However, these forms 

can be classified into types of interfacial distributions, commonly called flow regimes or 

flow patterns [15]. 

The flow regimes of gas-liquid flows will typically  be quite different than the flow 

regimes of liquid-liquid flows.  

 

3.2.1 Flow regimes of liquid -liquid flows  

According to a paper reported by Brauner [21], there are five basic prototypes of flow 

pattern generated during the simultaneous flow of liquid-liquid mixtures in hor izontal 

pipes [2]: 

1. Stratified/separated flow, with a layer with either smooth or wavy interface.  

2. Dispersed flow, with a dispersion of relatively fine drops of one liquid in the 

other.  

3. Annular flow, where one of the liquids forms the core and the other liquid flows 

in the annulus.  

4. Slug/plug flow, with large slugs/plugs , elongated or spherical, of one liquid in the 

other.  

5. A combination of the basic types of flow.  

 

Figure 3.2: Liquid-liquid flow patterns [16]. 
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Stratified/separated-, dispersed- and annular flow is illustrated in figure 3.2, and 

slug/plug flow is illustrated in figure 3.3. 

 

Figure 3.3: Slug/plug flow [17]. 

 

 

Stratified /separated  flows  

Stratified/s eparated flows arise from density differences of the two phases, where the 

oil (lighter phase) flows over the water (heavier phase) at low superficial velocities. 

Different interfaces are found in separated flows such as smooth interface (stratified 

flow), wavy interface (stratified wavy) or an interface with mixing of oil droplets in 

water near the interface (stratified with mixing) [16]. 

 

Dispersed flows  

At higher flow rates, the oil from the stratified layer is broken off as droplets into the 

water (or vice versa), hence forming a dispersion of oil and water, better described as 

dispersed flow regime. Dispersed flow can be broadly classified O/W and W/O 

dispersions, depending on the continuous phase [16]. 

 

Core annular flow  

Core annular flow is the third configuration of the flow regimes possible with liquid-

ÌÉÑÕÉÄ ÆÌÏ× ÉÎ ÐÉÐÅÓȢ 4ÅÒÍÅÄ ÁÓ Á ȰÇÉÆÔ ÏÆ ÎÁÔÕÒÅȱ ÂÙ ÍÁÎÙȟ ÃÏÒÅ ÁÎÎÕÌÁÒ ÆÌÏ×Ó ÏÃÃÕÒ ×ÈÅÎ 

the high viscous oil forms an inner core, and water flows around the core as an annular 

film, reducing the contact of oil with the pipe walls, and reducing occurring pressure 

drop massively. Core annular flows are achieved when the density of the oil is close to 

that of water, thus reducing the buoyancy forces acting on the oil core [16]. 


