
Project 1– Wax deposition under two-phase oil-gas at different flow patterns 

Objective 
The general objective of this study is to elucidate the impact of flow patterns (stratified and 
annular) in two-phase oil and gas flow on wax deposition mechanism.   
 
Project Description 
It is well known that the flow patterns influence the behavior of wax deposition in multiphase flow. 
In the past, TUPDP successfully studied the wax deposition in slug flow of Garden Banks oil and 
natural gas.  But other flow patterns were not thoroughly investigated yet.  Understanding of two-
phase flow wax deposition in other flow patterns will enhance our fundamental understanding and 
improve the ability of the systematic study of more complex cases (multiphase flow of oil-gas-
water).  This experimental data is also essential to develop a more reliable mechanistic model for 
wax deposition in multiphase flow.  

This project will be a continuation of the previous project (Rittirong, 2014) in TUPDP.  The 
multiphase flow loop facility (2 in. ID) will be used for gas-oil wax deposition in stratified and 
annular flow patterns.  This project will be conducted in two parallel tracks. 
• Track 1: Experiments will be conducted to investigate the effect of flow patterns, heat transfer 

on wax deposition process. 
• Track 2: Develop the more reliable model for two phase flow by integrating the deposition 

behavior observed from the systematic experimental approach. 
In Track-1, hydrodynamic tests will be conducted first utilizing the high pressure sapphire 

window cell to determine the flow pattern, pressure drop, liquid holdup and any other required 
parameters.  Once the hydrodynamic conditions for stratified and annular flow patterns are 
determined, the wax deposition experiments at different heat transfer and shear will be conducted.  
The tests can be conducted at low and high pressures with fluids flowing in a horizontal, near-
horizontal and vertical positions. 

In Track-2, the data acquired from this study together with the data from two-phase flow 
studies such as Rittirong (2014), Kilincer (2003), Manabe (2001) and Matzain (1999) will be 
utilized to develop a comprehensive paraffin deposition model for two-phase oil and gas flow.   

 

Expected Deliverables  
1. Paraffin deposition characterization under stratified and annular flows.  
2. The effect of heat transfer on wax deposition in the case of gas-oil stratified and annular flow 

patterns 
3. Development of a comprehensive two-phase paraffin deposition model and its incorporation 

in TUWAX software. 
 
 



Project 2– Mechanistic Study of Turbulent Flow Wax Deposition 

Objective 
The objective of this study is microscopic visual investigation of the wax deposition at the fluid-
deposition interface under different shear rates.  The possible outcomes of this study will enhance 
our understanding of mechanisms of wax deposition under flowing conditions and serve as a basis 
for the development of better deposition models or closure relationships.   
 
Project Description 
High uncertainties are common in wax deposition models.  The inherent problems with available 
wax deposition models are: 
• Can the models be used as reliable predictive tools for field cases? - Available models use 

fitting parameters which were obtained from limited laboratory data set.  A model cannot be 
used as predictive tool unless those fitting parameters values can be pre-determined in 
reasonably accurate manner based on known inputs.  The absence of adequate closure 
relationships in available models prevent the utilization of them as reliable predictive tools.  
With substantial degree of empiricisms, up-scaling of wax deposition models to field cases is 
difficult due to diversity of the produced fluids and operating conditions.  The models need to 
have stronger physical basis to reduce uncertainties. 

• Physical mechanisms by which shear force affect depositions are still unclear - Various 
hypotheses have been proposed satisfactory physical validation.  The hypotheses affect the 
mathematical formulation of the model and all associated closure relationship.  Consequently, 
the model formulations tend to be empirical and not mechanistic.  Microscopic visualization 
investigation of wax deposition is aimed to elucidate the physical mechanisms due to shear 
(low and high) and drive towards reliable closure relationships in the existing and new models. 

A step-by-step process from static to laminar and finally to turbulent conditions is required 
given the limited references on experimental setup and procedures.  Since the initiation of this 
project in fourth quarter of 2013, TUPDP has completed project scoping, establishment of 
experimental setup, procedure, and semi-quantitative analysis technique, and completion of static 
test experiments.  A dynamic visualization setup has been built and incorporated into TUPDP mini 
loop facility.  This setup will be used for microscopic experiments using model oil (mineral oil – 
food grade wax mixture).  Semi-quantitative analysis will be applied to the visualization results as 
applicable.  

 
Expected Deliverables 
The results of the investigation of several proposed hypotheses, as given below, will be provided.  
• Shear effect on crystal morphology - Crystal aspect ratio is one of the fitting parameters in 

wax deposition models.  Based on flow loop data, it is assumed to be lower at higher flow rate 
and consequently is responsible for more aging.  There are no physical proof and closure 



relationship for this interpretation to date.  The validation method would be microscopic 
visualization of static, laminar, and turbulent conditions.  

• Shear reduction mechanism - The two main hypotheses of shear reduction mechanism are 
shear stripping and shear prevention both resulting in reduction of net wax mass flux into the 
deposit.  Shear stripping assumes that the deposited wax may be removed/ sloughed due to 
high shear while shear prevention generally assumes that shear effect reduces the incoming 
wax mass flux from bulk to deposit or hinders deposit growth.  Shear stripping can be validated 
qualitatively through microscope observation at turbulent conditions. 

• Precipitation kinetics in boundary layer - At high flow rates, the wax concentration in 
boundary layer is expected to be more super-saturated due to higher equivalent cooling rate.  
However, direct heat-mass transfer analogy (film mass transfer) is observed to over-predict the 
super-saturation (and correspondingly wax mass flux).  Precipitation kinetics determine the 
degree of wax super-saturation in boundary layer, which is bounded by film mass transfer and 
equilibrium model concentration profile.  Microscopic observation in boundary layer is 
planned to qualitatively assess magnitude of precipitation with varying flow rates.  

• Particle entrapment in initial deposition stage - This hypothesis suggests that precipitated 
wax crystals might be entrapped during initial stage of deposition.  If occurs, this phenomena 
will lead to enhancement of initial deposition/ aging rate on top of molecular diffusion.  
Microscopic visualization near the cold wall region is planned as qualitative verification. 

• Crystal deformation due to shear - This hypothesis suggests that shear may deform the wax 
deposit crystals which lead to change in thickness and wax content.  High magnification 
visualization on wax deposit crystals is planned to qualitatively verify this hypothesis. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Project 3: TUWAX Software Maintenance and Development 

Objectives: 
1. Maintain TUWAX software compatibility and functionality 
2. Improve TUWAX software by updating and incorporating additional paraffin deposition 

models and simulation algorithms 

Project Description: 
TUWAX software is a paraffin deposition simulator developed by Tulsa University Paraffin 
Deposition Projects (TUPDP).  It is capable of simulating single-phase and multiphase mixture 
paraffin deposition e.g. average deposit thickness and wax fraction as a function of axial length 
and time.  There is an option to select the models for simulation including Singh (2000), 
Venkatesan (2004), and Panacharoensawad (2012) which also contains Lee (2008) calculation 
procedure.  The simulation requires thermodynamic look-up table as an input for hydrodynamic, 
heat transfer, and mass transfer calculations.  The software is composed of graphic user interface 
written in MS-Excel VBA for parameter input and result visualization, while the main simulation 
modules are developed with FORTRAN language.  Continual maintenance is required in order to 
ensure the program functionality and run effectively without any bugs.  Moreover, further 
improvements by incorporating additional paraffin deposition models, simulation algorithms and 
experimental results into the program are necessary.  The proposed TUWAX software 
maintenance and development can be summarized as follows: 

1. Identify and fix all of the bugs that stop the program from functioning.  This includes 
compatibility errors from different Windows, Excel VBA, and FORTRAN versions.   

2. Modify Excel user interface to make it more user friendly and easier to use.  Also improve 
visualization of the program e.g. pipeline schematic and result plotting. 

3. For thermodynamic look-up tables, add an option for custom precipitation curve input in 
the mass fraction unit (alternative to mole fraction) so that it can be imported directly from 
experimental results.   

4. Review and validate Runge-Kutta-Fehlberg (RKF45) numerical algorithm which is already 
existed in the program to ensure the correctness of the simulator.  

5. Completely incorporate Panacharoensawad (2012) model into the program.  The 
debugging and validation against the experimental results will be done side by side as each 
part of the development is done. 

6. Integrate the Levenberg-Marquardt module to the program so that user can systematically 
find the fitting parameters for each model much faster than the gradient descent method. 

7. Add the option so that user can either perform the prediction for the subsea pipeline case 
or perform the prediction for flow loop case (counter current flow).  This requires proper 
heat transfer and mass depletion calculations along the subsea pipeline. 

8. Attempt to extend the prediction of wax deposition to other multiphase flow regimes apart 
from single-phase and dispersed-bubble flows, especially slug flow by incorporating 
Rittirong (2014) model into the program. 

 



Project 4 – Inhibitor Studies. 

Objectives   
The main objectives of this project are: 

1. Investigate the efficacy of commercial chemical inhibitors on wax deposition in flow loop 
conditions.  

2. Develop a conversion model to translate the results from simple cold finger studies to flow 
loop experiments, eventually to field conditions. 

3. Understand the inhibition mechanisms by static and dynamic microscopic visualization 
experiments and establish connection between inhibitor structures to efficiency of these 
inhibitors. 
 

Project Description 
This is one of the on-going projects.  Flow loop wax deposition experiments with BP condensate 
in the presence of inhibitors (different concentrations) with different shear rates (laminar and 
turbulent), different thermal driving forces (Tb-Tw) at various test durations will be conducted to 
investigate the efficiency of wax inhibitors.  The cold finger device of TUPDP will be used for 
wax deposition study under similar experimental conditions compared to flow loop experiments.  
The flow fields in cold finger and pipelines are different.  Therefore, the results can be utilized to 
identify the differences and to develop a conversion model.  Eventually, the efficacy of cold finger 
device in wax inhibitors selection will be determined.  We expected to finish experiments with BP 
condensate and develop correlation by the end of current phase.  However, it is well known fact 
that the efficacy of commercial wax inhibitors tends to be crude dependent and has to be evaluated 
on a case by case basis.  Therefore, it is important to verify the efficacy of these inhibitors with 
different fluids. 

As stated, the current studies are conducted with BP condensate. However, it is well known 
that no inhibitor works equally effective in all crudes.  Therefore, in the next phase, the flow loop 
and cold finger studies will be conducted with different crudes, and this experimental data with 
different crudes will help validate the correlation (cold finger to flow loop) developed in the current 
phase. Moreover, this data further enhances our understanding of crude composition on inhibitor 
efficiency.  In addition, we can verify the synergistic effect (compatibility) of oil soluble corrosion 
inhibitors on the wax inhibitors performance using existing flow loop.   

In order to develop more effective inhibitors for operations particularly at deep waters, where 
the temperatures are low, it is necessary to understand the physics behind the wax inhibition 
process and validate the existing hypothesis.  For example: Is there any correlation between crude 
paraffin distribution and chemical structure of inhibitor? TUPDP recently developed visualization 
technique and analysis code to study the wax formation in static conditions and construction of 
special visualization cell with microscopic setup is under progress for visualization of wax 
deposition in flow conditions (both laminar and turbulent).  The deposition mechanism in the 
presence of different inhibitors can be observed visually at no shear, low shear and high shear 
conditions (Objective 3). 



Expected Deliverables  
1. Systematic procedure to determine the efficiency of inhibitors in flowing conditions. 
2. Investigate the efficacy of cold finger on wax inhibitors selection  
3. Validate the Synergistic effect of oil soluble corrosion inhibitor on wax inhibitors 

performance  
4. Understand the inhibition mechanisms at different shear rate and verify the inhibition 

hypothesis proposed. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 


