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	TUSTP Questionnaire 2005

	No. 
	Research Project Titles
	Status
	Level of Interest

	
	
	
	Very High
	High
	Med
	Low
	None

	1
	Horizontal Pipe Separator (HPS©)
	Ongoing

(DOE)
	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 


	2
	Foam Flow in GLCC©
	Ongoing

(TUSTP)
	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 


	3
	Modeling and CFD Simulations of Oil-Water-Sand Dispersion Flow
	Ongoing

(TUSTP)
	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 


	4
	Intelligent Control of Compact Multiphase Separation System (CMSS©)
	Ongoing

(DOE)
	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 


	5
	Interfacial Phenomena in Oil-Water Dispersions
	Ongoing

(TUSTP)
	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 


	6
	Differential Dielectric Sensor (DDS) – Experiment and Modeling
	Ongoing

(DOE)
	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 


	7
	Development of  Slug Generator 
	Ongoing

(TUSTP)
	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 


	8
	Development of CMSS© - Experiments and Modeling
	Ongoing 

(DOE)
	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 


	9
	CMSS© Control Strategy Testing
	Ongoing

(DOE)
	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 


	10
	Sand Separation Studies
	Ongoing

(DOE)
	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 


	11
	Dispersion Characterization Rig (DCR)
	Ongoing

(TU-CoRE)
	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 


	12
	GLCC© Code Development
	Ongoing

(TUSTP)
	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 


	13
	LLCC© Code Development
	Ongoing

(TUSTP)
	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 


	14
	LLHC Code Development
	Ongoing

(TUSTP)
	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 


	15
	Slug Damper (SD©) Code Development
	Ongoing

(TUSTP)
	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 


	16
	Rheological Behavior of Oil-Water Dispersions
	Ongoing

(TUSTP)
	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 


	17
	CFD Simulations of CMSS© Components
	Ongoing

(NSF)
	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 


	18
	Field Testing of GLCC© and LLCC©
	Future
	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 


	19
	Design Criteria and Design Guidelines of CMSS Components
	Future
	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 


	20
	Novel Oil-Water-Sand Compact Separator
	Future

(OCAST)
	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 


	21
	Transient Flow Behavior of CMSS© Components–Experiments and Modeling
	Future
	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 


	22
	Universal Breakup/Coalescence Model
	Future
	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 



	23
	Steady-State Performance Predictions of Conventional Vessels
	Future
	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 


	24
	Transient Performance Predictions of Conventional Vessels
	Future
	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 


	25
	Coupled Transient Performance Model
	Future
	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 


	26
	Maximum Slug Size Prediction
	Future
	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 


	27
	Multiphase Splitting Manifold
	Future
	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 


	28
	Inlet Performance Simulation
	Future
	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 


	
	
	
	
	
	
	
	


Ongoing and Possible Future Research Projects of 

TUSTP, DOE, TU-CoRE, NSF and OCAST 

1) Horizontal Pipe Separator (HPS©)                                                   

Status: Ongoing (DOE)

The objective of this project is to develop the technology to use horizontal (and near horizontal) pipes as oil-water separators, in environmental conditions, i.e., subsea or deep sea applications, that make it difficult to install a traditional vessel separator. The scope of this study is to analyze the proper flowing conditions in pipes to induce separation of oil and water phases.

The following physical phenomena are involved in the HPS separation process: Droplet coalescence/breakup, droplet transport in continuous media, stratified liquid-liquid flow in pipes and physical properties on dispersions.

Experimental data will be acquired on oil-water developing flow in pipes, measuring local velocities, holdup and droplet size/droplet size distribution, with different inlet and outlet configurations. A mechanistic model for the prediction of developing flow and developing length on oil-water flows will be developed, enabling determination of the separation efficiency.  The convenience of a 2-layer or a 3-layer model will be investigated.  Comparison between model predictions and the acquired data and other data from literature will be carried out.

The following have been accomplished so far: installation and calibration of level meters, pitot-tube flowmeter and flow sampling sections; preliminary testing with different outlet configurations; preliminary testing of video data acquisition; and a preliminary 3-layer model development.  The final deliverables of this project are experimental data and a design code for the HPS©. This project will be completed by the end of 2004.

2) Foam Flow in GLCC©
                                                                                                                Status: Ongoing (TUSTP)

The objectives of this project are: Acquire data to characterize foam flow behavior in the GLCC
; develop a mechanistic model for foam flow behavior in the GLCC that can predict the foam breakup efficiency; and, develop design criteria for foam breaking in the GLCC.

TUSTP’s outdoor facility is modified and preliminary foam flow data have been acquired, whereby the coalescence and drainage rates were measured in 3 sample sections, located at the inlet and outlets of the GLCC.  An operational envelop for foam breaking has been established.  Recently, the following instrumentation has been installed in the flow loop:  Coriolis meters at the inlet, liquid leg and gas leg to measure flow rate and foam density at these locations; pipe viscometer sections that will be used to obtain the apparent foam viscosity, and a camcorder to quantify the separation process in the trap sections, including bubble size distribution.

Based on the equation-of state for foam, considering homogeneous mixture, the foam quality can be obtained at the inlet, liquid leg and gas leg. Also, a preliminary model based on gravitational drainage, capillary suction, and film breaking for foam drainage in the trap sections, under static conditions, has been developed. 

The future work for this project is: Run a set of experiments in the modified flow loop with the instrumentation; validate the developed static model with the new data acquired in the 3 sample sections; 
develop a mechanistic model for the separation process and foam breakup in the GLCC.  The final deliverable of this project is a design code for foam flow breakup in the GLCC. This project will be completed in 2005.

3) Modeling and CFD Simulations of Oil-Water-Sand Dispersion Flow

                                                   Status: Ongoing (TUSTP) 

Oil-water-sand dispersion flow occurs commonly in the Petroleum Industry.  Examples are pipe flow, flow in fittings and separation equipment. For design and proper operation of these dispersion flow applications, knowledge of the physical phenomena and flow behavior is required. In the past, many studies have been published, mainly for pipe flow, including experimental data and mechanistic models.  Attempts have also been carried out to analyze dispersion flow using CFD simulations.  However, more studies are needed to improve and develop generalized models that incorporate the physical phenomena and can be applied to different dispersions and different applications.  

In this study, a general and thorough literature search has been conducted on the state-of-the-art of experimental investigations, modeling and CFD simulations of oil-water-sand dispersion flow in pipes and separation equipment.  A general model will be developed, based on Lagrangian/Eulerian approach, combined with a diffusion model. CFD simulations will be conducted to shed light on the physical phenomena and the details of the hydrodynamic flow behavior.  The CFD results will be incorporated into the general model. The model will be applicable to different dispersion flows, such as oil-water or solid-liquid systems.  It can also be applied to separation processes and equipment. Finally, comparison with experimental data and model refinement will be carried out. The deliverable of the project will be a user friendly code, based on the developed model, which can be applied to analyze and design pipe flow and separation equipment operating under oil-water-sand dispersion flow conditions. This project will be completed in 2005.

4) Intelligent Control of Compact Multiphase Separation System (CMSS©)
  

 Status: Ongoing (DOE)

The aim of this project is to conduct a detailed study on advanced control systems, such as fuzzy logic, artificial neural networks, etc., and examine their suitability for compact separation system. The objective of this project is to develop an intelligent control strategy for compact separation systems.

A compact separation system is a combination of existing Gas-Liquid Cylindrical Cyclone (GLCC©), Liquid-Liquid Cylindrical Cyclone (LLCC©), Hydrocyclone (LLHC), Slug Damper (SD©) and various other field tested equipment.  The compact separation system should achieve a good separation efficiency to separate the multiphase flow from a single or combination of wells into a water rich stream, oil rich stream and gas stream.

Current work involves development of a simulation platform in Matlab/Simulink® for various combinations of the above mentioned equipment, using existing mechanistic model results in the form of a look up table protocol. The simulation results would give a fair indication of implementation structure, which will yield the best results. It would also be a good starting point for control strategy implementation.

Future work will be to implement the most feasible and efficient hardware combination indicated by the simulation and implement control strategy using fuzzy logic and artificial neural network control system for appropriate individual components and a supervisory control system for the entire system.  The final deliverable of this project is an intelligent integrated control system for CMSS©. This project will be completed in 2005.

5) Interfacial Phenomena in Oil-Water Dispersions

 Status: Ongoing (TUSTP) Leveraged (TU-CoRE)                                                                                                              

Different oil-water applications such as batch separators and electrostatic coalescers can be better described if fundamental understanding of the associated interfacial phenomena is incorporated to the current models available in the multi-phase separation area. Coalescence and break-up phenomena and droplet size distributions are required to complete the modeling robustness. The ultimate goal is to obtain a general model capable of improving the understanding of the flow behavior and separation efficiency in different equipment used in the petroleum industry. 

As a first step of this project, available models developed and tested by other authors have been used to validate the experimental data collected using a batch separator in the TUSTP three-phase flow loop. Along with the research goals, computer codes will be built to test each available model separately.  Eventually all the models will be integrated, providing an improved model, which can be used to solve more complex problems. The model can also be checked and refined against data acquired in TU-CoRE Dispersion Characterization Rig (DCR) under high pressure and temperature with fluid samples from oil fields. 

The deliverable of this project will be a “user friendly” unified computer code capable of predicting interfacial phenomena, such as coalescence and break-up for different operational conditions and applications, in order to optimize oil-water flow systems. This project will be completed in 2005.

6) Differential Dielectric Sensor (DDS) – Experiment and Modeling
                                                       Status: Ongoing (DOE)

The oil industry increasingly demands accurate and continuous measurement of the percent water in crude oil production streams (watercut) over the entire 0 to 100% range in field applications. This will allow an accurate determination of the amount of oil produced as well as learning about the dynamic production status of oil wells, which is important for production management and optimization.

Differential dielectric sensors have been developed by ChevronTexaco for watercut measurement as an independent measurement and in connection with multiphase meters. The significance of this DDS is that it has the potential to measure watercut compensating for changes in oil composition, gas fraction, emulsion state, water salinity, temperature changes and flow rate changes. Most of the developed studies have been focused on empirical data and correlations and thus are limited in their general applicability. The scope of this study is to expand the capability of the current DDS and make it more accurate and predictable.

The main objective of this project is to develop a mathematical model for the DDS taking into consideration fluid properties, sensor geometry and operational conditions. As the first part of the project, a mathematical model for rectangular waveguide sensor using polynomial fitting approach has been completed. The future activities planned is as follows: (1) Improve current model to characterize the “hole effect” using a hybrid approach of transmission line method and mode matching technique; (2) Develop model for circular waveguide sensor; (3) Conduct experimental testing for validation of the sensor models; and, (4) Optimize and refine the DDS configuration and finalize the model.  The initial phase of the project will be completed in 2006. 

7) Development of Slug Generator

                                                                                                               Status: Ongoing (TUSTP)

The objective of the slug generator (SG) facility is to generate multiple slug units of different lengths, so as to simulate slugging conditions occurring in the field.  This will enable us to generate a desirable slug distribution upstream of the CMSS© and will enhance the testing of the developed control system.  We believe that the SG is essential to the development of the CMSS© or any other compact separation system

The slug generator consists of two lines, one for gas phase and the other liquid phase, equipped with control valves. The two lines are joined in a “Y” configuration leading to the slug flow line. Sophisticated control with electronic timer will open and close the gas and liquid control vales in a pre-determined sequence so as to generate liquid slugs and gas pockets of different length distributions. 

Slug generator will be used to test the compact separator components and the entire CMSS© systems and the respective control systems under slug flow conditions. This study will result not only with improved control strategies for compact separators but also for improved hydrodynamic modeling and design of these units under slugging conditions. The initial phase of the project will be completed in 2004.

8) Development of CMSS© - Experiments and Modeling

 Status: Ongoing (DOE)

The proposed fundamental CMSS© configuration includes a GLCC©, gas scrubber in the gas leg, and a free-water-knock-Out (FWKO) LLHC in the liquid leg. The oil-rich and water-rich streams from the FWKO LLHC will flow into two separate LLHCs that will produce a clean oil stream and clean water stream. The GLCC© will be augmented for sand separation with a Solid Separation Unit (SSU). Future configuration of CMSS© will include LLCC© to replace the FWKO LLHC, HPS© to replace the standard LLHC, a wet gas GLCC© to replace or augment the gas scrubber. 

Dedicated Mechanistic models, as primary design tools, will be developed to characterize the performance of the CMSS©, utilizing the already developed models for the individual components. Special consideration will be given taking into account the interactions of the components, resulting from their proximity. Mechanistic model will also incorporate the pertinent results from CFD simulations so as to enable the prediction of the flow behavior and global separation efficiency.  The final design tool will be a computer code based on the developed mechanistic model for the CMSS©. This project will be completed in 2007.

9) CMSS© Control Strategy Testing

Status: Ongoing (DOE)

Control strategies have already been developed for individual components of the CMSS©, such as GLCC©, LLCC©, and combined GLCC©/LLCC© system. CMSS control system studies will be conducted, in order to enable proper operation of each component ensuring a stable performance of the integrated system. Dedicated control strategies will be developed for each integrated system configuration as described in project #4. This control system development is critical for proper operation of the CMSS© and will form an essential part of the field application guidelines and design criteria. The objective of this project will be to conduct detailed experimental investigations of the developed CMSS© control strategies in order to optimize it. This project will be completed in 2007. 

10) Sand Separation Studies

Status: Ongoing (DOE)

Production of sand can cause operational problems such as erosion and plugging of lines. Sand separation experiments and modeling will be carried out as part of the 6-year DOE project for development of the CMSS©. The experimental program will include utilization and testing of commercial desanders and other appropriate compact devices such as the proposed novel oil-water-sand separator (see item 20). The theoretical part will include the extension of the model developed for gas bubble and liquid droplet separation to solid-liquid separation via particle tracking. The final deliverable will be a design code for sizing desander hydrocyclone (similar to the TUSTP LLHC code) and any compact separator for sand separation that we develop. The initial phase of the project will be completed in 2005.

11) Dispersion Characterization Rig (DCR)

Status: Ongoing (TU-CoRE) Potential (TUSTP/DOE or new JIP)

The Dispersion Characterization Rig (DCR) facility is a tool to help in characterizing the flow and separation behavior of fluids and the complex dispersions that may be produced.  These include characterization of the separability of oil-water-gas emulsions, dispersions, and foams, over a range of pressures 0 ~ 6000 psig and temperatures from (-20 to 150 oC). The separation retention time is measured in the test chamber.  When oil-water mixture is trapped in the test chamber, the smaller oil or water droplets coalesce and grow in size, oil and water segregate rapidly with visible clear water and clear oil interfaces. Between these two interfaces, a dense-packed zone filled with large oil droplets is formed. A slow liquid drainage process occurs until complete oil-water separation is reached.

DCR facilities have proven themselves as useful tools for qualitatively characterizing complex dispersions.  Below are some capabilities of the DCR facility.

· Basic research on hydrodynamic phenomena associated with multiphase flow, e.g.,
droplet breakup and coalescence; formation, characterization and stability of dispersions

· Viscosity study of o/w mixtures.

· Controlled experiments with reduced variable set to better understand phenomena.

· Comparison of lab analog fluids to “real” fluids.

· HP/HT testing of oil field fluids.

· Evaluation of emulsion & foam forming tendencies.

· Evaluation of effects of chemical additives.

· Evaluation of coalescence and sedimentation separation models at high pressure and temperatures.

· Characterization of dispersion forming devices, e.g., conventional and innovative chokes and other restrictive devices.  

The scope of this project is development of a fluid model system for the DCR rig with controlled destabilization profiles. Initial DCR testing to be conducted for TU-CoRE are:

· Comparative tests on chokes (same working fluids) - Compare to batch separator data and models.

· Comparison with Existing Batch Separation Model Results - Predict Droplet Size (Based on Sedimentation Theory).

· Develop Test Program for Model Fluids - Salager and Sjoblom “Recipes” – Collaboration.

· Measurements of Effective Viscosity - Link to TU-NTNU Rheology Project.

The initial phase of the project will be completed in 2005. We encourage TUSTP members to participate in current and future phases of this activity, leveraging TU-CoRE funds, possibly in the form of a new JIP.

12) GLCC Code Development

13) LLCC Code Development 

14) LLHC Code Development

15) Slug Damper Code Development

 
Status: Ongoing (TUSTP)

The design codes developed by TUSTP are the most important deliverables to the member companies. We are continuously upgrading and improving the codes. The code improvements that we are planning for the future are: improved inlet modeling, coupled transient modeling with steady-state models, improved GCU models, integration of slug damper code with GLCC code, incorporation of inlet slug characterization capability, integration of flow pattern maps and LLHC code modification with better user interface and incorporating split ratio effect.  Please indicate your level of interest in each of the developed code so that we prioritize our code development activities.

16) Rheological Behavior of Oil-Water Dispersions
  

 Status: Ongoing (TUSTP)

The rheological behavior of oil-water dispersions and emulsions is a subject of considerable importance for the petroleum industry.  This is mainly due to the occurrence of a complex emulsion viscosity phenomenon, which affects the transportation and separation processes. These kinds of systems are considered non-Newtonian, which exhibit an “effective viscosity” that depends on the operational conditions or flow field.  Such “effective viscosity” depends on different mechanisms and phenomena. The objective of this project is to study the rheological behavior of water-in-oil and oil-in-water dispersions in horizontal pipe flow, in order to develop a model, which can predict the pressure drop for a given mixture flow rate and watercut.  

Experiments will be conducted at an existing test section in the TUSTP/DOE flow loop (2-in. ID, 15-ft long).  Five differential pressure (DP) transducers will be installed at 3 ft intervals. The DP sensors will enable measurement of the pressure drops along the pipe test section, and also enable determination of the necessary development length to reach developed flow.  Once pressure drop readings are taken, a mixture sample will be trapped in a “batch trap” section, where segregation time will be measured.  This will enable estimation of the average droplet size for a given oil-water mixture using the Gomez and Avila (2002) “Batch Separator” model. No direct measurements of droplet size distribution will be carried out.  A data base will be obtained from the experimental results.  Note that the oil-water interfacial tension will be measured and will be kept constant throughout the experimental program. 

The theoretical part of the project will include a dimensional analysis of the data base and the development of a model for the mixture friction factor vs. Reynolds number in horizontal pipes, which can lead to the estimation of pressure drop in oil-water dispersed flow.  The deliverables of this project will include a data bank for oil-water flow in horizontal pipes and a model (code) for horizontal pipelines operating under oil-water dispersed flow. 

The initial phase of the project will be completed in 2005.  The results of this project will be useful for the ongoing TU-CoRE rheology studies.

17) CFD Simulations of CMSS© Components
  

 Status: Ongoing (NSF)

Appropriate CFD simulations will be carried out to better understand the flow behavior of specific regions of the compact separation systems, such as entry region of horizontal pipe separator, slug damper, helical pipe, etc. CFD simulations will also be conducted to augment the experimental investigations by simulating different flow conditions such as high viscosity.  

Revised and improved CFD simulations for the compact separation components, namely, the LLCC©, HPS© and LLHC and for flow conditioning devices, namely, the Helical Pipe (HP) and Slug damper (SD©) will be conducted.  The simulations will incorporate the physical phenomena occurring in the separators.  The input variables will include the operational parameters (oil and water flow rates, pressure and temperature), geometrical parameters (separator configuration) and PVT properties.  The output variables will include the hydrodynamic flow behavior in the separator, the pressure drop and the global separation efficiency.  The CFD simulations are essential for the development of the design codes for the different units and the CMSS. The initial phase of the project will be completed in 2005.

18) Field Testing of GLCC© and LLCC©
  

 Status: Future

The GLCC© has already been tested under high pressure (upto 1100 psia) at the Colorado Engineering Experiment Station Inc. (CEESI). However, no field testing of LLCC© has been carried out. TUSTP has a field prototype GLCC© obtained from Texaco’s Humble flow loop. This GLCC© can be used for testing in one of the member company’s field operations, providing accurate field data. 

Also TUSTP is planning to conduct field testing of LLCC© in Oklahoma in collaboration with independent producers. Two such companies have already expressed their willingness and interest in participating in such testing, namely Marjo Operating Co. and Chesapeake Energy Inc. This can be augmented by matching funds from DOE who has expressed interest in such field testing. The invaluable field data will be used for further refinement of TUSTP models and design codes and will enhance our confidence to use compact separators in the field.

19) Design Criteria and Design Guidelines of CMSS© Components
  

 Status: Future (DOE)

Following the completion of projects #8 and #9, design software simulators will be developed for each of the proposed CMSS© components and configuration. This simulator will be used by the industry to design field applications. The simulators will be modular, enabling inter-changeability of the individual component subroutine, user friendly, and with appropriate graphical user interface. It will also have dynamic capability incorporating the results from control system studies. 

Suitable field application design criteria and guidelines will be developed for each of the proposed CMSS© components and configuration. These guidelines will form the basis for field design criteria and will be used by the industry to design field applications. 

The deliverables of this project are design criteria and guidelines for field application of CMSS© components and systems including upstream flow conditioning devices such as helical pipe separator and slug damper.

20) Novel Oil-Water-Sand Compact Separator

Status: Future (OCAST)

The objective of this project is to develop a novel oil-water-sand 3-phase compact cyclonic separator. Although variety of cyclonic separators are available for oil-water and solid-liquid separation, no technology exists for economical and compact oil-water-sand 3-phase separation. 

In this proposed new device, the oil-water-sand mixture enters into the separator at high velocity.  Due to the tangential inlet configuration and high inlet velocity, a swirl is generated at the inlet region, whereby due to the centrifugal forces the heavy sand phase moves to the wall, falls down and is collected into the sand batch tank.  The oil-water mixture enters into the cone section, causing higher swirling and higher centrifugal forces.  As a result, the oil moves to the center, to the flow reversal region and is removed from the overflow.  On the other hand, the heavier-phase, namely, the water, moves downwards and exits the conical section through the underflow. 

A mechanistic model will be developed for the oil-water-sand compact separator.  The model will be based on the physical phenomena occurring in the separator.  For a given set of input flow parameters, the output variables will include the hydrodynamic flow behavior in the separator, the pressure drop and the global water and sand separation efficiencies.  The mechanistic model will be tested against the experimental data and refined as necessary.

21) Transient Flow Behavior of CMSS© Components–Experiments and Modeling

 Status: Ongoing Contract Research (CVX) Future (TUSTP/DOE)

The scope of this project is to extend the applicability of the existing TUSTP steady-state models and codes to transient flow conditions.  This will include determination of CMSS system response to well-defined and controlled transient events. As presented in project #7, a slug generator will be installed in the three-phase flow loop. Initially this slug generator will be used in project #7 for generating a train of slugs of different slug length distributions. The slug generator may produce a wide range of slug distributions but would not allow very good control of ramp up and down of gas and liquid flow rates.  It can be modified to generate inlet transient flow scenarios.  The modification will enable generation of controlled ramp gas and/or liquid flow rates, concentration, etc.  Models for transient flow behavior will be developed for the compact separator components and the entire CMSS©. The collected experimental data will be used to test the developed transient model and refine them. A major potential deliverable would be a systematic testing protocol to determine CMSS© component transient response characteristics. 

22) Universal Breakup/Coalescence Model
  

 Status: Ongoing Contract research (CVX) Future (TUSTP or New JIP)

To date there are no general models available to predict oil-water-gas-solid dispersion (breakup)/coalescence processes and their applications in separation components of the production/processing facilities.  These include formation of particles (bubbles, droplets or solid particles) and their flow behavior in the continuous phase.   This dynamic behavior significantly affects the separation efficiency in separation equipment such as the GLCC©, LLCC©, LLHC and HPS©.  A rudimentary model has been developed by Gomez (2001) to predict the dispersion (breakup)/coalescence processes.

The objective of this project is to develop a universal phenomenological model for the prediction of dispersion (breakup)/coalescence) processes in oil-water-gas-solid flow in pipes and separation components.  Also, develop solution scheme building blocks, based on the dominant flow type, to provide analysis and design tools for the prediction of the separation performance of processing systems.  The model building blocks are: 1) Characterization of the continuous-phase (swirling flow, pipe flow, channel flow and segregated flow velocity field); 2) Characterization of the dispersed-phase (droplets, bubbles and solid particles motion); and, 3)  Interface analysis (droplet and bubble diameters).  

The solution schemes that will be developed are: 1) Eulerian-Lagrangian Scheme;                2) Lagrangian-Bubble Tracking Scheme; and, 3) Simplified Models of schemes 1 and 2.  The results of the universal model are void fraction distribution of the dispersed-phase, particles trajectories, and particle size distribution and separation efficiency.   The building blocks and numerical schemes can be used to assemble design tools for different applications.

23) Steady-State Performance Predictions of Conventional Vessels
  

 Status: Ongoing Contract Research (CVX), Future (TUSTP or new JIP)

Steady-state mechanistic models used in GLCC and LLCC performance predictions have been generalized for conventional gravity vessels and generic cyclones in newly developed simulators.   This project would seek existing performance data to benchmark the simulators and identify potential areas of improvement.

24) Transient Performance Predictions of Conventional Vessels
  

Status: Ongoing Contract Research (CVX), Future (TUSTP or new JIP)

Simplified transient models developed for the GLCC© and slug damper have been generalized to predict liquid accumulation and exiting liquid and gas rates for user supplied input transients.  Currently the transient response assumes fixed resistances in liquid and gas legs.  The objective of this project would be to include a responding control valve in the simulation, providing variable boundary conditions and better representation of transient response in controlled systems.

25) Coupled Transient Performance Model
  

 Status: Future

Steady-state LCO and GCU performance are predicted by our various simulators.  Current simplified transient analysis tools provide estimates of changes in vessel liquid accumulation and exiting liquid flow rate, but do not provide transient LCO and GCU performance predictions.  This project would couple the performance prediction with simplified transient to provide LCO and GCU performance prediction over the course of an input transient.

 26) Maximum Slug Size Prediction
  

 Status: Ongoing Contract Research (CVX), Future (TUSTP or new JIP)

An Excel based simulator has been developed to estimate average slug characteristics including, length, holdup, frequency and velocity, based on best available correlations.  This simulator also allows the user to select a distribution, e.g., log-normal, and generate a train of slugs.  However, separator design needs to consider the maximum slug expected over a specified period of time.  The objective of this project is to develop a simple mechanistic model to predict the characteristics of the maximum slug that could be expected based on fluid properties, flow properties and transport line geometry.  The simplified model would be compared to available data and OLGA predictions.  Deliverable includes slug characteristics simulator with maximum slug length prediction.

27) Multiphase Splitting Manifold
  

 Status: Ongoing Contract Research (CVX), Future (TUSTP or new JIP)

The multiphase splitting manifold (MSM) allows two or more GLCCs (or other separators) to be installed in parallel.  Parallel separators allow expanding capacity with standard, efficient separators while avoiding waste from oversize vessels. Proof-of-concept tests have successfully illustrated the ability of the MSM to evenly split the multiphase flow.   Simulators have been developed to guide in the proper design of the MSM and predict the performance.  Development of a transient response simulator is underway.

The objectives of the project include:  tests of the MSM with various active control systems; gas carry-under performance tests of GLCC© with MSM; and, demonstration of MSM operation and performance in an integrated separation system.

28) Inlet Performance Simulation
  

 Status: Future

Optimizing inlet design to GLCC© and other cyclones is not well understood.  The objective of this project is to develop mechanistic modeling tools to evaluate and optimize inlet(s) geometry and configuration.  The inlet configuration would consider:  number of inlets, spacing and orientation of inlets, diameter, length, inclination angle, and nozzle area.  Parametric tests on inlet configurations would be conducted to validate the model.  Deliverables would include improved cyclone models and guidelines on optimizing inlet configuration for GLCC©, LLCC©, etc.   
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