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	TUSTP Questionnaire 2008

	Representative and Company Names: 

	No. 
	Research Project Titles
	Status
	Level of Interest

	
	
	
	Very High
	High
	Med
	Low
	None

	Ongoing Projects (1-14)

	1
	Mechanistic Modeling of Gas-Liquid Entrainment in Horizontal Pipes
	 TUSTP
	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 


	2
	Integrated Compact Multiphase Separation System (CMSS©)
	 TUSTP
	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 


	3
	Multiphase Flow Splitting in Parallel/Looped Pipelines
	 TU-CoRE
	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 


	4
	Fluid Shear Effects of Production Equipment
	 TU-CoRE
	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 


	5
	Novel Gas-Liquid-Solid Separator for Drilling/Production
	 OCAST
	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 


	6
	A Simplified Model for Design of Horizontal Pipe Separator, HPS©
	 TUSTP
	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 


	7
	Making GLCC© as a CAPE OPEN Compliant Unit Operation
	 TOTAL
	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 


	8
	A Study of Interfacial Chemistry In  Oil-Water Dispersions (DCR Rig)
	TU-CoRE
	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 


	9
	Applications of Differential Dielectric Sensor (DDS©)  for Multiphase Measurements
	 TU-CoRE/ TUSTP
	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 


	10
	Foam Breakup in Hydrocyclones
	 TU-CoRE
	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 


	11
	Falling Film and Gas Entrainment in a Tall GLCC©
	 TUSTP
	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 


	12
	Multiphase Flow in Downcomers
	 TU-CoRE
	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 


	13
	Coalescing Pipe Bend for Gas-Liquid Flow
	 TU-CoRE/ I/UCRC
	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 


	14
	TUSTP Simulators development (GLCC©/LLCC©/LLHC/HPS© Codes)
	 TUSTP

	14a
	GLCC©Code
	 TUSTP
	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 


	14b
	LLCC© Code
	 TUSTP
	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 


	14c
	LLHC-SLHC Code
	 TUSTP
	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 


	14d
	HPS© Code for Oil-water Separation
	 TUSTP
	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 


	14e
	CMSS© Code
	 TUSTP
	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 


	Proposed Future Projects (15-28)

	15
	Field Testing of LLCC©
	Future
	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 


	16
	Inlet Coalescer for Gas-Liquid and Oil-Water Flow
	Future
	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 


	17
	Sand Transport in Multiphase Flow Pipelines
	Future
	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 


	18
	Separation of Slurries in GLCC Compact Separators
	Future
	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 


	19
	Platform to Platform Pipeline Flow Behavior
	Future
	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 


	20
	Universal Breakup/Coalescence Model
	Future
	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 


	21
	CFD Simulations of CMSS© Components
	Future
	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 


	22
	Operational Envelope for LCO in GLCC© – Experiments and Modeling
	Future
	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 


	23
	Gas Carry-Under in GLCC© – Experiments and Modeling
	Future
	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 


	24
	GLCC© Inlet Slot Optimization
	Future
	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 


	25
	GLCC© Liquid Outlet and Gas Outlet Optimization
	Future
	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 


	26
	Other GLCC© Geometries Consideration
	Future
	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 


	27
	Verification of GLCC© Performance with Real Fluids at High Pressures
	Future
	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 

	 FORMCHECKBOX 



Ongoing and Possible Future Research Projects of 

TUSTP, TU-CoRE, NSF-I/UCRC and OCAST – April 2008
Ongoing Projects (1-14)

1) Mechanistic Modeling of Gas-Liquid Entrainment in Horizontal Pipes (TUSTP)
Entrainment in annular flow in horizontal pipes has been studied experimentally and theoretically. It has been found out that wave characteristics and entrainment fraction are strongly interrelated and must be analyzed together. A novel mechanistic model has been developed for the prediction of entrainment fraction based on wave characteristics. Two experimental facilities, 2-inch and 6-inch diameter, have been designed, constructed and utilized for entrainment measurements in stratified and annular horizontal flow. Appropriate instrumentation for entrainment and liquid film characteristics measurements have been developed and implemented. Simultaneous measurements have been carried out for both wave characteristics and entrainment for a wide range of flow conditions, varying the viscosity and surface tension.  Closure relationships have been developed based on the data for wave celerity, frequency, amplitude and spacing. Comparison between the model prediction and the acquired experimental data shows an average absolute error of 49%. Similar evaluation of existing entrainment fraction correlations reveals average absolute errors between 81.1 to 247.5%. It is recommended to extend the study to high pressures with air-water or natural gas-oil flows.

2) Integrated Compact Multiphase Separation System (CMSS©) – Experiments, Modeling and Control Study (TUSTP)
Only few studies have been conducted on Compact Multiphase Separation Systems (CMSS©).  To date, no commercial simulator is available, capable of predicting the flow behavior through the entire system.  Past studies have focused on performance prediction of individual components of the system and the integrated system for steady state flow conditions only.  The proposed project will provide a state-of-the-art of compact separation experiments, modeling and multiphase flow characterization.  A new methodology will be used based on the interaction between the CMSS© components in a transient manner, analyzing the behavior of the phase distribution from one device to another.  A simulator will be developed for the CMSS©, which will enable the prediction of the overall performance of the entire system, as function of flow perturbations in the inlet. Different control strategies will be developed including the system model, as well as the effect of the meters. The final simulator can be used to identify the performance reliability of the system.   An extensive experimental program will be conducted on a lab scale CMSS©.  The acquired experimental data will be used to test and refine the developed CMSS© model/simulator before delivering it to TUSTP industrial sponsors. A major potential deliverable would be a systematic testing protocol to determine CMSS© component transient response characteristics. 
3) Multiphase Flow Splitting in Parallel/Looped Pipelines (TU-CoRE) 
The industry utilizes parallel/looped multiphase flow pipelines in order to reduce pressure drop and increase capacity.  However, no fundamental understanding of the flow behavior and no predictive methods are available for this system.  The main unresolved issues for parallel/looped lines are as follows: 1) splitting of gas/liquid fractions; 2) flow instability; 3) system operational envelope (capacity); and 4) slug flow characteristics.  The objective of this project is to study theoretically and experimentally gas-liquid splitting in parallel pipelines and to develop a probabilistic model and design code for such systems. A comprehensive literature review has been completed leading to the following conclusions : (i) most of the published studies are for side arm splitting; few studies on impacting tees (parallel pipelines); (ii) a rudimentary model for parallel pipelines developed, (iii) no studies on slug flow splitting in parallel/looped lines published. A state-of the art splitting facility has been designed and is under construction.  It includes both the parallel and looped configuration.  Preliminary data acquisition will be carried out in summer 2008.
4) Fluid Shear Effects of Production Equipment (TU-CoRE)
The objectives of this project is to investigate the effect of shear imparted on oil-water flow by production equipment, such as pumps, chokes, valves and pipe fittings.  Both experimental data acquisition and modeling will be conducted.  The developed models are to be used in flow assurance simulations to represent shear causing components.  This will reduce the uncertainty in current simulations for subsea systems.  A methodology for characterizing fluid shear effects will be developed, which can be deployed in the field.  Droplet size distribution and flow rheology and separation time will also be studied The research tasks are as follows: (i) Review of available droplet size measurement techniques; (ii) Conduct shearing experiments with oil- water flow testing centrifugal pump and positive displacement pump; (iii) Collect variety of field tests data and construct a data bank; and, (iv) Compare experimental data with breakup and coalescence model of Avila (2006) and Rheology model of Vielma (2006).  The first phase of this project has been completed on Dilute Flow in Centrifugal pump (Phase I) for low concentrations (100-200 ppm) measuring droplet size distributions in both inlet and outlet of pump, utilizing the Jorin device. As part of Phase II, Dense Flow in Centrifugal Pump, the OPUS device of SYMPATEC has been successfully tested in TUSTP loop and will be used for the experimental program of this phase.  The water cut will be changed between 75, 50 and 25%.  Phase II will be conducted in summer 2008.
5) Novel Gas-Liquid-Solid Separator for Drilling/Production (OCAST)                                                                                                              
The gas-liquid-solid separation system is an important component of both drilling processes and production operations. Currently, the separation system consists of large screen shakers and large steel tanks (drilling), and hydrocyclones and centrifuges (production).  The objective of this study is to develop a GLSC© (Gas–Liquid-Solid Cyclonic Separator), which is a modified GLCC© that can be utilized to remove solid particles from air streams during drilling operation.  This is carried out by injecting liquid into the air/solids stream in order to wet the solids and move them into the liquid phase.  The liquid phase including the solid particles is then separated from the air stream in the GLSC©. The scope of this study is to define the operational envelope of the GLSC©, including the minimum superficial velocity required for the separation of a given air-solids stream. Preliminary experimental data have been acquired utilizing a 2 in. flow loop equipped with a sand feeder and a 3-inch GLSC separator, over a wide range of flow conditions. The superficial gas velocity varies from 10 ft/s to 40 ft/s, the solids superficial velocity from 0.0009 ft/s to 0.017 ft/s, solid particle size from 5 m to 150 m with a specific gravity of 2.7, operating at atmospheric pressure. A mechanistic model will be developed, capable of predicting the hydrodynamic flow behavior of the three phase flow in the GLSC©. The deliverable of the project will include a design code for the GLSC©, for the prediction of the operational envelope for gas and solid-liquid separation, and the separation efficiency of the GLSC© separator.
6) A Simplified Model for Design of Horizontal Pipe Separator, HPS© (TUSTP)                                                       

The use of pipes as separators is especially suitable for sub-sea applications. The proposed Horizontal Pipe Separator (HPS©) is a simple concept: a pipe spool with appropriate geometry promoting natural oil-water separation under favorable flow conditions.  TUSTP has completed a study on the HPS© (Perez, 2005) investigating experimentally and theoretically the developing region of oil-water flow in horizontal pipes. However, no simplified model/design codes were developed.  The objective of this study is to develop design criteria and a design code to be used by the industry for field applications.  The scope of the project includes the development of a beta version of FlowpatOW-vx1.0 predicting the oil-water flow pattern map for horizontal flow; development of a HPS© computer design code:  (i) for the prediction of the oil and water droplet trajectories in the developing region of the HPS©; (ii) based on the extension of the batch separation model to the HPS©; experimental data acquisition on TUSTP HPS© facility; and, comparison with the model and modifications if required.  The deliverables of this project are twofold: (a) FlowpatOW-vx1.0 for the prediction of the o/w flow pattern map in horizontal flow, and (b) Design code for the prediction of the HPS© length required for full separation between oil and water.

7) Making GLCC© as a CAPE OPEN Compliant Unit Operation (TOTAL)
CAPE-OPEN standards define rules and interfaces that allow Computer-Aided Process Engineering (CAPE) applications or components to interoperate. They are currently maintained, revised and promoted by CAPE-OPEN Laboratories Network (CO-LaN) which is a neutral industry and academic association promoting open interface standards in process simulation software. A software component is said to be CAPE-OPEN (CO) compliant if it correctly implements CO interfaces, allowing it to interoperate with other CO compliant software. In this study, a CAPE-OPEN compliant version of the GLCC design code is being developed. The objective is to create a GLCC Unit Operation version to be incorporated in common process simulators.  The deliverable of the project is a beta version of a CAPE-OPEN compliant GLCC Unit Operation utilizing the Visual Basic Wizard provided by CO-LaN.

8) A Study of Interfacial Chemistry in Oil-Water Dispersions (DCR Rig) (TU-CoRE)
The Dispersion Characterization Rig (DCR) is state-of-the-art laboratory equipment that is being used by TUSTP to characterize the flow and separation behavior of complex oil-water dispersions under controlled conditions.  Although the DCR has gained acceptance by the oil industry, there still exist numerous challenges with data analysis process and scaling up the results to field conditions. Two studies have been completed by TUSTP on the effects of the several parameters on the separation process in the batch separator of the DCR, including temperature, pressures; water-cut, fluid properties and shear.  The present work has six main objectives: (1) Define a methodology for analysis of repeatability and reproducibility of DCR tests; (2) Establish a digital image processing protocol to obtain objective uncertainty limits of the separated fluid height measurements; (3) Develop a formal methodology to carry out an uncertainty analysis in order to determine the level of confidence of this facility, (4) Define a methodology for the interfacial chemistry investigation, (5) Evaluation of the effect of different chemicals on the separation profile for different concentrations and operating conditions, and (6) Installation and testing of a DD Sensor in the DCR facility. The deliverables of this project will be a protocol for repeatability and reproducibility of tests/results; a methodology for a rigorous uncertainty analysis and a protocol for interfacial chemistry investigation. Another important deliverable will be the batch separator model validation with experimental data for future scale up.
9) Applications of Differential Dielectric Sensor (DDS©) for Multiphase Measurements
      (TU-CoRE/TUSTP)
Watercut measurement should consider effects of gas, salinity, temperature, and droplet size. However, there is no in line measurement of droplet sizes at high concentrations available to industry, which consequently affects watercut measurement. Differential dielectric sensors (DDS) have been developed by Chevron for watercut measurement as independent measurement tools for process control and in connection with multiphase meters. Analytical and FEA models of DDS have been developed by Xiang (2007), which enable determination of watercut and droplet size. The main objective of the proposed project is to investigate effects of droplet, salinity, gas, and temperature on watercut measurement by DDS allowing automatic and self-calibration. Inverse model of DDS and new mixture model of W/O, which take into account droplet distribution, salinity, temperature and gas composition, will be developed. The project deliverables include: (1) inverse model for both rectangular and circular sensors, (2) experimental program and analysis both on DD-Skid and DCR, (3) Microwave Scattering application on droplet size, (4) New mixture model of W/O considering droplet effects, and (5) MATLAB computer code for inverse model.  The following have been completed so far: (a) shear effect experimental program and analysis on DD-Skid using circular DDS, (b) rectangular DDS has been installed on DCR upstream and downstream of orifice, and (c) 2-3GHz sampling device prototype is in place, which has the potential to reduce DDS cost.

10) Foam Breakup in Hydrocyclones (TU-CoRE)

The industry has recently shown interest in foam generation, foam characterization, foam breakup, and application of foam in production operation.  Cyclonic devices can be utilized in order to mechanically break and eliminate foam in separators. The long term objectives of this project are:  design and construct a cyclonic separator facility on a skid utilizing Swagelok piping components to study the effect of pressure, viscosity and real foamy crudes on foam breakup; conduct an experimental data acquisition; and, develop design criteria and design code for foam breakup in cyclonic separators to be used by the industry. A study completed last year on this topic included the construction of a low pressure Foam Characterization Rig (FCR) skid including a 1.5” GLCC©.  Experimental data were acquired on foam breakup in the GLCC.  This study is inconclusive due to the difficulties associated with foam formation.  The foam was generated at high superficial gas velocities (> 30 ft/s), resulting in very low foam volume fractions, not representative of real foam flow.  The objectives of the proposed project are: modify existing FCR to enable better foam generation and testing; study and improve foam generation and characterization; study foam breakup in commercial hydrocyclones; study foam breakup due to high shear gas velocities in a pipe; and, provide recommendations for design and construction of a high pressure FCR.
11) Falling Film and Gas Entrainment in a Tall GLCC© (TUSTP)

The objective of this project is to acquire local experimental data on falling film in a tall GLCC© and the associated gas entrainment and gas carry-under (GCU). A mechanistic model and a design code will be developed for the prediction of GCU in tall GLCC©s.  Limited CFD simulations will be carried out for the “wall jet” impact in order to better understand the associated gas entrainment process.  An existing facility will be modified to enable the local measurement of the falling film at several locations along the GLCC©.  The instrumentation utilized for the measurement of liquid film characteristics (Mantilla, 2008) will be used for the falling film data acquisition.  The developed model will be divided into 4 sub-models, as follows: (1) inlet analysis and GLCC© inlet velocities; (2) falling film analysis including thickness and velocity and the terminal flow conditions; (3) “wall-jet” gas entrainment process; and, (4) bubble trajectories and GCU determination. The final deliverable is a design code for the prediction of GCU in tall GLCC©s, as a function of the GLCC© length. 
12) Multiphase Flow in Downcomers (TU-CoRE)
Downcomers are important conduits for multiphase flow from offshore platforms to seabed.  Unfortunately, the uncertainty in the predictions of pressure loss of multiphase flow between platforms is often dominated by the uncertainty in holdup and pressure drop in the downcomer.  One of the important features of downward multiphase flow that is not predicted well is the transition between annular falling film and dispersed bubble flow patterns along the downcomer. The location of the transition to dispersed bubble is very important as the large change in liquid holdup produces a large change the hydrostatic head, which could have a dramatic effect on the total pressure loss in the pipeline.  In this project, experimental data will be acquired on the transition between annular falling film and dispersed bubble flow, and the associated gas entrainment.  In an ongoing TUSTP project, models have been developed for falling film and associate gas entrainment and gas carry-under in a tall GLCC.  Using this modeling approach, it is possible to predict the location of the transition between flow patterns for various rates, and improve the pressure loss predictions for pipeline systems with downcomers.
13) Coalescing Pipe Bend for Gas-Liquid Flow (TU-CoRE-I/UCRC)

Droplet coalescence in a 180 degree bend will be investigated. The existing TUSTP multiphase flow loop will be modified to enable the required data acquisition.  Three Liquid Film Extractor (LFE) prototypes will be installed in the flow loop. One LFE will be installed at the inlet of the 180 degree bend, a second at the outlet of the bend, and a third one upstream of the bend, at a distance equal to the bend length.  This will allow the measurement of droplet coalescence in the bend, as compared to the coalescence in a straight pipe section, both of the same length. The experiments will be carried out using air and water, at superficial liquid velocities of 0.35, 1.8 and 10 cm/s, and superficial gas velocities from 13 to 50 m/s. The tests will be conducted first in the straight pipe section between the 2 AFEs and later in the curved bend, under the same flow conditions. The results of this experimental investigation will be used to validate the CFD simulation being conducted at Michigan State University (MSU) as part of the I/UCRC project activities. In a subsequent study, a model will be developed for the prediction of droplets coalescence in curved pipes.

14) TUSTP Simulators Development 

(GLCC©/LLCC©/LLHC-SLHC/HPS©/CMSS© Codes) (TUSTP))

The design codes developed by TUSTP are the most important deliverables to the member companies. We are continuously upgrading and improving the codes. Some of the code improvements that we are planning for the future are: improved inlet modeling, GLCC dual inlet code, coupled transient modeling with steady-state models, improved GCU models, integration of oil-water flow pattern maps with surface acting agents and LLHC code modification with better user interface and incorporating solid-liquid separation.  Please indicate your level of interest in each of the developed code by choosing the respective options for 14a, 14b, 14c, 14d, and 14e so that we prioritize our code development activities.

Proposed Future Projects (15-28)

15) Field Testing of LLCC© (Future)
Most of the over 1750 field compact separators are GLCC©s or GLCC systems.  The GLCC© has been tested in field laboratories in Humble (Houston, closed) and CEESI (Colorado) flow loops.  However, no testing and deployment of individual LLCC© separators has been carried out.  Limited testing of the LLCC© has been conducted as part of a CMSS©.  TUSTP members have shown interest in testing the LLCC© in the field.  In this project, a field LLCC© separator will be fabricated, installed in a field in Oklahoma and tested in collaboration with independent producers.  Experimental data will be acquired on the LLCC© performance and efficiency under water continuous flow conditions.  The data will be used to benchmark the LLCC© code of TUSTP and refine it as necessary. 
16) Inlet Coalescer for Gas-Liquid and Oil-Water Flow (Future)

The performance of compact separators can be improved by utilizing upstream flow conditioning devices. Preliminary experimental testing and a Chevron field application have demonstrated that  for the GLCC an inlet churn flow coalescer can improve significantly the separation of droplets from a wet gas stream.  The inlet churn coalescer is a vertical section (riser) with ID larger than the upstream pipeline, connected to the GLCC inclined inlet section.  The flow in the riser is decelerated and coalescence of droplet occurs, which improves the separation process in the GLCC.  Similarly, a U configuration may cause droplets in oil-water flow to coalesce upstream of an LLCC or a horizontal pipe separator.  An extensive experimental program will be carried out for both the gas-liquid inlet coalescer geometries.  Mechanistic models will be developed for the prediction of the flow behavior in the coalescers for design purposes.  The final deliverable of this project is a design code for the inlet coalescers for the gas-liquid and oil-water cases.
17) Sand Transport in Multiphase Flow Pipeline (Future)
Sand transportation/deposition has been studied in the past only for single phase flow.  Several correlations for the prediction of the sand deposition velocity for single-phase flow in pipes have been developed and published. The objective of this project is to investigate experimentally and theoretically sand transportation/deposition in gas-liquid two-phase flow. The investigation will be flow pattern dependent, whereby experimental data and models will be developed for the different flow patterns.  Horizontal flow will be considered initially, followed by upward inclined flow.  The experimental data will be acquired in both 2 in. and 6 in. TUSTP flow loops. A methodology will be developed for gas-liquid-sand flow in pipelines.  In this methodology, the sand deposition phenomenon will be coupled with the multiphase flow hydrodynamics in the pipe.  Initially segregated (stratified and annular) flow will be considered, followed by intermittent flow.  The deliverable of the project will be a design code for the determination of sand transport probability in gas-liquid-solid pipelines.
18) Separation of Slurries in GLCC Compact Separators (Future)
This project is an extension of the ongoing gas-liquid-solid GLSC separator study for air drilling systems (OCAST - Project # 5). The air drilling application requires a gas-solid-liquid separator capable of handling low concentration of solids in liquid resulting from the injection of liquid into the air-dust mixture stream. However, mud drilling applications require the capability to handle high solid concentrated liquid slurry mixed with gas.  The objective of this project is the development of a novel compact separation system for gas-liquid-solid separation for managed pressure drilling cuttings/mud separation applications. This can be achieved by modifying existing compact cyclonic separators for gas-liquid flow (as developed by The University of Tulsa) to concentrate the drilled solid particles into a solid rich stream for efficient separation. The developed compact separation system should also accommodate and control possible gas kicks during the drilling operation.  It also can be used for sand removal from oil/gas production streams. The deliverables of this investigation are: (1) Experimental results of laboratory testing of the 3-phase gas-liquid-solid compact separator for mud drilling operation; (2) Field data of 3-phase gas-liquid-solid compact separator prototype; and, (3) An improved design and design criteria of 3-phase gas-liquid-solid compact separator ready for field applications.
19) Platform to Platform Pipeline Flow Behavior (Future)
There is a great uncertainty in the predictions of pressure loss in gas-liquid flows between platforms.  Several flow patterns can occur, including severe slugging and ultra severe slugging.  The system can also be dominated by the flow through the downcomer, where transition between annular falling film and dispersed bubble flow occurs.  The location of the interface, which is not known, can significantly affect the pressure recovery in the downcomer.  The objective of this project is to construct a “platform to platform” flow system on a skid.  This system will be used for both demonstration and research.  Experimental data will be acquired for the different flow patterns and a mechanistic model will be developed for prediction and design purposes.  The final deliverable is a design code for “platform to platform” systems.
20) Universal Breakup/Coalescence Model (Future)

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 and tracking 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: (i) Characterization of the continuous-phase (swirling flow, pipe flow, channel flow and segregated flow velocity field); (ii) Characterization of the dispersed-phase (droplets, bubbles and solid particles motion); and, (iii) Interface analysis (droplet and bubble diameters). The solution schemes that will be developed are: (a) Eulerian-Lagrangian Scheme; (b) Lagrangian-Bubble Tracking Scheme; and, (c) Simplified Models of schemes ‘a’ and ‘b’.  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.

21) CFD Simulations of CMSS© Components (Future)

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©. 

22) Operational Envelope for LCO in GLCC© – Experiments and Modeling (Future)
The model for the prediction of the operational envelope (OPEN) for liquid carry-over (LCO) and the corresponding prediction of percent LCO in the GLCC© design code are outdated.  An experimental program will be conducted and data will be acquired for the OPEN under different flow conditions.  A new model for the OPEN will be developed and implemented in the GLCC© design code.
23) Gas Carry-Under in GLCC© – Experiments and Modeling (Future)
The models for the prediction of the gas carry-under (GCU) and the corresponding prediction of percent GCU in the GLCC© design code are outdated.  An experimental program will be conducted and data will be acquired for GCU under different flow conditions.  A new model for the GCU will be developed and implemented in the GLCC design code.
24) GLCC© Inlet Slot Optimization (Future)
The inlet nozzle/slot geometry has not been studied in the past, including the slot opening cross sectional area and the nozzle plate orientation (vertical or off vertical).  Also the -270 inclination angle of the inlet has been optimized for conditions of equal GLCC© and inlet diameters.  For GLCC©s where the inlet diameter is smaller than the GLCC© diameter, the optimal inlet inclination angle might be lower than -270.  An experimental and theoretical investigation will be carried out aimed at optimizing the inlet design.
 25) GLCC© Liquid Outlet and Gas Outlet Optimization (Future)
This project is focused on the optimization of the GLCC© liquid outlet and gas outlet geometries.  Axial, radial and tangential inlets will be investigated experimentally and modeled theoretically, which will result in proper design of the outlets.
26) Other GLCC© Geometries Consideration (Future)
Different geometries of the GLCC body will be studied experimentally and theoretically.  One of the geometry is different diameters for the upper and lower part of the GLCC, for different applications.
27) Verification of GLCC© Performance with Real Fluids at High Pressure (Future)
The long term scope of this multi-project is as follows:

· Performance tests with high pressure (HP) (20 - 100 bar)

· Performance tests with real fluids (condensate and crude oil)

· Performance tests at high gas and liquid loads

· Evaluation of existing models with data from test with HP and real fluids

· Extension of GLCC model for HP and real fluids

· Field testing of GLCC

· Verification of model with field data
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