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Introduction
[bookmark: _GoBack]Multiphase flow pumps are systems which utilize one pump to boost complete untreated production flow. The flowing fluid is usually a mixture of oil, gas, water and other solids. This is done through a multiphase gathering pipeline system. The system eliminates the need for an infrastructure which separates the components that make up the flow. Furthermore, the systems put on the well pads reduce the backpressure thus increases the oil and gas production. Multiphase systems cannot depend on one operating point as common with process pumps and compressors. They are designed to adapt to varied operation parameters through a wide operation envelope which makes flow rates and pressure uncertain. Multiphase flow pump design is dependent on the results obtained from exploration well tests, and reservoir (Hua et al., 2011). This paper contains a brief description of Multiphase flow pumps working at high gas volume fraction or percentage. Comparison with other flow pumps will be given to bring out the uniqueness that gives it the features therein.
Description of Multiphase Flow Pumps
Multiphase flow pumps are key for subsea boosting. This pump increases pressure from the well which is necessary for driving the oil to the first separator. The system resistance curve consists of static and dynamic flow resistance. The pumps have subsea modules designed and well customized for the application. Over the years, varied pump stations have been installed.  For instance, Framo-single and dual pumps have enabled operation in both parallel and series for flexibility in terms of overall turn down. Series configuration increases the total differentiation pressure of the pump station while the parallel configuration causes an upward rise in volumetric flow rate capabilities. The pump system can be designed to include a bypass line which allows for production in case of failure of the pump system.  Critical process components are an integral part of the pump station to ensure clustering of all the key components with respect to the functionality of subsea pump system (Hua et al., 2011). This simplifies the overall control requirements.
Power and a control unit module are installed on the pump system between the subsea pump and host facility for the provision of high electric power as well as small power signals, hydraulic fluid and chemicals that operate and control the pump station. Multiphase flow pumps can handle complete production from a well therefore without the need for separating or processing the production stream at the wellhead. The costs associated with surface facilities are, therefore, reduced which has an implication on the overall production costs. Furthermore, previous uneconomical fields have been turned into productive sites as a result of a multiphase pump system. The pump can handle high volumes as well as slugging. Multiphase pumps have several examples which include twin-screw pumps and helicoaxial pumps (Crossley et al., 2011).
Differences between multiphase flow pump (for gas and liquid mixture) and single-phase flow pump (for liquid).
Multiphase flow pumps have a reduced wellhead pressure through an increased head to the raw well stream compared to single phase flow. This is to overcome pressure from downstream pipelines and facilities.  Multiphase flow pumps make it possible for the flow of gas and liquid mixture due to the complexity in the system configuration in comparison to the single-phase flow pump which only allows liquid flow (El-Gammal et al., 2010). Therefore, multiphase pump system has a lowered wellhead pressure which initiates the well flow, unlike a single-phase flow which has only one fluid and thus can allow for flow with high pressure with little disruptions. Furthermore, the design of a multiphase pump includes provision for a wide range of operating parameters, unlike the single phase one which has almost a constant flow thus eliminates the wide range of parametric variations.
Single phase flow pumps have a high speed compared to multiphase flow pumps. The sharp fluctuations in the density of the fluid mixture cannot allow for a fast flow in the multiphase system unlike in single phase flow where the only fluid involved is a liquid whose density is lower allow for a faster flow. The fluctuations in the density of the flowing fluid is also a cause for the lower speed in multiphase flow pumps (El-Gammal et al., 2010). This arises due to variations in the torque of the shaft which might cause a lot of mechanical issues in the pump in case of high-speed movements.
The design of multiphase flow pumps is more complex compared to single phase flow pumps. For single phase configuration, the design only required a simple principle to move the liquid from a low-pressure side to a high-pressure side or a design that allows for the transfer of kinetic energy through a rotating impeller after which the kinetic energy is transformed into potential energy that lifts the liquid. On the other hand, multiphase pump systems combine all the principles applied in the single-phase flow pumps to make a hybrid pumping system that operates with all the mentioned principles. When the mixture flows through the diffuser, its speed decreases, and part of the kinetic energy is converted to pressure energy. Furthermore, the diffuser can adjust the flow type of multiphase flow and ensure the normal operation of the next stage (Zhang et al., 2011).
There are many stages in multiphase flow pump unlike in single phase ones. The design was proposed to allow for division into several sections through a consideration of the medium in each subsection. This is different from the single-phase pump which can have a single stage since the involved fluid is in one form. This explains why the multiphase pump uses a rotor-dynamic mechanism. One stage could, for instance, be called a compression cell having an impeller and a diffuser but another stage having a suction unit with several compression cells (Zhang et al., 2011).
Difference between multiphase (gas-liquid) flow pump at a high gas percentage (say 80% and above gas) and a compressor.
A compressor is a mechanical device which increases the pressure of gas through reducing its volume (Lüdtke, 2013). Even though either of them can be used to move a fluid through a system, there is a big difference between the two in terms of operation. A multiphase flow pump can move both gases and liquids at the same time, unlike a compressor, which is designed to move a gas only at high pressure. Therefore, the head is large in the multiphase pump in comparison to compressors. However, the pressure builds up in compressors can allow for movement to a large head compared to the multiphase flow pump system (Lüdtke, 2013).
The complexity of operation and design of a multiphase flow pump is higher compared to a compressor. For a multiphase pump at high GVF, liquids continuously flow while alternating with some gas pockets which then results in a mixture density. On the other hand, compressor increases the pressure of gas due to the reduction in volume and since it is only one gas, a constant flow can be maintained once the pressure required is left constant. In short, constant flow is experienced in compressors unlike in multiphase pump systems which have transient flow as a result of the gas-liquid mixture (Dehaene, & Beauquin, 2011). A multiphase pump might be thought of as a hybrid system in terms of design with a combination of a pump and a compressor to achieve its flow functions. Thus, the system is complex compared to compressors.
Multiphase pumps are governed by a suction head and delivery head unlike compressors which operate on the operation ratio principle. This is a proof that speed in molecular movement is high in compressors as compared to the pump. The liquid-gas molecules in the pump have a high density even with an increased GVF which then lowers the speed of the fluid unlike in the case of compressors.  A significant change in the volume of a fluid is possible in compressors compared to that in multiphase pumps. This is because gases compress with lower pressure compared to the liquid-gas mixture. Therefore, there is a significant change in volume due to temperature change when dealing with a compressor unlike in a case of the pump whether it's at high GVF or low. The aim of a compressor may not necessarily be the movement of a fluid but sometimes just squeezing (Dehaene, & Beauquin, 2011). On the other hand, a multiphase pump operates to move the fluid from one location to the next. That is why they are used in oil exploration and extraction.
Modification of a single-phase flow pump to handle gas-liquid flow
Modification of a single flow pump to handle gas-liquid flow involves the addition of the necessary complexities required to handle the pressure requirements for the gas-liquid flow. The mixture density keeps fluctuating which makes it necessary to increase the resistance capabilities of the pump in use so that it can handle the pressure fluctuations which also affect the pump head. The material of the single-phase flow must be strengthened to make sure they withstand the pressure which protects the pump as the fluids move from one stage to the other which affects pressure and volume of the fluid. The compressor needs to be added to the pump to enable the system to handle the fluctuating flow requirements in the gas-liquid flow.  The single-phase pump should be given a suction head and a delivery head for conversion into the system that will handle the gas-liquid flow (Brenner, 2013). The system power must, therefore, be enough to withstand the constant changes during the flow.

	The single-phase flow system should be modified in the design to give gravitational body force a high impact which enables efficiency in the flow. The system should also include a mechanism that handles static and dynamic resistance. The dual operation which enables the pump to operate in parallel and series must also be added to the system to cater for both upward rise in volumetric flow rate capabilities and total differentiation pressure on the pump. Power and control modules should be included on the single-phase flow pump to cater for high demand on the electrical energy required to facilitate pumping. The system should be given flow-induced pressure handlers to enable an increase in gas volumes without affecting the exit velocity which should be maintained high (Brenner, 2013).  
Modification of gas-liquid flow pump to handle high gas percentage rather than low percentage of gas
 There are a number of modifications aimed at making the gas-liquid flow pump able to handle high gas percentage. High gas percentage requires the system to be able to withstand high pressure due to the change in the gas volume. The compressor system incorporated must be one having a high capacity to withstand the pressure. With the high percentage in the gases, the velocity of the flow is expected to be high. This makes means insulation in the system should also be able to handle the increased temperatures associated with high flow in gases compared to fluid. The systems should have nozzles that can withstand the pressure from a high content of gas which prevents the wear and tear through the system which would cut down on the costs involved in repairing systems that have high gas content (Mokhatab et al., 2013).
The compressor should be boosted to handle very high pressure coming from the high gas content which makes the system to withstand pressure and thus protects the system from high changes in the pressure and velocity. The head of the pump requires addition which ensures that the rise in velocity as a result of the high gas content is well addressed. Therefore, the well head pressure should be improved on the low-pressure pump to make it able to handle the requirements at high pressure. The shaft has to be modified and fortified to handle the high torque requirements. This avoids the mechanical breakdowns that occur due to high demands on the pump shafts.  The diffuser should be redesigned to handle the sudden change in the flow of the fluid which has a high content of gases. The number of stages can now be reduced since the flow tends towards the single-phase operations nature. The gas medium dominance makes it unnecessary for many stages which are common when the dealing with flows that involve fluids that have an almost equal percentage in terms of liquid and gas (Mokhatab et al., 2013).  
Conclusion
In conclusion, Multiphase flow pumps systems are the currently developed hybrid technology which tries to do away with the limitations of the single-phase pumps. This has made it possible to move the mixed fluid without trouble.  The need for the infrastructure necessary for separating the components in the flow is no longer there. Multiphase systems cannot depend on one operating point due to the complexity which then differentiates them from both the single-phase flow pumps and compressors. Their design is made to adapt to varied operation parameters which enables them to have a variable flow that accommodates the gas-liquid mixture. Therefore, the characteristics describe Multiphase flow pumps that work at high gas volume fraction or percentage.
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