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Question 10-4 a 

Classifications of Horizontal Multiphase Flow Regimes 

The Beggs and Brill Correlation, can be applied to any flow direction (horizontal or vertical) although 

two-phase flow in horizontal pipes is different from that in vertical pipes. Flow regimes in horizontal 

flow does not affect the pressure drop as significantly as it does in vertical flow, because there is no 

potential energy contribution to the pressure drop in horizontal flow. Slugs are an important 

consideration when designing slug catchers or separators especially in offshore operation where 

fluids are transported long distances. 

The classifications of flow regimes seen in horizontal flows are: 

i. Segregated Flows: Here, liquid flows along the bottom of the pipe while gas flows along the 

top of the pipe. The two phases (gas and liquid) are for the most part separate and are 

further classified as stratified smooth flow, stratified wavy (ripple flow) and annular flow. 

Their differences are seen in the table below; 

Stratified Smooth Flow Stratified Wavy Flow Annular Flow 

a. Occurs at relatively 
low rates of both 
phases. 

Occurs at higher gas rates. Occurs at high gas rates 
and relatively high liquid 
rates 

b. There is a smooth 
interface between 
the two phases.  

There is a wavy interface 
between the two phases.  

There is an annulus of 
liquid coating the wall of 
the pipe and a central core 
of gas flow, with liquid 
droplets entrained in the 
gas. 

 

ii. Intermittent Flows: These are horizontal flows in which gas and liquid are alternating. It is 

classified into two major types: slug flow and plug (elongated bubble). Their difference is 

seen below: 

Slug Flow Plug Flow 

a. Consists of large liquid slugs 
alternating with high-velocity 
bubbles of gas 

Large gas bubbles flow along the top of 
the pipe, which is otherwise filled with 
liquid. 

 

iii. Distributive Flow Regime: These are flow regimes in which one phase is dispersed in the 

other phase. It is classified into bubble, dispersed bubble, mist and froth flow. For the 

horizontal flow, the gas bubbles are concentrated on the upper side of the pipe. Mist flows, 

sometimes referred to as ‘annular mist’, occurs at high gas rates and low liquid rates and 



consists of gas with liquid droplets entrained. Froth flow also describes the mist or annular 

mist flow regime. 

 

Question 10-11 a 

Flow through Restriction on both single-phase liquid flow and single-phase gas flow 

Pressure drops caused by fluids passing through pipe fittings (tees, elbows, etc.) or valves, secondary 

flows and additional turbulence, must be included to determine the overall pressure drop in a piping 

network. This is done by adding the equivalent length of the valves and fittings to the actual length of a 

straight pipe when calculating pressure drop. 

Flow Through Chokes 

A wellhead choke is a device that places a restriction in a flowline and is used to control the fowrate for 

most flowing wells. When gas or gas-liquid mixtures flow through a choke, the fluid is critical and may 

reach sonic velocity in the throat of the choke. To predict the flowrate-pressure drop relationship for 

compressible fluids flowing through a choke, it is important to determine whether or not the flow is 

critical. The device in the choke that restricts the flow is called the bean (64ths of an inch). 

Flow through a restriction (choke) on single-phase liquid flow 

A single-phase liquid rarely passes through a wellhead choke because the flowing tubing pressure is 

almost always below the bubble point. However, when it occurs, the flowrate is related to the pressure 

drop across the choke by the formular below; 

q=CA√
2𝑔𝑐 𝛥𝑝

𝜌
 ……… (3) 

This is based on the assumption that the pressure drop through the choke is equal to the kinetic energy 

pressure drop divided by the square of a drag coefficient. A single phase liquid flow is usually a subcritical 

flow. 

In oilfield units, Eq. 3 becomes  

Q = 22,800*C*(D2)2 √
 𝛥𝑝

𝜌
 …….. (4) 

Where q = Flowrate (bbl/d) 

 D2 = Choke diameter (in.) 

 𝛥𝑝 = Change in Pressure (psi) 

 Ρ = Density (lbm/ft3) 

 A = Cross sectional area of the choke.  

C = Flow coefficient of the choke 

 



Flow through a restriction (choke) on single-phase gas flow 

A fluid expands when a compressible fluid passes through a restriction. It is commonly assumed that 

flow through a choke is critical whenever the downstream pressure is less than about half of the 

upstream pressure. For isentropic flow of an ideal gas through a choke, the rate is related to the 

pressure ratio, p2/p1 (when the pressure ratio is equal to or greater than the critical pressure ratio), by 

the equation below; 

……… (5) 

In oilfield units; 

………… (6) 

Where qg is in MSCF/d 

 D64 = Choke diameter 

 T1 = Temperature upstream of choke (oR) 

 ϒ = Heat capacity Ratio 

 ϒg = Gas gravity 

The pressure ratio is given by; 

…………. (7) 

 



 
 



 

 



 

 

 

 

 



 

 

 



 

 



 

 



 

 



 

 



 

 



 

 

 

 

 



 

 



 

 


