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Nomenclature

Cross section area of tubing, ft?

Cross section area of choke, ft

Brake horsepower, HP

Choke discharge coefficient, 0.62—0.90
Clearance, which varies from 0.04 to 0.16
Specific heat at constant pressure, Btu/ Ib/ °F
Specific heat at constant volume, Btu/ 1b/°F
Liquid specific heat constant

Differential pressure, psi

Choke diameter (64th in.)

Tubing inner diameter, ft.

Piston diameter, ft.

Piston rod diameter, ft.

Choke downstream to upstream pressure ratio
Mechanical efficiency, usually is taken about 0.85
Volumetric efficiency, is usually taken to be 0.88-0.98
Pump efficiency, less than 1

Kinetic energy

Polytropic efficiency

Friction factor

Normalization friction factor

Water to oil ratio

Correction factor for pressure drop between stages
Acceleration gravity, 32.2 ft/s?

Mass flux at downstream, Ibm/ ft?/s

Gas to oil ratio (scf/ STB)

Productivity index, STB/D/psi

Thickness, ft

Pump head or length, ft

Horsepower, hp

Required theoretical compression power, hp/MMcfd
Polytropic head, ft-Ib/lb

Gas horse power, hp

Mechanical power losses, usually used as 50 hp
Liquid holdup

Mass influx, lbm/s

Measured depth, ft

Mass flow rate, Ib

pumping speed in strokes per minute

Number of stages

Renold number

Froud number

Polytropic gas exponent

Specific heat ratio, Cp/Cv

Relative permeability, md

Effective permeability of the oil, md

iX



I Stroke length, in.
L1, L2, L3, L4 Transition boundaries

Pwf Bottomhole pressure, psi

p Pressure, psi

Pr Current average reservoir pressure, psig
Pup Upstream pressure at choke, psi
Pdown Downstream pressure, psi

Ap Pressure drop, psi

Qo Oil rate at pwt, STB/D

(Q0) max Maximum oil flow rate at zero wellbore pressure, STB/D
Qg Gas flow rate, Mscf/d

oft Real outlet flow rate, bbl/day

Qth Theoretical outlet flow rate, bbl/day
Rs Solution gas oil ratio, scf/STB

R No-slip gas/liquid volume fraction
Reconst Gas constant given by 1,544/ Mua in psia-ft3/ lom-R.
r Compression ratio

Mw Wellbore radius, ft

e Drainage radius, ft

S Skin factor

S Compressor speed, rpm.

TVD True vertical depth, ft

Twf Bottomhole temperature,’F

T Temperature,’ F

AT Temperature rise, °F

\Y Specific volume at upstream, ft3/ lom
Vs Superficial velocity, ft/sec

Vm Mixture velocity, ft/sec

WC Water cut

w Power required, HP/ MMscf/D

X Mass fraction

Ye Critical pressure ratio

Ya Actual pressure ratio

z Compressibility factor, psi™

Greeks

P Density Ib/cuft

B Formation volume factor, scf/STB

u Viscosity, cp

Np Polytropic efficiency

o Surface tension at upstream conditions, dynes/cm
0 Deviated angle

4 Liquid holdup correction factor

pm Mixture density, Ibm/cu ft

Pn Non slip density, lbm/cu ft

Ps Slip density, Ibom/cu ft

¥ Specific gravity

AL Liquid content



Subscripts
G

0

W

L

Abbreviations

FL

IPR

M

MM
Sep
Comp
WHP
WHT
FWHT
VLP
Superscripts
sC

tp
1
2

Gas
Oil
Water
Liquid

Flowline

Inflow performance relationship
Manifold

Main manifold

Separator

Compressor

Wellhead pressure

Wellhead temperature

Flowing wellhead temperature
Vertical lift performance

Standard conditions
Two-phase
Upstream
Downstream

xi



