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Compressing Fluid
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Sucker-Rod PumpSucker-Rod Pump

Intake Valve, 
SV

Intake Valve, 
SV

Discharge 
Valve, TV
Discharge 
Valve, TVPressure 

at bottom 
of tubing

Pressure 
at bottom 
of tubing

Pressure in 
casing at depth 
of pump intake

Pressure in 
casing at depth 
of pump intake



Intake Cycle Intake Cycle 
BB--CC

Compression Compression 
CC--DD

Expansion Expansion 
AA--BB

Discharge Cycle 
D-A



Basic MechanismBasic Mechanism
Valve opens when pressure below valve
greater than pressure above valve.
Valve closes by flow.
Pressure in barrel is a function of plunger 
travel and compressibility of fluid in 
barrel.
Discharge pressure is pressure at bottom 
of tubing (PDP)
Intake pressure is controlled by casing 
pressure and fluid column in annulus 
(PIP)



Compression/Expansion of Oil at Constant 
Temperature
Compression/Expansion of Oil at Constant 
Temperature

10 cu. ft10 cu. ft 9.95 cu. ft9.95 cu. ft 10 cu. ft10 cu. ft

0 0 psipsi 600 600 
psiapsia

0 0 psipsi

When barrel is full of oil, piston When barrel is full of oil, piston 
travels  down or up by 0.1 inch travels  down or up by 0.1 inch 
and pressure changes by 600 and pressure changes by 600 psipsi
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UT UT 
Laboratory Laboratory 
Instrumented Instrumented 
SuckerSucker--rod rod 
PumpPump



““Sucker Rod AcousticsSucker Rod Acoustics”” in the Labin the Lab



Start of Upstroke – SV ClosedStart of Upstroke – SV Closed
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Upstroke – SV OpensUpstroke – SV Opens

Plunger 
rising 
and  at 

0.1 inch 
from 

bottom



Middle of Upstroke – SV OpenMiddle of Upstroke – SV Open

Plunger 
Rising 
and at 
14.7 
inch 
from 

bottom



Top of Upstroke – SV ClosedTop of Upstroke – SV Closed

Plunger 
at top at 

23.7 
inch 
from 

bottom



Start of Downstroke – TV closedStart of Downstroke – TV closed

Plunger 
falling 
and at 
23.6 
inch



Downstroke – TV OpeningDownstroke – TV Opening

Plunger 
falling 
and at 
23.5 
inch 
from 

bottom



Middle of Downstroke – TV OpenMiddle of Downstroke – TV Open

Plunger 
at 12.5 
inch 
from 

bottom



End of Downstroke – TV ClosingEnd of Downstroke – TV Closing

Plunger 
at 1.7 
inch 
from 

bottom



Bottom of Downstroke – TV ClosedBottom of Downstroke – TV Closed

Plunger 
at 0 
inch, 

bottom 
of stroke



Beginning of Next Upstroke – TV ClosedBeginning of Next Upstroke – TV Closed

Plunger 
at 0.4 
inch



Pump Filled With LiquidPump Filled With LiquidPump Filled With Liquid



Compression of Gas at Constant 
Temperature
Compression of Gas at Constant 
Temperature

10 cu. ft10 cu. ft 5 cu. ft5 cu. ft 2.5 cu. ft2.5 cu. ft

15 psia15 psia

30 psia30 psia
60 psia60 psia

Plunger moves Plunger moves ½½ the distance to bottom the distance to bottom 
of the barrel and pressure only doublesof the barrel and pressure only doubles



Gas CompressionGas Compression
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Compression CycleCompression Cycle

Plunger  
at top at 

23.7 
inch 
from 

bottom

0
50

100

0510
Volume

Pr
es

su
re



DownstrokeDownstroke

Plunger 
Falling 
and at 
15.7 
inch 
from 

bottom



Downstroke Downstroke 

Plunger 
Falling 
and at 
11.8 
inch 
from 

bottom



DownstrokeDownstroke

Plunger 
Falling 
and at 
10.8 
inch 
from 

bottom



TV Beginning to OpenTV Beginning to Open

Plunger 
Falling 
and at 
10.6 
inch 
from 

bottom



Gas Starts Flowing Through TVGas Starts Flowing Through TV

Plunger 
Falling 
and at 
10.1 
inch 
from 

bottom



Gas Flow then Liquid FlowGas Flow then Liquid Flow

Plunger 
Falling 
and at 

2.8 inch 
from 

bottom



Bottom of DownstrokeBottom of Downstroke

Plunger 
at 

bottom



Pump Partially Filled With GasPump Partially Filled With GasPump Partially Filled With Gas



SummarySummary
Rod loading from pump is controlled by Rod loading from pump is controlled by 
difference in pressure above and below traveling difference in pressure above and below traveling 
valve.valve.
Pressure in barrel is a function of plunger travel Pressure in barrel is a function of plunger travel 
and compressibility of fluid in barrel.and compressibility of fluid in barrel.
Discharge pressure is pressure at bottom of Discharge pressure is pressure at bottom of 
tubing.tubing.
Intake pressure is determined by casing Intake pressure is determined by casing 
pressure, fluid column in annulus and pump pressure, fluid column in annulus and pump 
submergencesubmergence
Fluid column in annulus depends on well inflow Fluid column in annulus depends on well inflow 
performance.performance.
Partial liquid fillage has three possible causes: Partial liquid fillage has three possible causes: 
gas interference, well pumpgas interference, well pump--off and choked off and choked 
pump.pump.



Table of Casing/Tubing/Pump 
size 
Table of Casing/Tubing/Pump 
size 



API Rod 
Pump 
Designation

API Rod 
Pump 
Designation

20-125 RHBC 10-4-2

2-3/8 Tubing

1-1/4 Bore

Rod Heavy Bottom Cup

10 ft long barrel

4 ft plunger

2 ft extension



Questions ?Questions ?Questions ?


