Preliminary Analysis Of Dynamometer

Recordings On Bottom Hole
Hydraulic Pumps

By JOHN B. WOODS
Johnson-Fagg Engineering Company

pressure changes. This means that the total pressure is
not measured, but only the small pressure impulses result-
ing from pump operation.

The only connection needed at the wellis a 1/4 inch pipe
outlet in either the power oil side of the system or the
production side. Best results canbe obtained by taking the
card at the well head. If the card is taken at a central
manifold, the triplex vibrations may be of such magnitude
as to make interpretation of the card difficult. A total of
ten dynamometer cards are presented here. Production
varies from 2 barrels per day to 210 barrels per day. The
operating pressure varies from 1400 psi to 4500 psi. This
group includes cards on five different designs of hydraulic
pumps.,

EXAMPLES

WELL DATA - DEPTH - 6300 PS|
PRODUCTION 210 B/0

.41 L2

UPSTROKE

DOWNSTROKE

DESCRIPTION

The Hydraulic Dynamometer is essentially a sensitive
pressure recording instrument which includes a timing
element.

The instrument itself was developed about ten years ago;
however, it has only been used extensively in the last four
years. The information that has been accumulated points
to substantial economies in the hydraulic pumping field.

The instrument consists of a ring type dynamometer in
series with apistonin ahydraulic cylinder. When hydraulic
pressure is applied to the cylinder, the resulting force on
the piston is transmitted to the dynamometer ring and
thereafter recorded on achart. A cross-springpivot timer
measures the chart speed. The piston in the load cell is
balanced in such a manner as to reflect the pressure change
due to operation of the bottom hole hydraulic pump.

OPERATION

The first step in operation is to bring the triplex pressure
into the instrument manifold. Both the top and bottom side
of the load cell piston is exposed to this pressure. The total
force on each side of the piston is then balanced and the
valve is closed leading to the bottom of the piston.

The piston, being in balance, is sensitive to the small
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PUMP DAT4 ~ OPER. PRESS. 1400 PS|
ST. PER MINM. S8.7
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Card No. 1 was taken on a single acting pump with a con-
trolled downstroke with full loading on the production end
of the pump.

Cards No. 2 and 3 were taken on a single acting pump
with a controlled downstroke operating under gassy well
conditions.

Card No. 4 shows the degree to which control is possible
but not practical.

Cards No. 5 and 6 show a double acting pump operation.

Cards No. 7, 8, and 9 are of three pumps made by three
manufacturers. All wells are in the same field. In this
case, the operator desires to produce all available fluid.
The stroke lengths vary from 60 to 65 inches. All three
pumps are single acting type with no downstroke velocity
control. In each case the downstroke velocity is very
fast — approximately .60 seconds. The downstroke times
are within .08 seconds of each other,

Card No. 10 was taken on a single acting controlled pump
operating in a pumped-off well.

In order to attach the proper significance to the above
dynamometer cards, a brief review of what happens inside
the production end of the well seems appropriate.

The most common hinderance to efficient pumping is
pump cavitation. This is evident when it is realized that
only a small percentage of pumping wells operate with a
high pump efficiency. In the majority of cases, pump dis-
placement is greater than the well’s ability to produce.
This means cavitation or a partial filling of the pump
barrel with gas.

When cavitation occurs in a single acting hydraulic
pump, the downstroke velocity is governed by the weight
of the column of fluid on the pump plunger. This force
is so much greater than the force exerted by the triplex
pressure that it takes charge and dominates the downstroke.
In double acting pumps, both the upstroke and downstroke
become very rapid when cavitation in the production end
of the pump occurs.
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CARD NO. |
PUMP DATA WELL DATA
STROKES PER MINUTE = 23.7 Depvh 6300 rT.
OPERAT ING PRESSURE = 2350 PRODUCT 1ON 210 8/0
Si1ze 2 x 1-5/8 x 1% x 3/8 x 49 WT. PRODUCTION FLUID 2595 psi
ORiFIceE = 7/32 = ,0376 5Q. IN. Wr. Power FLulD = 2320 pst

FELLY

L2227
OOWNSTROKE ALL FLUID UNDER PUMP P|STON

PLL1T16) + (L358) Py = Py (2.074)
4670 (1.716) + (.358) 2595 = P, (2.074)

Py = 4310 pst

AP = 4670 - 4310 = 360 psi
V = 7.944 YAF = 7.944 230 = 150.8 F7./86c. = 1810 In./sEC.

¢ = VA = (1810} (.0376) = 68.0 cu.in./sEc,

%Bl:—gg = 1.495 sec. FOR DOWNSTROKE TIME
1.410 SEC. ACTUALLY MEASURED
CARD NO. 2
PUMP DaTA WELL DATA
STROKES PER MIN. = 21.9 JEPTH 10,000 f7
TRiIPLEX PRESSURE 3500 es| PropuCT ION 50 BeL WATER =47 olIL

PuMp END EFFICIENCY 55.7»

Size 2 x 1-5/8 x I-1/4 x 3/8 x 49
WT. PrRooucTion FLuID .362 esi/FT

OrtFice = 3/16™  .0276 Sq. In.

- 3620 psi
WT. Power FLulD - .35 psi/rT,
- 3500 Psi
1&
=
A AREA ENGINE PISTON =:2.074 sQ. IN.
Ae
A = AREa MiooLe Roo = .358 sq. IN.
»
A_ = ARea Pump PisTON 1.227 sq. IN.
P
Ay
P = TRIPLEX PRESSURE 3500 psa
) Ao P, = PRESSURE UNDER ENGINE PISTON = Pr
WEIGHT POWER FLUID

3 Py = WEIGHT PRODUCTION FLUID
P, = PRESSURE ABOVE ENGINE PISTON TO ESTABLISH
EQUIL1BRIUM OF FORCES ON PISTON ASSEMBLIES
WHILE PUMP IS ON DOWNSYROKE
JOWNSTROKE &ALL FLUIGC UNDER PUMP PISTON
' P, (Ag-Ag) + aplPy) = Py (Ag) l
7000 (2.074 - .358) + .358 (3620) - Py (2.074)
Py = 6380 psi

4 P BELOW AND ABOVE ENGINE PISTON = Pl - F’ = 7000 - 6380 - €20 ps
V = 7,944 PAP = 7.944¥620 = 196 rT/sEC = 2350 IN./sEC

Q = VA = 2350 {.0276) = 64.8 cu.IN./sEC.

AMOUNT OF FLUIO TO FLOW THROUGH ORIFICE = 2,074 x 49 = 101.63 cu.In.
101.63 1,566 SEC. FOR DOWNSTROKE

64.8

JOWNSTROKE NO FLUID UNDER PUMP PISTON

t P e = Aq) = Py (Ag) + Py (3p - Ag)
7000 (2.074 - .358) = P, (2.074) + 3620 ({.227 - .358)

Py = 42B0 ps1

AP BeLow & ~BOvE ENGINE PisTon = P, - P, = 7000 - 4280 = 2720 ps3)
VeLoc 1Ty = 7.944 VAP = 7,944 F3720 = 414.0 rr/sec. = 4960 in./sec,

Q VA 4960 (.0276) == 137.0 cu. in./sec,
SMOUNT OF FLUID TO FLOW THROUGH ORIFICE = 10}.63 cu. IN.
101.63
137.0 742 SEC. FOR JOWNSTROKE
DOWNSTROKE TIME NO FLUID = 742 sec,
JOWNSTROKE TIME ALL FLUID = 1.566 sec.
PuMp END EFFICIENCY = 55,7,

.557 (1.566} = .e72
.443 { .742) = _,328
1.200 THEORETICAL DOWNSTROKE TIME

1.370 ~ ACTUAL DOWNSTROKE TIME

CARD NO. 3
PUMP DATA WELL DATA
STRORES PER MINUTE = 12,8 OepTH = 9130 rT.
OPERAT ING PRESSURE = 2250 p31 ProoucTIoN = 95 B/D 0L

Size = 2~1/2 x 2 x 1-1/2 x 3/8 x 66 Pump END EFFICIENCY = 41.7%
ORIFICE - 1/4" = 0491 BQ. IN. Wr. PRoODUCTION FLUID = 3380 esy
Wr. PowErR FLuto = 3380 ps)

DOWNSTROKE ALL FLUID

PI
5630 (2.784) + .358 (3380) = P, (3.142)
[

(2.784) + P, (.358) = P, {3.142)

x = 5380 psi

AP = 5630 -~ 5380 = 250 ps|



= 7.944YAP = 7.944 Y3250 = 125.7 ¢T./s€c. =
Q-

<

1509 tn./sec.

VA = 1509 (.0491) = 74.0 cu.in./sEC.

207.37

74.0 = 2.8 sEc.

FOR DOWNSTROKE

OOWNSTROKE NO FLUID

Py

5630 (2,784} = P, (3.142]) + 3380 (1.409)

(2.784) = P, (3.142) + P, {1.409)

x
P, = 3485 ps)
4 P = 5630 - 3485 = 2145 ps)

7.944 V&P = 7,944 V2145 = 367.5 fr./sec. =
VA = 4410 (,0491) =

v =
Q=

4410 In./sEC,
216 cu.In./sEC,

207.37

216.0 = 0.96 sec.

FOR DOWNSTROKE

DownsTROKE TIME NO FLUID = 0.96 sEc.

DownsTROKE TIME ALL FLUID = 2.80
41.7%

1. 165

PuMP ENO EFFICIENCY =

2.8 x .417 =

.96 x .593 = __.569

i.734 THEORETICAL
DowNSTROKE TIME

1.520 ACTUAL DOWNSTROKE TIME

CARD NO. 10
PUMP DATA WELL DATA
STROKES PER MINUTE = 25.2 CepTH = 6900 FT.
OPERAT ING PRESSURE = 2700 e8I PRODUCTION - PUMPED OFF
S1ze = 2 x 1-5/8 x 13 x 3/8 x 60 WT, PRODUCTION FLUID = .36 pS1/FT
ORiFice  3/16 orificE = 2480 ps)
WT. POWER FLUID = 2480 ps)
ise
DOWNSTROKE NO FLUID UNDER ENGINE PISTON
P, (1.716) = P, (2.074) + P, (.869)
5180 (1.716) = P, (2,074} + 2480 ( .869)
P, = 3250 ps)
4P = 5180 - 3250 = 1930 ps)
V = 7.944 VAP = 7.944 Y1930 = 348, rr./sec. = 4180 In./sEc.
Q = VA = 4180 x 02761 = 115.5 cu.In./sEC.
124,44 _
G 1.08 SEC. DOWNSTROKE TIME
1.12 ACTUAL DOWNSTROKE TIME
CARD NO. 7
PUMP DATA WELL DATA
STROKES PER MINUTE = 8.12 DerTH = 6950 FT.
OPERAT ING PRESSURE = 2600 ps1 PRODUCT ION =2a8/o
Size 2% x 1§ x % x 3/8 x 588 WT. PRODUCTION FLUID + 40° GRAVITY
ORIFICE Two 3/16 HOLES - NO CONTROL = 2480 ps
WT. POWER FLUID = 2480 psi
RELY 4
DOWNSTROKE NO FLUID UNDER ENGINE PISTON
P, (2.047) = P, (5.405) + Py (1.409)
5080 (2.047) = P, (2.405) + 2480 (1.409)
P, = 2870
AP = 5080 - 2870 = 2210 es1
V = 7.944 YaP = 7,944 Y2210 = 373.5 Fr./sec. = 4480 In./sec.
Q = VA = 4480 (.0552) = 247. cu.IiN./sEc.
.5 <573 SEC. DOWNSTROKE T{IME
247
646 SEC. ACTUAL DOWNSTROKE TIME
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Analysis of the above dynamometer cards shows that in
a single acting pump the downstroke time has a definite
relationship to the fluid in the production end. This re-
lationship can also be shown theoretically. Comparison
of the actual cards with the theoretical calculations agree
very closely.

The attached calculations are presented to show the
method used and the close correlation between theoretical
and measured downstroke times,

Dynamometer cards have also been taken on double
acting pumps. In one case, dynamometer cards were
taken during normal operation. The well was shut in for
24 hours. After startup, dynamometer cards were taken
at regular intervals until the well conditions again returned
to normal. The last dynamometer card was identical in
shape to the original card. Thus, it also seems apparent
that dynamometer cards on double action pumps reflect
actual well conditions.

Dynamometer cards No. 7 and 10 show two single acting
pumps operating on the same lease. CardNo. 7 is without
downstroke control, and Card No. 10 is with downstroke
control. By controlling the downstroke velocity, the detri-
mental effects of high impact loads may be decreased to
a tolerable value. The need for this control is further
shown by the impact curve.

CONCLUSIONS

The dynamometer card is not only a record of the pump
strokes, but is also an accurate count of the strokes per
minute. Pump volumetric efficiency cannot be computed
accurately without knowing how fast the pump is running.
It is believed.that as the interpretation of hydraulic dyna-
mometer cards expands, the hydraulic dynamometer will
become as necessary a part of hydraulic pumping as the
polished rod dynamometer is to beam pumping.



