Exercise G: Plunger Pump

Objective:   

To investigate the performance of a Plunger pump 

Method:  

Running the Plunger pump (C3-MKII-26) under different operating conditions (throttling the discharge valve) in order to obtain its operating characteristics.  Repeating this at different operating speeds to give a family of performance curves when plotted graphically.

Equipment Required:

· C3-MKII Multi Pump Test Rig
· Plunger Pump (Option C3-MKII-26)
· Volumetric Tank (Option C3-MKII-40)

Optional Equipment:

· Armfield C3-MKII-304 Data Logger with educational software.
· Thermometer suitable for fluid temperature measurement (Not supplied)

Theory:

Description of a Plunger Pump:  A plunger pump (or piston pump) is a reciprocating positive displacement pump. At its most basic, a plunger pump consists of a piston inside a cylinder which is fitted with an inlet valve and an outlet valve. Rotary motion in the gearbox is converted to reciprocating motion at the piston. As the piston is withdrawn from the cylinder the inlet valve opens and fluid is drawn into the cylinder.  As the piston changes direction and enters the cylinder the inlet valve closes, the outlet valve opens and the fluid inside the cylinder is forced through the outlet. The flow and pressure at the outlet of the pump therefore vary throughout the cycle, peaking at mid stroke and stopping during the suction phase.

Plunger pumps typically have good efficiency and can develop very high pressures. They are usually self-priming. They are also a simple and robust design and cope well with continuous use.  They are relatively expensive, however, compared to some other types of pump, and the cyclic pulsation of the flow and pressure can be a problem. The plunger pump supplied as C3-MKII-25 incorporates a single plunger with single action (pumps in one direction only). Different types of plunger pumps are available that are double acting, have multiple pistons etc. that can overcome some of the disadvantages of the simple plunger pump.

Operating Characteristics of a simple Plunger Pump:
The operating characteristics of a plunger pump may be described using graphs of pump performance. The most commonly used graphical representations of pump performance for a positive displacement pump are:
· Volume Flow Rate, Q against Maximum Outlet Head Ho,
· Power input to the pump, Pm, against Maximum Outlet Head Ho.
· Pump Volumetric efficiency, Ev, against Maximum Outlet Head Ho,



Calculations:
Maximum Outlet Head:
Because the head from the pump is continuously changing during the cycle, the Maximum Outlet Head Ho, is used to determine the performance of the pump.
Ho    =   Max value of p4
g
where p4 = fluid pressure at outlet in ~ l m '
Input Power
The mechanical power input to the pump may be calculated as:
pm -- -2 m Watts
60
where
N =rotational speed of pump in revolutions per minute
= reading (76) x 1400 RPM
T = shaft torque in Nm (Reading indicated in mNm)
Overall Efficiency
Because the flow and pressure are continuously changing throughout the cycle it is not possible to
determine the hydraulic power so the overall efficiency cannot be calculated.
Volumetric Eff~ciency
Theoretically, at a constant speed, positive displacement pumps should produce a constant average
flow rate independent of the outlet pressure. However, the diaphragm can flex at high operating
pressure and valves are necessary to seal the inlet or outlet from the pump. Hence there can be
some leakage and not all of the fluid entering the pump inlet will be transferred to the fluid outlet.
The amount of leakage can increase as the Maximum Outlet Head increases.
Each pump will have a theoretical maximum volume of fluid which it can transfer in a single
cycle. The theoretical ideal flow rate through the pump can be defined as
Q~M = v*.N
where
VU, is the theoretical volume flow (11131s) per RPM, and
N is the motor speed in RPM
The volumetric efficiency of the pump can then be calculated as
To allow for manufacturing tolerances etc. the value of VU, can be determined for the C3-MKU-26
Plunger pump from the average flow rate when the outlet valve is fully open (lowest value of
Maximum Outlet Head) with the pump operating at 100% / 1400 RPM.
At this condition Vth = Q (measured in Vmin) 1 60000 1 1400
Vth = 1.1905E-8 x Q (measured in llmin)
The Volume flowrate, Power input and Volumetric efficiency should be calculated from the appropriate
measured values and plotted against the Total Head. Different sets of curves should be plotted at each
setting of the pump speed.
Equipment Set Up
Check that the reservoir on the C3-MKll has been filled with clean water and that the equipment is
connected to an appropriate mains electricity supply.
If a thermometer is available remove the reservoir lid and measure the temperature of the water.
Remove the thermometer and replace the reservoir lid.
If using the optional C3-MKII software, check that the USB cable is connected to the PC. Run the
C3-MW software and check that 1FD:OK is indicated in the bottom right hand corner of the
screen.
The Plunger Pump should be installed in the space on the end of the support rails, beside the
standard Gear Pump, and connected to the high pressure water supply system. Check that the base
of the pump is securely fastened to the C3-MKII frame and that all pipework is connected and
secured. Open pipe ends should be fined with the end caps supplied.
Set the valves as shown in the following diagram:
