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Description of Test Cases 01, 02a and 02b
This document compares results from Bentley’s HAMMER software with independently published test cases. These test cases were taken from example problems in the book by Hanif Chaudry, “Applied Hydraulic Transients”, second edition, 1987. Both test cases are problems which deal with pump shutdown and the importance of the four quadrant pump curves in the modeling of these types of transient analysis problems. 
Test Case 01
This is Example 4.6 in Chaudry’s book. Water is pumped (2 pumps in parallel) from one reservoir to another one located at a higher elevation. The pumps discharge to a main discharge line. The main discharge line consists of 2 pipes, Pipe 1 and Pipe 2, connected in series. Upstream of Pipe 1 are the pumps and Pipe 2 discharges to the downstream reservoir. Tabulated below are given data.
Pump data (each pump):

Rated discharge, QR =  0.25 m3/s

Rated head, HR =  60 m
Rated speed, NR =  1100 rpm

Inertia = 16.85 kg m2 (=165.23 N m2)
Efficiency at rated conditions = 84%

Specific speed, NS =  0.46 SI units (=1276 gpm units)

Pipe Data
	Parameter
	Pipe 1
	Pipe 2

	Length
	450 m
	550

	Diameter
	750 mm
	750

	Wave Speed
	900 m/s
	1100 m/s

	DW friction factor
	0.01
	0.012


The initial flow in the discharge line is 0.5 m3/s. At the rated discharge and rated pump speed, the pressure head at the upstream end of the discharge line would be equal to the rated head. Compute the resulting transient conditions when the power to the pumps fails.

Chaudry solves this problem using a FORTRAN computer program. The algorithm for this program is also presented in the book as well as the FORTRAN code (together with input data, and simulation output, in Appendix C of the book). It is important to note that this program models the pump transients using a four quadrant pump curve. The simulation results of this program are shown in Figures 1 to 3 below.
The simulation results for HAMMER are also superimposed on the chart in the figures below. 
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Figure 1 – Flow at pump end for Test Case 01
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Figure 2 – Head at Pump End for Test Case 01
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Figure 3 - Flow at downstream reservoir for Test Case 01

Test Cases 02a and 02b
These test cases are from prototype test data. There are no tabulated values given in Chaudry’s book but the plots were good enough to scale off the values. These scaled off values are plotted in Figures 4 to 7 in the book. They are labeled as “Chaudry – measured”.
The prototype data were measured from a pumping station located downstream of a reservoir. This reservoir has a water level of El.724.5 ft. The pumping station has 5 pumps, 3 small and 2 large ones. Since the tests were conducted for the large units, only the data for these units are presented. 

The large unit pumps, are manifolded together into a 12.5 ft diameter discharge line, 1863 ft long (wave speed for this line was estimated at 2484 ft/s). Downstream of the discharge line is another reservoir (water level is El. 1249.88 ft). Each unit has a combined pump-motor moment of inertia of 2.358 million lb ft2 and is rated at 630 cfs at a head of 524 ft (rated head). The specific speed of the pump is 1775 (gpm units), but the four quadrant curve adopted in HAMMER was for a pump with specific speed of 1280 (gpm units) as this was the closest four-quadrant pump data available. There is a valve on the downstream side of each unit. This valve closes in 22 s (give or take 2 s) following power failure to the unit. The head losses in the discharge line = 3.2 ft (only one unit was operating during the measurement). Pressure heads delivered by the pump and pump speeds were measured. Two sets of measurements were plotted. One had the valve opened and the second had the valve closing (at the specified closure time). More details of this can be found in Chaudry’s book.
HAMMER models of the above were constructed to simulate the pressure transients occurring during the pump shutdowns. The HAMMER results are also plotted in the same charts.
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Figure 4 - Relative head at pump end for Test Case 02a
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Figure 5 - Pump speed for Test Case 02a
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Figure 6 - Relative Pressure Head at Pump End for Test Case 02b
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Figure 7 - Pump Speed for Test Case 02b
