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ABSTRACT
While dripper technology has developed to a very high level of uniformity of flow rate in a system where the filling time and drain-time is large as compared to the running time, uniformity during the filling and draining cycles becomes critical to the uniformity of application across the field.  The authors examine nine alternative designs and the effect of design choices upon the uniformity in the field. Either very short laterals or cross connection of the manifolds are the driving forces that determine field uniformity. It is obvious that the run time of each application pulse linearly effects uniformity, so that variable will not be discussed.
VARIABLES
There are several important variables in the selection of a design to minimize drain-down.

1)    Laterals on contour or off contour.

          a) Dips in a lateral.

          b) Slope of a lateral

2)    Freezing or non-freezing conditions.
3)    Length of laterals.

4)    Distance between laterals

5)    Depth of manifolds.
6)    Percent slope.

7)    Pump curve.
8)    Length of time of each application (run time).

9)    Dripper type:
         a) Conventional cylindrical dripper with 2 exit holes in the tube

         b) Conventional flat dripper with 1 exit hole in the tube

Possible sources of reduction of uniformity caused by drain-down:

1) Within the lateral

2) From the manifolds

3) From higher to lower laterals.

Because water always flows from a higher pressure zone to a lower pressure zone flow from the higher lateral to a lower lateral is impossible.  Of course, if a riser is used from the manifold to the lateral, the effluent in this riser should be considered as part of the effluent in the manifold.
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Water is non-compressible; as such there is no lag time in pressures when the system is shut-down, except for the pipe elasticity.

Given PVC has less elasticity than polyethylene; the lag in loss of pressure will be slightly longer in the polyethylene than the PVC.
Supply line friction, given the short distance, is too small to express in psi.

Flush line friction is non existent during operation as it is static and on shutdown, same as supply.

The pressure, between AA & DD, and BB & CC, because of the tubing elasticity, will always have a slightly elevated pressure at the time of shutdown.

For that reason as water always moves from a high pressure zone to low - the higher internal pressure, when the tubing goes static, will supply the pressure and water demanded at both inlet and outlet side of the tubing at this instant.

As the vacuum relief vents make sure that the pressure in the PVC manifolds stay at zero there is no pressure to cause any water to flow back into any dripline non withstanding a possible elevation difference - provided drain-down is initiated.

Given the fact that the driplines are either at the same elevation as the manifolds, or 6" elevated as in above example, the pressure will always be the same at both sides

of the dripline and may be negative eliminating the possibility of reverse flow from the PVC manifold except for air intake to the dripline.

As such, given hydraulic laws, no drain-down can physically happen from one dripline down to another.

Dripper type:

         a) Conventional cylindrical dripper with 2 exit holes in the tube

         b) Conventional flat dripper with 1 exit hole in the tube

When laid on contour the lateral does not drain completely. This is because the dripper inlet may have orientation and the exit holes have orientation.

In the case of the conventional cylindrical dripper the orientation of the inlet to the dripper is completely random. The exit holes are exactly lined up with one another when they are punched. Due to the coiling and uncoiling these exit holes usually slowly spiral along the length of the tube. 
In the case of the conventional flat dripper the dripper and exit holes are in the same orientation and these are exactly lined up with one another when they are inserted into the tube and the tube is punched. 

Practical experience has shown that when the dripperline is laid on contour the effluent does not drain completely from the lateral.

On contour or off-contour:

It is universally agreed that when at all practical the laterals should be laid approximately on contour.

Freezing or not:

We will manage the risk of freezing by emptying the manifolds at the end of each cycle. 

If freezing is managed by burying the manifolds and supply lines below the frost level then the problem of uniformity is the same as under non-freezing conditions.

ASsUMPTIONS for NINE EXAMPLES

We will examine the drain-down with nine design alternatives under the following typical conditions:

A zone area of 1,200 sq. ft.

Laterals either 100’ or 200’ long.
2’ between laterals

25% slope

5 minutes run time

System fill rate of the manifold is at 2.5 ft/sec., and of the lateral at 3 ft/sec.

Drain-down of the flush and supply lines = fill rate.

The manifolds are buried 6” deeper than the lateral.
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SUMMARY
	Property
	A
	B
	C
	D
	E
	F
	G
	H
	I

	Laterals Length
	200
	200
	100
	100
	200
	200
	200
	200
	200

	# Laterals
	3
	3
	6
	6
	3
	3
	3
	3
	3

	Looped
	N
	Y
	N
	N
	N
	Y
	Y
	Y
	Y

	Top down supply
	N
	N
	N
	Y
	Y
	Y
	Y
	N
	Y

	Top down flush
	Y
	Y
	Y
	Y
	Y
	Y
	Y
	Y
	Y

	Top down manifolds
	N
	N
	N
	N
	Y
	Y
	Y
	N
	N

	Manifolds connected
	N
	N
	N
	N
	N
	N
	Y
	Y
	Y

	Max. % Variance +
	11.70
	11.70
	6.60
	5.20
	11.00
	11.00
	5.15
	6.35
	5.17


                             Table 1
DISCUSSION
Xiaojing Duan (Xiaojing Duan, 2007) examined a similar problem.  They came to the conclusion that the length of the dose time directly effects the percentage variance; with which the authors agree because the length of dose time linearly effects the denominator in the percentage calculation.  
However, they view uniformity in a different manner:

“Since areal (sic) hydraulic loading rates were expressed in terms of liters per day per square meter of drip distribution footprint area, increasing the number of runs per lateral can improve application uniformity by calculating average application rate over multiple emitters rather than a single emitter.

Normally, emission volume from a single emitter is divided by the application area (lateral spacing × emitter spacing) to determine an areal application rate. This proposed method for calculating areal loading would consider several emitters on parallel laterals to obtain emission volume and then divide by their total associated application area (runs per lateral × lateral spacing × emitter spacing). Drip zone dose time was computed under four lateral layouts: single run, 2 runs, 3 runs, and 4 runs per lateral. Figure 3 illustrates different lateral layouts.”
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While the approach shown by Xiaojing Duan above is useful for considering lateral load down a slope, the authors of this paper argue that the risk of surfacing above a single emitter is a function of the uniformity of emission of each individual emitter. If the designer wishes to optimize to both of these standards one can cross connect the Supply and Return lines in c) or d) above.

CONCLUSION
From the data in Table 1 the authors conclude that cross connection between the supply and flush manifolds (examples G, H & I) or very short laterals (examples C & D) are the critical factors in obtaining uniformity.

The difference between top down supply (example I) versus a top-down manifold (example G) is insignificant, and both are marginally better than bottom up supply (example H).
As the authors stated in the introduction the variation is directly proportional to the length of time of the application pulse. If, in the examples above, we were to increase the time from 5 minutes to 15 minutes, the percentage variations would drop to one-third. Or, if we were increase the length of lateral from 200 feet to 600 feet and also increase the application time from 5 minutes to 15 minutes, the percentage variation would be unchanged.

The methods described in this paper require that the designer does a little more arithmetic, but the end result will be improved uniformity.
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