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ABSTRACT

A completely numerical design procedure for micro-irrigation manifolds was devel oped
based on avariation of the hydraulic grade line method. The procedure determines pipe
diameters and lengths for telescoping manifolds to minimize pressure variations and
improve discharge uniformity. A computer program which implements the procedure is
afree download from aweb site. The software can accommodate alist of available pipe
diameters and other parameters and options to constrain the design results within feasible
limits, and it produces a graphical display of the design.

INTRODUCTION

Micro-irrigation laterals in most agricultural irrigation systems are connected to manifold
pipes, and sometimes to headers which are in turn connected to the manifolds. The
manifolds are sometimes thought of as sub-mains, and a primary design objective is that
pressure variation along the manifoldsis minimal (within reason) so that lateral inlet
pressures are relatively constant, thereby providing better hydraulic performance of the
system and better irrigation water management. Micro-irrigation laterals are most often
of asingle diameter, but manifolds may have severa diameters, tapering down from
larger to smaller pipe sizes.

There are various design approaches for manifold pipe sizing, including maximum
velocity, hydraulic grade line (HGL), economic analysis, and others (Keller and Bliesner
1990). With the HGL method, up to four different pipe sizes are used along the manifold
in an attempt to minimize pressure variation from the inlet to the downstream end. Pipe
sizes (diameters) are selected from alist of available diameters such that the composite
friction-loss curve closely approximates the slope of the ground surface in downhill-
oriented manifolds. The HGL method has been applied in a semi-graphical formin the
past, but in this paper it is shown how it can be applied through a completely numerical
process, and implemented in a computer program.

SIZING OF MANIFOLD PIPESBY THE HGL METHOD

Along amicro-irrigation mainline pipe, there may be a combination of uphill and
downhill portions of the manifold, thereby helping to balance pressures and provide less
overall pressure variation. A combination of uphill and downhill manifold portionsis
often technically feasible when the average ground slope along the manifold is less than
about 3%. In order to balance upstream and downstream pressures, it is aways necessary
for the downhill side of the manifold to be longer than the uphill side, except when the
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ground slopeis zero (in which caseit isintuitive that the balance is achieved by having
equal manifold lengthsto either side of the mainline). When the average ground slopeis
above 3%, it isusually best to have only downhill manifolds because the uphill portion
would be impractically short in length.

Uphill Side of the M anifold

On pipes running uphill, elevation change and friction loss combine to reduce pressure in
the downstream direction. Thus, where there is an uphill portion of the manifold, it is
best to determine the smallest allowable pipe diameter and use only the one diameter for
this part of the manifold. The smallest allowable diameter is that which will provide the
required lateral inlet pressure at the uphill end of the manifold, given a mainline pressure
which is determined according to the design of the downhill portion of the manifold, as
described below. This means that the available inlet pressure to most of the laterals on
the uphill portion of the manifold will be higher than required, and throttling valves may
be used to reduce this excess pressure at the lateral inlets. A different approach isto
select the size of the uphill manifold pipe such that the average pressureis equal to the
required lateral inlet pressure. In any case, it is also necessary to account for estimated
local hydraulic losses at the point of connection of the laterals to the manifold. Inthe
following, the length of the uphill portion of the manifold is given as x,.

Downhill Side of the M anifold

Thisisthe most complex part of the manifold design process, and it involves severa
steps, culminating in the development of a set of non-linear algebraic equations which
must be solved iteratively for each pipe size to be included in the manifold. The length of
the downhill portion of the manifold is represented herein by the variable x4. The flow
rate at the inlet to the downhill portion of the manifold is denoted as Q... The allowable
pressure head variation in the manifold is defined as (Ahm)a, Which is based on previous
design calculations, taking into account atarget emission uniformity (EU) and other
parameters, including the lateral length and sizing. The allowable pressure head variation
and the average ground slope, S, define an envelope within which the friction-loss
curves must be confined, thereby achieving the target EU. This envelope is defined by a
line representing S, and a parallel line with avertical offset of (Ahy)a (Fig. 1).

Largest Pipe Size The largest pipe size will, of course, be at the connection to the
mainline where the manifold flow rate is highest. This pipe diameter is represented as
D;. First, determine the minimum acceptabl e pipe diameter for the first section of the
downhill side of the manifold. This can be accomplished by finding the inside pipe
diameter, D, that will give afriction loss curve tangent to the ground slope (Fig. 1). To
do this, it is necessary to:

(1) havethe slope of the friction loss curve equal to Sy; and,
(2) havethe"h" values equal at thislocation (make them just touch at a point).
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where S, is the average ground slope along the manifold; and, H is the pressure head in
the manifold. The elevation change along the downhill portion of the manifold is AEr, as
shown in Fig. 1, and is equal to SyXg.

These two requirements can be satisfied by applying two equations, whereby the two
unknowns will be the flow rate, Q, and the inside diameter, D;1. Here, it is assumed that
the lateral inflow rate, Q,, is constant along the length of the manifold.
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Figure 1. Schematic diagram of the friction-loss envelope for manifold pipe sizing.

In Fig. 1, where the right side is the mainline location and the left side is the downstream
closed end of the manifold, the manifold flow rate varies from Qp, to zero, and the
friction loss curve is defined as:

JFL
h:(Ahm) +AEm—hf+ = (1)
a
100
constants varies with
distance

where, 0< L < x4. So, when L =0, h equalsthefirst three terms of Eq. 1, and the
calculations move upstream as L increases. Using the Hazen-Williams (Brater and King
1976) pipe friction-loss equation,
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where F isafactor for multiple-outlet pipes (Keller and Bliesner 1990); and, N isthe
number of outlets (laterals) from the location of Q in the manifold to the downhill closed
end. ThelengthtobeusedinEq. 1is:

L= x4 [%] ©)

The total friction head loss in the downhill side of the manifoldis:

1.852
JniFheX Q —4.87
h =M=O.01K(—mj D X 6
f 100 C FhiXd (6)

where Fys is defined as F above, except with N = x4/S. For Qinlpsand D incm, K =
16.42(10)°,

The slope of the friction-loss curve is (applying the "chain rule" of calculus):

dn_ 1 [FL 4l g 9F +JFd—Lj (7)
dQ 100\ dQ ~ dQ  dQ
where,
dJ  1.852KQ0%8%2
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dL x
—="d (10)
dQ Qn
Hereit is noted that dh/dQ # J. Also, the ground surface (assuming a constant ground
slope, ) is defined by:

Q
h=S,L=S X4 — (12)
o] oM [Qm }
and,
dh _ SoXg (12)
dQ  Qn

Combine the two equations defining h (Egs. 1 and 11), effectively causing the friction
loss curve to just touch the ground surface line:

Q JFL
S X4 — |=(Ah +AE,., —h; +— 13
0 d[Qmj ( m)a m =% T T00 (13)

Solve Eq. 13 for the pipe inside diameter, D:

= —1-0.205
100C1852 [Sng ~(Ahy), - AEmj

m

D= (14)
K(Ql.sstI_ B Q#SSZFthd)
Then, set the slope of the friction loss curve equal to SoXo/Qm:
M:L(FLE_FJLC’_F_{_JFEJ (15)
Qm 100 dQ dQ dQ

Combine Egs. 14 & 15 so that the only unknown is Q (note that D appearsin the Jand
dJdQ terms of Eq. ). Based on the assumption of constant lateral inflow rate, Qnisa
known value. Solvefor Q by iteration. The required pipe inside diameter, D, will be

known as part of the solution for Q. The calculated value of D isthe minimum inside
pipe diameter, so find the nearest available pipe size that is larger than or equal to D:

D;=2D & minimize(D;-D) (16)
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Slope of the Tangent Line Next, calculate the equation of the line through the origin and
tangent to thefriction loss curve for D;. Let S be the slope of the tangent line:

Q
h=SL=Sx | — (7)
L-sonl
then,
JFL
Sth (%] = (Ahm )a + AEl — hf + —100 (18)

Set the dlope of the friction loss curve equal to SXq/Qm:

Sxg 1 ( dJ dF dLj 9

= |FL——+JL—+ JF—
Qn 1000 dQ ~dQ = dQ

Combine the above two equations to eliminate S;, and solve for Q. Calculate the slope,
S, directly.

Smaller (Downstream) Pipe Sizes Then take the next smaller pipe size, D,, and make its
friction loss curve tangent to the same line (slope = S):

JFL
h=hy+— 20
0" 700 (20)

where Hp isavertical offset to make the friction-loss curve tangent to the S line,
emanating from the origin. Equating heads and solving for hy,

Qm 100
Again, set the slope of the friction loss curve equal to S:
M:i(FLE_{_JLd_F_FJFE] (22)
Qm 100 dQ dQ dQ

Solve the above equation for Q, then solve directly for hy. This gives the equation for the
next manifold friction-loss curve. Determine the intersection with the D friction loss
curve to set the length for size D;; thisis done by equating the h values for the respective
equations and solving for Q at the intersection:
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where, for thefirst pipe size (D1):
hbig = (Ahm )a + AEl - hf (24)
and for the second pipe size (D,):

Nsmail =ho (25)

and F & L areasdefined in Egs. 3to 5. Then, the length of pipe D; isequal to:

Lp1 = Xg (1— Q&j (26)

m

Continue this process until there are three or four manifold pipe sizes, or until arriving at
apipe sizethat has D < ¥2D;.

Figures 2 and 3 show images from a computer program (using sample data) which
applies the fully numerical HGL method for manifold pipe sizing. The computer
program which applies this manifold design methodology based on the Hazen-Williams
equation can be downloaded at www.neng.usu.edu/bie/faculty/merkley/BIE6110.htm.

SUMMARY AND CONCLUSIONS

A completely numerical HGL design methodology was devel oped for pipe sizing in
micro-irrigation manifolds, and was implemented in a computer program with tabular and
graphical results. The methodology provides for relatively uniform pressure along the
downhill portion of a manifold by selecting the most appropriate pipe diameters and
lengths, thereby resulting in the achievement of relatively high emission uniformity from
the irrigation system.

The above equation development can also be done using the Darcy-Weisbach pipe
friction-loss equation. It is necessary to specify a minimum length for each pipe sizein
the manifold so that the design isfeasible. For example, the minimum alowable pipe
length might be 55. The friction loss curves must be shifted vertically upward to provide
the correct average (or minimum, if pressure regulators are used) pressure in the
manifold; this shifting process determines the required manifold inlet pressure head, hn,.
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Figure 2. Schematic display of a manifold design solution from a computer program.
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Minimum pipe diameter= 5.9116 cm

i index ID EndQ L HO
(cm) (Ips) (m) (m)

6.0 2.195 161.72 3.41
4.0 1.101 4647 1.14
3.0 0.742 15.26 0.79
3.0 0.000 31.55 0.51
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Total length= 255.00 m

Figure 3. Tabular results of amanifold design program in a computer program.
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