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Irrigation Hydraulics
Instructor's Manual

Notes to the Instructor

The purpose of this manual is to give the instructor a guide to the |
material as well as a guide to the presentation of the lessons.

Presentation Time

It is recommended that this module be presented in one of two
formats: '

1) The short presentation is without sample problems attempted
or discussed during the presentation. The estimated
presentation time is one hour +/- ten minutes depending on the
presenter and on the audiences’ prior knowledge of the
material. It is recommended that the presentation be in the
second format if time permits.

2) In this format time is allowed to attempt some of the sample
C\ problems during the presentation. This facilitates improved
learning in several ways:

a) When students work sample problems together, the learning
process bécomes more active and students retain more of the
information.

b) Many students do not ask questions (especially when there are
people in the audience who are already working in the
industry) because they fear appearing ignorant. Working out
some of the sample problems among themselves allows
students to question other participants without drawing
attention to themselves.

c) Reinforcement of concepts immediately following the
presentation of the material improves retention.

The time required for this type of presentation should be around
two and one half to three and one half hours. The time can be
increased or decreased by varying the number of sample
questions attempted.
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Preliminary Quiz

Have the students take three to four minutes to write answers to the
following questions:

1) What is the difference between static and dynamic pressure?
2) What are the two ways pressure is created in a sprinkler system?
3) What causes pressure losses in a sprinkler system?

After the students have written their responses to the questions, ask for
volunteers to give answers. At this point, be sure to give encouraging
remarks to all who volunteer answers - even if the answer is incorrect.
For instance if someone says, “Making a pipe smaller will increase
pressure,” you might respond that “while that is commonly perceived
to be the case, in fact reducing pipe size will cause greater pressure
losses.” An instructor should use caution because if a student is
embarrassed now, ALL the students will be offended and learning will
be inhibited during the remainder of the session.

Answers:

1) Static pressure is a measurement of the pressure of water at
rest; dynamic pressure is the measurement of water in motion.

2) Pressure is created in an irrigation system either by a drop in
elevation (water going downhill) or by the use of a pump.

3) The major causes for pressure loss are the result of an increase
in elevation (water going uphill) or of “friction” losses in pipe,
fittings and valves. Minor losses include velocity head (the
pressure required to generate movement of the water) and
entrance losses as water enters a different size opening.
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Introduction

Hydraulics is defined as a branch of science that deals with the effects
of water or other liquids in motion. In this manual we will study
characteristics of water both in motion and at rest. The emphasis will
be on the relationships between flow, velocity and pressure. With this
knowledge we will be able to determine pressure losses in pipe and
fittings and pressures at various points in the irrigation system.

A knowledge of the basic principles of irrigation hydraulics is essential
to designing and maintaining an economical and efficient irrigation
system. Understanding the principles outlined in this manual will lead
to irrigation systems that have a more uniform distribution of water
and cost less to install and maintain.

How Does Hydraulics Affect an Irrigation System?

Water pressure in an irrigation system will affect the performance of
the sprinklers. If the system is designed correctly there will be enough
pressure throughout the system for all the sprinklers to operate
properly. Maintaining this pressure in the system will help to ensure
the most uniform coverage possible. While a consistent pressure is the
primary goal, it is important to achieve this at the lowest cost. With a
knowledge of hydraulics, it is possible to design a system using the
smallest and therefore least expensive components while conserving
sufficient pressure for optimum system performance.

Important facts to learn

1) The effect of static and dynamic pressure on sprinkler
operation.

2) The forces that cause pressure to increase or decrease in an
irrigation system.

3) The relationships between pressure, velocity and flow in an
irrigation system.

4) How to calculate static and dynamic pressures at various
points in an irrigation system.

5) How to determine dynamic pressure losses in pipe and
fittings.



Water Pressure

( \\ Water pressure in irrigation systems is created in two ways: 1) by
. using the weight of water (such as with a water tower) to exert the
force necessary to create pressure in the system or 2) by the use of a
pump (a mechanical pressurization).

In many municipal water delivery systems both of these methods may
be used to create the water pressure we have at our homes and
businesses. Water tanks use gravity to create pressure. These tanks are
located on a mountain top, tower or roof top. Because these storage
tanks are located above the homes they serve, the weight of the water
creates pressure in the pipes leading to those homes. In other cases, a
“booster” pump is used to increase the pressure where the elevation of
the water storage tank is not high enough above the home to provide
sufficient pressure. In other areas, the water source may be a well, lake
or canal with a pump generating the pressure.

We will discuss the effect of pumps on water pressure in another
training manual, but in this manual we will explore how water pressure
is affected by its weight and what happens to water pressure when

- water moves through irrigation pipes.

Water pressure can be measured or expressed in several ways:
(O
- 1) psi; the most commonly used method in landscape irrigation,
pounds of pressure exerted per square inch (psi),

2) feet of head; equivalent to the pressure at the bottom of a
column of water 1 ft. high [in this case the unit of measurement
is feet of head (ft./hd)].



How pressure is created by the weight of water
What water weighs at 60° F:

¢ 1 cubic foot (ft.>) or 1728 cubic inches (in.*) of water = 62.43 1b.
« 1 cubic inch, (in.?) of water = 0.0361 Ibs.

Water creates pressure in landscape irrigation systems by the
accumulated weight of the water.

In Fig. 1, we can see a container 1 ft. high and 1 ft. wide, holding 1 ft.?
of water, would create a column of water 1 ft. high over every square
inch on the bottom of the container.
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Fig. 1

If we look at just one of those columns, Fig. 2, we can calculate the
weight of water pressing on the bottom of the column in pounds per
square inch (psi).



A column 12 in. high resting on a surface at the bottom of 1 in.?
represents a column with 12 in.? of water.

[\

12in.
1 inN t -
0.433 psi
Fig. 2

The weight of the 12-in.-high column of water is 0.433 1bs. (12 Iin.3 X

0.0361 Ibs. per in.* = 0.433 Ibs.). Therefore, a column of water 1 ft.
high will exert a pressure at the bottom of 0.433 Ibs. per in.? or

0.433 psi. This is a very important number because it means that as
our column of water gets higher, every 1 ft. of height added will
increase the pressure at the bottom by 0.433 psi.

For example, a column of water 2 ft. high creates a pressure at the
bottom of 0.866 psi (0.433 psi/ft. x 2 ft. = 0.866 psi).

Important Facts

This gives us some important facts to remember. Memorize these facts:

* A column of water 1 ft. high =1 foot of head = 0.433 psi.

* 1.0 psi equals the pressure created by a column of water 2.31 ft.

high, or
1 psi = 2.31 ft. of head (ft./head).
* A column of water 1 ft. high creates 0.433 psi at the bottom,
or '
1 ft./head = 0.433 psi.



Does the shape or size of the container make a difference?

The shape or size of the container does NOT make any difference in
the pressure at the bottom, as seen in Fig. 3. Because we are measuring
the weight of water in a column resting on 1 in® regardless of the
container's size or shape, pressure at an equal depth will be the same
no matter what the shape or size of the container.

0.433 psi at the bottom

Fig. 3

While at first this does not seem possible, let’s look at two examples
that will help us to better understand this concept. First, consider the
example of diving into a swimming pool or lake. When you dive
below the surface of a lake or pool, the deeper you dive the more
pressure builds up on your ears. The amount of increased pressure on
your ears does not change with the shape of the pool nor does it
change depending on whether you are diving into a backyard pool or a
large lake. The pressure at any depth in that pool or lake is dependent
upon the height of the column of water above that point - not on the
shape or size of the pool.

Swimming Pool Lake

Diverat 106t | o oo o ) e e o w . 10 ft.

Pressure on Diver in Pool and Lake Te e e e .
4.33 psi (10 ft. x 0.433 psi/ft = 4.33 psi)
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The second example is that of a pipe in a tank of water.

Water
Depth

4,33 psi /

101t

4.33 psi

Fig. 4

In the diagram, Fig. 4, we can determine the pressure at the bottom of
the tank to be 4.33 psi (0.433 psi/ft. of depth x 10 ft. water depth). If
we lower a 10-ft.-long section of irrigation pipe (open on both ends)
down into the tank, the pressure at the bottom of the pipe will be the
same as that of the surrounding water, 4.33 psi. What may still be
confusing about these concepts is that intuitively we know the TOTAL
weight of the water in the pipe and in the larger tank is not the same -
and that is true. However, we measure pressure as the force on 1 in.?
(pounds per square inch, psi) not total weight.

What does this mean in irrigation system design?

When designing landscape irrigation systems, for every 1 ft. of
elevation change there will be a corresponding change of pressure
of 0.433 psi.

Note to Instructors: At this

point many in the audience
may be lost but nobody will
want to admit it. REQUIRE at
least two questions be asked
before moving on to more
material. This will generally
break the ice and get a couple
of good questions quickly.
Remember to praise those that
are brave enough to ask; often
times, simply a response of
“Good Question” from

“the instructor will elicit still

more questions.




Static and dynamic pressure

There are two classifications of water pressure:
static and dynamic' pressure:

+ Static pressure is a measurement of water pressure when
the water is at rest. In other words, the water is not
moving in the system.

* Dynamic pressure is a measurement of water pressure with
the water in motion (also known as working pressure).

Factors affecting static pressure

Static pressure is created either by elevation change or by a pump.
Pumps are covered in another training manual so we will concentrate
here on the effect of elevation change on static pressure. As previously
discussed, each foot of elevation change results in a 0.433 psi change
in pressure. As we can see in the following diagrams, the change in
elevation that we are concerned with is the change in vertical
elevation only, not in the length of pipe. Because water exerts pressure
equally in all directions, the length of pipe will not affect the static
pressure (it does affect the dynamic pressure, as we will see later).

If we return to our tank of water, Fig. 5, we can see that inserting a
fourteen foot pipe into the tank of water at an angle does not affect
the pressure at the bottom of the tank or pipe. Static pressure is not
affected by the length of the pipe, only by elevation change.

10 ft.

4.33 psi

! The term “working” pressure may be used instead of dynamic pressure.



We can see the effect of elevation change on static pressure in an
irrigation system in Fig. 6 and 7. In the example in Fig. 6, the static
pressure at the water meter is 60 psi. Since the control valve is below
the water meter by 8 ft., the static pressure is increased by 3.46 p31
(8 ft. x 0.433 psi per foot = 3.46 psi).

60 psi
Water (Static Pressure)

Meter
63.46 psi
(Static Pressure)
N EIevannV|ew ~. " }1[
Control 7

Valve

8 ft.

Fig. 6
8 ft. x 0.433 psi/ft.= 3.46 psi
60 psi + 3.46 psi = 63.46 psi static pressure

Going uphill reverses the process: for every 1 ft. of vertical elevation
gain the static pressure will drop by 0.433 psi.

Control
Valve

42.68 psi
(Static Pressure)

e - | Elevation View

60 psi
(Static Pressure)

The effect of elevation gain on static pressure
Fig. 7

40 ft. x 0.433 psi/ft.=17.32 psi
60 psi - 17.32 psi = 42.68 psi static pressure

40 ft.

Note to instructors: Be sure
to emphasize that at this
point we are only talking
about STATIC pressure - not
dynamic (working) pressure.

. Since some individuals will

have some knowledge of
hydraulics, you need to be
sure they do not get confused
about how pipe size, length
and type affects dynamic
pressure but not static
pressure. Assure them we
will be discussing dynamic -
pressure next.




Note to Instructors: in Fig. 8 the
important points to make are:
1.) elevation change is the only
determinant in static pressure.
2.) change in length of pipe or
pipe size does not affect static
pressure.

Note to Instructors: If sample
problems are to be included

in the presentation, it is
recommended that students
attempt nos. 2, 4 and 5. They
should attempt one problem at a
time with questions taken before
moving on to the next problem.
If the students do not have the
manuals at the time of the
presentation, the problems could
be presented on a blackboard
or overhead.

Static pressure is not affected by the size or length of pipe. Both
diagrams in Fig. 8 illustrate a control valve 40 ft. above a water meter.
In the first case the main line from the meter to the valve is 100 ft. of
two inch pipe and in the second it is 250 ft. of one inch pipe. The
static pressure at each control valve is 42.68 psi. Only the vertical
elevation change affects the static pressure.

Control
. Valve
42.68 psi ;
(static pressure\
100 ft. —
2-in. pipe L e E s
40 ft.
R /A Vertical
S L Blevation
A v view ]| | Change
¥60 psi
(static pressure)
42.68 psi Control
(static pressure) Valve
250 ft.
1-in. pipe BN
pip i
Water
Meter a0 ft.
‘ “T Vertical
ST Elevation
R L N T Change

¢ L : -
60 psi
(Static Pressure)

Vertical elevation change and static pressure
Fig. 8

Sample problems: determining static pressure
(Answers are on p. 42)

1. For every foot of elevation change, the pressure in an irrigation

system will change by psi.
2. A change in elevation of 231 ft. will cause a change in pressure
of psi.

10



3. 256 ft. of head = psi

(\\ 4. T

Water Tank |

100 ft.

6-in. pipe|: 2-in, pipe
pip pip

In the diagram above, what is the preésure at

<~ : A) the bottom of the 2-in. pipe? psi
A : .

B) the bottom of the 6-in. pipe? | psi

Point B
36 ft.

- 651t

T T

Elevation View

If the static preséure at the water meter discharge (point A) is 75 psi,
the static pressure at point B would be psi.

11



Water Movement in Irrigation Systems

When water moves through an irrigation system it is said to be in a
dynamic state. The movement of water is described in terms of
velocity (the speed at which it is moving) and flow (the amount of
water moving through the system). The velocity is measured in feet
per second (fps) and the flow is measured in gallons per minute (gpm).
Dynamic water pressure is measured in the same units as static
pressure (psi).

Factors Affecting Dynamic Pressure

So far we have discussed the factors that affect changes in static
pressure. This section will explain factors that affect
dynamic pressure.

Dynamic pressure is affected by the following factors:

1) change in elevation (change in elevation affects static and
dynamic pressure in the same way)

2) friction losses in pipe, valves and fittings (pressure loss is
caused by water moving through the system)

3) velocity head (the pressure required to make water move within
the system; this is a minor loss and won’t be calculated here)

4) entrance losses (the pressure lost as water flows through
openings; this is also a minor loss and won’t be calculated here)

Friction loss in pipe

When measuring dynamic pressure at any point in a landscape
irrigation system, we must first determine the static pressure at that
point and then subtract the pressure losses due to the movement of
water.

As water moves through an irrigation system, pressure is lost because
of turbulence created by the moving water. This turbulence can be
created in pipes, valves or fittings. These pressure losses are referred
to as “friction losses.”

There are four factors that affect friction losses in pipe:

1) the velocity of the water,

2) the inside diameter of the pipe,

3) the roughness of the inside of the pipe and
4) the length of the pipe.

12



1. VELOCITY is the speed at which water moves through the Note to Instructors: In each

‘ (’“\\ system and it is measured in feet per second (fps). Water example one factor varies while
‘ moving in the pipe causes turbulence and results in a loss of the other three remain constant,
dynamic pressure. Increasing the velocity will cause increased as in No. T where the diam?terf
turbulence and increased pressure losses. In Fig. 9 the inside roughness and length remain
. . the same and the velocity is

diameter, roughness and length remain the same. However, increased. This allows us to see
due to increased velocity (fps), there is a greater dynamic the effects of increased velocity
pressure loss. [Note: With the increase in velocity there is a on pressure loss.
corresponding increase in flow (gpm). Velocity and flow are The fact that the flow also
directly related. An increase or decrease in one will result in a changes can be confusing to

students. Explain that it is
necessary to change the flow in
order to have the velocity vary
while keeping the pipe size the

corresponding increase or decrease in the other.]

8 gpm - 1-in. Sch. 40 PVC

same.

In example No. 2 (inside diam-
eter) the roughness, length and
velocity remain the same while
the only variable is the inside
diameter. Students may question
the fact that the flow and pipe
type (Class 160 and Schedule 40
PVC) were changed. This was
necessary in order to maintain -
the same velocity.

— Velocity 2.97 fps — —m

Pressure Loss = 1.59 psi/100 ft. of pipe

18 gpm - 1-in. Sch. 40 PVC

Pressure Loss = 7.12 psi/100 ft. of pipe
Effect of velocity on

dynamic pressure
< /‘ (See Friction Loss Chart, p. 49, for reference)

Fig. 9

When velocity increases, pressure loss increases. When the velocity is
increased from 2.97 fps to 6.67 fps, the pressure lost in 100 ft. of pipe
increases from 1.59 psi to 7.12 psi. The velocity typically increases
when 1) the flow is increased, such as when additional sprinklers are
added to an existing line or 2) a smaller pipe is used with the same
flow (gpm).

2. INSIDE DIAMETER (i.d.) of the pipe: a smaller inside pipe
diameter proportionally increases the amount of water in
contact with the pipe surface. This increased contact increases
the turbulence and consequently increases the dynamic
pressure loss. In Fig. 10, the velocity, length and roughness
remain the same but the inside pipe diameter is reduced. The
reduced i.d. results in increased turbulence and reduced
dynamic pressure.

(Note: The velocity remains the same even though the pipe size

( is reduced because there is a corresponding reduction in the
flow.)

13



Note to Instructors: When
comparing roughness, the inside
diameters of 1-in. Schedule 40
PVC and 1-in. Schedule 40

Standard Steel pipe are the same.

Therefore, the velocity also
remains the same. Because we
are comparing the same lengths
of pipe, the only factor that
changes is the roughness of the
Standard Steel pipe compared to
that of PVC pipe.

7

4,154 in. Inside Diameter
m - 4-in. Class 160 PVC

85

V loat 2.01 fps——>

Pressure Loss = 0.16 psi/100 ft. of pipe

2.469 in. Inside Diameter
30 gpm 2- 1/2 -in. Sch. 40 PVC

Velomty 2. 01 fps—»- -

» Pressure Loss = 0.28 psr/l 00 ft. of pipe

Effect of inside diameter on
dynamic pressure loss
(See Friction Loss charts, pp. 46 and 439, for reference)

Fig. 10

Even with a smaller flow and the same velocity more turbulence was
created in the small pipe because there was a greater percentage of the
water in contact with the surface.

3. ROUGHNIESS of the inside wall of the pipe is the third
factor that affects friction loss in pipe. Pipe wall roughness is
rated by a “C” factor. The lower the value of C, the rougher the
inside wall of the pipe (in standard steel pipe C=100; in PVC
pipe C=150.) The rougher the inside, the more turbulence
created and the greater the pressure loss.

In Fig. 11, the velocity, volume and inside diameter remain the
same. As the roughness of the inside of the pipe increases
(standard steel has a rougher pipe wall than PVC), there is an
increase in turbulence, resulting in a greater pressure loss.

Roughness: C=150
10 gpm T-in. Sch 40 PVC

Veloc:ty 3 71 fps—»-

Roughness: C=100
10 gpm 1 -in. Sch 40 Standard Steel Plpe

TR P

‘Velocrty 371 fps—» ,

AR TR

Pressure Loss = 5. 08 p5|/1 00 t. of pipe y _
= ~

Effect of pipe wall roughness on

dynamic pressure loss
(See Friction Loss charts, pp.49 and 50, for reference)

Fig. 11
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4. LENGTH is the fourth factor affecting friction losses in pipe.
The greater the distance, the greater the cumulative effect of
the first three factors (velocity, i.d. and roughness). In Fig. 12
we see the direct relationship between increased length and
increased pressure loss. The total pressure loss doubles as the -
length of the pipe doubles.

100 feet of pipe
10 gpm - 1-in. Sch. 40 PVC

Pressure Loss = 2.40 psi total

200 feet of pipe
10 gpm - 1-in. Sch. 40 PVC Pipe

— Velocity 3.70 fps —

Pressure Loss = 4.80 psi total

Effect of pipe length on dynamic pressure loss
(See Friction Loss Chart, p. 49, for reference)

Fig. 12

These four factors affecting pressure loss in pipe were used to develop
formulas? for calculating the pressure loss associated with various
types of pipe. Several formulas were developed; the most common in
landscape irrigation hydraulics is the Hazen-Williams formula. The
Hazen-Williams formula can be represented as:

1.852 1.852
H,=0090194 (190 ™ L

C d #866

Where H, = pressure loss in pounds per square inch (psi)
C =roughness factor
Q = flow in gallons per minute (gpm)
d = inside pipe diameter in inches

Since these formulas are somewhat cumbersome, we will rely on
charts developed using the Hazen-Williams formula. Samples of these
charts can be found on pages 46-51. The complete set is available in
the “Hunter Industries Technical Manual.”

2 Crocker, King Pinping Handbook, Fifth Ed., McGraw Hill, 1967, pp. 3-179 to 3-181.
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Note to Instructors: [n this
comparison 1-in. Schedule 40
PVC is used for both pipes, so
the inside diameter, velocity and
roughness remain the same. The
only variable is the length, which
is twice as long in the bottom
pipe.




Use of Pressure Loss Charts

Figure 13 below represents a portion of one of the preséure loss charts
found in the technical manual.

B

| Friction Loss Charaﬂeﬁtics
A | — Class 200 IPS PVC Plastic Pipe

(1120, 122/0)(SDR 21 C=150 3/4" through 5" IE

Pressure Loss per 100 feet -~
7 R :

D] [F]
G| H U] [J
Nominal / / / /
Size 3/4" 1 1-1/4'/ 1-1/2" o 2-1/2"

Pipe ID 0.93 1.1 89/ 1.502 1.720 2.149 2.601
Pipe OD 1.050 1.315 1.660 1.900 2.375 2.875
Wall Thick 0.060 0.063 0.079 0.090 0.113 0.137

Flow |Velocity PSI ‘lE PSI | Velocity PSI | Velocity PSI |Velocity PSI |Velocity PSI
GPM FPS  LOSS LOSS| FPs LOSS| FrPs LOSS| FPs LOSS| FPs LOSS
047 O 0.29 0.0 8 0.1 | 074 0.00 | 0.09 0.00 [ 0.06 0.00
0.94-0.22 | 0.58 0.07 I_ 6 002 028 0.01| 018 0.00 1012 0.00
742 046 | 0.82-0.1 054 0.04 [ 041 0.02 | 0.27 0.01 | 0.18 0.00
A 189 079 15 024 | 0.72 0.55 0.04 | 0.35 0.01 | 0.24 0.01

1
2
3
4
5 | 236 435 | 144 o036 | 00| M || 069 006 | 044 002 | 030 001
6
7
8
9

2837167 | 173 051109 0.6 | 0.83 0.08 | 053 0.03 | 0.36 0.01
330 223 {20 67 | 1.27 022 | 097 0.11 ( 062 0.04 | 042 0.01
3.77 2854731 086 | 1.45 0.2 0 0.14 | 0.71 0.05 | 0.48 0.02
425 355 | 260 1.07 | 1.63 0.3 N 4 0.18 | 0.80 0.06 | 0.54 0.02
10 472 431 | 289 130 | 1.81 g42 | 1.38 0.22 |} 0.88 0.07 | 0.60 0.03
12 5.66 604 | 346 1.83 | 2177059 | 1.65 030} 1.06 0.10 | 0.72  0.04
14 6.60 8.04 | 404 243 }{0.78 193 040 | 1.24 0.14 | 0.84 0.05

. 2.89 1.00 | 221 052 | 141 0.17 | 096 0.07
18 8.49 12.80 [5.T9 267 326 124 | 248 064 | 1.59 0.22 [ 1.09 0.09
20 943 15.56 | 5.77 "471 [ 3.62 1.51 | 276 078 | 1.77 0.26 [ 1.21 0.10
22 1038 18,56 | 6.35 562 [ 398 1.80 | 3.03 093 | 1.94 032|133 0.12
24 1132 21,81} 693 660 | 434 2712 | 331 1.09( 212 0.37 | 145 0.15
26 12.27 2529 750 7.65 | 470 245 | 359 127 ( 230 043 | 1.57 017
28 13.21 29.01 | 8.08 8.78 | 506 282 | 3.86 1.46 | 247 049 [ 1.69 0.19
30 14.15 32,96 | 8.68 9.97 | 543 3.20 | 414 1.65 | 265 0.56 | 1.81 0.22

Fig. 13
The components of the typical friction loss chart are described below:

A) Type of pipe represented in the chart.

B) IPS - Iron Pipe Size - indicates that the pipe’s outside diameter
dimensions correspond to that of iron pipe. All IPS PVC pipe
of the same nominal size will have the same outside diameter.
For example: all 1/2-in. PVC irrigation pipe will have an
outside diameter of 0.840 in.; thus all 1/2-in. slip fittings will
fit on the outside of all types of 1/2-in. PVC pipe.

C) (1120, 1220) - Represents a designation for the specifications
of the plastic pipe.
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D) SDR - Standard Dimension Ratio — indicates the pipe’s wall
thickness as a ratio of the outside diameter. Outside diameter of
1-in. pipe is 1.315 in. If you divide 1.135 by the SDR 21, it
will give you a minimum wall thickness.?

Minimum wall thickness for 1-in. Class 200 PVC pipe 1.315/
21=0.063 in. Class-rated pipes (SDR pipes) maintain a uniform
maximum operating pressure across all pipe sizes. This is not
true of schedule rated pipes such as Schedule 40 PVC. In
schedule rated pipes the maximum operating pressure
decreases as pipe size increases. See the technical chart on
“Pressure Ratings of Irrigation Pipe” in the Hunter Industries
Technical Manual.

E) C=150 — indicates the value of the C factor, which is a measure
of the roughness of the inside of the pipe. The lower the
number, the rougher the inside of the pipe and the greater the
pressure loss. For PVC, C = 150; Galvanized Pipe C = 100.

F) Designated pressure losses shown in the chart are per 100 ft.
of pipe.

G) Size —indicates the “nominal” pipe size. Nominal means “in
name only,” and none of the actual pipe dimensions are exactly
that size. For example, in the *s-in. pipe, none of the
dimensions are actually /s-in.

H) OD - outside pipe diameter in inches.

I) ID - inside pipe diameter in inches.

J) Wall Thick — wall thickness in inches.

K) Flow (gpm) — flow rate in gallons per minute.

L) Velocity (fps) — speed of water in feet per second at the
corresponding flow rate.

M) PSI Loss — pressure loss per 100 ft. of pipe in pounds per
square inch at the corresponding flow rate.

N) The shaded area on the chart designates those flow rates that
exceed 5 fps. It is recommended that caution be used with flow
rates above 5 fps in main lines where water hammer will be a
concern.

3 There may be exceptions to this rule in the smallest pipe size of each class of pipe,

as the minimum wall thickness allowed is 0.060 in. In these cases, either the wall
thickness is rounded up to 0.060 in. (1-in. Class 160 PVC wall thickness is
rounded up to 0.060 in.) or that pipe classification is not made in the smaller sizes
(Class 200 PVC is not made in 1/2-in. size).

17



What the charts are used for

These charts are used to:
* Determine the pressure loss in pipe due to friction losses
* Determine the velocity at various flow rates
¢ Use pressure losses and/or velocities to determine
appropriate pipe sizes (pipe sizing is covered in another
training manual)

Determining pressure loss in pipes with friction loss charts
Using the Friction Loss Chart for Class 315 PVC on page 48:

1) Find the flow of water in gallons per minute (gpm) in the
column on the left.

2) Read across to the right to the column for psi loss
corresponding to the specific pipe size.

3) Divide this number by 100 to find the psi loss per foot.
4) Multiply this number times the length of the pipe in feet.

Example No. 1: Determine the pressure lost in 175 ft. of 1-in. Class
315 PVC pipe with a flow of 10 gal. per min. (gpm).

* psi loss per 100 ft. = 1.74 (from the chart)
* 1.74 psi loss per 100 £t./100 = 0.0174 psi loss
(psi loss per 100 ft. divided by 100 to find psi loss per foot)
* 0.0174 psi loss per foot x 175 ft. = 3.05 psi
* 3.05 psi loss in 175 ft. of 1-in. Class 315 PVC at 10 gpm.

Example No. 2: Determine the maximum flow allowed in a 1-in. Class
315 PVC pipe without allowing the velocity to exceed 5 ft. per sec. (fps).

» Find the velocity column for 1-in. Class 315 PVC and read
down the column until you find the Ve1001ty closest to (but
not exceeding) 5 fps.

» This should be 4.87 fps. Now read across to the left hand
column to find the flow at that velocity (15 gpm).

* The most water you can put through a 1-in. Class 315 PVC
pipe without exceeding 5 fps is 15 gpm.

18



Sample problems: Using friction loss charts
(answers are on p. 42)

Using the chart on page 48 for Friction Loss Characteristics in PVC
Class 315 IPS Plastic Pipe, answer the following questions:

1) What is the pressure loss in 100 ft. of 1/2-in. Class 315 PVC at
6 gpm? '

2) What is the pressure loss in 100 ft. of 3/4-in. Class 315 PVC at
6 gpm?

3) What is the pressure loss in 50 ft. of 1-in. Class 315 PVC at
12 gpm?

4) What is the pressure loss in 780 ft. of 1-1/2-in. Class 315 PVC
at 20 gpm?

5) What is the pressure loss in 0.5 ft. of 1-in. Class 315 PVC at
12 gpm?

6) What is the maximum amount of water that can flow through
100 feet of 1-in. Class 315 PVC pipe and not lose more than
1.0 psi?

7) What is the maximum amount of water that can flow through a
3/4-in. Class 315 PVC pipe and not exceed 5 fps?
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Determining Dynamic Pressure Losses in Pipe

When calculating dynamic pressures we use the following factors:

A) Pressure change due to elevation chahge.4

B) Pressure loss due to friction losses in the pipe (based on the
factors mentioned on p.12).

C) Pressure losses in valves, meters, etc. (These losses are
determined by the manufacturer and listed in product literature
or technical charts.)

D) Pressure losses due to fittings.
(See p. 40 for additional information.)

The following example illustrates how the dynamic pressure at a given
point in a landscape irrigation system is determined. Pressure change
due to the change in elevation is calculated and the friction losses are
subtracted from the sub-total. The example and the following sample
problems use the Friction Loss Charts at the back of the manual.

Elevation View

Fig. 14

In Fig. 14, all the pipe is 1-1/4-in. Class 200 PVC and the flow is

18 gpm from point A to point B. At point A a pressure gauge reading
indicates 85 psi. In order to determine the dynamic pressure at point B,
first find the pressure change due to change in elevation and then
combine that with the friction loss in the pipe.

4 Elevation change affects both static and dynamic pressure in the same way.
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Pressure loss due to the higher elevation at point B (an elevation gain):

75 ft. x 0.433 psi per ft. of elevation change = 32.48 psi less at
point B

Pressure loss due to friction in the pipe: -

Use the friction loss charts at the back of the manual to find the
pressure loss at 18 gpm in 1-1/4-in. Class 200 PVC pipe: friction loss
from the chart is 1.24 psi per 100 ft.

pst loss in pipe:

(50 ft. + 100 ft. + 100 ft.) x (1.24 psi loss per 100 ft. + 100 ft.) = psi loss
Note: the 1.24 psi loss from the charts is psi loss per 100 ft. and is
divided by 100 to find the pressure loss per foot, (1.24 + 100 =
0.0124).

psiloss in pipe = 250 ft. x 0.0124 psi loss per ft.
psi loss in pipe = 3.10 psi [total due to friction loss]

85.00  psi pressure at point A
-32.48  psidue to elevation change
52.52  psisubtotal at point B
=3.10  psidue to friction loss in pipe from point A to point B
49.42  psi dynamic pressure at point B

Sample problems: dynamic pressure
(answers are on p. 43)

1) In the diagram below, if the dynamic pressure at point A is
70 psi, what would the dynamic pressure be at point B (no
elevation change)?

— " —

A B
l 3/4-in. Class 315 PVC l \

, |2 g =i

l 325 ft. |
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2) In the diagram below, the length of pipe from point A to point B
is 125 ft. What is the dynamic pressure at point B if the
dynamic pressure at point A is 85 psi?

Elevation View

3) In the diagram below, the pipe is 1-in. Class 315 PVC and the
flow 12 gpm. If the dynamic pressure at point A is 45 psi, what
is the dynamic pressure at point B?

Water \
Meter

A<M

Point B

N 36ft.f;
S

Control
Valve / 40 ft.,

Point A

80 ft. 45 psi

—

% 45 ft,

Flevation View
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General Principles of Water Flow in an
Irrigation System

Water in an irrigation system has energy called pressure. The pressure
may be created by the weight of a column of water, as discussed in the
section on Static Pressure, or the pressure may be created by a pump.
As water flows through an irrigation system all of the energy or
pressure that is available at the source is expended. Some of the
pressure is expended as friction losses in pipes, valves and fittings and
some is used to create velocity and flow. The flow and velocity will
increase until all the pressure available at the source is consumed as
friction losses or used to create velocity. For example, an irrigation
system with 50 psi at the source will expend all 50 psi between the
source and the point where the water has left the system (an open pipe
or sprinkler nozzle). The quantity (gpm ) and velocity (fps) will
increase until the camulative pressure losses, from the source to
the outlet, equal the pressure available at the source.

In other words, every pound of increased pressure at the water source
will cause more water to flow through the outlet. As the flow increases
so does the velocity resulting in increased pressure losses. These
increased pressure losses will equal the increase in pressure at

the source.

Factors Affecting Flow in an Irrigation System

The flow in an irrigation system is determined by three factors:

1) the pressure (psi) available at the source (p. 24)
2) the pressure losses from the source to the outlet(s), (p. 25) and
3) the size and number of outlets (p. 29)

In our examples we start with a tank filled with water. It is 115.5 ft.
from the water surface to the tank outlet. The water pressure created at
the tank outlet is 50 psi (0.433 x 115.5 = 50).

Fill Line with Float Valve

Constant
Water Level

Float Valve — ’» Water Tanvk ‘

1r

1155 ft.

Tank Outlet

Fig. 15
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Note to Instructors: In the
following series of
diagrams a float valve is shown
below the fill pipe. This is
included in the drawing to
represent a realistic way to
maintain a uniform water level.
It functions by opening the fill
pipe whenever the water drops
below the 115.5-ft. depth. The
only exception is shown in Fig.
17, where the water supply has
been shut off and the water level
has been allowed to drop to
46.19 ft.




How the pressure available at the source affects flow

The 50 psi at the tank outlet, shown in Fig. 16, is created by a water
tank full to 115.5 ft. above the tank outlet (115.5 ft. x 0.433 psi per ft.
= 50 psi). In the first example, we have opened a fill-line and used a
float valve to maintain a constant water level allowing water from the
fill-line to replace water leaving through the tank outlet.

Fill Line with Float Valve

Constant
Water Level

..... e P O

‘ si
115.5 ft.| | o o

Velocity = 26 {p§ m—
> o o F ¥ 1 X ¥ B

100 &. of 2-in. Class 315 PVC Pipe NIV

Fig. 16

With the 2-in. Class 315 PVC discharge line wide open (unrestricted
flow), the water velocity (fps) increases until all of the available
pressure is lost to friction in the pipe, fittings or other losses. The
increased velocity creates increased pressure losses until the pressure
losses equal the pressure available at the source. Under these
conditions the velocity is 26 fps and the flow is 260 gpm. This is
greater than the velocities and pressure losses listed in friction loss
charts. Mathematical formulae were used to calculate the velocity
and flow.

Now where did that pressure go? One of the most difficult concepts to
understand is how water that has left a pipe, like the one in the
diagram above, no longer has any pressure. Remember, the water
velocity in the pipe will increase until all the pressure available at the
source is consumed. Consider the water leaving the “fill line” at the
top of the tank. As this water leaves the pipe and flows into the top of
the tank, it is no longer under pressure.

Another example is water from a hose that flows out onto the ground.
The water velocity in the hose increases until all the pressure available
at the source has been consumed. When the water flows out onto the
ground, it is no longer under pressure.

No one should design an irrigation system with the velocity and flow
this high; therefore, 26 fps and 260 gpm are not even listed on the
normal pressure loss/velocity charts and were calculated by formula
instead. As we will see later, the flow and velocity are kept to much
lower levels by regulating the number of sprinklers on a pipe or valve,
which, in turn, regulates the flow.
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Next we look at what happens when the water pressure at the source
drops. In Fig. 17, the fill-line has been shut off and the water level in
the tank allowed to drop. When the level in the tank has dropped to a
depth of 46.19 ft. above the tank outlet the pressure at the outlet is

20 psi (46.19 x .433 = 20 psi). As might be imagined, the flow through
the pipe outlet has been reduced. With the pressure at 20 psi, the
discharge is approximately 160 gpm at a velocity of 16 fps. The drop
in flow resulted from the drop in pressure at the source.

Fill Line with Float Valve

Water Tank
160 gpm

Velocity = 16 fps
T e e e e | e R e A

Water Level

46.19 ft.

100-ft. of 2-in. Class 315 PVC Pipe

Fig. 17

A pressurized irrigation system will dissipate all the pressure at the
source by the time the water leaves the discharge point. As shown in
Figs. 16 and 17, the water velocity and flow increase in the pipe until
the total pressure losses incurred, from the tank to the pipe outlet,
equal the pressure available at the source.

Pressure at the source directly affects the velocity and flow in an
irrigation system. At 20 psi at the source, the velocity is 16 fps and
the flow is 160 gpm. If the tank is filled back to 115.5 ft., the flow
increases until there is a total of 50 psi in pressure losses from the
source to the discharge (260 gpm at 26 fps).

How pressure losses from the source to the outlet affect flow

In Fig. 18, there is a constant pressure at the source of 50 psi and an
unrestricted flow through 100 ft. of 2-in. Class 315 PVC pipe. Under
these conditions, the amount of water that will flow through the pipe is
approximately 260 gpm at 26 fps.

With 50 psi at the source, the flow of water through the pipe increases
until it reaches 26 fps. At 26 fps pressure losses from the inlet of

the pipe to the outlet equal the pressure available at the source.

Fig. 18, and the table below show how and where the 50 psi at the
source is lost.

25



Constant
Water Level

0 psi
115.5 ft. 260 gpm
Velocity Head approximately
4.5 psi required to
N = genierate 26 fps ==t

Friction loss in pipe at 260 gpm

Pressure loss at entrance approx[matdy 41.0 pst

approximately 3.0 psi

. Friction loss in four couplings
approximately 1.5 psi

Fig. 18

Friction loss in pipe — At 26 fps through a 2-in. Class 315 PVC
pipe (this is above the velocities and pressure losses listed in the
pressure loss charts and was computed using the mathematical
formule for pressure losses in pipe):

Approximately 41.0 psi loss

Friction loss in fittings — Pressure lost in the four couplings
(PVC pipe is made in 20-ft. sections requiring four couplings to
assemble 100 ft. of pipe):

Approximately 1.5 psi loss
Velocity head — This is the pressure required to generate
26 fps (amount of pressure required to move the water through
the pipe at 26 fps):

Approximately 4.5 psi loss
Entrance losses — Pressure lost as the water enters the pipe

Approximately 3.0 psi loss

Total pressure lost or consumed: 50 psi

Note:
» Friction loss calculations made with the Hazen-Williams formula (see p. 15).
« Friction loss in couplings estimated to be 0.9 equivalent foot each.
2
* Velocity head calculated as equal to ("\-/“") 0.433 (calculated per Irrigation, Fifth

28
Ed., p. 240).

2
« Entrance losses calculated as equal to 0.5 (;/g) 0.433 (calculated as a function
of velocity as per Irrigation, Fifth Ed., p. 241).
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If there is an increase in pressure (psi) at the source, the rate of flow
(gpm) and velocity (fps) will also increase. When the flow and
velocity are increased, the pressure losses from friction, velocity head
and entrance losses also increase. The rate of flow increases until all
the additional pressure is used to create a higher flow (gpm) and
velocity (fps). In our examples, the flow at 20 psi is approximately 160
gpm. If the pressure is increased by 30 psi, from 20 to 50 psi at the
source, the flow will increase by 100 gpm from approximately

160 gpm to 260 gpm. The increase of 100 gpm in the flow will
increase pressure losses by 30 psi, so that by the time the water has left
the pipe, all the pressure available at the source will have been used.

Some Practical Examples:

A) The laminar flow drip emitter: If the pipe is small enough and
long enough, the pressure loss will be so great that the water will just
drip out. This is how some drip emitters work. Long, small water
pathways (like pipes) inside the emitters cause so much pressure loss
that very little velocity or flow remain at the discharge point.

B) Nozzle size controls flow: In a sprinkler system, the water flow is
less than that from an open-ended pipe. Flow is controlled by limiting
the number of sprinklers per control valve and the size of the sprinkler
nozzles. The nozzles are smaller than the open pipe. The smaller
nozzles control the flow of water in the system. Because of the
reduced flow and velocity there is reduced pressure loss from the
water source to the sprinkler head. The increased pressure available at
the sprinkler is expended as the water escapes through the small
nozzle. At the nozzle, the water velocity increases as it exits at the
nozzle, and this increased velocity dissipates the remaining pressure.
This increased velocity throws the water up to a hundred feet or more,
depending on the sprinkler design. ‘

C) The “thumb on the hose” trick: Turn on a long hose and the
water barely comes out. If you put your thumb over the end of the hose
and allow just a tiny amount of water to flow past your thumb, you
have reduced the velocity and flow through the hose, which results in
less pressure loss. The pressure you have conserved is now converted
to a higher velocity as the water flows past your thumb. The higher
velocity will cause the water to be thrown farther than before. This
sometimes leaves a person with the impression that a smaller pipe
increases pressure. In reality, the reduced flow results in more pressure
remaining at the end of the hose, which in turn creates more velocity
as the water leaves the hose.
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{energy) that was available at the
start of the pipe has been used to
create the velocity, or consumed
as friction losses.




The relationship between pressure and flow

Figure 19, charts the relationship between pressure at the source and
flow. This relationship is shown for three sizes of PVC pipe. There are
three points that should be noted about this chart.

1) Increasing pressure at the source increases the flow. On the
chart the two bold dashed lines indicate the increase in flow

from 160 gpm to 260 gpm as the pressure at the source is
increased from 20 psi to 50 psi.

2) Using smaller pipe does not increase the flow. Smaller pipe
sizes have less flow at any given pressure. Since decreasing
pipe size does not increase the pressure at the source, the result
of decreasing pipe size is to reduce the flow (gpm).

3) Using smaller pipe does not result in higher pressure.
Smaller pipe leads to greater pressure loss. For example, on the
chart, a flow of 20 gpm in our 1-in. pipe would require a
pressure at the source of about 9 psi. In order to maintain the
same 20 gpm flow in the smaller 1/2-in. pipe, we would need
over 50 psi at the source. Smaller pipe results in greater
pressure loss, not higher pressure.

| The Relationship of Pressure and Flow* [l

i \ Increase in flow of
l caused by

: | ' 100 gpm
200 . faeens )( ----- eeeeas 1-[-

increase inpressure | » ¢
;

B
=9
Y ; j 0 !
] . 1 i v
€ : : ] I
z £ -
5=
(g
g )
n,,,‘ Increase in pressure |- : : :
g at the source e 1-in. Class 315 PVC{ """
=5 30 psi v / L i +
&} : i

Pressure at the Source (psi)

* Approximate flow through an unrestricted 100-ft.-long section of pipe with four couplings.
Pressure losses include: friction loss in pipe and couplings, velocity head and entrance losses.

Exit losses not included.

Fig. 19
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How the size of the outlet affects flow.

( h At first it would seem that any 100-ft.-long section of 2-in. class 315

" PVC pipe with 50 psi at the source should have a flow of 260 gpm.
Howeyver, it must be remembered that the size of the outlet at the
discharge end of the pipe will also affect the flow of water.

Fill Line

Constant
Water Level

Water Tank

Closed Gate Valve
50 psi
0 gpm

1155 ft.

100 ft, of 1
2-in. Class 315 PVC Pipe

() Fig. 20

Figure 20 is the most extreme example of this principle; the pipe has a
closed gate valve that completely stops the flow. Even though the pipe
is still the same size and has the same pressure at the source, there is
NO flow.

Fill Line

n
[

ter Tank Constant
\Z ; Water Level
0 psi
2.0 gpm ’
115.5 ft. Hunter PGP
sprinkler
with #5 nozzle
| PR RN B |
- L
100 ft. of |

2-in. Class 315 PVC Pipe

Fig. 21

In Fig. 21, we have replaced the gate valve with a Hunter PGP sprinkler
with a #5 Nozzle. Because the outlet is so much smaller than the pipe,
with 50 psi at the source, it will allow a flow of only 2.0 gpm®.

5 Pressure loss in 100 ft. of 2-in. Class 315 PVC at 2.0 gpm is less than 0.1 psi;
therefore performance of the PGP sprinkler is based on 50 psi.
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Note to Instructors: Once again,
students may have come to a
point where they are confused.

If you feel the students are not
asking sufficient questions or may
not fully understand what has just
been presented, ask for questions
again. Instead of requiring
questions this time, you may
want to ask for questions and
wait a full seven seconds. Most
audiences will be comfortable
enough at this point to ask a
question in that amount of time
(seven seconds of silence is a
long time). If no one asks a
question, either they know the
material well enough or you may
have to resort to demanding
additional questions. Because
understanding this portion of the
material is critical to understand-
ing the hydraulics, be sure you
do not leave students behind at
this point.

Note: The diagram indicates O psi at the outlet of the nozzle, yet if we

place a pressure gauge, with a Pitot tube$, into the stream of
water leaving the sprinkler nozzle, it will indicate water
pressure. This is because the energy (pressure) remaining when
the water reaches the sprinkler is converted to velocity. The
pressure remaining when the water reaches the sprinkler is still
nearly 50 psi and the nozzle outlet is small. This pressure at the
sprinkler is used to create a high velocity as the water flows
through the nozzle. When the water is stopped by the pressure
gauge, the velocity is converted back to pressure. When the
sprinkler is operating the energy contained in the water's high
velocity is dissipated as the water pushes through the air. As
the velocity is reduced the water falls to the ground.

=3 As shown in the previous examples, the flow in an irrigation system is
controlled by:

1) The pressure (psi) available at the source. Increasing the
pressure at the source will increase the flow in the system by
making more pressure available to compensate for pressure
losses in the system.

2) The pressure losses from the source to the outlet(s).
Reducing pipe size or any other factor which causes a greater
pressure loss will result in reduced flow.

3) The size or number of the outlet(s). Changing the size or
number of outlets, such as changing the size of the sprinkler

nozzles or the number of sprinklers on a line will change the
amount of flow.

6 A Pitot tube is a device that consists of a tube having a short right-angled bend
which is placed into a stream of water with the mouth of the bent part directed
upstream and is used with a pressure gauge.
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What Happens When the Water Reaches a
Sprinkler Head?

It is important to see how hydraulic principles apply to a landscape
irrigation system. To better understand how a typical system works,
let’s look at a sprinkler system that has four sprinklers using 10 gpm
each for a total of 40 gpm. The system has 30 psi at the control valve
and has been installed as shown in Fig. 22.

® = Control Valve

@ = Sprinkler Head, 10 gpm at 30 psi

f‘;" Sprinkler No. 1
]
]
|

40 gpm 30 gpm 20 gpm 10 gpm
o 4 ® ® o ®
1 \ \
: 30 psi Sprinkler No. 2
A
Plan View
Fig.22

When the system is in operation, 10 gpm flows from each sprinkler
head. The pressure at each sprinkler remains relatively constant
because the pipe and fittings have been sized to minimize pressure
loss. For the sake of this example we will assume a negligible pressure

loss so that each sprinkler is operating at 30 psi. Later we will examine Note to Instructors: Itis

the pressure losses between each head. impartant to remember
that for our purposes in

this example we are
: (M| assuming that there are
, f‘\ no pressure losses
\ ‘ . between the sprinkler
heads; therefore, the
flow from each head is
10 gpm. In reality, there

would be minor pres-

10 t 30 psi i
maL2 bl | 10 gpm at 30 psf sure losses and each
ﬁ head would have a
40 gpm at 30 psi ( 30 gpm at 30 psi ( ( 20 gpm at 30 psi S“ght variation in fIOW
\___ 4 \

Some students may pose
the question about why

Sprinkler No. 1 Sprinkler No. 2

10 gpm 10 gpm
L1 from the sprinkler fIT) from the sprinkler

Point A Point B there is no pressure loss.
Fig. 23 If this happens, explain
(Sprinklers Nos. 1 & 2 from Fig. 22) that for our purposes we
have assumed no
At point A (below sprinkler No. 1) the flow of water splits, with pressure loss because
10 gpm flowing up and out of sprinkler No. 1 and 30 gpm flowing on what we are trying to
to sprinkler No. 2. The pressure, however, does not split. Instead, the . show is how the flow of

water splits while the

pressure is equal in both directions at point A. At point B the flow of pressure does not.

water splits in the same way it did at point A with 10 gpm
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Note to Instructors: The
concept of the water flow
splitting while the
pressure remains equal in
both directions is difficult
for students to grasp. Be
sure at this point to take
time to clarify this point.
This would be a good
time to REQUIRE at least
two questions before
proceeding.

flowing to the sprinkler and 20 gpm flowing toward sprinklers farther
down the line. Once again, the pressure does not split. The pressure at
point B (below sprinkler No. 2) is 30 psi both at the base of the
sprinkler as well as in the direction of the sprinklers downstream.

Because this is a difficult concept to understand, Fig. 24 shows a
variation on the same principle.

Sprinkler No. 1

Sprinkler No. 2

|

Point B

Fig. 24

In this example, 30 gpm enters the horizontal pipe at point A at 30 psi.
Ten gallons per minute then flow to sprinkler No. 1 and 20 gpm flow
toward sprinklers No. 2 and No. 3. The pressure, however, at point A
is pushing the water equally in both directions with 30 psi. The volume
splits but the pressure pushes equally in both directions.

The same situation occurs at point B where the water pressure is

30 psi pushing toward sprinkler No. 2 and 30 psi pushing toward
sprinkler No. 3. In this case the 20 gpm splits, with 10 gpm going to
sprinkler No. 2 and 10 gpm going on to sprinkler No. 3. The flow of
water splits at each of these points but the pressure is pushing equally
in each direction.
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Flow and Pressure Loss in a Typical
Sprinkler System

In the previous section we assumed each sprinkler was operating at
exactly the same pressure. In reality there are some pressure losses in
the pipe between each head. In this section we will see how to
calculate those pressure losses that occur between sprinklers to
determine if our system will operate properly.

Fig. 25 illustrates a system with four sprinklers controlled by one
valve. While there is some loss of pressure between the sprinklers, we
will still assume they are delivering 6.0 gpm.

'@ =Hunter PGP - #9 nozzle
6.0 gpm at 60 psi
= Control Valve

——— = Lateral Lines: 1/2-in. Class 315 PVC

3/4- & 1-in. Class 200 PVC
= = = = Main Line Pipe

46'
Tt Head Spacing
vd
1 - ’
! 24 gpm 18 gpm 12 gpm 6 gpm
1
' o o o o
I \
: 60 psi Lateral Line
A:\Mam Line
Plan View
Fig. 25

In order to maintain a relatively uniform pressure throughout the
system, the lateral line pipe has been sized as shown in Fig. 26.
(Pipe sizing is covered in another education module, but for
clarification, pipe is downsized when volume is reduced because
smaller pipe and fittings are less expensive.)
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Lateral Lines:
3/4 in. thru 1-1/4 in. Class 200 PVC

60 psi
at valve discharge

Last Sprinkler
1-1/4 in. 1-1/4 in. 1in. Y4 in.\
*—~——e

R@— 5 O——0——=
N

Pipe Sections

2
1
I
|
<
|
|
1

Plan View

Fig. 26

As water flows through our sprinkler system, the pressure losses due to
friction and the other factors reduce the pressure available at the
sprinklers. Each sprinkler on the line has less pressure than the one
before it (assuming the system is not running down a slope). It is
important to maintain relatively uniform pressures for all sprinklers on
a given control valve because sprinkler performance (gpm and radius
of throw) will vary as the pressure at each sprinkler varies. Our design
goal is to have all sprinklers controlled by one valve within +/- 10% of
the pressure at which they were designed to operate.

In our sample problem, according to the sprinkler manufacturer’s
specifications, the sprinklers have been designed to operate at 60 psi.
This means that +/- 10% of the designed operating pressure is an
operating range of 54 — 66 psi. Since we have 60 psi at the discharge
of the valve, we must check to be sure that we have at least 54 psi (a
10% variation) at the last head (Note: If the pipe were running down a
slope, you would want to be sure you did not have more than 66 psi).
We can check to see if we have sufficient pressure at the last sprinkler
by determining the pressure loss through each section of pipe. The
following table, Fig. 27, will aid in these calculations.

(Note: Even though we know there is a slight drop in pressure at each
succeeding sprinkler, resulting in a slightly lower gpm, for the
sake of simplifying the calculations we will still use 6 gpm for
the flow from each sprinkler.)
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“Pipe ] psi Actual
Section Type Size gpm Length _loss/100 ft. psi Loss®

A Cl. 200 *4in. 6 46 ft 1.67 0.77

B Cl. 200 1 in. 12 46 ft. 1.83 0.84

C Cl. 200 1-Y4in. 18 46 ft. 1.24 0.57

D Cl. 200 1-Y4in. 24 46 ft. 2.12 0.98
Total psi loss in pipe from the valve to the last head 3.16 psi
Pressure at the valve discharge 60.00 psi
Pressure loss in pipe from valve to last head -3.16 psi
Estimated pressure loss in fittings (10% of pipe loss)® -0.32 psi
Pressure remaining at the last head 56.52 psi

Pressure Loss Calculations
Fig. 27

The preceding example illustrates the pressure losses in pipe. By
performing this calculation we can check to see if we have designed
our system to maintain a sprinkler pressure at each head within 10% of
the pressure at which the head was designed to operate. This is
important because it assures us the system will operate properly before
it is installed. This type of calculation would not have to be performed
for every valve on a project, just for the valve most likely to have the
lowest pressure (the “worst-case” scenario).

The'following are sample problems for pressure loss calculations.

" Refer to the class 200 PVC Friction Loss chart on pg. 47.
# Refer to p. 20 for more information on calculating actual pressure loss in pipe.
® Refer to p. 40 for more information on pressure loss in fittings.
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' Note to Instructors: the example
calculates pressure loss in pipe
and estimates the pressure loss in
fittings from the contol valve to
the last head. When determining
total pressure loss from the water
source to the last head, pressure
losses through valves, backflow
prevention devices, main line
pipe, additional fittings and.
elevation changes would have
to be calculated.




Note to Instructors: If
sample problems are
to be included in the
presentation, it is
recommended that
students attempt
Nos. 1 and 3.

Note to Instructors: Slide
on pg. 44, shows the
answer to this problem.

Sample problems: dynamic pressure losses in

landscape irrigation systems
(Answers are on p. 44 & 45)

1) Determine the dynamic pressure at the “worst-case sprinkler” in
the diagram by filling in the table below. (Use the pressure loss
charts at the back of this manual.)

@ = Hunter “PS” Type - Model 15F
4.0 gpm at 35 psi

(:) = Control Valve

= Lateral Lines: 1/2-in. Ciass 315 PVC
3/4-in. and 1-in. Class 200 PVC
= = = = Main Line Pipe

Note: To reduce crowding, two diagrams have been used to show
gpm, pipe size and head spacing.

T , “Worst-Case Sprinkler”
I
I i 1in 3/4i /21
I . /4 in. % in,
)

Tin.
D e e e

I
|
I 35 psi
iy at valve discharge
. 16 ft.
5 | Head Spacing |
| " ‘
: 16 gpm 12 gpm 8 épm 4 gpm
(& -
1 \
: Lateral Line
Aj\ Main Line
Pipe psi Actual
Section  Type Size gpm Length  Loss/100 ft. psi Loss

Saowp

Total psi loss in pipe from the valve to the last head

Pressure at the valve discharge psi

Pressure loss in pipe from valve to last head psi
Estimated pressure loss in fittings (10% of pipe loss) psi
Pressure remaining at last head . psi
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2) Determine the dynamic pressure at the “worst-case sprinkler” in
= the diagram by filling in the table below. (Use the pressure loss
charts at the back of this manual.)

@ - Hunter PGP - #9 nozzle (X) = Control Valve
6.0 gpm at 60 psi

—— = Lateral Lines: 1/2-in. Class 315 PVC = = = = Main Line Pipe
" 3/4-in. through 2-in. Class 200 PVC

Note: To reduce crowding, two diagrams have been used to show
gpm, pipe size and head spacing.

“Worst-Case Sprinkler”

fi/ 12 gpm . 6 gpm .
1
: 18 gpm
|
I 36 gpm 18 gpm
1
1 12 gpm 6 gpm
v ° °
, 12t |,
) 1
\ 1
1 2in.
|<x> 4 |
I o1 |
Al €L sain. 21 ft.
4 N
- B ® A ® |
| 60 psi at valve discharge |
‘ 45 ft. \J 45 ft.
! 1 |

Pipe psi Actual
Section  Type gpm Length  Loss/100 ft. psi Loss

2]
=
N
[¢]

OO w >

Total psi loss in pipe from the valve to the last head

Pressure at the valve discharge psi

Pressure loss in pipe from valve to last head psi
Estimated pressure loss in fittings (10% of pipe loss) psi
Pressure remaining at last head psi
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3) Determine the dynamic pressure at the “worst-case sprinkler” in
the diagram by filling in the table below. (Use the pressure loss

charts at the back of this manual.)

@ - Hunter “1-20” - #9 Nozzle
6.0 gpm at 60 psi

® = Control Valve

—— =Lateral Lines: 1/2-in. Class 315 PVC, 3/4 in. and larger Class 200 PVC

= = = = Main Line Pipe

46 ft. “Worst-case Sprinkler”

| 46 ft. : 23 ft. lHead Spacing|
1-1/2in. 1=1/4in. 1 1/4in. -1 1/4in. 1in. 3/4 in. L

A A & 5
AN A AR

F E D

b e

3/4 in. )r 3/4 in. 40 ft.
60 psi at valve discharge |
Pipe psi Actual
Section  Type Size gpm Length  Loss/100 ft. psi Loss

mm g QW e

Total psi loss in pipe from the valve to the last head

Pressure at the valve discharge
Pressure loss in pipe from valve to last head
Estimated pressure loss in fittings (10% of pipe loss)

psi
psi
psi

Pressure remaining at last head

38

psi



4) Determine the dynamic pressure at the “worst-case sprinkler” in
N the diagram by filling in the table below. In this example the
. lateral line pipe used is polyethylene (PE or Poly pipe). (Use
the pressure loss chart at the back of this manual)

@ = Hunter “-10” - #5 nozzle
2.0 gpm at 50 psi

= Control Valve

— = Lateral Lines: Polyetheylene Tube SDR Pressure Rated

= = = = Main Line Pipe

| 50 psi at valve discharge | sgfr. Worst-case Sprinkler”
T / Head Spacing
| . . .
I /\1 in. /3/4 in. K3/4 in. 2/2 in.
:® ) @ ;@ A
1 1/2 in. ) 38 ft.
" .
A
38 ft.
/ |
v
Pipe psi Actual
Section  Type Size gpm Length Loss/100ft.  psiLoss
A
B
C
D
Total psi loss in pipe from the valve to the last head
Pressure at the valve discharge - psi
Pressure loss in pipe from valve to last head psi
Estimated pressure loss in fittings (10% of pipe loss) psi
Pressure remaining at last head psi
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Pressure Loss in Fittings

While more accurate pressure losses can be determined, irrigation
designers often estimate the pressure loss in fittings as a percentage of
the pressure lost in the pipe. For example, if a section of pipe from the
control valve to the worst case sprinkler had a friction loss of 4.0 psi
the pressure loss in the fittings would be estimated at 10 — 20% of the
pressure loss in the pipe, depending on the system design. In our
examples an estimate of 10% is deemed reasonable. Pressure losses of
25% or more may occur in systems with a large number of 90° elbows
and/or heads spaced closer together, as might be the case in irregular-
shaped planters around apartments or condos.

Summary
62

The design of a landscape irrigation system requires an understanding
of hydraulics. Changes in elevation and friction losses in pipe, valves

(R and fittings affect pressure, which in turn affects sprinkler
performance. Irrigation hydraulics is used to determine the volume of
water available for use by the system, the pressure available at the

(LB sprinkler heads and the correct pipe sizes. Irrigation designers who
understand hydraulics can design systems that are more efficient and
cost less.
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Important Definitions

1) Static Pressure — The pressure of water at rest.
unit of measure = pounds per square inch (psi)
Static pressure is affected by elevation change or by the force
of a pump. For each 1 ft. of elevation change, static pressure
(or dynamic pressure) changes by 0.433 psi.
2) Dynamic Pressure — The pressure of water in motion.
Dynamic pressure is affected by changes in pressure caused by

either elevation change or a pump, as well as by friction losses
in pipe, valves and fittings.

unit of measure = pounds per square inch (psi)
3) Velocity — The speed at which water is moving.
unit of measure = feet per second (fps)
4) Flow — The quantity of water moving through the system. Flow
is affected by: (a) the pressure available at the source, (b) the

pressure losses from the source to the outlet or outlets, and
(c) the size or number of outlet(s).

unit of measure = gallons per minute (gpm)
5) Friction Loss — A term used to identify pressure losses caused
by water turbulence. Friction loss is affected by: (a) velocity,

(b) pipe inside diameter, (c) roughness of the inside of the pipe,
and (d) length of the pipe.

unit of measure = pounds per square inch per 100 ft. of pipe
(psi/100 ft.)

6) Velocity Head — The amount of pressure required to generate a
specific velocity. This is the amount of energy or pressure that
is used to make the water move at a given velocity.

unit of measure = psi or feet of head (ft./head)
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Answers to Sample Problems

‘Static Pressure - p. 10

1y
2)
3)

0.433 psi
231 ft. x 0.433 psi per ft. = 100.02 psi

One foot of head is equal to the pressure created by a column
of water 1 ft. high.

- 256 ft. x 0.433 psiper ft. = 110.85 psi

4)

5)

A)433 psi ‘

B)43.3psi ,

The pressure is the same in both pipes because it is determined
by the height of the column of water above that point
regardless of the diameter of the pipe.

103.15 psi .

Since we are measuring static pressure, the length of pipe does
not affect the pressure loss; the only factor is the elevation
change which is multiplied by 0.433 psi per ft.

e 125 ft. - 60 ft. = 65 ft. elevation change to point B - downbhill
* 65 ft. x 0.433 psi = 28.15 psi increase

* 75 psi + 28.15 psi = 103.15 psi

Using Friction Loss Charts - p. 19

1)
2)
3)
4)
3)
6)
7)

5.97 psi
2.03 psi
1.22 psi
8.19 psi
0.01 psi
7 gpm

9 gpm
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Dynamic Pressure Losses in Pipe - p. 21

1) psiloss in pipe = 7.32 psi loss per 100 ft. x 325 ft.
psi loss in pipe = 0.0732 per ft. x 325 ft.
psi loss in pipe = 23.79 psi
70.00 psi pressure at point A
-23.79 psi due to friction loss in pipe
46.21 psi dynamic pressure at point B

2) psiloss due to elevation gain = 0.433 psi per ft. x 50 ft.
psi loss due to elevation gain = 21.65 psi

2.1
psi loss in pipe = %5 B3 loss per 100 ft. x 125 ft. per 100
psi loss in pipe = 80445 per ft. x 125 ft. --©,- 031\ eer £t x V25 .

psi loss in pipe = 540-psi 3 .@9 st

85.00  psi pressure at point A
-21.65 psi due to elevation gain
63.35  psi subtotal at point B
-3.89  psi due to friction loss in pipe
59.46  psi dynamic pressure at point B

3) psi gain due to elevation change = 0.433 psi per ft. x (80 ft. - 40 ft.)
psi gain due to elevation change = 0.433 psi per ft. x 40 ft.
psi gain due to elevation change = 17.32 psi
psi loss in pipe = 2.43 psi loss per 100 ft. x (99 ft. + 45 ft. + 65 ft. + 36 ft.)

psi loss in pipe = 0.0243 per ft. x 245 ft.
psi loss in pipe = 5.95 psi

45.00  psi pressure at point A
+17.32  psi due to elevation change
62.32  psi subtotal at point B
-5.95  psi due to friction Joss in pipe’
56.37  psidynamic pressure at point B
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Dynamic Pressure Losses in Irrigation Systems - pg. 36

1)
Pipe psi
Section Type Size gpm Length 1oss/100 ft.
A CL.315 12in 4 16 ft. 2.82
B CL.200 3/4in. 8 16 ft. 2.85
C CL.200 1lin 12 16 ft. 1.83
D CL.200 1in 16 16 ft. - 31
Total psi loss in pipe from the valve to the last head
Pressure at the valve discharge
Pressure loss in pipe from valve to last head
Estimated pressure loss in fittings (10% of pipe loss)
Pressure remaining at last head
2)
Pipe psi
Section  Type Size gpm Length loss/100 ft.
A CL.200 3/4in. 6 45 ft. 1.67
B CL.200 1in. 12 45 ft. 1.83
C CL.200 1-1/4in. 18 21 ft. 1.24
D CL.200 2in. 36 12 ft. 0.78

Total psi loss in pipe from the valve to the last head

Pressure at the valve discharge
Pressure loss in pipe from valve to last head
Estimated pressure loss in fittings (10% of pipe loss)

Pressure remaining at last head

44

Actual

psi loss
0.45

0.46
0.29
0.50

1.70 psi
35.00 psi
-1.70 psi

-0.17 psi
33.13 psi

Actual

psi loss
0.75

0.82
0.26
0.09

1.92 psi

60.00 psi
-1.92 psi
-0.19 psi

57.89 psi



3)

Pipe » psi
Section  Type Size gpm Length  loss/100 ft.
A CL.200 3/4in. 6.0 46 ft. 1.67
B CL.200 1in. 12.0 23 ft. 1.83
C CL.200 1-1/4in. 18.0 23 ft. 1.24
D CL.200 1-1/4in. 240 23 ft. 2.12
E CL.200 1-1/4in.  30.0 23 ft. 3.20
F CL.200 1-12in.  36.0 46 ft. 2.32

Total psi loss in pipe from the valve to the last head

Pressure at the valve discharge
Pressure loss in pipe from valve to last head
Estimated pressure loss in fittings (10% of pipe loss)

Pressure remaining at last head

4)

Pipe psi
Section  Type Size gpm Length  logs/100 ft.
A SDR-PE 12in. 2.0 38 ft. 1.76
B SDR-PE 3/4in. 4.0 38 ft. 1.62
C SDR-PE 3/4in. 6.0 38 ft. 343
D SDR-PE 1lin 10.0 38 ft. 2.73

Total PSI loss in pipe from the valve to the last head

Pressure at the valve discharge
Pressure loss in pipe from valve to last head
Estimated pressure loss in fittings (10% of pipe loss)

Pressure remaining at last head

45

Actual
psi loss
0.77

0.42
0.29
0.49
0.74
1.07

3.78

60.00
-3.78
-0.38

55.84

Actual

psi loss
0.67

0.62
1.30
1.04

3.63

50.00
-3.63
-0.36

46.01

psi

psi
psi
psi
psi

psi
psi
psi
psi
psi



Friction Loss Characteristics
Class 160 IPS PVC Plastic Pipe

(1120,1220) C=150 SDR 26
PSI Loss Per 100 Feet of Pipe Sizes 1" thru 5"

Nominal Nominal
Size 1" 1-1/4" 1-1/2" 2" 2-1/2" 3" 4" 5" Size
Pipe ID 1.195 1.532 1.754 2.193 2.655 3.230 4.154 5.133 Pipe ID
Pipe OD 1.315 1.660 1.900 2.375 2.875 3.500 4.500 5.563 Pipe OD
Wall Thick 0.060 0.064 0.073 0.091 0.110 0.135 0.173 0.214 Wall Thick

0
Flow Velacity  PSI (Velocity PSI |Velocity PSI |Velocity PSI |Velacity PSI |Velocity PSI |Velocity PS! |Velocity PSI Flow
GPM FPS LOSS| FPS LOSS| FPS LOSS| FPS LOSS| FPS LOSS| FPS LOSS| FPS LOSS| FPS LOSS| GPM
1 0.29 0.02 0.17 0.01 0.13  0.00 1
2 0.57 0.06 0.35 0.02 0.27 0.01 017 0.00 2
3 0.86 0.14 0.52 0.04 0.40 0.02 0.25 0.01 3
4 114 023} 070 0.07 053 004 034 001 023 0.00 4
5 1.43 0.35 0.87 0.11 0.66 0.05 0.42 .02 0.29 0.1 5
6 1.7 049/ 1.04 o015/ 080 008 051 0.03] 035 001 023 0.00 6
7 2.00 0.66 1.22 0.20 0.93 0.10 0.59 0.03 0.41 0.01 0.27 0.01 7
8 229 0.84] 139 o025 1.06 013 068 004 046 0.02| 031 0.01 8
9 257 1.05 1.86 0.31 1.18 0.16 0.76 0.05 0.52 0.02 0.35 0.01 9
10 286 127 174 038 133 0200 085 0.07 058 0.03 039 0.01 10
11 314 152 191 045 146 023 093 0.08 064 0.03 043 0.01 11
12 343 1.78) 209 053] 159 028 1.02 0.09] 069 004 047 001 12
13 371 207 226 062 172 032 140 o.t1] 075 0.04 051 002 031 0.00 13
14 400 237 243 071 186 037 119 0.42{ 081 0.05 055 002 033 0.01 14
15 429 270/ 261 _0.80) 199 042 427 0.J44| 087 0.06] 059 002 035 0.01 15
16 457 3.04f 278 091 212 047 136 016 093 006 0863 002 038 0.01 16
17 486 340/ 286 1.01| 225 053 144 018/ 098 0.07{ 066 003 040 0.01 17
18 514 378 313 1.13| 239 058 153 020 1.04 0.08f 070 0.03] 043 0.01 18
19 543 4418] 330 125 252 065 161 022 110 0.09] 074 003 045 0.01 19
20 571 459] 348 137 265 071} 170 0.24| 116 0.08| 078 0.04| 047 0.01 20
22 629 548/ 382 1.64/ 292 085 187 029 127 011 08 004 052 001 034 000 22
24 6.86 6.44) 417 1.92| 318 099 204 034 139 043 094 005 o057 001 037 0.01 24
25 714 694 435 207 332 1.07| 212 036 145 014 098 005 059 002 039 001 25
26 7.43 747 452 223 345 118 221 0.39| 1.50 0.15| 1.02 0.06] 061 0.02 040 0.01 26
28 8,00 8.56) 4.87 256 371 132) 238 045/ 162 0.8 109 007 066 0.02] 043 0.01 28
30 857 973 6522 281 398 150 255 051 174 0.200 1147 008 071 0.02| 046 0.01 30
32 9.14 1097 556 327 424 169, 271 057 185 023 125 009 076 0.03) 050 0.01 32
34 971 1227| 591 366 451 190 288 064/ 197 025 1.33 040/ 0.80 003 053 0.01 34
35 10.00 12,95 6.08 387 464 200 297 067y 203 027 137 0.10{ 083 003 054 0.01 35
36 10.29 13.64| .. 6.26 ... 407| 477 211| 305 o071] 208 028 141 o011| 085 0.03[ 056 001 36
38 10.86 15.08) 661 45017 504233 322 079 220 0.3 149 012 090 004 059 0.01 38
40 11.43 16,58 695 4.95 580 2.56 3.39 0.86 2.32 0.34 1.56 0.13 0.95 0.04 0.62 0.01 40
42 1200 1815|780 '542| 557 . 280 356 095 243 037 164 014 099 0.04 065 0.02 42
44 12.57 19.78|-'7:65:  :5.91 5.84 306 373 1.03) 255 04 172 048] 1.04 0.05| 068 0.02 44
45 12.86  20.62 7:82.. 616 5.97 3.19 3.82 1.07 2.60 0.42 1.76 0.16 1.06 0.05 0.70 0.02 45
46 1314 21.48 8:.00. ‘6.41 6.10 3.32 3.90 112 2.66 0.44 1.80 0.17 1.09 a.05 a.71 a.02 46
48 13,71 23.24| +:834. - 6.94| . 6.37 - 359 407 1.21| 278 048/ 1.88 018 113 005 074 0.02 48
50 1429 2507 869 748 6683 3.87| 424 131 289 052, 1986 0.20/ 1.18 006 077 0.02 50
55 1571 29.90| - -9.56- 8.93| 729 462 467 156 318 o061 215 024 130 007 085 0.02 55
60 1714 35.13| 1043 1049| 7.96 543| 509 1.83) 347 072 235 0.28 142 008 093 0.03 60
65 18,57 40.75| 11.30 1216 862 630 551 212 376 084 254 032 154 009 1.01 0.03 65
70 12,17 13.95| 9.28 7.22| 594 244 405 096 274 037 166 041 108 0.04 70
75 13.04 1586/ 895 821 836 2.77) 434 1.09] 293 042} 177 042 118 0.04 75
80 1391 17.87| 1061 9.25| 679 312 463 1.23| 313 047 189 014 124 0.05 80
85 1478 19.99| 1127 1035 721 349} 4.92 138 332 053] 201 016 1.32  0.06 85
90 15.65 22.23| 11.84 11,50 784 388 521 153 352 059 218 017 139 0.06 90
95 16.51 24.57| 1260 1272 806 429 6550 1.69) 372 065 225 019 147 0.07 95
100 17.38 27.01| 1326 13.98 848 4721 579 1.86 391 072 236 021} 155 0.08 100
110 . 16.68) 9.33 5.63| 637 222 430 085 260 025 170 0.09 110
120 15.91  19.60| 10.18  6.61 695 261 469 100/ 284 030( 188 0.1 120
130 17.24 22,73 1103 767 752 3.02| 508 18| 307 034 201 0.12 130
140 18.67 26.08| 1188 879 810 3.47/ 547 134 331 038 217 014 140
150 1989 2963 1273 9.99| 868 394 587 152 855 045 232 0.16 150
160 1857 1126 926 4.44| 626 17| 378 050 248 0.18 160
170 1442 12.60) 984 4.97| 665 1.91| 402 056 263 0.20 170
180 1527 14.01| 1042 552 7.04 213 426 0.63] 279 0.22 180
190 16.12 1548 11.00 6.11| 743 235 449 069 294 0.25 190
200 1697 17.02| 1158 6.72| 7.82 . 259 473 076 310 0.27 200
225 19.09 :21,17| 13.02 - 8.35| - 880 3.22| .532  0.95 348 034 225
250 14.47 . 1015 -~ 9.78  3.91| . 591 115 387 041 250
275 15.92 - 1211|1075 467 - 650 -7-1.37| 426 049 275
300 17.36 .. 14,23 - 11.73 5.48 7.08 1.61 4.65 0.58 300
325 1881 16.50f 1271 6.36| ~7.68.° 1.87| .'5.03..0.67| 325
350 13.69.. 7.29 828 .. 24| - 542 . 077| 350
375 14.87 8.29 8.87 244 5.81..0.87 375
400 15.64 ¢ 9.34| “9.46. - 275 619088 400
425 16,62 1045 10,05 3,07| "6.658 7 1.0 425
450 Shaded area represents velocities over 5 FPS. 17:60-11.62| . 10.64 3.41 697409 450
475 Use with caution where water hammer is a concern. i 1858 1284 1428 377 7860 445 475
500 | | 1 182 7 4.145| 7.74 1.48] 500
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Friction Loss Characteristics

Class 200 IPS PVC Piastic Pipe

(1120,1220) C=150 SDR 21
PSI Loss Per 100 Feet of Pipe Sizes 3/4" thru 4"

Nominal Nominal
Slze 3/4" 1" 1-1/4" 1-1/2" 2" 2-1/2" 3" 3-1/2" 4" Size
Pips ID 0.83 1.189 1.502 1.720 2.149 2:601 3.166 3.620 4.072 Plpe ID

Pipe OD 1.050 1.315 1.660 1.900 2.375 2.875 3.500 4.000 4.500 Pipe OD

Wall Thick 0.060 0.063 0.079 0.090 0.1138 0.137 0.167 0.190 0.214 Wall Thick
Flow Velocity PS8l {Velocity PSI |Velocity PSI |Velocity PSI |Velocity PSI |Velocity PSI |Velocity P8I |Velocity PSI |Velocity PSI Flow
GPM FPS LOSS| FPS LOSS| FPS LOSS| FPS LOSS| FPS LOSS| FPS LOSS| FPS 10OSS| FPS LOSS| FPS LOSS GPM

1 0.47 0.06 0.29 0.02 0.18 0.01 0.14 0.00 1
2 0.94 0.22 0.58 0.07 0.36 0.02 0.28 0.01 0.18 0.00 2
3 1.42 0.46 0.87 0.14 0.54 0.04 0.41 0.02 0.27 0.01 0.18 0.00 3
4 1.89 0.79 1.15 0.24 0.72 0.08 0.55 0.04 0.35 0.01 0.24 0.01 4
5 2.36 1.19 1.44 0.36 0.90 0.12 0.69 0.06 0.44 0.02 0.30 0.01 5
6 2,83 1.67 1.73 0.51 1.09 0.16 0.83 0.08 0.53 0.03 0.36 0.01 0.24 0.00 6
7 3.30 2.23 2.02 0.67 1.27 0.22 0.97 0.11 0.62 0.04 0.42 0.01 0.28 0.01 7
8 3.77 2.85 2.31 0.86 1.45 0.28 1.10 0.14 0.71 0.08 0.48 0.02 0.33 0.01 8
9 4,25 3.55 2.60 1.07 1.63 0.34 1.24 0.18 0.80 0.06 0.54 0.02 0.37 0.01 0.28 0.00 8
10 4.72 4.31 2.89 1.30 1.81 0.42 1.38 0.22 0.88 0.07 0.60 0.03 0.41 0.01 0.31 0.01 10
12 5.66 6.04 3.46 1.83 217 0.59 1.65 0.30 1.06 0.10 0.72 0.04 0.49 0.02 0.37 0.01 0.30 0.00 12
14 8.60 8.04 4.04 243 2.53 0.78 1.93 0.40 1.24 0.14 0.84 0.05 0.57 0.02 0.44 0.01 0.34 0.01 14
15 7.08 9.13 4.33 2.76 2.71 0.89 2.07 0.46 1.833 0.16 0.80 0.06 0.61 0.02 0.47 0.01 0.37 0.01 15
16 755 1029 | 4.62 3.1 2.88 1.00 2.21 0.52 1.41 0.17 0.6 0.07 0.65 0.03 0.50 0.01 0.39 0.01 16
18 849 1280 | 519 3.87 3.26 1.24 2.48 0.64 1.59 0.22 1.09 0.09 0.73 0.03 0.56 0.02 0.44 0.01 18
20 943 15.56 | 577 4.1 3.62 1.51 2.76 0.78 1.77 0.26 1.21 0.10 0.81 0.04 0.62 0.02 0.49 0.01 20
22 6.35 5.62 3.98 1.80 3.08 0.93 1.94 0.32 1.33 0.12 0.80 0.05 0.68 0.02 0.54 0.01 22
24 6.93 6.60 4.34 2,12 3.31 1.09 212 0.37 1.45 0.15 0.98 0.06 0.75 0.03 0.59 0.02 24
25 7.22 712 4,52 2.28 3.45 1.18 2.21 0.40 1.51 0.16 1.02 0.06 0.78 0.03 0.62 0.02 25
26 7.50 7.65 4.70 2.45 3.58 1.27 2.30 0.43 1.57 0.17 1.06 0.07 0.81 0.03 0.64 0.02 26
28 8.08 8.78 5.06 2.82 3.86 1.46 2.47 0.49 1.69 0.19 114 0.07 0.87 0.04 0.69 0.02 28
30 8.66 9.87 543 3.20 4.14 1.65 2.65 0.56 1.81 0.22 1.22 0.08 0.83 0.04 0.74 0.02 30
32 9.24 1124 | 579 3.61 4,41 1.86 2.83 0.63 1.3 0.25 1.30 0.10 1.00 0.05 0.79 0.03 32
34 9.81 12,58 | 6.15 4.03 4.69 2.09 3.00 0.71 2.05 0.28 1.38 0.11 1.06 0.06 0.84 0.03 34
35 10,10  13.27 | 6,33 4.26 4.83 2,20 3.09 0.74 2.11 0.29 1.42 0.11 1.09 0.06 0.86 0.03 35
36 10.39 . 13.98 | 6.51, . 4.48 4.96 2.32 3.18 0.78 217 0.31 1.47 0.12 1.12 0.06 0.89 0.03 36
38 10,97 1545 | 6.87 4.96 524 256 3.36 0.87 2.29 0.34 1.65 0.13 1.18 0.07 0.94 0.04 a8
40 1154, 16.89 | 7.28 5.45 5,52 2.82 3.58 0.95 241 0.38 1.63 0.14 1.256 0.08 0.98 0.04 40
42 12.12..°18.60 | - 7.60 5.97 579 3.08 3.71 1.04 2,53 0.41 1.71 0.16 1.31 0.08 1.03 0.05 42
44 12.70: - 20.27.1 ~7.96: 6.50 6.07 3.38 3.89 1.14 2.65 0.45 1.79 0.17 1.37 0.09 1.08 0.05 44
45 12,09°  21.13-| 814" 678 | 621 3.51 398 119 | 271 0.47 183 018 | 140 0.09 111 0.05 45
46 13.28" 2201 | 832 7.06 | 634 365 | 4068 1.24 | 277 0.49 187 0.19 143 010 113  0.06 46
48 13.85- '23.82 | 8.68 7.64 6,62 3.95 4.24 1.34 2.89 0.53 1.85 0.20 1.48 0.11 1.18 0.06 48
50 14,43 25,69 | 9.04 8.24 6.90 4,26 4,42 1.44 3.02 0.57 2.04 0.22 1.56 Q.11 1.23 0.06 50
55 15.87  30.65 | 9,95 9.83 | 7.59 5.08 4.86 1.72 3.32 0.68 2.24 0.26 1.7 0.14 1.35 0.08 55
60 17,32 36.00 | 10.85 - 11.55 | 827 5.97 5.30 2.02 3.62 0.80 2.44 0.31 1.87 0.16 1.48 0.09 60
65 18.76 41,76 | 11.76 13.39| 896 . 6.93 5.74 2.34 3.92 0.93 2.65 0.36 2.02 0.19 1.60 0.10 65
70 12.66- 15.36 9.65 7.95 6.18 2.69 4.22 1.06 2.85 0.41 2.18 0.21 1.72 0.12 70
75 1356 17.46.; 10.34 9,03 6.63 3.05.| 452 1.21 3.058 0.46 2.34 0.24 1.85 0.14 75
80 1447 19.67 | 11.08 - 1047:| 7.07 344 | 482 1.36 3.26 0.52 2.49 0.27 1.97 015 80
85 1587 22,01 |'11.72 '11.38 | 7.51 3.85 513 1.52 3.46 0.58 2.65 0.30 2.09 017 85
90 16,28 24.47 -| 1241 12.65 | 7.85 4.28 543 1.69 3.66 0.65 2.80 0.34 2.21 0.19 90
95 17.18 27.05 | 1310 13.99 | 8.39 4.73 573 1.87 3.87 0.72 2.86 0.37 2.34 0.21 95
100 .18.09 2074 | 13,79 15.38 | 8.83 5.20 6.03 2.06 4,07 0.79 3.11 0.41 246 0.23 100
110 19.88 3548 | 15.17 1835 | 9.72 6.21 6.63 2,45 4.48 0.94 3.42 0.49 2.71 0.28 110
120 16.65 21.56 | 10.60 7.30 7.24 2.88 4.88 1.11 3.74 0.58 2.95 0.33 120
130 17.83 25.00 | 1148 8.46 7.84 3.34. | 529 1.28 4.08 0.67 3.20 0.38 130
140 19.31 28,68 | 1237 -  9.71 8.44 3.83 5,70 1.47 4.36 0.77 3.44 0.43 140
150 13.25.-°11.03 | 9.05 4.36 6.11 1.67 4.67 0.87 3.69 0.49 150
175 1546 _ 14.67 | 10.55 _5.80 742 2.23 545 -1.16+| 4.31 0.65 175
200 17.67- . 18.79 | 12.06° 7.42 814 2.85 6.23 1.49 4.92 0.84 200
225 19.88 23,37 | 1857 © 9.23 8.16 3.55 7.01 1.85 5.54 1.04 225
250 15.08 11.22 | 10.18-. 4.31 7.78 2.25 8.15 1.27 250
275 16,58 13.39 | 1119 514 8.56 2,68 8.77 1,51 275
300 18.08 15,73 | 12.21 6.04 9.34 3.15 7.38 1.78 300
350 1426 8.04 | 1090 419 8.61 2,36 - 350
400 16.28 10.29 | 1245 5.36 9.84 3.03 400
450 18,32 12.80 | 1401 6.67 | 11,07 3,76 450
500 1657 8.1 1230 457 500
550 1712  9.67 | 1853 5.46 550
S(O)g Sha.ded area represents velocities over § FPS, 1888 1196 1;;: g:; sgg
800 ) Use with caution where water hammer Is a concern. 10.68 10.82 800
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" Friction Loss Characteristics

Class 315 IPS PVC Plastic Pipe

(1120,1220) C=150 SDR13.5
PSI Loss Per 100 Feet of Pipe Sizes 1/2" thru 3"

Nominal Nominal
Size 1/2" 3/4" 1" 11/4" 112" 2" 21/2" 3" Size
Pipe ID 0.718 0.894 1.121 1.414 1.618 2.023 2.449 2.982 Pipe ID
Pipe OD 0.840 1.050 1.315 1.660 1.900 2.375 2.875 3.500 Pipe OD
Wall Thick 0.062 0.078 0.097 0.123 0.141 0.176 0.213 0.259 Wall Thick
Flow |Velocity PSI [Velocity PSI |Velocity PSI |Velocity PSI |Velocity PSI |Velocity PSI |Velocity PSI |Velocity PSI Flow
GPM FPS LOSS| FPS LOSS| FPS LOSS| FPS LOSS| FPS LOSS| FPS LOSS| FPS LOSS| FPS LOSS| GPM
1 080 0.22| 0.51 007 032 002 020 001 016  0.00 1
2 159 078 1.02 027 065 0.09 041 0.03| 0.31 0.01 0.20  0.00 2
3 2.39 1.65 1.63 0.56 0.97 0.19 0.61 0.06 047 0.03 0.30 0.01 0.20 0.00 3
4 318 282 204 096/ 1.30 032 082 o040 062 005 040 0.02 027 0.01 4
5 3.98 4.26 2.55 1.45 1.62 0.48 1.02 0.16 0.78 0.08| * 0.50 0.03 0.34 0.01 0.23 0.00 5
6 478 597 306 203 195 067 122 022 094 0.11 0.60 0.04| 041 002 028 0.01 6
7 5.57 7.95 3.57 2,70 2.27 0.90 1.43 0.29 1.08 0.15 0.70 0.05 0.48 0.02 0.32 0.01 7
8 6.37 10.18 4,08 3.45 2.60 1.15 1.63 0.37 1.25 0.19 0.80 0.06 0.54 0.03 0.37 0.01 8
9 ‘716 12.66] 459 430, 292 143| 184 046 140 024f 090 0.08 061 003 041 0.01 9
10 796 15.38) 5.0 © 522] 325 174 204 056 156 0.29{ 1.00 040/ 0.68 0.04 046 0.01 10
1 875 18.35 5.62 . ..6,23 3.57 2.07 2.24 0.67 1.71 0.35 1.10 0.12 0.75 0.05 0.50 0.02 1
12 9.55 21.56 6.13 7.32 3.90 2.43 245 0.79 1.87 0.41 1.20 0.14 0.82 0.05 0.55 0.02 12
13 10.35 25.01| 6.64 . 849 422 282 265 091 203 047, 130 0.16/ 088 0.06/ 060 0.02 13
14 11.14 2869 715 ~ 974 455 324/ 286 1.05 218 054 140 0.18) 095 0.07] 064 0.03 14
15 11.94 32.60| 766 11.07| 487 368 3.06 119 234 062 150 021 1.02 0.08/ 069 0.03 15
16 12,73 36,73 8.17 1247 519 415 326 134 249 070 160 023 1.09 0.09] 073 0.04 16
17 13.53 41.10f 8.68 13.95| 552 4.64] 347 150, 265 078 169 026/ 116 010 078 0.04 17
18 1433 45.69| 9.19 1551 5.84 516 367 1.67] 281 0.8 179 029 122 012 083 0.04 18
19 1512 50.50( 9.70 17.14| 6.7 570 388 1.84] 296 096 189 032 129 013 087 0.05 19
20 15.92 55.53| 10.21 18.85| 649 627 408 2.03] 312 1.05 199 035 136 014 092 0.05 20
22 17.51 66.25| 11.23 2249 7.14 7.48| 449 242 343 1.25 219 042 150 047 1.01 0.06 22
24 19.10 77.84| 1225 26.42| 779 879 490 284 374 147, 239 050 163 020 110 0.08 24
25 1276 28.50| 8.12 948 510 3.06f 39 159} 249 054 170 0.21 1.15  0.08 25
26 13.27 30.65| 844 10.19] 531 3.29] 4.05 171| 259 o058 177 023 119 0.09 26
28 1428 3515/ 9.09 11.69] 57 3.78) 436 1.96] 279 066/ 190 026/ 128 0.0 28
30 15.31 39.95| 974 13.28| 612 4.29] 468 223 299 075/ 204 030 138 oOMNM 30
32 16.34 45.02| 10.39 14.97| 653 4.84] 499 251 319 085 218 033 147 0413 32
34 17.36 50.37| 11.04 16.75 6.94 5.41 5.30 2.81 3.39 0.95 2.31 0.37 1.56 0.14 34
35 17.87 53.14| 11.36 17.67| 7.14 57 545 296 349 1000 238 0.39] 1.61 0.15 35
36 18.38 .55.99| 11.69 18.62 7.35 6.02 5.61 3.12 3.59 1.05 2.45 0.42 1.65 0.16 36
38 19.40 -'61.89| 12.34 20.58 7.75 6.65 5.92 3.45 3.79 1.16 2.59 0.46 1.74 0.18 38
40 12,99 22,63 8.16 7.31 6.23 3.79 3.99 1.28 272 0.50 1.84 0.19 40
42 13.64 2477 8.57 8.00 6.55 4.15 4,19 1.40 2.86 0.55 1.3 0.21 42
44 14,29 27.000 898 872 6.86 453 439 153 299 0.60{ 202 0.23 44
45 14.61 28.15 9.18 9.09 7.01 4.72 4.49 1.59 3.06 0.63 2.06 0.24 45
46 1494 29.32 9.39 9.47 717 4.92 4.59 1.66 3.13 0.65 2.11 0.25 46
48 1558 31.72| 979 1025 748 532 479 179 327 071 220 0.27 48
50 16.23 34.21| 1020 11.05| 779 574 498 193 340 0.76] 229 0.29 50
55 17.86 4082 11.22 13.19 8.57 6.84 5.48 2.31 3.74 0.91 2.52 0.35 55
60 19.48 47.95| 1224 1549 9.35 8.04 5.98 2.71 4.08 1.07 2.75 0.41 60
65 13.26 17.97| 1013 9.33| 648 3.14| 442 124 298 048 65
70 14.28 20.61| 1091 1070 6.98 3.61| 476 142 321 055 70
75 15.30 23.42| 11.69 1216 748 410 510 1.62| 344 0.62 75
80 16.32 26.39| 12.47 1370 7.98 462 544 1.82 367 070 80
85 17.35 29.53| 1325 15.33| 847 517 578 2.04) 390 078 85
90 18.37 32.83| 14.03 17.04| 897 575 612 227 413 0.87 90
95 19,39 36.28| 14.81 18.83| 947 6.35| 646 251| 436 0.96 95
100 15.58 20.71 9.97 6.98 6.80 2.76 4.59 1.06 100
110 1714 24.71| 1097 8.33| 748 3.29] 505 1.26 110
120 1870 29.03| 11.96 9.79| 8.16 3.86| 5.51 1.48 120
130 1296 11.35| 884 448 596 1.72 130
140 13.96 13.02| 952 5.14| - 642 1.97 140
150 14.95 - 14,80 10.20 - 5.84| 6.88 224 150
175 17.45 19.69| 11.90 7.77 8.03 2,98 175
200 19.94 25.21| 13.61 9.95| 9.18 = 3.82] 200
225 15.31 1237 10.32 4.75 225
250 17.01  15.04| 11.47 5.77 250
275 1871 - 17.94| 1262 6.88 275
300 13.76 8.09 300
325 3 Shaded area represents velocities over 5 FPS. { 14.91 238 325
350 i Use with cautlon where water hammer is a concern. | 16.06. 10.76 350
400 | 18.85 13.78] 400
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Nominal

Friction Loss Characteristics

Schedule 40 IPS PVC Plastic Pipe

(1120,1220) C=150 PSI Loss Per 100 Feet of Pipe
Sizes 1/2" thru 3"

Nominal
Size 1/2" 3/4" 1" 11/4" 11/2" 2" 21/2" 3" Size
Pipe ID 0.622 0.824 1.049 1.380 1.610 2.067 2.469 3.068 Pipe ID
Pipe OD 0.840 1.050 1.315 1.660 1.900 2.375 .2.875 3.500 Pipe OD
Wall Thick 0.109 0.113 0.133 0.140 0.145 0.154 0.203 0.216 Wall Thick
Flow iVelocity PSI [Velocity PSI |Velocity PSI |Velocity PSI |Velocity PSI |Velocity PSI (Velocity PSI |Velocity PSI Flow
GPM FPS LOSS| FPS LOSS| FPS LOSS| FPS LOSS| FPS LOSS| FPS LOSS| FPS LOSS| FPS LOSS GPM
1 1.05 043 | 060 0.1 037 0.03 | 0.21 0.01 0.16  0.00 1
2 211 1556 | 120 039 | 074 0142 | 043 0.03 | 0.31 0.02 | 0.19  0.00 2
3 3.16 3.28 1.80 0.84 1.11 0.26 0.64 0.07 0.47 0.03 0.29 0.01 0.20 0.00 3
4 4.22 5.59 2.40 1.42 1.48 0.44 0.86 0.12 0.63 0.05 0.38 0.02 | '0.27 0.01 4
5 5.27 8.45 3.00 215 1.85 0.66 1.07 0.17 0.79 0.08 0.48 0.02 0.33 0.01 0.22 0.00 5
6 6,33 11.85 | 3.61 3.02 2.22 0.93 1.29 0.25 0.94 0.12 0.57 0.03 0.40 0.01 0.26 0.01 6
7 7.38 1576 | 4.21 4.01 2.60 1.24 1.50 0.33 1.10 0.15 0.67 0.05 0.47 0.02 0.30 0.01 7
8 8.44 20.18 | 4.81 514 | 297 159 | 1.71 0.42 126 020 | 076 006 | 054 002 [ 035 0.01 8
] 949 = 25,10 | 5.41 639 | 334 197 | 193 052 142 025 | 086 0.07 | 060 0.03 [ 039 0.01 9
10 10.55  30.51 | 6.01 707 | 37 240 | 214 0.63 157 030 | 095 009 | 067 0.04 | 043 o0.01 10
11 11.60 36.40 | 6.61 926 | 408 286 | 236 075 178 036 | 1.05 0.1 074 0.04 | 048 0.02 11
12 1265 42,77 | 721 10.88 | 445 3.36 | 257 0.89 189 042 | 115 0412 | 080 0.05 | 052 0.02 12
13 13,71 - 49,60 | 7.81 12,62 | 482 3.90 2.79 1.03 2.05 0.48 1.24 0.14 0.87 0.06 0.56 0.02 13
14 14,76 - 56.90 | 8.41 14.48 | 5.19 4.47 3.00 1.18 2.20 0.56 1.34 0.16 0.94 0.07 0.61 0.02 14
15 15.82  64.65 | 9.01 16.45 | 5.56 5.08 3.21 1.34 2.36 0.63 1.43 0.19 1.00 0.08 0.65 0.03 15
16 16.87 72.86 | 9.61 18.54 | 5.93 5.73 3.43 1.51 2.52 0.71 1.53 0.21 1.07 0.09 0.69 0.03 16
17 17.93 81,52 | 10.22 20.75 | 6.30 6.41 364 169 | 268 080 | 162 024 | 114 0.0 | 074 0.03 17
18 18,98 . 90.62 | 10.82 23.06 | 667 712 | 386 1.88 | 2.83 0.89 | 1.72 0.26 120 0.1 078 0.04 18
19 1142 2549 | 7.04 7.87 | 407 207 | 299 098 | 1.81 028 | 127 042 | 0.82 0.04 19
20 12.02 28,03 | 742 866 | 428 228 | 315 1.08 | 1.91 032 | 134 0.3 | 087  0.05 20
22 13,22 3344 | 816 1033 | 4.71 272 | 346 128 | 210 038 | 147 0.6 | 095 0.06 22
24 1442 3929 | 880 1214 | 514 3.20 3.78 1.51 2.29 0.45 1.61 0.19 1.04 0.07 24
25 16.02. 42,38 9.27 .13.09| 5.36 3.45 3.84 1.63 2.39 0.48 1.67 0.20 1.08 0.07 25
26 15,62 45,57 | 9.64 14.08 | 5.57 3.71 4.09 1.75 2.48 0.52 1.74 0.22 1.13 0.08 26
28 16.83 52.27 | 10.38 16.15 | -6.00 4.25 4.41 2.01 2.67 0.60 1.87 0.25 1.21 0.09 28
30 18.03 5940 | 1112 1835 | 643 483 | 472 228 | 286 068 | 2.01 0.28 | 130 0.10 30
32 19.23 66.94 | 11.86 20.68 | 686 544 | 504 257 | 306 076 | 214 032 | 1.39 0.1 32
34 1261 2313 | 728 6.09 | 535 288 | 325 0.85 | 228 0.36 147 012 34
35 12,98 2441 | 750 643 | 551 3.04 | 334 090 | 234 038 | 1.52 0.138 35
36 1335 2572 | 7.7 6.77 | 567. 320 | 344 095 | 241 040 | 156 0.4 36
38 14.09 2843 | 8.14 7.48 5.98 3.54| 3.63 1.05 2.54 0.44 1.65 0.15 38
40 14,83 31.26 | 8.57 8.23 6.30 3.89 3.82 1.15 2.68 0.49 1.73 0.17 40
42 15,567 . 34,22 | 9.00 9.01 6.61° 4.25 4.01 1.26 2.81 0.53 1.82 0.18 42
44 16.31 37.29 | 9.43 9.82 6:93 4.64 4.20 1.37 2.94 0.58 1.91 0.20 44
45 16.68 38.88 | 9.64 10.24 | 7.08 4.83 4.30 1.43 3.01 0.60 1.85 0.21 45
46 17.06 40.49 | 986 1066 | 724 504 | 439 1.49 | 3.08 0.63 1.99  0.22 46
48 17.80 43.81 | 10.28 1154 | 7.56 5.45 | 4.58 162 | 3.21 0.68 | 2.08 0.24 48
50 18.54 47.26 | 10.71 1244 | 787 588 | 477 174 | 335 073 | 217 025 50
55 11,78 14.84 | 8.66 7.01 5.25 2.08 3.68 0.88 2.38 0.30 55
60 12.85 1744 | 9.44 8.24 5.73 2.44 4.02 1.03 2.60 0.36 60
65 1393 20.23 | 10.23 9.55 6,21 2.83 4,35 1.18 2.82 0.41 65
70 15,00 23.20 | 11.02 10.96-| 6.68 3.25 4.69 1.37 3.03 0.48 70
75 16.07 2636 | 11.81 1245 | 7.16 3.69 5.02 1.55 3.25 0.54 75
80 17.14 29.71 | 1259 14.03 | 764 416 | 535 . 1.75 | 347 0.61 80
85 18.21 33.24 | 13.38 1570 | 812 465 | 569 196 | 3.68 0.68 85
80 19.28 36.95 | 1417 1745 | 859 517 | 6.02 218 | 380 0.76 90
95 1495 19,29 | 9.0v 572 | 636 241 412 084 95
100 15,74 21,21 | 955 629 | 669 265 | 433 092 100
110 17.31 25.31 | 1050 7.50 7.36 3.16 4.77 1.10 110
120 18.89 2974 | 1146 8.82 8.03 3.7 5.20 1.29 120
130 1241 1022 | 8.70 4.31 5.63 1.50 130
140 1337 1173 | 937 4.94 | 6.07 1.72 140
150 14,32 13.33 | 10.04 5.61 650 1.95 150
160 1528 15.02 | 1071 6.33 | 6.94 2.20 1860
170 16.23  16.80 | 11.38 7.08 | 7.37 246 170
180 17.18 18.68 | 1205 7.87 | 7.80 2.73 180
190 18,14 20.65 | 1272 870 | 8.24  3.02 190
200 19.10 22,70 | 13.39 9.56 8.67 3.32 200
225 15,06 11.89 | 9.75 4.13 225
250 16.78 14.46 | 10.84 5.02 250
275 1841 1725 | 11,92 599 275
300 13.00 7.04 300
325 Shaded area represents velocities over 5 FPS. 14.09 817 325
350 Use with caution where water hammer is a concern. 1817 9.37 350
375 | , | 16.25 10.64 375
400 [ | | 17.34 _ 12.00 400
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" Friction Loss Characteristics
Schedule 40 Standard Steel Pipe

C=100 Sizes 1/2" thru 3"
PSI Loss Per 100 Feet of Pipe

Nominal Nominal
Size 1/2" 3/4" 1" 11/4" 11/2" 2" 21/2" 3¢ Size
Pipe ID 0.622 0.824 1.048 1.380 1.610 2.067 2.469 3.068 Pipe ID
Pipe OD 0.840 1.050 1.315 1.660 1.900 2.375 2.875 3.500 Pipe OD
Wall Thick 0.109 0.113 0.133 0.140 0.145 0.154 0.203 0.216 Wall Thick
Flow Velocity PSI |Velocity PSI |Velocity PSI |Velocity PSI |Velocity PSI |Velocity PSI |Velocity PSI |Velocity PSI Flow
GPM FPS LOSS| FPS LOSS| FPS LOSS| FPS LOSS| FPS LOSS| FPS LOSS| FPS LOSS| FPS LOSS GPM
1 1.05 0.91 0.60 0.23 0.37 0.07 0.21 0.02 0.16 0.01 0.10 0.00 1
2 2.1 3.28 1.20 0.84 0.74 0.26 0.43 0.07 0.31 0.03 0.19 0.01 0.13 0.00 2
3 3.16 6.95 1.80 1.77 1.1 0.55 0.64 0.14 0.47 0.07 0.29 0.02 0.20 0.01 0.13 0.00 3
4 422 1185 2.40 3.02 1.48 0.93 0.86 0.25 0.63 0.12 0.38 0.03 0.27 0.01 0.17 0.01 4
5 527 1791 3.00 1.85 1.41 1.07 0.37 0.79 0.18 0.48 0.05 0.33 0.02 0.22 0.01 5
6 8.33 25.10 3.61 2.22 1.97 1.29 0.52 0.94 0.25 0.57 0.07 0.40 0.03 0.26 0.01 6
7 7.38 33.40 4.21 2.60 2.63 1.50 0.69 1.10 0.33 0.67 0.10 0.47 0.04 0.30 0.01 7
8 8.44 42,77 4.81 2.97 3.36 1.71 0.89 1.26 0.42 0.76 0.2 0.54 0.05 0.35 0.02 8
9 949 53.19 5.41 3.34 4.18 1.93 1.10 1.42 0.52 0.86 0.15 0.60 0.06 0.39 0.02 9
10 10.55  64.65 6.01 3.71 5.08 2.14 1.34 1.57 0.63 0.95 0.19 0.67 0.08 0.43 0.03 10
11 11.60 7714 6.61 4.08 6.06 2.36 1.60 1.73 0.75 1.05 0.22 0.74 0.09 0.48 0.03 11
12 12.65 90.62 7.21 4.45 7.12 257 1.88 1.89 0.89 1.15 0.26 0.80 0.11 0.52  .0.04 12
13 1371 1081 7.81 4.82 8.26 2.79 2,18 2.05 1.03 1.24 0.30 0.87 0.13 0.56 0.04 13
14 14.76  120.6 8.41 519 9.48 3.00 2.50 220 118 1.34 0.35 0.94 0.15 0.61 0.05 14
15 15.82  137.0 9.01 556 1077 3.21 2.84 2.36 1.34 1.43 0.40 1.00 0.17 0.65 0.06 15
16 16.87 154.4 9.61 593 12,14 3.43 3.20 2.52 1.51 1.53 0.45 1.07 0.19 0.69 0.07 16
17 17.98 172.7] 10.22 630 13.58 3.64 3.58 2.68 1.69 1.62 0.50 1.14 0.21 0.74 0.07 17
18 18.98 192.0{ 10.82 6,67 15.10 3.86 3.97 2.83 1.88 1.72 0.56 1.20 0.23 0.78 0.08 18
19 11.42 7:04  16.69 4.07 4.39 2.99 2.07 1.81 0.62 1.27 0.26 0.82 0.09 19
20 12.02 742 18.35 4.28 4.83 3.15 2.28 1.91 0.68 1.34 0.28 0.87 0.10 20
22 13.22 816 21.89 47 5.76 3.46 2,72 2.10 0.81 1.47 0.34 0.95 0.12 22
24 14.42 8.90 . 25.72 5.14 6.77 3.78 3.20 2.29 0.95 1.61 0.40 1.04 0.14 24
25 15.02 5.36 3.94 3.45 2.39 1.02 1.67 0.43 1.08 0.15 25
26 15.62 . .B.57 4.09 3.71 248 1.10 1.74 0.46 1.13 0.16 26
28 16.83 16.00 4.41 4.25 2.87 1.26 1.87 0.53 1.21 0.18 28
30 18.03 -8:43- 10; 4.72 4.83 2.86 1.43 2.01 0.60 1.30 0.21 30
32 8.86. 1.5 5:04 .. 5.45 3.06 1.62 2.14 0.68 1.39 0.24 32
34 72812 L 6.10 3.25 1.81 2.28 0.76 1.47 0.26 34
35 75048, 6.43 3.34 1.91 2.34 0.80 1.52 0.28 35
36 T A4 o678 844 201 241 085 1.56  0.29 36
38 8.14 - 7.49 3.63 222 2.54 0.94 1.65 0.33 38
40 8,57 3000 8.24 3.82 244 2.68 1.03 1.73 0.36 40
42 9.00 611:0-9,02 4.01 2.67 2.81 1.13 1.82 0.39 42
44 9.43 B +9.83 4.20 2.91 2.94 1.23 1.91 0.43 44
45 9.64 7.08 - 10.25 4.30 3.04 3.01 1.28 1.95 0.44 45
46 . X 9.86 7.24  10.67 4.39 3.16 3.08 1.33 1.99 0.46 46
48 17.80 92.84| 10.28 7.56 11.55 4.58 3.42 3.21 1.44 2.08 0.50 48
50 18.54 100.1| 10.71 7.87 1245 4.77 3.69 3.35 1.55 217 0.54 50
55 11.78 8.66 14.86 5.25 4.40 3.68 1.85 2.38 0.64 55
60 12.85 9.44 17.45 5.73 5.17 4.02 2.18 2.60 0.76 60
65 13.93 10.23 20.24 6.21 6.00 4.35 2.53 2.82 0.88 65
70 15.00 11.02  23.22 6.68 6.88 4.69 2.90 3.03 1.01 70
75 16.07 11.81  26.39 7.16 7.82 5.02 3.29 3.25 1.14 75
80 17.14 12.59 29.74 7.64 8.82 5.35 3.71 3.47 1.29 80
85 18.21 13.38  33.27 8.12 9.86 5.69 4.15 3.68 1.44 85
90 1417  36.98 8.59 10.96 6.02 4.62 3.90 1.60 920
95 14.95  40.88 9.07 1212 6.36 5.10 4.12 1.77 95
100 15.74 44,95 9.55 13.33 6.69 5.61 4.33 1.95 100
110 17.31 53.63| 10.50 15.90 7.36 6.70 4.77 2.33 110
120 18.89  63.01| 1146 18.68 8.03 7.87 5.20 2.73 120
130 12.41 21.66 8.70 9.12 5.63 3.17 130
140 18.37 24.85 9.37 1047 6.07 3.64 140
150 14.32 28.24| 10.04 11.89 6.50 413 150
160 1528 31.82| 10.71 13.40 6.94 4.66 160
170 16.23 35.61| 11.38  15.00 7.37 5.21 170
180 1719 ~ 39.568| 12.05 - 16.67 7.80 5.79 180
190 18.14 ' 43,75 1272 18.43 B.24 6.40 190
200 13.39 20.26 8.67 7.04| 200
225 15,06 © - 25.20 9.75 8.76 225
250 16,73, - 30,63| -10.84 - 10.64 250
275 18,41 36,54 11.92.  12.70 275
300 13.00°. - 14.92 300
325 14.09 - 17.30 325
350 Shaded area represents velocities over 5 FPS. | 1547 4985 350
875 Use with caution where water hammer is a concern. | 16.251, 22,56 875
400 | ) | 17.34 2542|400
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Friction Loss Characteristics

Polyethylene (PE) Pipe - SDR Pressure Rated Tube

C=140 SDR7,9,11.5,15 Sizes 1/2" thru 2"
PSI Loss Per 100 Feet of Pipe
Nominal Nominal
Size 1/2" 3/4" 1" 1-1/4" 1-1/2" 2" Size
Pipe ID 0.622 0.824 1.049 1.380 1.610 2.067 Pipe ID
Flow |Velocity PSI |Velocity PSI |[Velocity PSI |Velocity P8I |Velocity PSI [Velocity PSI Flow
GPM FPS LOSS| FPS LOSS| FPS LOSS| FPS LOSS| FPS LoOss| FPS LOSS! GPM
1 1.05 0.49 0.60 0.12 0.37 0.04 0.21 0.01 0.16 0.00 0.10 0.00 1
2 2.11 1.76 1.20 0.45 0.74 0.14 0.43 0.04 0.31 0.02 0.19 0.01 2
3 3.16 3.73 1.80 0.95 1.11 0.29 0.64 0.08 0.47 0.04 0.29 0.01 3
4 4.22 6.35 2.40 1.62 1.48 0.50 0.86 0.13 0.63 0.06 0.38 0.02 4
5 5.27 9.60 3.00 2.44 1.85 0.76 1.07 0.20 0.79 0.09 0.48 0.03 5
6 6.33 13.46 | 3.61 3.43 2.22 1.06 1.29 0.28 0.94 0.13 0.57 0.04 6
7 7.38 17.91 | 4.21 4.56 2.60 1.41 1.50 0.37 1.10 0.18 0.67 0.05 7
8 8.44 2293 | 4.81 5.84 2.97 1.80 1.71 0.47 1.26 0.22 0.76 0.07 8
9 9.49 2852 | 541 7.26 3.34 224 1.93 0.59 1.42 0.28 0.86 0.08 9
10 10.55 - 34.67 | 6.01 8.82 3.71 2.73 2.14 0.72 1.57 0.34 0.85 0.10 10
11 11.60 41.36 | 6.61 10.53 | 4.08 3.25 2.36 0.86 1.73 0.40 1.05 0.12 11
12 12.65  48.60 | 721 1237 | 4.45 3.82 2.57 1.01 1.89 0.48 1.15 0.14 12
13 1371 56.36 | 781 1434 | 482 4.43 2.79 117 | 2.05 0.55 1.24 0.16 13
14 1476 64.65 | 841 1645 | 5.19 5.08 3.00 1.34 2.20 0.63 1.34 0.19 14
15 1582 - 7347 | 9.01 1870 | 556 5.78 3.21 1.52 2.36 0.72 1.43 0.21 15
16 16.87 8279 | 9.61 21.07 | 5.93 6.51 3.43 1.7 2.52 0.81 1.53 0.24 16
17 17.93 92.63 | 10.22 23.57 | 6.30 7.28 3.64 1.92 2.68 0.91 1.62 0.27 17
18 18,98 - 103.0 | 10.82 26.21 | 6.67 8.10 3.86 213 2.83 1.01 1.72 0.30 18
19 1142 28.97 | 7.04 8.95 4.07 2.36 2.99 1.11 1.81 0.33 19
20 12.02 3185 | 742 9.84 4.28 2.59 3.15 1.22 1.91 0.36 20
22 13.22 38.00 | 816 11.74 | 4.71 3.09 3.46 1.46 2.10 0.43 22
24 1442 4465 | 890 13.79 | 5.14 3.63 3.78 1.72 2.29 0.51 24
25 15.02 4815 | 9.27 14.87 | 5.36 3.92 3.94 1.85 2.39 0.55 25
26 1562 51.78 | 9.64 16.00 | 5.57 4.1 4.09 1.99 2.48 0.59 26
28 16.83 59,40 | 10.38 18.35 | 6.00 4.83 4.41 2.28 2.67 0.68 28
30 18.03. 67.50 | 11.12 20.85 | 6.43 5.49 4.72 2.59 2.86 0.77 30
32 19.23 76.06 | 11.86 23.50 | 6.86 6.19 | 5.04 2.92 3.06 0.87 32
34 1261 26.29 | 7.28 6.92 5.35 3.27 3.25 0.97 34
35 12.98 27.74 | 7.50 7.30 5.51 3.45 3.34 1.02 35
36 13.35  29.22 | 7.71 7.69 5.67 3.63 3.44 1.08 36
38 14,09 3230 | 8.14 8.50 5.98 4,02 3.63 1.19 38
40 14.83 35.52 | 8.57 9.35 6.30 4.42 3.82 1.31 40
42 1557 38.88 | 9.00 10.24 | 6.61 4.83 4.01 1.43 42
44 16.31 4238 | 943 11.16 | 6.93 5.27 4.20 1.56 44
45 16.68 4418 | 9.64 11.63 | 7.08 5.49 4.30 1.63 45
46 17.06 46.01 | 9.86 12112 | 724 5.72 4.39 1.70 46
48 17.80 49.79 | 10.28 13.11 | 7.56 6.19 4.58 1.84 48
50 18.54 53.70 | 10.71 1414 | 7.87 6.68 4.77 1.98 50
55 11.78 16.87 | 8.66 7.97 5.25 2.36 55
80 12.85 19.82 | 9.44 9.36 5.73 2.77 60
85 13.93 2298 | 10.23 10.86 | 6.21 3.22 65
70 15.00 26.36 | 11.02 12.45 | 6.68 3.69 70
75 16.07 29.96 | 11.81 1415 7.16 419 75
80 17.14 33,76 | 1259 1595 | 7.64 4.73 80
85 18.21  37.77 | 13.38 17.84 | 8.12 5.29 85
90 19.28 41,99 | 1417 19.83 | 8.59 5.88 90
95 14.95 21.92 | 9.07 6.50 95
100 1574 2411 | 9.55 7.15 100
110 17.31 28.76 | 10.50 8.53 110
120 18.89 33.79 | 11.46 10.02 120
130 1241  11.62 130
140 13.37 13.33 140
150 14.32 15.14 150
160 15.28 17.07 160
170 16.23  19.09 170
:gg Shgded area represents velocities over 5 FPS. 1;13 :;22 138
200 Usg thh cautlorj where water han?mer isa concern.‘ 1910  25.80 200

51




Index

C

C factor, 18, 21
C=150, 21
Class-rated pipes, 21

D

Dynamic pressure, 12,16, 25,41
Dynamic pressure losses, 40
Dynamic pressure losses in pipe, 24

E

Elevation change, 11, 24

F

Factors affecting flow, 27
Feet ofhead, 7,9
Flow, 31,32, 33,41
Friction loss charts, 46
Friction loss in pipe,

H

16, 41

Hazen-Williams formula, 19
Hydraulics, 6

I

inside diameter (i.d.), 16, 17,21
IPS (Iron Pipe Size), 20

L
Length,
N

Nominal pipe size, 21
Number of outlets, 34

0

outside diameter (0.d.), 21

16,19
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P

Point of connection, 44
Pressure, 28

Pressure loss, 37, 39
Pressure loss charts, 20
Pressure loss in fittings, 44
Pressure losses, 34

psi, 7,9, 34

psiloss, 21

Q

Quantity (gpm ), 27

R

Roughness, 16, 18

Roughness factor, 19

< ,

Sample problems, 14, 23, 25, 40

Schedule-rated pipes, 21
SDR (Standard dimension ratio), 21

Static pressure, 12, 14,41
Summary, 44

T

Technical charts, 23

v

Velocity, 16, 17,21,27

Velocity Head, 41
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