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Steps to Design a Solar Water Pumping Project
Assess Best Type of Pumping System for the Project

Make Diagram of System

W ® N o~ W DN =

Assessment of Water Source

Determine the Pump Needed

Assessment of Daily Water Need

Determine the Type of Pipe and Water Outlet

Assess the Pumping Flow Rate and Pressure

Add Pump Controls and Ancillary Parts

Determine the Size of Solar Panel Collectors

10. Costing a Solar Water Pumping System

1. Assess Best T

e of Pumping Svstem for the Project

Types of Water Pumping Systems

Human Power
Small Flow

Human Power
-Hand pump
-Pedal pump

Easy maintenance
Bad

Low flow

Hard work

Typical Use
-Supplying water to a person

-Filling Jerry Cans (20 liter)
-Irrigate less than half
hectare

Solar Power
-Surface pumps
-Well pumps

Good

Easy to use

No Fuel

No noise or pollution
Bad

Expensive equipment
Some maintenance
Must have sun shining

Typical Use

-Supplying water to a plot

-Watering livestock

-Irrigate less than 10
hectare (multiple pumps)

Engine
-Portable
-Pump Station

Good

Easy to use

Powerful

Run any time

Bad

Needs fuel

A lot of maintenance
Expensive

Typical Use

-Supplying water to a city
-Portable pressure washing

-Irrigating more than 50
hectare
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Different types of solar water pumping systems

Solar pumping for irrigation

Solar pumping to an elevated tank.

Solar Panels

Wires

Pump

Water
outlet

Water pipe

Pond or river

Solar Panels

Float Water Tank

Controller

System with a battery for AC Pump that can be
used anv time of dav.

Hybrid Solar PV with Diesel Generator back-up
connected to controller for DC voltage system.

Solar Panels

c.mgeL.\
Controller

Water
outlet

Water pipe

Water Source

Solar Panels

Controller --

Generator

Water
outlet

Pump Water pipe

Pond or river
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2. Assessment of Daily Water Need

Typical Water Uses and the Needed Water Amount

Water Need Amount of Water per Day
People (drinking, washing) 10 L/day to 30 L/day per person
Small Cows 20 L/day to 40 L/day per cow

Large and Milking Cows

40 to 60 L/day per cow

Goats and Sheep

5 to 10 L/day per animal

Pigs 3 to 15 L/day per animal
Chickens 0.25 L/day per bird
Field Crops 100,000 L/day per hectare
Young Tree 40 L/day per tree

Example Calculation

Question: How much water is needed for 100 cows?
Answer: 100 cows x 40 L/day = 4,000 L/day

Practical Exercise

Question: How do I measure water flow from a pipe?

Answer: Fill or empty a bucket or tank with level markings at a known volume. Measure the time it takes for

the water to move between marks. Divide the volume of water by the time. If it took 5 minutes to fill up a
Jerry Can of 20 L, then the flow rate was 20 L / 5 minutes = 4 L/min

3. Assessment of Water Source

Water Source

Issues

River River banks move with season, depths change
Water contains mud and sand
Water can be contaminated
Floating logs and animals can break equipment
Pond Seasonal availability

Water contains mud and sand

Water can be contaminated

The shoreline moves with seasons and rain

Pond can dry up if too much water is pumped out.

Dug well (< 10 meters)

Water can be contaminated
Water levels can change
Water may refill hole slowly

Bore hole (>20 meters)

Expensive
Water is usually clean
Pump can go much deeper than water level
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4.Determine the Type of Pipe and Water Qutlet

Pipe

Pipe is made from a variety of materials, here are the most commonly used materials:

Steel — Best for above ground permanent piping systems. Must be painted and protected from
corrosion.

Aluminum — Best for large pipe (10" or 25 cm diameter) that is temporary

Plastic, Polyethylene — Somewhat flexible, but easy to “kink”. Best for the pipe that gets put down a
well (called “drop pipe”). OK for temporary pipe indoors. Sunlight will break down the pipe in about
a year. “PEX" is a more rigid type of polyethylene pipe that is good to use in buildings in sizes from
16 mm to 63mm.

Plastic, PVC — Best for underground pipe in permanent systems. Less expensive than steel and easier
to fix. Sunlight will break down the pipe in about 5 years.

Rubber (hose) — Best for temporary use in short distances. Sunlight will break down rubber in about
2 years.

Water Outlet
The purpose for the water determines how the outlet of the water is designed.

Open pipe — Delivers water to the destination as it is produced.

Valve — Some pumps will get damaged if the outlet pipe gets blocked. If the water needs to be shut
off, this should be done by stopping the pump, not using a valve. If a valve at the pipe outlet must
be used, find a pump with an “automatic shut-off” feature that turns the pump off when the pipe is
shut off by a valve and turns the pump back on when the valve is opened. The controller senses
pressure in the line.

Drip nozzle — Drip irrigation is the most efficient use of water, although it requires a lot of pipe. The
nozzles must have a certain pressure behind them to ensure even distribution of the water to all of
the drop points.

Spray nozzle — Spray, or sprinkler irrigation requires significant pressure at the nozzle to push the
water through the air. Also, this type of irrigation loses about 25% of the water to evaporation in the
air. When used, the water evaporated must be added to the amount of water needed in the ground
in determining the total daily water need.

5. Make Diagram of System

Select the type of system from those shown in Section 1

The location of equipment for the project should consider these issues:

the solar panels require a location with no significant shading;

the solar panels must be protected from damage by wind, animals, children, vehicles and changing
water levels,

the solar array should be as close to the pump as possible to minimize wire size and installation cost;
if batteries and inverter are to be used, they must be in a reasonably dry location with proper
venting;
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Make a drawing:

SOLAR PAVEL £ D
e Shows the location of: QUR [}j _———a
Water Source /Wfi_’_mz/ '
R~ )
o Solar Panels s North
o Storage Tank (if needed) ; T
o Pump (Dow ViEw)
o Controller
o Electric Wires
o Water pipe

o Water outlet

FELD
. . . SOLAR PIPE o0 oTL]
e Make “Down View” and “Side View” = = =
e Determine distances of length and height (meters). \RV_?
e Identify any objects that would shade the solar panels \~p‘,Mp

from the sun. ( SIDE v/gw)

6. Assess the Pumping Flow Rate and Pressure

SOLAR PUMP FLOW RATE (L/minute) for direct solar powered (no battery)

Assume there is 6 hours of full sunshine, which is 360 minutes per day. Divide the daily water need by 6
hours to get the hourly flow rate.

Pump Flow Rate (Liter/minute) = (Water needed, L/day) / (360 minutes/day)

Example Calculation
Question: What pump flow rate do I need to supply 4,000 L/day?
Answer: Pump Flow Rate = (4,000 L/day) / (360 minutes/day) = 11.1 L/min

PUMP PRESSURE (meters) to push the water up and through the pipe

Pump pressure can be expressed as the equivalent height (in meters) needed to raise the water to create
pressure, called “head”. Three factors contribute to the pressure:
1) Lift Head - Vertical measurement from water level to pipe outlet
2) Pipe Head - Equivalent height to push water through the pipe distance; include all pipe distance.
a. Pipe Head for Length of Pipe
Method A — Equation (simplified Hazen-Williams)
Head (m) = (Distance, m)*1175 x (Flow Rate, L/min)-*>? / (Inside Pipe Diameter, mm)*55°

Method B — Use Tables for Flow of Water Through Pipe in Appendix
Head (m) = (Head loss, m) x (Length of pipe, m)

b. Fittings and Bends head for Pipe
Bends in the pipe increase the Pipe Head; add 10 x diameter of pipe for every bend, fitting, or

fully open valve.
Bends and Fitting Head (m) = 10 x (Number of fittings) x (Diameter, mm / 1000 mm/m)

3) Outlet Head — This is the pressure needed at the pipe outlet to push through a valve or nozzle for
spray or drip systems. Refer to equipment manuals for specific nozzles. For open pipe, the head is
zero. Spray systems can need 30 meters. Drip systems can need up to 20 m.

Total Pump Head = Lift Head + Pipe Head + Outlet Head
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Equivalent height of tank needed
252 to supply the pressure.

Outlet Head Total Pump Head (also called “dynamic” head)

Pipe Head ~_ Outlet = OQutlet Head (pressure at end of pipe/nozzle)

..."_......._._._...._.._\T‘}.____ ) +

Height Head

Pipe Pipe Head (overcome resistance in pipe)

+
Lift Head (also called “static” or “height” head)

Water table

Example Calculation
Question: What pump head is needed to push 11 L/min up 20 meters and through 200 meters of pipe with a
diameter of 20 mm. The pipe outlet is open (no valve or spray nozzle).
Answer:
1) Lift Head = 20 m
2) Pipe Head = (200 m)*1175 x (11 L/min)*%?/ (20 mm)*%%® =93 m
3) Outlet Head = 0 m for open pipe at exit
Total Pump Head = 20 m + 9.3 + 0 = 29.3 meters

7.Determine the Pump Needed

There are many types of pumps and the selection includes both

Pump Power Size (Watts) = (Water Flow, L/min) x (Pump Total Head, m) / 3.57

Example Calculation

Question: What power size pump is needed to pump 11 L/min with a head pressure of 26 meters?

Answer: Pump Power Size = (11 L/min) x ( 26 meters) / 3.57 = 80 Watts

Note: There are 746 Watts per Horse Power. So 80 Watts is equivalent to 80/746 = 0.1 H.P. pump. This is a
small pump.

Pump Options
1) Surface vs Submersible
a) Submersible — the pump goes into the water
i) Fits in a dug well, pond or river
ii) Fits inside the pipe down a bore hole: usually 3" (7.6 cm) or 4” (10.2 cm) pipe
b) Surface— the pump stays in the air and a suction pipe goes into the water
i) Self Priming — Most pumps will not pump air, so they need to be “primed” by filling the suction
hose with water to get them started. Pumps that are “self-priming” can pump some air, and
draw water up into an empty pipe to start pumping.
ii) Suction Lift - Pumps have a maximum suction lift at which they can pull up water from the
source into the pump. This value will be specified for the pump (on the pump or in the manual).
The length of the suction pipe should be as short as possible; the height between the pump and
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the water level should be minimized and kept below the specified suction lift. Most pumps have a
suction lift of about 1 to 3 meters. No pump can lift more than 10 meters.

ii) Cooling — Pumps are doing work and they create heat. Pumps are usually cooled by the water
running through them. However, pumps that push high pressure and have a low flow may need
additional cooling. Pumps that are electrically on, but the water flow gets stopped in the exit line
(dead head) will overheat. Also pumps that are electrically on, but don't have water flowing
through them because the suction line is not in water (dry running) will overheat. Some pumps
are made to handle these situations, but most pumps that run “dead headed” or “dry” will burn
up and break.

2) DC or AC Electricity

a) DC Powered

i) Itisimportant to match the voltage of the pump with the solar panel voltage, usually 12 V or 24
V for smaller pumps. Larger pumps can have higher voltages.

i) Some DC pumps require a controller that optimizes the pumping capacity of the pump

b) AC Electricity — Requires Batteries and Inverter
AC pumps may be a good choice if the solar power system with an inverter is already available such
as in a home. AC pumps can also be run with a generator as a back-up.

3) Life of the pump
a) Plastic parts will only last a year or two in the sun, maybe 5 years in water
b) High Quality stainless steel pumps will last 25 years

4) Other issues
a) Filtering to prevent fouling; prevent dirt from breaking mechanical parts in pump. Some pumps allow
dirt to pass through them and other pumps will be damaged by dirt & sand.
b) Corrosion

Pump Examples

SHURflo WEBSITE: www.SHURflo.com
* 9300 Series Submersible SHURflo 9300 Array Direct Performance (24 VDC Array)

° zé.‘v pump, also works e Minimum Flow rate Amps

. \livétrh;’z(;i/ameter ipe or Lol solar array size (GPM) @ 3ov

put in surface water, Z ey L ol

o upto112 GPH, 40' 2x32W 1.90 gpm 1.7A

o upto 70 m depth 60' 2x50W 1.81 gpm 21A

80' 2x50W 1.76 gpm 24A

100' 2x50W 1.71 gpm 26A

120' 2x50W 1.68 gpm 2.8A

140' 2x80W 1.65 gpm 3.1A

160' 2x80W 1.63 gpm 3.3A

180' 2x80W 1.55 gpm 36A

200' 2x80W 1.52 gpm 3.8A

230' 2x80W 1.36 gpm 41A
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Dankoff WEBSITE: www.dankoffsolarpumps.com

e Solar Piston Surface Pump
o 3 models
o 75 m lift head
o 100 psi water systems
o 20 to 35 L/min water flow

e Dankoff Slowpumps — Surface pump
o High head pressure, up to 150 meters
o 760 to 10,000 liters per day
o Needs clean water; must filter to 10 micron

e Dankoff SunCentric Centrifugal Surface pump
o Low head pressure
o Up to 200,00 liters per day
o Can tolerate dirty water

Grundfos WEBSITE: ke.grundfos.com

e  SQFlex series submersible solar pumps,

Eleven different models

Fit in 3” or 4" well pipe

90 to 240 VAC or 30 to 300 VDC power
up to 260 L/m of water flow,

up to 250 m depth

O O O O O
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CRFlex 10-2
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CRFlex series surface pump, 100 to 400 VDC or 230 VAC,

o Three models (sizes) available
Can be operated on 110 to 415V DC or AC voltage
Built in protection against overheating
Water flow rates from 25 L/min to 300 L/min
Water does not have to be clean
Pump must be inside (protected from sun and rain)
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8. Add Pump Controls and Ancillary Parts

The following components are often purchased with pump equipment.

Float Switch — This is a float that attaches in a tank. When the float rises to the top of the tank, it
turns the pump off so the tank will not overflow. The switch turns back on when tank is not full.
Pressure Switch — This is a switch in the outlet pipe that will turn the pump off if the pressure rises
above a set point. This can be used to maintain a constant pressure on a water system, or to protect
the pump from “dead heading” where the pipe gets blocked.

Check Valves — These prevent water from back flowing when the pump is off. They can be used in
the suction line so that the pump does not have to be re-primed when re-starting. They can also be
used to prevent water from back flowing through the pump when the pump is off.

Filters/ Screens — These are put in the pump suction line to keep dirt and sand out of the pump,
which can ruin the mechanical parts.

Foot pump — This is put in the suction line of a surface pump to help prime the pump when starting it
if the pump is not self priming.
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e Qil — The mechanical gears in the pump may require oil. Pumps used for drinking water need to use
a non-toxic oil.

e Repair Kits — Most pumps made for remote service will make repair kits available.

e Pressure Gauges — Useful for understanding what your pump is doing and troubleshooting when a
pump does not seem to be working.

e Dry Run Switch — A switch that will turn the pump off if it starts to overheat due to loss of water on
the suction side. A must to protect pumps that will burn up if run dry.

e Linear Current Boosters — These are electrical devices that adjust the voltage up or down when the
voltage from a solar panel does not match the voltage needed by the pump. They can also be used
to increase voltage and reduce current through wires when the wire distance must be long.

e Pump Controller — Pump controllers often combine several functions including:

o adjusting the voltage from the array to the voltage that is best for the pump
o a tie in point for pressure switches, level switches, dry run switches, and user switches.

9. Determine the Size of Solar Panel Collectors

The solar power needed is a function of the water flow rate, the pump pressure, and the efficiency by which
the panels collect the sun light.

Solar Panel Size (Watts) = Pump Power (Watts) x 1.25

Example Calculation
Question: What size of solar panels do I need to power an 80 Watt Pump?
Answer: Solar Panel Size = (80 Watt pump) x 1.25 = 100 Watts

10. Costing a Solar Water Pumping System

Process for Determining the Cost of a Project (see Cost sheet on following page)
1) List all components
2) Estimate cost and shipping for all components
3) List process steps for constructing the project (see example process steps on following page)
4) Estimate labor effort and cost for all steps
5) Estimate other costs and profit

Example of Cost Comparison

Compare the cost of operating a system that will pump 100,000 L/day from a river to irrigate a field.

Solar Pumping Diesel Engine Pumping
Initial Cost of System 40 000 SSP Initial Cost of System 20 000 SSP
Cost of Fuel for 1 Year 0 SSp Cost of Fuel for 1 Year 10 000 SSP
COST after 5 Years 40 000 SSP COST after 5 Years 70 000 SSP
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EXAMPLE OF MAKING A PROKECT COST ESTIMATE

Note: These steps and times are only for example and may not reflect what is needed.

This type of diagram is called a "Gantt” Chart.

Example Project

Task

Feb

Mar

Apr

May
Jun

Project Development before Contract
Assessment of the project site

Preliminary design of the project

Estimate cost of project

Sale of the project

CONTRACT

Project Execution

Obtaining all permissions

Obtaining quotations for equipment and labor
Final design of the project

Contracting the labor

Procuring the equipment

Shipping the equipment

Preparing the job site

Drilling the well

Setting up the Solar Panels on a structure
Setting up the Tank

Dropping pump, pipe and wires in well
Trenching for underground pipe and wires
Laying pipe and wires in trenches

Making all electrical connections

Making all pipe connections

Testing the pipe for leaks

Testing measurements on electrical wires
Test operation of system

Fill in trenches to cover underground pipe and wireOperations

Contingency
Train Customer
Turn Project over to Customer

Customer Service

Follow up 1 month
Follow up 1 year

Rial Baai Solar

Project Start Month 1-Jan-14
Person Duration
Assigned  Start Date Finish Date Days
Sales 1-Jan 8-Jan 7
Sales 9-Jan 16-Jan 7
Sales 17-Jan 24-Jan 7
Sales 25-Jan 8-Feb 14
Sales 9-Feb 10-Feb 1
Operations 11-Feb 18-Feb 7
Operations 19-Feb 26-Feb 7
Operations 27-Feb 6-Mar 7
Operations 7-Mar 14-Mar 7
Operations 15-Mar 22-Mar 7
Operations 23-Mar 22-Apr 30
Operations 23-Apr 30-Apr 7
Operations 1-May 8-May 7
Operations 1-May 8-May 7
Operations 1-May 8-May 7
Operations 9-May 11-May 2
Operations 9-May 11-May 2
Operations 12-May 14-May 2
Operations 15-May 17-May 2
Operations 15-May 17-May 2
Operations 18-May 19-May 1
Operations i 18-May 19-May 1
Operations 20-May 21-May 1
22-May 23-May 1
Operations 24-May 31-May 7
Operations 1-Jun 2-Jun 1
Operations 3-Jun 4-Jun 1
Sales 4-Jul 5-Jul 1
Sales 4-Jun 5-Jun 1
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EXAMPLE OF MAKING A PROKECT COST ESTIMATE

Note: These prices and components are only for example and may not reflect real prices.

Cost Estimating Sheet

Date EXAMPLE Estimator Deng Deng
Quote #/ Type Estimate Estimator Office Kuajok
Project Name Cattle Trough

Location Warrap State Sales Contact Abuk Abuk
Type Well to Tank Sales Office Kuajok
Description SHURflow 9300 w/ (1) 175W panel.

3000 L/day at 30 m

MATERIAL COSTS

[ item [item Description [ Quantity | $UnitCost | $Extended Cost
1 SHURflo 9300 submersible pump, 24Vdc, 1 $ 950.00 $ 950.00

2 SHUR(flo 902-100 pump controller, 24Vdc, INDOOR enclosure 0 $ 170.00 $ -
3 SHUR(flo 902-200 pump controller, 12 or 24Vdc, OUTDOOR enclosure 1 $ 42000 $ 420.00
4 Float Switch 1 $ 20.00 $ 20.00
5 Solar Module, BP 175 module 1 $ 350.00 $ 350.00
6 Submersible pump steel cable, 120' 120 $ 050 $ 60.00
7 Electrical wire (including controller to float switch), 175 ft 175 $ 050 $ 87.50
8 Poly pipe for "drop pipe", 150 150 $ 050 $ 75.00
9 Misc fasteners & fittings, lot 1 $ 100.00 $ 100.00
10  Pole for module, 2.5" Sch40, 10’ 1 $ 20.00 $ 20.00
11  Unirac 500045 Pole Mount, for a single BP175 solar panel 1 $ 150.00 $ 150.00
12 Concrete, 15" diameter, 40" deep, 4 ft3 cuft 4 $ 1500 $ 60.00
13 Pole at tank, 2.5:" Sch40, ~11' 1 $ 2000 $ 20.00

$ -
Materials Cost Sub-total $ 2,312.50

LABOR COSTS

[ ttem [item Description [ Manhours | $Burd Costihr | $Extended Cost
1 Drill bore hole & pour concrete for foundation 24 $ 10.00 $ 240.00
2 Install pump 8 $ 10.00 $ 80.00
3 Install module & pump controller 8 $ 10.00 $ 80.00
4 Trench and install pipe to tank (including float switch) 16 $ 10.00 $ 160.00
5 Purchasing 16 $ 10.00 $ 160.00
6 Project Management 32 $ 10.00 $ 320.00
7 Travel 20 $ 10.00 $ 200.00

8  Assuming 2 men, 2 days $ -

9 $ -

$ -
Labor Cost Sub-total $ 1,240.00

OTHER COST: SUBCONTRACTING, TRAVEL, FEES & RENTAL COSTS
| ltem |Item Description |

$Extended Cost

1 Trencher machine rental $ 300.00
2 Concrete mixer rental $ 500.00
3 Rental for Bore Driller - subcontract $ 2,000.00
4
Other Cost Sub-total $ 2,800.00
MISC COSTS
| ltem |Item Description Rate | | Cost |
1 Contingency/Repairs/Tool Charge 5.00% $ 317.63
2 Shipping Equipment to Site 10.00% $ 231.25
3 Insurance 1.50% $ 95.29
4 Use Tax on Materials Tax Rate 10.00% $ 231.25
Misc Cost Sub-total $ 875.41
Total Cost $ 7,227.91
Profit 20% $ 1,806.98
Project Price $ 9,034.89
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Flow of Water Through Schedule 40 Steel Pipe

Pressure Drop per 100 feet and Velocity in Schedule 40 Pipe for Water at 60 F.
Discharge Velocity Press Drop| Velocity Press Drop| Velocity Press Drop | Velocity FPress Drop| Velocity Press Drop| Velocity Press Drop| Velocity Press Drop | Velocity Press Drop
Gallons Cubic Ft. Feet Lbs. Feet Lbs. Feeat Lbs. Feet Lbs. Feet Lbs. Feet Lbs. Feet Lbs. Feet Lbs.
per per per per per per per per per per per per per per per per per per
Minute Second Second Sg.In. Second 5q. In. Second Sg.In Second Sa. In. Second Sg. In. Second Sqg. In. Second Sg.In. Second Sg.In.
18" 164" as" 12"
2 0.000448 1.13 1.86 0.616 0.350
3 0.000668 1.69 422 0924 0.803 D.504 0.158 0317 0.061 304"
4 0.000821 226 6.88 1.23 1.81 D.&72 0.345 0.422 0.088
] 0.00111 282 0.5 1.54 239 D.240 0.538 0.528 0.167 0.201 o.033
-] 0.00134 330 147 1.85 328 1.01 0.751 0.633 0.240 0.361 0.041
] 0.00178 4.52 250 2.46 544 134 125 0.844 D408 0.481 0.102 1" 114
0.00223 5.65 372 3.08 8.2a 62 1.85 1.06 0.600 0.602 0.155 0.371 0.048 112"
2 0.00448 1129 134.4 6.16 301 336 6.58 211 2.10 120 0.526 0.743 0.164 0.420 0.044
3 D.00B868 8.25 841 5.04 139 3.17 4.33 181 1.00 1.114 0.328 0.644 0.080 0.473 0.043
4 0.00881 12.33 1112 672 238 422 742 241 1.83 140 0.585 0.a58 D.150 0.630 0.071
5 001114 g 840 387 5.28 112 201 275 1.28 0.835 1.073 D223 0.788 0.104
& 0.01337 0.574 0.044 2z 10.08 1. 8.33 15.8 361 384 223 1.17 129 0.300 0.048 0.145
g 0.017a2 0.765 0.073 1344 1.1 .45 77 481 6.60 247 1.0 172 0.518 1.28 o241
10 0.02228 0.958 0.108 0.670 0.048 10.56 424 B8.02 0.00 amn = 215 0.774 1.58 0.381
15 0.03342 143 0.224 1.01 0.094 = 2.03 218 5.57 8.28 322 1.83 237 0.758
0 0.04456 1.01 0.375 1.24 0.158 D.268 0.056 3z 1202 7e 743 10.09 429 278 3.18 1.28
25 0.05570 238 0.561 1.68 0.234 1.09 0.083 0812 0.041 4 9.28 16.7 537 4.22 384 1.83
30 0.06684 287 0.786 2m 0.3z7 130 0.114 0.874 0.058 11.14 238 6.44 5.82 473 272
35 0.07728 235 1.05 235 0.438 1.52 0.151 1.14 0.704 0.282 0.041 12.00 322 7.51 7.80 5.52 384
40 0.08812 .83 1.35 268 0.558 1.74 0.182 1.30 0.085 1.01 D.052 14.85 41.5 8.59 10.24 8.30 4.65
45 0.1003 4.30 1.87 3.02 0.668 185 0.23g 1.48 0.117 113 D.084 267 12.80 7.09 5.85
50 0.1114 478 202 3.35 0.839 217 0.288 1.62 0.142 126 0.ove &" 10.74 15.86 728 7.15
60 0.1337 574 287 4.02 1.18 260 0.406 1.85 0.204 1.51 0.107 12.89 222 0.47 10.21
70 0.1560 670 3.84 4.60 1.50 3.04 0.540 227 0.261 176 D142 1.12 0.047 11.05 1371
80 0.1722 T7.85 4.97 5.26 203 347 0.6a7 260 0.334 202 0.180 1.28 0.060 1262 17.50)
o0 0.2005 8.60 6.20 6.03 253 3o, 0.e81 292 0416 227 0.224 144 0.074 a" 14.20 2.0
100 0.2228 0.56 7.50 6.70 3.09 4.34 1.08 3.25 0.508 252 0272 1.60 0.020 1.1 0.038 15.78 26.9)
125 0.2785 11.67 1176 8.38 471 543 1.81 4.08 0.7&8 315 D415 2m 0135 130 0.055 10.72 414
150 0.3342 14.38 1670 10.05 8.60 6.51 224 487 1.08 378 0.580 241 0.120 167 0.077
175 02809 18.75 223 11.73 agr 7.80 3.00 5.68 1.44 441 0774 281 0.253 104 0102
200 0.4458 10.14 288 13.42 11.68 268 3.87 B.40 1.85 5.04 D.985 am 0323 222 0.130 a"
225 0.5013 15.00 14.63 aF7 4.83 7.30 232 567 123 361 0.401 250 0.162 144 0.043
250 0857 . . L 10.85 583 812 284 6.30 1.46 401 0.485 278 0.185 1.60 0.051
75 0127 . e [ 11.84 7.4 8.83 340 6.23 179 441 0.583 305 0.234 1.76 0.081
00 peeedl .. [ 12.00 8.36 0.74 4.02 7.56 21 481 0.683 333 0.275 1.92 0.072)
325 (Ve O I 14.12 =R:1x] 10.53 4008 8.19 247 521 0.797 3.61 0.320 208 0.0a3
350 oyresl | .. 11.38 541 as2 284 5682 D219 3.80 0.367 224 0.085
s oegassf | .. 1217 6.18 945 3325 6.02 1.08 4.18 D416 240 0.108
400 pegizf | .. 12.68 703 D.oe 3.68 642 118 444 D471 258 21
425 0.2460 13.80 T8 0.71 4.12 6.82 133 472 0.529 273 0.138
450 1.003 o 14.81 880 1.24 4.60 722 148 5.00 0.500 280 0151
475 1.059 103 opos4 | e e 11.87 .12 782 1.84 5.27 08532 3.04 0.1684
500 1114 203 0.050 12.60 5,85 8.02 181 5.55 0.720 3N 0,182
550 1.225 224 0.071 13.85 679 8.82 217 8.11 0.861 353 o.219]
&00 1.337 244 poesf L 15.12 2.04 0.e3 255 B.66 1.02 3.85 0.258
B50 1.448 2.64 0.087 L 1043 208 T2z 1.18 417 0301
700 1.560 2.85 D.112 zm 0.047) 123 343 778 1.35 448 D.343
750 1.671 305 0.127 215 0.054 14" 12.03 382 833 1.55 4.81 0.382)
200 1.782 3.25 0.143 229 0.061 283 443 888 175 513 D.443
250 1.894 346 0.160 244 0.068 202 Doz ... 13.64 5.00 944 1.96 545 0.447)
=il 2.005 3.66 0.179 258 0.075 213 0.o47 .. 14.44 5.58 08.99 218 577 0.554
=) 2117 3.86 0.198 272 0.083 225 0.052 15.24 6.21 10.55 242 6.00 0.613
1000 2.228 4.07 0.218 287 0.091 237 0.057 16" 16.04 6.e4 11.10 268 841 0.675
1100 2.451 448 0.260 3.15 0.110 26 0.088 17.65 B.23 1222 322 705 0.807
1200 2.674 4.88 0.206 344 0.128 285 0.020 218 oos2 .. L e 13.33 3B 770 0.048
1200 2.808 520 0.355 373 0.150 308 0.0g2 236 ool .. L e 14.43 445 833 111
1400 3.119 570 0.400 40 0.171 332 0.107 254 0.055 15.55 513 .03 1.28|
1500 3.342 6.10 04688 430 0.185 358 D122 272 0.083 18" 18.66 5.85 0.62 1.4
1600 3.565 6.51 0.527 450 0.210 aTe D.138 280 0.071 1777 6.681 10.28 1.85
1800 4.010 732 0.663 5.16 0.278 427 D.172 327 0.088 258 0.050 10.09 8.37 11.54 2.08)
2000 4.458 2.14 0.208 573 0.330 474 0.200 363 0.107 287 0.080 priedoed | 10.3 1282 2 55
0
2500 5.570 10,17 124 77 0.515 583 0321 454 0.163 359 D.081 16.03 3.84
3000 6.684 12.20 176 8.60 0.731 711 0.451 545 0.232 4.30 D.128 348 0.075 4" 19.24 5.50)
3500 7.788 14.24 238 10.03 0.982 830 0.607 6.35 0.312 5.02 0173 404 0.101 2244 7.56)
4000 8.812 16.27 3.08 147 127 248 0.787 7.26 0.401 574 D222 462 0.128 318 0.052 25.65 = |
4500 10.03 18.31 387 12.80 1.60 10,67 0.200 817 0.503 648 0.280 5.20 0.162 ase 0.0685 28.87 122
5000 1.14 20.35 47 14.23 1.95 11.85 1.1 0.08 0.817 77 0.240 577 0.129 200 0.070
6000 3.37 24.41 674 17.20 277 1423 171 10.89 0.877 2.61 D482 6.93 0.280 478 011
TODO 5.60 28.40 211 20.07 374 16.60 23 1271 1.18 10.04 D0.652 8.0a 0.376 5.5a D.150
8000 7er ... 22.a3 424 18.96 200 14.52 1.51 1147 0.g3@ .23 D.488 6.38 0.192
2000 2005 ... ... 25.70 6.09 2124 376 16.34 1.0 12.01 1.05 1038 0.608 718 0242 ... .
10000 2228 ... .. 28.66 748 237 4.61 18.15 234 14.34 128 11.54 0.720 708 0.zo4| ...
12000 26.74 .40 10.7 2845 G50 270 3.33 17.21 1.83 13.85 1.08 o538 oa4ds| .. L.
14000 £ U £ O 3310 2.80 2542 440 20.08 245 16.18 1.43 1117 0.562
16000 |/EE| . | e 2005 5.83 2208 318 18.47 1.85 1277 07z .. L
18000 4000 . | 3268 73 2582 4.03 2077 232 1436 0eo7| ... .
20000 4466 | . 36.31 0.03 28.69 4.03 23.08 2.86 15.06 112 ...

For pipe Iengtﬁs“other than 100 feet, the preséure drop is propo.rtional to the length, Thus, for 50 feet of pipe, the pressure drop is approximately one-half the
nin the table_ ... for 300 feet, three times the given value, efc.

value give

Yelocity is a function of the cross sectional flow area; thus, it is constant for a given flow rate and is independent of pipe length.
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Flow of Water Through Schedule 40 Steel Pipe (Metric)

Using the pipe diameter and the flow rate (LPM), use this graph to find “Head Loss” for
water in metal pipe. Then multiply the Head Loss times the Pipe Length.

Pipe Head (m) = Head Loss (m/m) x Pipe length (m)

Note that plot is Log-Log scale, not linear.

Head Loss of Water in Pipe at Different Flow Rates
T 19000 Pipe Diameter
téo 20 mm
3 ~8-25mm
8 50
- mm
2 0.1000 -
o =80 mm
~
% ~=150 mm
£ ~-200 mm
-
8 0.0100 ~—300 mm
© —600 mm
v v
N —
4
(/]
¥ 00010
g
A
o)
-
T
y)
£ 0.0001
1 10 100 1000 10000 100000
Flow Rate (liters per minute)

Note: Date from Crane uses C=150 in the Hazen-Williams formula. Realistic data show actual head may be
twice as high.
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Useful Conversions
Typical Pipe Sizes

Length _
1 meter = 3.28 ft Diameter NOPTF:Z""'
2.54 cm =254 mm =1inch Nominal Sive
Volume DN NPS
3.785 liter = 1 gallon (mm) | (inches)
1000 liter = 1 meteY 6 18
Flow Rates 1% ;; g
3.7& liter per minute (L/min or LPM) = 1 gallon per minute (gal/min or GPM) 15 1/2
60 liter per minute= 1 liter per hour 20 3/4

1 liter per minute = 15.85 gallon per hour (GPH) 25 1
Area 32 11/4
1 hectare = 2.47 acre (US) ;‘8 1 ;/2
1 hectare = 10 000 ™n o 21
Pressure 80 3
14.5 psi = 1 bar 100 4
14.5 psi = 100 kPa 150 6

1 meter head = 1.42 psi igg 1%

1 meter head = 9.8 kPa 300 1
Power 350 14

1 Horsepower (HP) = 745.7 Watt®.7457 kW 400 16
Temperature 450 18
To convert to degC from degF: subtract 32 from degF, then divide by 1.8. 500 20
To convat to degF from degC: multiply by 1.8, then add 32. 2(5)8 ;i

The following Table describes the recommended pipe size, pump size and solar array sizmthifecent daily water
needs for irrigating from a river to a field that is 400 m away from the river.

Daily Need Flow Rate Pipe Size Pressure Pump Size Solar Size
L per Day LPM GPM mm inch m head psi W HP W
1 800 5 1.3 15 0.6 21 30 29 0.04 37
3600 10 2.6 20 0.8 20 28 69 0.09 86
7 200 20 5.3 25 1.0 22 31 153 0.21 192
14 400 40 10.6 32 1.3 23 33 321 0.43 401
18 000 50 13.2 40 1.6 17 24 291 0.39 363
21 600 60 15.9 40 1.6 19 27 404 0.54 506
28 800 80 21.1 50 2.0 15 22 429 0.58 536
36 000 100 26.4 50 2.0 18 26 632 0.85 790
54 000 150 39.6 50 2.0 27 38 1421 1.9 1776
72 000 200 52.8 65 2.6 18 26 1268 1.7 1585
108 000 300 79.3 65 2.6 27 39 2 854 3.8 3568
144 000 400 106 80 3.1 21 29 2893 3.9 3616
180 000 500 132 80 3.1 26 37 4571 6.1 5713
216 000 600 159 100 3.9 18 25 3703 5.0 4628
288 000 800 211 100 3.9 23 33 6 440 8.6 8049
360 000 1000 264 100 3.9 30 42 10 377 14 12971
540 000 1500 396 150 5.9 16 22 8 292 11 10365
720 000 2000 528 150 5.9 20 28 13 908 19 17385
1080 000 3000 793 200 7.9 15 22 15918 21 19898
1080 000 3000 793 200 7.9 15 22 15918 21 19898
1440 000 4000 1057 200 7.9 19 27 26 304 35 32881
1800 000 5000 1321 250 9.8 14 21 25 355 34 31694
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