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Table 3–1.2.2(e). Friction and Entrance Loss in 20 ft. of Suction Hose, Including Strainers

Suction Hose Size (Inside Diameter)

Flow
Rate

4 in. 4–1/2 in. 5 in. 6 in. 2 – 4–1/2 in. 2 – 5 in. 2 – 6 in.
Rate
GPM ft

water
in.
Hg

ft
water in. Hg

ft
water

in.
Hg

ft
water

in.
Hg

ft
water

in.
Hg

ft
water

in.
Hg

ft
water

in.
Hg

500
350
250

5.0 (1.3)
2.5 (0.7)
1.3 (0.4)

4.4
2.1
1.1

3.6 (0.8)
1.8 (0.4)
0.9 (0.3)

3.2
1.6
0.8

2.1 (0.4)
1.0 (0.2)
0.5 (0.1)

1.9
1.0
0.5

0.9 (0.2)
0.4 (0.1)
0.2 (0.1)

0.8
0.4
0.2

750
525
375

11.4 (2.9)
5.5 (1.5)
2.8 (0.7)

9.8
4.9
2.5

8.0 (1.6)
3.9 (0.8)
2.0 (0.4)

7.1
3.4
1.8

4.7 (3.9)
2.3 (0.5)
1.2 (0.2)

4.2
2.0
1.1

1.9 (0.4)
0.9 (0.2)
0.5 (0.1)

1.7
0.8
0.5

1000
700
500

14.5 (2.8)
7.0 (1.4)
3.6 (0.8)

12.5
6.2
3.2

8.4 (1.6)
4.1 (0.8)
2.1 (0.4)

7.4
3.7
1.9

3.4 (0.6)
1.7 (0.3)
0.9 (0.2)

3.0
1.5
0.8

1250
875
625

13.0 (2.4)
6.5 (1.2)
3.3 (0.7)

11.5
5.7
2.9

5.2 (0.9)
2.6 (0.5)
1.3 (0.3)

4.7
2.3
1.1

5.5 (1.2)
2.8 (0.7)
1.4 (0.3)

4.9
2.5
1.2

1500
1050
750

7.6 (1.4)
3.7 (0.7)
1.9 (0.4)

6.7
3.3
1.7

8.0 (1.6)
3.9 (0.8)
2.0 (0.4)

7.1
3.4
1.8

4.7 (0.9)
2.3 (0.5)
1.2 (0.2)

4.2
2.0
1.1

1.9 (0.4)
0.9 (0.3)
0.5 (0.1)

1.7
0.8
0.5

1750
1225
875

10.4 (1.8)
5.0 (0.9)
2.6 (0.5)

9.3
4.6
2.3

11.0 (2.2)
5.3 (1.1)
2.8 (0.6)

9.7
4.7
2.5

6.5 (1.2)
3.1 (0.7)
1.6 (0.3)

5.7
2.7
1.4

2.6 (0.5)
1.2 (0.3)
0.7 (0.2)

2.3
1.1
0.6

2000
1400
1000

14.5 (2.8)
7.0 (1.4)
3.6 (0.8)

12.5
6.2
3.2

8.4 (1.6)
4.1 (0.8)
2.1 (0.4)

7.4
3.7
1.9

3.4 (0.6)
1.7 (0.3)
0.9 (0.2)

3.0
1.5
0.8

Note: Figures in parentheses indicate increment to be added or subtracted for each 10 ft. of hose less than or greater than 20 ft.

Figure 3.

For example, suppose the pumper shown in Figure 1 is drafting from an 8 foot lift through 0 feet of 5 inch suction hose, pumping
850 gpm at 128 psig. From Figure 3, we see that at 750 gpm the friction and entrance loss would be 4.7 feet of water, and
at 875 gpm it would be 6.5 feet; so we can estimate that at 850 gpm the loss would be 6.0 feet. We add this to the 8 foot lift
to get a total (dynamic) lift of 14.0 feet and divide by 2.31 to get 6.06 psi vacuum:

Friction and Entrance Loss + Static Lift = Dynamic Lift

14 ft
2.31

= 6.06 psi (vacuum)6 ft + 8 ft = 14 ft

So net pump pressure is 128 psig plus 6 psi, or 134 psi.

If a fire apparatus pump is operating from a hydrant or in relay where the inlet pressure is above atmospheric pressure as
shown in Figure 4, then the net pump pressure is the difference between the discharge pressure gage reading and the inlet
pressure gage reading, but it is expressed in pounds per square inch (psi) just as it would be if the pump were drafting. If the
pumper in Figure 4 is operating with an inlet pressure of 40 psig, and the discharge pressure is the same (128 psig) as the
example illustrated in Figure1, the net pump pressure would be only 88 psi: 128 psig – 40 psig = 88 psi.
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ture. For example, when the atmospheric pressure is 29.92 inches of mercury, but the pressure at the
pump inlet is 18 inches of mercury vacuum, the absolute pressure at the inlet is 11.92 inches of mercury
(29.92 minus 18.00), which is equivalent to 13.54 feet of water. If the water temperature is 100�F, its va-
por pressure is 0.95 psi or 2.19 feet of water; this means that the NPSH available 13.54 less 2.19 or 11.35
feet. If the required NPSH is more than 11.35 feet, the pump will cavitate.

5. SOME PRACTICAL CONSIDERATIONS

The requirements of NFPA 1901 are based on conditions commonly found in North America and can be
met with pumps and associated equipment which can be produced economically and mounted on truck
chassis without difficulty. A 10 foot lift is higher than usually is required; in fact, in many localities it is diffi-
cult to find a place to draft where the lift is higher than 10 feet and still within practical reach of a pumper.
Most localities are at altitudes less than 2000 feet. Where altitudes are higher than 2000 feet, or where
lifts of 10 feet or higher are frequently necessary, the pumper can be operated at less than rated capacity,
where the pump will have a lower required NPSH, and the available NPSH will be higher due to the re-
duced friction and entrance loss.

If it is very important that the pumper be capable of drafting full rated capacity at lifts higher than 10 feet,
or at high altitudes with a lift of 10 feet, or at a distance away from the source so that more than 20 feet
of suction hose must be used, then such special requirement should be considered when preparing the
purchase specifications, so that the “specs” will require that the equipment to be bid and furnished will
be capable of such performance. Such equipment is likely to be larger and heavier and therefore more
costly than the equipment which would be bid to meet standard drafting requirements, and in addition
may well be less efficient at the rated capacity so that a larger engine must be furnished.

6. PUMPER TESTS

Certification Tests are those tests performed at the apparatus manufacturer’s plant and witnessed by the
representative of a certifying agency such as UL. They must be performed at draft, at a lift no higher than
10 feet. The ability of the pump to draft under the conditions given in NFPA 1901 is assured by the pump
manufacturer’s certificate; this is usually based on a test of the pump itself under controlled suction condi-
tions. The net pump pressure is determined by adding the discharge pressure gage reading to the read-
ing of a manometer or suction pressure gage, or to the value of lift plus suction losses from the table
published in NFPA 1901 (Figure 3).

Acceptance Tests are tests performed at the location where the pumper is to be used. If the drafting re-
quirements in the purchase specifications are more stringent than those required by NFPA 1901 because
of the necessity to draft at a lift higher than 10 feet, or at lifts near 10 feet at altitudes higher than 2000
feet, and have not been covered by the pump manufacturer’s certificate, a special drafting test should
be performed. Care must be taken, however, to be sure that the actual atmospheric pressure, water tem-
perature, and losses thru the suction hose and strainer are not abnormal; if the corrected atmospheric
pressure is below 29 in. Hg, or the water temperature is over 90�F, the lift should be limited to 5 or 6 ft.
If the vacuum reading when pumping rated capacity is more than it should be according to Figure 2, after
considering the lift, the suction hose and strainer should be checked and replaced unless obvious defects
are noted and repaired.
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If the drafting requirements are not special, and if no convenient drafting site can be found, the accep-
tance tests can be performed by taking water from a hydrant in which case the net pump pressure is de-
termined by subtracting the inlet pressure from the discharge pressure (the water used during the test
will be wasted, and will have to be discharged into a drainage ditch or stream where it will flow away).

An acceptance test is the only practical way to determine if the engine power is sufficient to drive the
pump, particularly if the altitude is significantly higher than that at the manufacturer’s plant where the
certification test was performed.

7. SUMMARY

Pumps are devices which move fluid, usually from a source at relatively low pressure through a discharge
system to a destination at a higher pressure. The pressure added by the pump is net pump pressure.
As long as inlet pressure is above the certain minimum value, so that the liquid does not boil before or
as it enters the pump impeller, the value of the inlet pressure has no effect on the power required by the
pump except as it affects the differential or net pump pressure.

With a given discharge pressure, the lower the inlet pressure (or the higher the inlet vacuum) the greater
the net pump pressure will be and the greater the power requirement for a particular capacity (rate of
flow). With a given net pump pressure (as in a pump test), the inlet pressure may vary widely without
affecting the power requirement as the discharge pressure can be varied as necessary to maintain the
net pump pressure at the specified value.

Special drafting requirements, more stringent than those in NFPA 1901, should be avoided as they will
likely result in heavier, more expensive, and less efficient equipment than may be justified.




