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Consideration of Pressure-Rise and Water Hammer for Pipe System
in Relation to Start-Up and Sudden Stop of the Pump
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ABSTRACT

In the fire protection system or fire fighting water supply system, the jockey pump is generally installed for
the prevention of the pressure decrease of pipes, the frequent driving of the fire pump and protection the pipes
from the water hammer. In this paper, the pressure-rise in fire fighting water distribution pipes in condition of
pipe pressurization by the surge tank at the start-up and the sudden-stop of the fire pump without additional installation
of jockey pump is considered by using simple formula calculations and the evaluation of water hammer occurrence
in condition of pipe pressurization by the surge tank is included. As a result, the pressure-rise of pipes is less
than the pipe design pressure at the condition of pump's start-up and sudden stop, and the possibility of water
hammer occurrence is remarkably low due to pressurization of the pipes by the surge tank.
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= Sea Level of Surge Tank (m)

7, = Sea Level of Fire Fighting Water Distribution Pipe (m)

73 = Sea Level of Fire Hose (m)

Vi, V5, v3 = Fire Fighting Water Velocity at Fach Location
(1¥s)

D,, D; = Inner Diameter of Pipe, Hose (m/s)

v4 = Discharge Velocity of Fire Pump (m/s)

Py, P, P; = Pressure at Each Location (bar, Pa)

Q,, Q; = Flow Rate at Each Location (m’/h, m’/s)

a = Speed of Sound (mv/s)
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2]}, Pressurization of Pipe (W1 &713}), Surge Tank($H3

K = Bulk Modulus of Fire Fighting Water (bar, Pa)
E = Young's Modulus of Pipe (bar, Pa)

t = Thickness of Pipe (m)

¢ = Calculation Coefficient for Speed of Sound

D, = Outer Diameter of Pipe (m)

Galow = Allowable Stress of Pipe (Pa)

q = Pipe Construction Quality Factor

Y = Wall Thickness Coefficient
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Fig. 1 Schematic diagram of the fire fighting water
distribution system
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Fig. 2 Boundary condition of pressure-rise calculation
for water distribution pipes

Table 1. Pressure and water level of the pressurization

tank
Tank Pressure Water Level
[bar] [MPa] level [m] Remarks
9.8 0.98 13.30 -
8.0 0.80 12.93 -
7.2 0.72 12.74 -
6.7 0.67 12.59 -
6.4 0.64 12.49 Fire Pump Start-Up
6.0 0.60 1233
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Table 2. Pressure-rise according to water level of the pressurization tank at the fire pump driving

Tank Level Pressurization of pipe water velocity velocity difference pressure-rise Total pressure
z1,[m] P,,[bar] Vo,[m/s] Av,[mv/s] AP, [bar] P,+AP,[bar]
12.93 7.29 0.92 0.13 1.59 8.87
12.74 6.87 0.89 0.15 1.91 8.78
12.59 6.35 0.86 0.19 2.32 8.67
12.49 5.84 0.82 0.22 2.75 8.58
12.33 5.32 0.79 0.26 3.20 8.51
12.16 4.79 0.75 0.29 3.67 8.47
11.96 427 0.71 0.33 4.17 8.44
11.75 3.96 0.68 0.36 4.49 8.44
11.52 3.75 0.67 0.38 4.70 8.45
11.28 3.54 0.65 0.39 4.92 8.46
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Fig. 4 Total Pressure of distribution pipe in accordance
with the tank level
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Min. Pressurization
Pressure(Pipe)

Pressure [bar]

Saturated Vapor Pressure
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25 30

Water Temperature [°C]

Fig. 6 Saturated vapor pressure in accordance with water

temperature
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