
R Outside radius (in)
t Thickness (in)
T Temperature (°F)
V Velocity (ft/sec)
∞ Coefficient of thermal expansion 

(in/in/°F)
∆H Head loss through pipe (ft)
∆ L Change in length (in)
∆P Change in pressure (psi)
∆ t Time duration (sec)
θ Half angle of conical tank (°)
Sd Design stress (psi)
µ Absolute velocity [lbm /( ft sec)]

* Used to indicate multiplication

a Area (in2)
A Area (ft2)
C Wave surge constant (psi sec/ft)
Cd Discharge coefficient (dimensionless)
C v Flow coefficient (gpm/psi1/2)
dorf Orifice diameter (in)
d Inside diameter (in)
D Outside diameter
e Poisson's ratio (dimensionless)
f Friction factor (dimensionless)
E Modulus of elasticity
Ew Modulus of elasticity for liquid (psi)
Ep Modulus of elasticity for pipe (psi)
E ' Combined modulus of elasticity 

of liquid and pipe (psi)  
g Gravitational acceleration, 386 in/sec2

G Gravitational acceleration, 32.2 ft/sec2

Gc Dimension constant, 
32.2 lbm ft/(lbf sec2)

h Height
L Length (ft)
La Length of expansion loop along run (ft)
Lo Length of expansion loop offset (ft)
m Mass density of liquid (lbm/ft3)
M Mass density (lbm/ft3)
P Pressure (psi)
Ptotal Total line pressure (psi)
q Volume flow rate (in3/sec)
Q Volume flow rate (gpm)
Re Reynolds number based on inside 

diameter of pipe (dimensionless)
r Inside radius (in)

Nomenclature

Thermal Effects of Pipe, Valves and Fittings
Temperature effects on plastic piping systems should always be considered when the system is initially designed. As with all pip-
ing systems, the pipe changes length with changes in temperature. When a piping system is designed without enough directional
changes to compensate for expansion or contraction, the movement can affect the performance of the system valves and, in
many cases, generate external loads that can cause damage. Generally the system will have many bends in the pipe, minimizing
the effects of temperature changes. Plastic piping should be installed in such a way as to minimize the stress induced by temper-
ature changes by hanging the pipe on rollers or pipe hangers – rather than fixing it in position. With long lengths of straight pipe
with expected large temperature changes, either from time of installation or in operating conditions, expansion joints should be
considered. When an expansion loop or expansion joint is installed, the pipe should be anchored in such a way as to direct the
axial movement into the compensating configuration. The total pipe length change can be calculated from the following:

∆ L = L * (T2 – T1) * ∞ * 12
Where: ∆L = pipe length change (in)

∞ = coefficient of thermal expansion (in/in/°F), from Table 1
T1 = ambient temperature (°F)
T2 = maximum process temperature
L = length of pipe run (ft)

Material PVC CPVC PPL

a (in / in/°F) 0.000031 0.000038 0.000021

Table 1. Coefficient of Thermal Expansion

∞∆L = L(T2 – T1)    12

La
Lo

Example 1
A 200-ft 4-in CPVC straight pipe run is to be constructed.
During installation the ambient temperature is 60°F. The antici-
pated operating temperature for the system is 100°F. The total
change in length of the pipe run is:

∆ L = 200 * (100 – 60) * 0.000038 * 12 = 3.6 in
The length of the offset leg of an expansion loop can be calcu-
lated by:

3 * E
Sd * D * ∆L

Lo = 12
√

Where:
Lo = length of offset leg (ft)
D = nominal outside pipe diameter (in)
E = modulus of elasticity at the maximum temperature (psi)
Sd = design stress of the pipe at design condition (psi)

Example 2
The design stress for the system is 1,600 psi and the modulus
of elasticity for CPVC is 360,000 psi. The length of the offset
leg required to accommodate expansion during operation is
given by:

3 * 360,000
1,600 * 4.5 * 3.6

Lo = 12
√ = 8.7 ft

The length of the expansion loop along the run of the pipe is:

La =
Lo
2

Example 3
The length of the expansion loop along the run is:

La =      = 4.4 ft
8.7
2
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Water Hammer
A significant, nearly instantaneous pressure shock wave may be generated when a valve opens or closes too quickly, or when a pump starts with an empty
discharge line or suddenly shuts down. This phenomenon is the result of the sudden change in velocity of the fluid flow in combination with the character-
istics of the piping. This shock wave is manifested by a series of hammerblow-like sounds, called water hammer, which may have sufficient magnitude to
cause catastrophic failure within the piping system.
To avoid water hammer conditions, consider the following:
1. Fluid velocities in excess of five feet per second in plastic piping systems increase the hydraulic shock effect resulting from the starting and stopping of
pumps and rapid opening and closing of valves. Fluid velocity not exceeding five feet per second is considered safe, and will minimize the effects of water
hammer.
2. Install pressure relief valves to dampen the effects of water hammer and relieve excess pressure and flow.
3. Slow-closing actuated valves should be installed to control the speed at which valves open and close. They can be controlled electrically or pneumati-
cally, eliminating the chances of human error.
The pressure rise created by water hammer is added to the nominal actual working pressure of the system.
In order to calculate this pressure rise, it is first necessary to come up with a combined modulus of elasticity for the pipe/liquid system as shown here:

Where: E' = modulus of elasticity of liquid/pipe combination (psi)
d = inside pipe diameter (in)
e = Poisson's ratio for thermoplastic pipe material, a value 

within the range from 0.38 to 0.42 may be used
Ep = modulus of elasticity for pipe (psi, from Table 2)
Ew = modulus of elasticity of liquid, water = 300,000 psi

t = pipe wall thickness (in)

Size 1/2" 3/4" 1" 1-1/2" 2" 3" 4" 6" 8" 10" 12"

Schedule 40 80 40 80 40 80 40 80 40 80 40 80 40 80 40 80 40 80 40 80 40      80

PVC 30.1 35.4 27.3 32.1 26.8 30.8 22.7 26.9 20.9 25.0 20.3 23.1 18.7 22.5 16.7 20.9 15.7 19.7 15.0 19.2 14.5 19.0

CPVC 28.9 34.1 26.1 30.8 25.2 29.6 21.7 25.7 19.9 23.9 19.4 22.1 17.8 21.4 15.9 19.9 14.9 18.8 14.2 18.3 13.8   18.1

Where: ∆P = pressure rise due to water hammer (psi)
m = density of liquid, water = 62.4 lbm ft3)

Gc = dimensional constant = 32.2 lbm ft/(lbf sec2)
E' = modulus of elasticity of liquid/pipe combination (psi)
V = velocity reduction causing water hammer (ft/sec)

Material PVC CPVC

Modulus (psi) 400,000 360,000

Example 1
For a 4" Schedule 80 PVC pipe (I.D. 3.786", wall thickness 0.337"), carrying
water, the combined modulus of elasticity is calculated at right:

E' = 
1

1 d
Ew 4 t Ep

(5 - 4e)+
= 37,531 psi

The pressure rise due to water hammer is: ∆P = 
V m

Gc
E'

12

Example 2
Water is flowing at 250 gpm (6.5 ft/sec) at a line pressure of 40 psi. If a valve
in the line is closed suddenly, the resultant pressure rise is calculated by: ∆P = 

6.5 62.4
32.2 37,531

12
= 146 psi

Total line pressure:  Ptotal = 40 + 146 = 186 psi

A 4" Schedule 80 PVC pipe is rated for 320 psi at room temperature and is, therefore, acceptable for this application.
Note: Insure that all other system components are rated for this pressure.

For convenience, Table 3 lists "wave surge constants" for common sizes of pipe carrying water at 73°F.
The wave surge constant may be used to quickly calculate pressure rise due to water hammer as illustrated below:

∆P = VC
Where: ∆P = pressure rise due to water hammer (psi)

C = wave surge constant from Table 3
V = velocity reduction causing water hammer

Table 3 – Wave Surge Constants (for Pipe Carrying Water at 73°F, e = 0.42)

Table 2 – Modulus of 
Elasticity at 73°F

E' = 
1

1 3.786
300,000 4 (0.337) 400,000

[5 - 4 (.42)]+
= 37,531 psi
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