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HIS CHAPTER includes tables and charts to size piping for The friction factor f is a function of pipe roughness ε, inside
Tvarious fluid flow systems. Further details on specific piping
systems can be found in appropriate chapters of the ASHRAE
Handbook series.

Two related but distinct concerns emerge when designing a fluid
flow system: sizing the pipe and determining the flow-pressure rela-
tionship. The two are often confused because they can use the same
equations and design tools. Nevertheless, they should be determined
separately.

The emphasis in this chapter is on the problem of sizing the pipe,
and to this end design charts and tables for specific fluids are pre-
sented in addition to the equations that describe the flow of fluids in
pipes. Once a system has been sized, it should be analyzed with
more detailed methods of calculation to determine the pump pres-
sure required to achieve the desired flow. Computerized methods
are well suited to handling the details of calculating losses around an
extensive system.

PRESSURE DROP EQUATIONS

Darcy-Weisbach Equation
Pressure drop caused by fluid friction in fully developed flows of

all “well-behaved” (Newtonian) fluids is described by the Darcy-
Weisbach equation:

(1)

where
∆p = pressure drop, Pa

f = friction factor, dimensionless (from Moody chart, Figure 13 in 
Chapter 2)

L = length of pipe, m
D = internal diameter of pipe, m
ρ = fluid density at mean temperature, kg/m3

V = average velocity, m/s

This equation is often presented in specific energy form as

(2)

where
∆h = energy loss, m

g = acceleration of gravity, m/s2

In this form, the density of the fluid does not appear explicitly
(although it is in the Reynolds number, which influences f ).

The preparation of this chapter is assigned to TC 6.1, Hydronic and Steam
Equipment and Systems.
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diameter D, and parameter Re, the Reynolds number:

(3)

where
Re = Reynolds number, dimensionless
ε = absolute roughness of pipe wall, m
µ = dynamic viscosity of fluid, Pa·s

The friction factor is frequently presented on a Moody chart
(Figure 13 in Chapter 2) giving f as a function of Re with ε/D as a
parameter.

A useful fit of smooth and rough pipe data for the usual turbulent
flow regime is the Colebrook equation:

(4)

Another form of Equation (4) appears in Chapter 2, but the two
are equivalent. Equation (4) is more useful in showing behavior at
limiting cases—as ε/D approaches 0 (smooth limit), the 18.7/Re
term dominates; at high ε/D and Re (fully rough limit), the 2ε/D
term dominates.

Equation (4) is implicit in f ; that is, f appears on both sides, so a
value for f is usually obtained iteratively.

Hazen-Williams Equation
A less widely used alternative to the Darcy-Weisbach formula-

tion for calculating pressure drop is the Hazen-Williams equation,
which is expressed as

(5)

or (6)

where C = roughness factor.
Typical values of C are 150 for plastic pipe and copper tubing,

140 for new steel pipe, down to 100 and below for badly corroded or
very rough pipe.    

Valve and Fitting Losses
Valves and fittings cause pressure losses greater than those

caused by the pipe alone. One formulation expresses losses as

(7)

where K = geometry- and size-dependent loss coefficient (Tables
1 through 5).
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Table 1 h=Factors—Threaded Pipe Fittings

Nominal 
Pipe

Dia., mm

90°
Standard

Elbow

90° Long-
Radius
Elbow

45°
Elbow

Return 
Bend

Tee-
Line

Tee-
Branch

Globe 
Valve

Gate 
Valve

Angle 
Valve

Swing 
Check 
Valve

Bell 
Mouth 
Inlet

Square 
Inlet

Projected 
Inlet

NM OKR Ô MKPU OKR MKVM OKT OM MKQM Ô UKM MKMR MKR NKM

NR OKN Ô MKPT OKN MKVM OKQ NQ MKPP Ô RKR MKMR MKR NKM

OM NKT MKVO MKPR NKT MKVM OKN NM MKOU SKN PKT MKMR MKR NKM

OR NKR MKTU MKPQ NKR MKVM NKU V MKOQ QKS PKM MKMR MKR NKM

PO NKP MKSR MKPP NKP MKVM NKT UKR MKOO PKS OKT MKMR MKR NKM

QM NKO MKRQ MKPO NKO MKVM NKS U MKNV OKV OKR MKMR MKR NKM

RM NKM MKQO MKPN NKM MKVM NKQ T MKNT OKN OKP MKMR MKR NKM

SR MKUR MKPR MKPM MKUR MKVM NKP SKR MKNS NKS OKO MKMR MKR NKM

UM MKUM MKPN MKOV MKUM MKVM NKO S MKNQ NKP OKN MKMR MKR NKM

NMM MKTM MKOQ MKOU MKTM MKVM NKN RKT MKNO NKM OKM MKMR MKR NKM

pçìêÅÉW=båÖáåÉÉêáåÖ=a~í~=_ççâ=EeóÇê~ìäáÅ=fåëíáíìíÉ=NVTVFK

Table 2 h=Factors—Flanged Welded Pipe Fittings

Nominal 
Pipe

Dia., mm

90°
Standard

Elbow

90° Long-
Radius
Elbow

45° Long-
Radius
Elbow

Return 
Bend

Standard

Return 
Bend Long-

Radius
Tee-
Line

Tee-
Branch

Globe
Valve

Gate
Valve

Angle
Valve

Swing 
Check 
Valve

OR MKQP MKQN MKOO MKQP MKQP MKOS NKM NP Ô QKU OKM

PO MKQN MKPT MKOO MKQN MKPU MKOR MKVR NO Ô PKT OKM

QM MKQM MKPR MKON MKQM MKPR MKOP MKVM NM Ô PKM OKM

RM MKPU MKPM MKOM MKPU MKPM MKOM MKUQ V MKPQ OKR OKM

SR MKPR MKOU MKNV MKPR MKOT MKNU MKTV U MKOT OKP OKM

UM MKPQ MKOR MKNU MKPQ MKOR MKNT MKTS T MKOO OKO OKM

NMM MKPN MKOO MKNU MKPN MKOO MKNR MKTM SKR MKNS OKN OKM

NRM MKOV MKNU MKNT MKOV MKNU MKNO MKSO S MKNM OKN OKM

OMM MKOT MKNS MKNT MKOT MKNR MKNM MKRU RKT MKMU OKN OKM

ORM MKOR MKNQ MKNS MKOR MKNQ MKMV MKRP RKT MKMS OKN OKM

PMM MKOQ MKNP MKNS MKOQ MKNP MKMU MKRM RKT MKMR OKN OKM

pçìêÅÉW=båÖáåÉÉêáåÖ=a~í~=_ççâ=EeóÇê~ìäáÅ=fåëíáíìíÉ=NVTVFK

Table 3 Approximate Range of Variation for h Factors

VMø=bäÄçï oÉÖìä~ê=íÜêÉ~ÇÉÇ œOMB=~ÄçîÉ=RM=ãã qÉÉ qÜêÉ~ÇÉÇI=äáåÉ=çê=Äê~åÅÜ œORB

œQMB=ÄÉäçï=RM=ãã cä~åÖÉÇI=äáåÉ=çê=Äê~åÅÜ œPRB

içåÖJê~Çáìë=íÜêÉ~ÇÉÇ œORB däçÄÉ=î~äîÉ qÜêÉ~ÇÉÇ œORB

oÉÖìä~ê=Ñä~åÖÉÇ œPRB cä~åÖÉÇ œORB

içåÖJê~Çáìë=Ñä~åÖÉÇ œPMB d~íÉ=î~äîÉ qÜêÉ~ÇÉÇ œORB

QRø=bäÄçï oÉÖìä~ê=íÜêÉ~ÇÉÇ œNMB cä~åÖÉÇ œRMB

içåÖJê~Çáìë=Ñä~åÖÉÇ œNMB ^åÖäÉ=î~äîÉ qÜêÉ~ÇÉÇ œOMB

oÉíìêå=ÄÉåÇ
ENUMøF

oÉÖìä~ê=íÜêÉ~ÇÉÇ

oÉÖìä~ê=Ñä~åÖÉÇ

içåÖJê~Çáìë=Ñä~åÖÉÇ

œORB

œPRB

œPMB

cä~åÖÉÇ œRMB

`ÜÉÅâ=î~äîÉ qÜêÉ~ÇÉÇ œRMB

cä~åÖÉÇ HOMMB

−UMB

pçìêÅÉW=båÖáåÉÉêáåÖ=a~í~=_ççâ=EeóÇê~ìäáÅ=fåëíáíìíÉ=NVTVFK

Table 4 Comparison of K Factors from Rahmeyer (1999a) with Previous Reference Data for Elbows

Previous Ref.a Values

Rahmeyer Values

0.6 m/s 1.2 m/s 2.4 m/s

50 mm standard elbow (threaded) 0.60 to 1.0 (1.0) 0.54 0.6 0.68

100 mm long-radius elbow (welded) 0.22 to 0.24 (0.22) 0.28 0.26 0.24

100 mm standard elbow (welded) 0.31 to 0.34 0.40 0.37 0.34

50 mm reducing elbow (50 × 40) (threaded) – 0.76 0.81 0.87

50 mm expanding elbow (40 × 50) (threaded) – 0.65 0.59 0.54

100 mm reducing elbow (100 × 80) (welded) – 0.72 0.57 0.45

100 mm expanding elbow (80 × 100) (welded) – 0.28 0.28 0.27

50 mm reducer (50 × 40) (threaded) – 0.99 0.53 0.28

50 mm expansion (40 × 50) (threaded) – 0.20 0.16 0.13

100 mm reducer (100 × 80) (welded) 0.22 0.40 0.23 0.14

100 mm expansion (80 × 100) (welded) – 0.13 0.11 0.11
a Previous references are Freeman (1941), Crane Co. (1976), and Hydraulic Institute (1979). Numbers in ( ) are from Table 1 and Table 2, above.
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Table 5 Comparison of K Factors from Rahmeyer (1999b) with Previous Reference Data for Tees

Previous Ref.a Values

Rahmeyer Values

0.6 m/s 1.2 m/s 2.4 m/s

50 mm tee 100% branch (threaded) 1.20 to 1.80 (1.4) – 0.93 –

50 mm tee 0% branch (flow through) (threaded) 0.50 to 0.90 (0.90) – 0.19 –

50 mm tee 100% mix (threaded) – – 1.19 –

100 mm tee 100% branch (welded) 0.70 to 1.02 (0.70) – – 0.57

100 mm tee 0% branch (flow through) (welded) 0.15 to 0.34 (0.15) – – 0.06

100 mm tee 100% mix (welded) – – – 0.49

50 mm reducing tee 100% branch (threaded) – – 3.75 –

50 mm reducing tee 0% branch (threaded) – – 2.55 –

50 mm reducing tee 100% mix (threaded) – – 3.36 –

100 mm reducing tee 100% branch (welded) – – – 3.26

100 mm reducing tee 0% branch (welded) – – – 0.04

100 mm reducing tee 100% mix (welded) – – – 0.75

a Previous references are Freeman (1941), Crane Co. (1976), and Hydraulic Institute (1979). Numbers in ( ) are from Table 1 and Table 2, above.
Example 1. Determine the pressure drop for 15°C water flowing at 1 m/s
through a nominal 25 mm, 90° threaded elbow.

Solution: From Table 1, the K for a 25 mm, 90° threaded elbow is 1.5.

∆p = 1.5 × 12/2 = 750 Pa

The loss coefficient for valves appears in another form as Av, a
dimensional coefficient expressing the flow through a valve at a
specified pressure drop.

 (8)

where
Q = volumetric flow, m3/s
Av = valve coefficient, m3/s at ∆p = 1 Pa
∆p = pressure drop, Pa
ρ = density of fluid ≈ 1000 kg/m3 for water at temperatures below 

120°C

Example 2. Determine the volumetric flow through a valve with Av =
0.00024 for an allowable pressure drop of 35 kPa.

Solution:

Q = 0.00024  = 0.0014 m3/s = 1.4 L/s

Alternative formulations express fitting losses in terms of equiv-
alent lengths of straight pipe (Table 6, Table 7, and Figure 4). Pres-
sure loss data for fittings are also presented in Idelchik (1986).

Equation (7) and the data in Table 1 and Table 2 are based on the
assumption that separated flow in the fitting causes the K factors to
be independent of Reynolds number. In reality, the K factor for most
pipe fittings varies with Reynolds number. Tests by Rahmeyer
(1999a,b) (sponsored as ASHRAE Research Project 968) on 50 mm
threaded and 100 mm welded fittings demonstrate the variation and
are shown in Table 4 and Table 5. The study also presents K factors
of diverting and mixing flows that range between full through flow
and full branch flow. It also examined the variation in K factors
caused by variations in geometry among manufacturers and by sur-
face defects in individual fittings.

Hegberg (1995) and Rahmeyer (1999a,b) discuss the origins of
the data shown in Table 4 and Table 5. The Hydraulic Institute
(1979) data appear to have come from Freeman (1941), work that
was actually performed in 1895. The work of Giesecke (1926) and
Giesecke and Badgett (1931, 1932a,b) may not be representative of
present-day fittings.

Q A
v

p∆ ρ⁄Z

 35  000 1000⁄
Calculating Pressure Losses
The most common engineering design flow loss calculation

selects a pipe size for the desired total flow rate and available or
allowable pressure drop.

Because either formulation of fitting losses requires a known
diameter, pipe size must be selected before calculating the detailed
influence of fittings. A frequently used rule of thumb assumes that
the design length of pipe is 50 to 100% longer than actual to account
for fitting losses. After a pipe diameter has been selected on this
basis, the influence of each fitting can be evaluated.

WATER PIPING

FLOW RATE LIMITATIONS

Stewart and Dona (1987) surveyed the literature relating to water
flow rate limitations. Noise, erosion, and installation and operating
costs all limit the maximum and minimum velocities in piping sys-
tems. If piping sizes are too small, noise levels, erosion levels, and
pumping costs can be unfavorable; if piping sizes are too large,
installation costs are excessive. Therefore, pipe sizes are chosen to
minimize initial cost while avoiding the undesirable effects of high
velocities. 

Table 6 Water Velocities Based on Type of Service

Type of Service Velocity, fps Reference

General service 1.2 to 3.0 a, b, c

City water 0.9 to 2.1 a, b

0.6 to 1.5 c

Boiler feed 1.8 to 4.6 a, c

Pump suction and drain lines 1.2 to 2.1 a, b
aCrane Co. (1976). bCarrier (1960). cGrinnell Company (1951).

Table 7 Maximum Water Velocity to Minimize Erosion

Normal Operation, 

h/yr

Water Velocity,

m/s

1500 4.6

2000 4.4

3000 4.0

4000 3.7

6000 3.0

Source: Carrier (1960).
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A variety of upper limits of water velocity and/or pressure drop
in piping and piping systems is used. One recommendation places a
velocity limit of 1.2 m/s for 50 mm pipe and smaller, and a pressure
drop limit of 400 Pa/m for piping over 50 mm. Other guidelines are
based on the type of service (Table 6) or the annual operating hours
(Table 7). These limitations are imposed either to control the levels
of pipe and valve noise, erosion, and water hammer pressure or for
economic reasons. Carrier (1960) recommends that the velocity not
exceed 4.6 m/s in any case.

Noise Generation

Velocity-dependent noise in piping and piping systems results
from any or all of four sources: turbulence, cavitation, release of
entrained air, and water hammer. In investigations of flow-related
noise, Marseille (1965), Ball and Webster (1976), and Rogers
(1953, 1954, 1956) reported that velocities on the order of 3 to 5 m/s
lie within the range of allowable noise levels for residential and
commercial buildings. The experiments showed considerable vari-
ation in the noise levels obtained for a specified velocity. Generally,
systems with longer pipe and with more numerous fittings and
valves were noisier. In addition, sound measurements were taken
under widely differing conditions; for example, some tests used
plastic-covered pipe, while others did not. Thus, no detailed corre-
lations relating sound level to flow velocity in generalized systems
are available.

The noise generated by fluid flow in a pipe increases sharply if
cavitation or the release of entrained air occurs. Usually the combi-
nation of a high water velocity with a change in flow direction or a
decrease in the cross section of a pipe causing a sudden pressure
drop is necessary to cause cavitation. Ball and Webster (1976)
found that at their maximum velocity of 13 m/s, cavitation did not
occur in straight pipe; using the apparatus with two elbows, cold
water velocities up to 6.5 m/s caused no cavitation. Cavitation did
occur in orifices of 1:8 area ratio (orifice flow area is one-eighth of
pipe flow area) at 1.5 m/s and in 1:4 area ratio orifices at 3 m/s
(Rogers 1954).

Some data are available for predicting hydrodynamic (liquid)
noise generated by control valves. The International Society for
Measurement and Control compiled prediction correlations in an
effort to develop control valves for reduced noise levels (ISA 1985).
The correlation to predict hydrodynamic noise from control valves is

(9)

where

SL = sound level, dB

Av = valve coefficient, m3/(s· )

Q = flow rate, m3/s

∆p = pressure drop across valve, Pa

t = downstream pipe wall thickness, mm

Air entrained in water usually has a higher partial pressure than the
water. Even when flow rates are small enough to avoid cavitation,
the release of entrained air may create noise. Every effort should be
made to vent the piping system or otherwise remove entrained air.

Erosion

Erosion in piping systems is caused by water bubbles, sand, or
other solid matter impinging on the inner surface of the pipe. Gen-
erally, at velocities lower than 30 m/s, erosion is not significant as
long as there is no cavitation. When solid matter is entrained in the
fluid at high velocities, erosion occurs rapidly, especially in bends.
Thus, high velocities should not be used in systems where sand or
other solids are present or where slurries are transported.

SL 10logA
v

20log p∆ 30logtÓ 76.6H HZ

 Pa
Allowances for Aging

With age, the internal surfaces of pipes become increasingly
rough, which reduces the available flow with a fixed pressure sup-
ply. However, designing with excessive age allowances may result
in oversized piping. Age-related decreases in capacity depend on
the type of water, type of pipe material, temperature of water, and
type of system (open or closed) and include

• Sliming (biological growth or deposited soil on the pipe walls), 
which occurs mainly in unchlorinated, raw water systems.

• Caking of calcareous salts, which occurs in hard water (i.e., water 
bearing calcium salts) and increases with water temperature.

• Corrosion (incrustations of ferrous and ferric hydroxide on the 
pipe walls), which occurs in metal pipe in soft water. Because 
oxygen is necessary for corrosion to take place, significantly 
more corrosion takes place in open systems.

Allowances for expected decreases in capacity are sometimes
treated as a specific amount (percentage). Dawson and Bowman
(1933) added an allowance of 15% friction loss to new pipe (equiv-
alent to an 8% decrease in capacity). The HDR Design Guide (1981)
increased the friction loss by 15 to 20% for closed piping systems
and 75 to 90% for open systems. Carrier (1960) indicates a factor of
approximately 1.75 between friction factors for closed and open
systems.

Obrecht and Pourbaix (1967) differentiated between the corro-
sive potential of different metals in potable water systems and con-
cluded that iron is the most severely attacked, then galvanized steel,
lead, copper, and finally copper alloys (i.e., brass). Hunter (1941)
and Freeman (1941) showed the same trend. After four years of cold
and hot water use, copper pipe had a capacity loss of 25 to 65%.
Aged ferrous pipe has a capacity loss of 40 to 80%. Smith (1983)
recommended increasing the design discharge by 1.55 for uncoated
cast iron, 1.08 for iron and steel, and 1.06 for cement or concrete.

The Plastic Pipe Institute (1971) found that corrosion is not a
problem in plastic pipe; the capacity of plastic pipe in Europe and
the United States remains essentially the same after 30 years in use.

Extensive age-related flow data are available for use with the
Hazen-Williams empirical equation. Difficulties arise in its applica-
tion, however, because the original Hazen-Williams roughness
coefficients are valid only for the specific pipe diameters, water
velocities, and water viscosities used in the original experiments.
Thus, when the Cs are extended to different diameters, velocities,
and/or water viscosities, errors of up to about 50% in pipe capacity
can occur (Williams and Hazen 1933, Sanks 1978).

Water Hammer

When any moving fluid (not just water) is abruptly stopped, as
when a valve closes suddenly, large pressures can develop. While
detailed analysis requires knowledge of the elastic properties of the
pipe and the flow-time history, the limiting case of rigid pipe and
instantaneous closure is simple to calculate. Under these conditions,

(10)

where
∆ph = pressure rise caused by water hammer, Pa

ρ = fluid density, kg/m3

cs = velocity of sound in fluid, m/s
V = fluid flow velocity, m/s

The cs for water is 1439 m/s, although the elasticity of the pipe
reduces the effective value. 

Example 3. What is the maximum pressure rise if water flowing at 3 m/s
is stopped instantaneously? 
Solution:

∆p
h

ρc
s
VZ

∆p
h

1000 1439× 3× 4.32 MPaZ Z
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Other Considerations
Not discussed in detail in this chapter, but of potentially great

importance, are a number of physical and chemical considerations:
pipe and fitting design, materials, and joining methods must be
appropriate for working pressures and temperatures encountered, as
well as being suitably resistant to chemical attack by the fluid.

Other Piping Materials and Fluids
For fluids not included in this chapter or for piping materials of

different dimensions, manufacturers’ literature frequently supplies
pressure drop charts. The Darcy-Weisbach equation, with the
Moody chart or the Colebrook equation, can be used as an alterna-
tive to pressure drop charts or tables.

HYDRONIC SYSTEM PIPING

The Darcy-Weisbach equation with friction factors from the
Moody chart or Colebrook equation (or, alternatively, the Hazen-Wil-
liams equation) is fundamental to calculating pressure drop in hot and
chilled water piping; however, charts calculated from these equations
(such as Figures 1, 2, and 3) provide easy determination of pressure
drops for specific fluids and pipe standards. In addition, tables of
pressure drops can be found in Hydraulic Institute (1979) and Crane
Co. (1976).

The Reynolds numbers represented on the charts in Figures 1, 2,
and 3 are all in the turbulent flow regime. For smaller pipes and/or
lower velocities, the Reynolds number may fall into the laminar
regime, in which the Colebrook friction factors are no longer valid.

Most tables and charts for water are calculated for properties at
15°C. Using these for hot water introduces some error, although the
answers are conservative (i.e., cold water calculations overstate the
pressure drop for hot water). Using 15°C water charts for 90°C
water should not result in errors in ∆p exceeding 20%.

Range of Usage of Pressure Drop Charts
General Design Range. The general range of pipe friction loss

used for design of hydronic systems is between 100 and 400 Pa/m of
pipe. A value of 250 Pa/m represents the mean to which most sys-
tems are designed. Wider ranges may be used in specific designs if
certain precautions are taken.

Piping Noise. Closed-loop hydronic system piping is generally
sized below certain arbitrary upper limits, such as a velocity limit of
1.2 m/s for 50 mm pipe and under, and a pressure drop limit of 400
Pa/m for piping over 50 mm in diameter. Velocities in excess of 1.2
m/s can be used in piping of larger size. This limitation is generally
accepted, although it is based on relatively inconclusive experience
with noise in piping. Water velocity noise is not caused by water
but by free air, sharp pressure drops, turbulence, or a combination of
these, which in turn cause cavitation or flashing of water into steam.
Therefore, higher velocities may be used if proper precautions are
taken to eliminate air and turbulence.

Air Separation
Air in hydronic systems is usually undesirable because it causes

flow noise, allows oxygen to react with piping materials, and some-
times even prevents flow in parts of a system. Air may enter a sys-
tem at an air-water interface in an open system or in an expansion
tank in a closed system, or it may be brought in dissolved in makeup
water. Most hydronic systems use air separation devices to remove
air. The solubility of air in water increases with pressure and
decreases with temperature; thus, separation of air from water is
best achieved at the point of lowest pressure and/or highest temper-
ature in a system. For more information, see Chapter 12 of the
ASHRAE Handbook—Systems and Equipment.

In the absence of venting, air can be entrained in the water and
carried to separation units at flow velocities of 0.5 to 0.6 m/s or more
in pipe 50 mm and under. Minimum velocities of 0.6 m/s are there-
fore recommended. For pipe sizes 50 mm and over, minimum veloc-
ities corresponding to a pressure loss of 75 Pa are normally used.
Maintenance of minimum velocities is particularly important in the
upper floors of high-rise buildings where the air tends to come out
of solution because of reduced pressures. Higher velocities should
be used in downcomer return mains feeding into air separation
units located in the basement.

Example 4. Determine the pipe size for a circuit requiring 1.25 L/s flow.

Solution: Enter Figure 1 at 1.25 L/s, read up to pipe size within nor-
mal design range (100 to 400 Pa/m), and select 40 mm. Velocity is 1
m/s and pressure loss is 300 Pa/m.

Valve and Fitting Pressure Drop
Valves and fittings can be listed in elbow equivalents, with an

elbow being equivalent to a length of straight pipe. Table 8 lists
equivalent lengths of 90° elbows; Table 9 lists elbow equivalents for
valves and fittings for iron and copper.

Example 5. Determine equivalent length of pipe for a 100 mm open gate
valve at a flow velocity of approximately 1.33 m/s.

Solution: From Table 8, at 1.33 m/s, each elbow is equivalent to 3.2 m
of 100 mm pipe. From Table 9, the gate valve is equivalent to 0.5
elbows. The actual equivalent pipe length (added to measured circuit
length for pressure drop determination) will be 3.2 × 0.5, or 1.6 m of
100 mm pipe.

Tee Fitting Pressure Drop. Pressure drop through pipe tees
varies with flow through the branch. Figure 4 illustrates pressure
drops for nominal 25 mm tees of equal inlet and outlet sizes and for
the flow patterns illustrated. Idelchik (1986) also presents data for
threaded tees.
Table 8 Equivalent Length in Metres of Pipe for 90° Elbows

Velocity, 
m/s

Pipe Size, mm

15 20 25 32 40 50 65 90 100 125 150 200 250 300

MKPP MKQ MKR MKT MKV NKN NKQ NKS OKM OKS PKO PKT QKT RKT SKU

MKST MKQ MKS MKU NKM NKO NKR NKU OKP OKV PKS QKO RKP SKP TKS

NKMM MKR MKS MKU NKN NKP NKS NKV OKR PKN PKU QKR RKS SKU UKM

NKPP MKR MKS MKU NKN NKP NKT OKM OKR PKO QKM QKS RKU TKN UKQ

NKST MKR MKT MKV NKO NKQ NKU OKN OKS PKQ QKN QKU SKM TKQ UKU

OKMM MKR MKT MKV NKO NKQ NKU OKO OKT PKR QKP RKM SKO TKS VKM

OKPR MKR MKT MKV NKO NKR NKV OKO OKU PKS QKQ RKN SKQ TKU VKO

OKST MKR MKT MKV NKP NKR NKV OKP OKU PKS QKR RKO SKR UKM VKQ

PKMM MKR MKT MKV NKP NKR NKV OKP OKV PKT QKR RKP SKT UKN VKS

PKPP MKR MKU MKV NKP NKR NKV OKQ PKM PKU QKS RKQ SKU UKO VKU
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Fig. 1 Friction Loss for Water in Commercial Steel Pipe (Schedule 40)

Fig. 1 Friction Loss for Water in Commercial Steel Pipe (Schedule 40)
Fig. 2 Friction Loss for Water in Copper Tubing (Types K, L, M)

Fig. 2 Friction Loss for Water in Copper Tubing (Types K, L, M)
Fig. 3 Friction Loss for Water in Plastic Pipe (Schedule 80)

Fig. 3 Friction Loss for Water in Plastic Pipe (Schedule 80)
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Different investigators present tee loss data in different forms,
and it is sometimes difficult to reconcile results from several
sources. As an estimate of the upper limit to tee losses, a pressure or
head loss coefficient of 1.0 may be assumed for entering and leaving
flows (i.e., ∆p = 1.0ρVin

2 /2  +  1.0ρVout
2 /2).

Example 6. Determine the pressure or energy losses for a 25 mm (all
openings) threaded pipe tee flowing 25% to the side branch, 75%
through. The entering flow is 1 L/s (1.79 m/s).

Solution: From Figure 4, bottom curve, the number of equivalent elbows
for the through-flow is 0.15 elbows; the through-flow is 0.75 L/s (1.34
m/s); and the pressure loss is based on the exit flow rate. Table 8 gives the
equivalent length of a 25 mm elbow at 1.33 m/s as 0.8 m. Using Equations
(1) and (2) with friction factor f = 0.0263 and diameter D = 26.6 mm,

∆p = (0.15)(0.0263)(0.8/0.0266)(1000)(1.342)/2
= 0.107 kPa pressure drop, or

∆h = (0.15)(0.0263)(0.8/0.0266)(1.342)/[(2)(9.8)]
= 0.0109 m loss

From Figure 4, top curve, the number of equivalent elbows for the
branch flow of 25% is 13 elbows; the branch flow is 0.25 L/s (0.45
m/s); and the pressure loss is based on the exit flow rate. Interpolating
from Table 8 gives the equivalent of a 25 mm elbow at 0.45 m/s as 0.75
m. Using Equations (1) and (2) with friction factor f = 0.0334 and
diameter = 26.6 mm,

∆p = (13)(0.0334)(0.75/0.0266)(1000)(0.452)/(2)
= 1.24 kPa pressure drop, or

∆h = (13)(0.0334)(0.75/0.0266)(0.452)/[(2)(9.8)]
= 0.126 m loss

Table 9 Iron and Copper Elbow Equivalentsa

Fitting Iron Pipe

Copper

Tubing

Elbow, 90° 1.0 1.0

Elbow, 45° 0.7 0.7

Elbow, 90° long-radius 0.5 0.5

Elbow, welded, 90° 0.5 0.5

Reduced coupling 0.4 0.4

Open return bend 1.0 1.0

Angle radiator valve 2.0 3.0

Radiator or convector 3.0 4.0

Boiler or heater 3.0 4.0

Open gate valve 0.5 0.7

Open globe valve 12.0 17.0

Source: Giesecke (1926) and Giesecke and Badgett (1931, 1932a).
aSee Table 8 for equivalent length of one elbow.

Table 10 Proper Flow and Pressure Required During
Flow for Different Fixtures

Fixture
Flow Pressure,

kPa (gage)a
Flow,
L/s

lêÇáå~êó=Ä~ëáå=Ñ~ìÅÉí RR MKO

pÉäÑJÅäçëáåÖ=Ä~ëáå=Ñ~ìÅÉí UR MKO

páåâ=Ñ~ìÅÉíÔNM=ãã TM MKP

páåâ=Ñ~ìÅÉíÔNR=ãã PR MKP

aáëÜï~ëÜÉê NMR=íç=NTR ÔÄ

_~íÜíìÄ=Ñ~ìÅÉí PR MKQ

i~ìåÇêó=íìÄÉ=ÅçÅâÔU=ãã PR MKP

pÜçïÉê UR MKO=íç=MKS

_~ää=ÅçÅâ=Ñçê=ÅäçëÉí NMR MKO

cäìëÜ=î~äîÉ=Ñçê=ÅäçëÉí TM=íç=NQM NKM=íç=OKRÅ

cäìëÜ=î~äîÉ=Ñçê=ìêáå~ä NMR NKM

d~êÇÉå=ÜçëÉI=NR=ãI=~åÇ=ëáää=ÅçÅâ ONM MKP
~cäçï= éêÉëëìêÉ= áë= íÜÉ= éêÉëëìêÉ= áå= íÜÉ= éáéÉ= ~í= íÜÉ= Éåíê~åÅÉ= íç= íÜÉ= é~êíáÅìä~ê= ÑáñíìêÉ

ÅçåëáÇÉêÉÇK
Äs~êáÉëX=ëÉÉ=ã~åìÑ~ÅíìêÉêëÛ=Ç~í~K
ÅtáÇÉ=ê~åÖÉ=ÇìÉ=íç=î~êá~íáçå=áå=ÇÉëáÖå=~åÇ=íóéÉ=çÑ=ÑäìëÜ=î~äîÉ=ÅäçëÉíëK
SERVICE WATER PIPING

Sizing of service water piping differs from sizing of process lines
in that design flows in service water piping are determined by the
probability of simultaneous operation of a multiplicity of individual
loads such as water closets, urinals, lavatories, sinks, and showers.
The full flow characteristics of each load device are readily obtained
from manufacturers; however, service water piping sized to handle
all load devices simultaneously would be seriously oversized. Thus,
a major issue in sizing service water piping is to determine the diver-
sity of the loads.

The procedure shown in this chapter uses the work of R.B.
Hunter for estimating diversity (Hunter 1940, 1941). The present-
day plumbing designer is usually constrained by building or plumb-
ing codes, which specify the individual and collective loads to be
used for pipe sizing. Frequently used codes (including the BOCA
National Plumbing Code, Standard Plumbing Code, Uniform
Plumbing Code, and National Standard Plumbing Code) contain
procedures quite similar to those shown here. The designer must be
aware of the applicable code for the location being considered.

Fig. 4 Elbow Equivalents of Tees at Various Flow Conditions

Fig. 4 Elbow Equivalents of Tees at Various Flow Conditions
(Giesecke and Badgett 1931, 1932b)

Notes: 1. Chart is based on straight tees (i.e., branches A, B, and C 

are the same size).

2. Pressure loss in desired circuit is obtained by selecting the proper 

curve according to illustrations, determining the flow at the circled 

branch, and multiplying the pressure loss for the same size elbow 

at the flow rate in the circled branch by the equivalent elbows 

indicated.

3. When the size of an outlet is reduced, the equivalent elbows 

shown in the chart do not apply. Therefore, the maximum loss for 

any circuit for any flow will not exceed 2 elbow equivalents at the 

maximum flow occurring in any branch of the tee.

4. Top curve is average of 4 curves, one for each circuit shown.
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Federal mandates are forcing plumbing fixture manufacturers to
reduce design flows to many types of fixtures, but these may not yet
be included in locally adopted codes. Also, the designer must be
aware of special considerations; for example, toilet usage at sports
arenas will probably have much less diversity than the codes allow
and thus may require larger supply piping than the minimum spec-
ified by the codes.

Table 10 gives the rate of flow desirable for many common fix-
tures and the average pressure necessary to give this rate of flow.
The pressure varies with fixture design.

In estimating the load, the rate of flow is frequently computed in
fixture units, which are relative indicators of flow. Table 11 gives
the demand weights in terms of fixture units for different plumbing
fixtures under several conditions of service, and Figure 5 gives the
estimated demand corresponding to any total number of fixture
units. Figures 6 and 7 provide more accurate estimates at the lower
end of the scale.

The estimated demand load for fixtures used intermittently on any
supply pipe can be obtained by multiplying the number of each kind
of fixture supplied through that pipe by its weight from Table 11,
adding the products, and then referring to the appropriate curve of
Figure 5, 6, or 7 to find the demand corresponding to the total fixture
units. In using this method, note that the demand for fixture or supply
outlets other than those listed in the table of fixture units is not yet
included in the estimate. The demands for outlets (e.g., hose connec-
tions and air-conditioning apparatus) that are likely to impose con-
tinuous demand during heavy use of the weighted fixtures should be
estimated separately and added to demand for fixtures used intermit-
tently to estimate total demand.

The Hunter curves in Figures 5, 6, and 7 are based on use patterns
in residential buildings and can be erroneous for other usages such
as sports arenas. Williams (1976) discusses the Hunter assumptions
and presents an analysis using alternative assumptions.

Table 11 Demand Weights of Fixtures in Fixture Unitsa

Fixture or Groupb Occupancy

Type of Supply

Control

Weight in 

Fixture 

Unitsc

Water closet Public Flush valve 10

Water closet Public Flush tank 5

Pedestal urinal Public Flush valve 10

Stall or wall urinal Public Flush valve 5

Stall or wall urinal Public Flush tank 3

Lavatory Public Faucet 2

Bathtub Public Faucet 4

Shower head Public Mixing valve 4

Service sink Office, etc. Faucet 3

Kitchen sink Hotel or restaurant Faucet 4

Water closet Private Flush valve 6

Water closet Private Flush tank 3

Lavatory Private Faucet 1

Bathtub Private Faucet 2

Shower head Private Mixing valve 2

Bathroom group Private Flush valve for closet 8

Bathroom group Private Flush tank for closet 6

Separate shower Private Mixing valve 2

Kitchen sink Private Faucet 2

Laundry trays (1 to 3) Private Faucet 3

Combination fixture Private Faucet 3

Source: Hunter (1941).
aFor supply outlets likely to impose continuous demands, estimate continuous supply

separately, and add to total demand for fixtures.
bFor fixtures not listed, weights may be assumed by comparing the fixture to a listed

one using water in similar quantities and at similar rates.
cThe given weights are for total demand. For fixtures with both hot and cold water sup-

plies, the weights for maximum separate demands can be assumed to be 75% of the

listed demand for the supply.
Fig. 5 Demand Versus Fixture Units, Mixed System,
High Part of Curve

Fig. 5 Demand Versus Fixture Units, Mixed System, 
High Part of Curve

(Hunter 1941)

Fig. 6 Estimate Curves for Demand Load

Fig. 6 Estimate Curves for Demand Load
(Hunter 1941)

Fig. 7 Section of Figure 6 on Enlarged Scale

Fig. 7 Section of Figure 6 on Enlarged Scale
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So far, the information presented shows the design rate of flow to
be determined in any particular section of piping. The next step is to
determine the size of piping. As water flows through a pipe, the pres-
sure continually decreases along the pipe due to loss of energy from
friction. The problem is then to ascertain the minimum pressure in
the street main and the minimum pressure required to operate the top-
most fixture. (A pressure of 100 kPa may be ample for most flush
valves, but reference should be made to the manufacturers’ require-
ments. Some fixtures require a pressure up to 175 kPa. A minimum of
55 kPa should be allowed for other fixtures.) The pressure differential
overcomes pressure losses in the distributing system and the differ-
ence in elevation between the water main and the highest fixture.

The pressure loss (in kPa) resulting from the difference in eleva-
tion between the street main and the highest fixture can be obtained

Fig. 8 Pressure Losses in Disk-Type Water Meters

Fig. 8 Pressure Losses in Disk-Type Water Meters

Fig. 9 Variation of Pressure Loss with Flow Rate for Var-
ious Faucets and Cocks

Fig. 9 Variation of Pressure Loss with Flow Rate for 
Various Faucets and Cocks

A. 1/2 in. (12.7 mm) laundry bibb (old style)

B. Laundry compression faucet

C-1. 1/2 in. (12.7 mm) compression sink faucet (mfr. 1)

C-2. 1/2 in. (12.7 mm) compression sink faucet (mfr. 2)

D. Combination compression bathtub faucets (both open)

E. Combination compression sink faucet

F. Basin faucet

G. Spring self-closing faucet

H. Slow self-closing faucet

(Dashed lines indicate recommended extrapolation)
by multiplying the difference in elevation in metres by the conver-
sion factor 9.8.

Pressure losses in the distributing system consist of pressure
losses in the piping itself, plus the pressure losses in the pipe fit-
tings, valves, and the water meter, if any. Approximate design pres-
sure losses and flow limits for disk-type meters for various rates of
flow are given in Figure 8. Water authorities in many localities
require compound meters for greater accuracy with varying flow;
consult the local utility. Design data for compound meters differ
from the data in Figure 8. Manufacturers give data on exact pres-
sure losses and capacities.

Figure 9 shows the variation of pressure loss with rate of flow
for various faucets and cocks. The water demand for hose bibbs or
other large-demand fixtures taken off the building main frequently
results in inadequate water supply to the upper floor of a building.
This condition can be prevented by sizing the distribution system
so that the pressure drops from the street main to all fixtures are the
same. An ample building main (not less than 25 mm where possi-
ble) should be maintained until all branches to hose bibbs have
been connected. Where the street main pressure is excessive and a
pressure reducing valve is used to prevent water hammer or exces-
sive pressure at the fixtures, the hose bibbs should be connected
ahead of the reducing valve.

The principles involved in sizing upfeed and downfeed systems
are the same. In the downfeed system, however, the difference in
elevation between the overhead supply mains and the fixtures pro-
vides the pressure required to overcome pipe friction. Because fric-
tion pressure loss and height pressure loss are not additive, as in an
upfeed system, smaller pipes may be used with a downfeed sys-
tem.

Plastic Pipe

The maximum safe water velocity in a thermoplastic piping sys-
tem under most operating conditions is typically 1.5 m/s; however,
higher velocities can be used in cases where the operating charac-
teristics of valves and pumps are known so that sudden changes in
flow velocity can be controlled. The total pressure in the system at
any time (operating pressure plus surge of water hammer) should
not exceed 150% of the pressure rating of the system.

Procedure for Sizing Cold Water Systems

The recommended procedure for sizing piping systems is out-
lined below.

1. Sketch the main lines, risers, and branches, and indicate the 
fixtures to be served. Indicate the rate of flow of each fixture.

2. Using Table 11, compute the demand weights of the fixtures in 
fixture units.

3. Determine the total demand in fixture units and, using Figure 5, 
6, or 7, find the expected demand.

4. Determine the equivalent length of pipe in the main lines, risers, 
and branches. Because the sizes of the pipes are not known, the 
exact equivalent length of various fittings cannot be determined. 
Add the equivalent lengths, starting at the street main and 
proceeding along the service line, the main line of the building, 
and up the riser to the top fixture of the group served.

5. Determine the average minimum pressure in the street main and 
the minimum pressure required for the operation of the topmost 
fixture, which should be 50 to 175 kPa above atmospheric.

6. Calculate the approximate design value of the average pressure 
drop per unit length of pipe in equivalent length determined in 
step 4.
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where
∆p = average pressure loss per metre of equivalent length of pipe, kPa
ps = pressure in street main, kPa
pf = minimum pressure required to operate topmost fixture, kPa

pm = pressure drop through water meter, kPa
H = height of highest fixture above street main, m
L = equivalent length determined in step 4, m

If the system is downfeed supply from a gravity tank, height
of water in the tank, converted to kPa by multiplying by 9.8,
replaces the street main pressure, and the term 9.8H is added
instead of subtracted in calculating ∆p. In this case, H is the ver-
tical distance of the fixture below the bottom of the tank.

7. From the expected rate of flow determined in step 3 and the value 
of ∆p calculated in step 6, choose the sizes of pipe from Figure 
1, 2, or 3.

Example 7. Assume a minimum street main pressure of 375 kPa; a height
of topmost fixture (a urinal with flush valve) above street main of 15 m;
an equivalent pipe length from water main to highest fixture of 30 m; a
total load on the system of 50 fixture units; and that the water closets
are flush valve operated. Find the required size of supply main.

Solution: From Figure 7, the estimated peak demand is 3.2 L/s. From
Table 10, the minimum pressure required to operate the topmost fixture
is 105 kPa. For a trial computation, choose the 40 mm meter. From Fig-
ure 8, the pressure drop through a 40 mm disk-type meter for a flow of
3.2 L/s is 45 kPa.

The pressure drop available for overcoming friction in pipes and fit-
tings is 375 − 9.8 × 15 − 105 − 45 = 78 kPa.

At this point, estimate the equivalent pipe length of the fittings on
the direct line from the street main to the highest fixture. The exact
equivalent length of the various fittings cannot be determined since the
pipe sizes of the building main, riser, and branch leading to the highest
fixture are not yet known, but a first approximation is necessary to ten-
tatively select pipe sizes. If the computed pipe sizes differ from those
used in determining the equivalent length of pipe fittings, a recalcula-
tion using the computed pipe sizes for the fittings will be necessary. For
this example, assume that the total equivalent length of the pipe fittings
is 15 m.

The permissible pressure loss per metre of equivalent pipe is
78/(30 + 15) = 1.7 kPa/m. A 40 mm building main is adequate.

The sizing of the branches of the building main, the risers, and the
fixture branches follows these principles. For example, assume that one
of the branches of the building main carries the cold water supply for 3
water closets, 2 bathtubs, and 3 lavatories. Using the permissible pres-
sure loss of 1.7 kPa/m, the size of branch (determined from Table 11
and Figures 1 and 7) is found to be 40 mm. Items included in the com-
putation of pipe size are as follows: 

Table 12 is a guide to minimum pipe sizing where flush valves
are used.

Velocities exceeding 3 m/s cause undesirable noise in the piping
system. This usually governs the size of larger pipes in the system,
while in small pipe sizes, the friction loss usually governs the
selection because the velocity is low compared to friction loss.
Velocity is the governing factor in downfeed systems, where fric-
tion loss is usually neglected. Velocity in branches leading to pump
suctions should not exceed 1.5 m/s.

If the street pressure is too low to adequately supply upper-floor
fixtures, the pressure must be increased. Constant or variable speed

Fixtures,

No. and Type

Fixture Units

(Table 11 and Note c)

Demand

(Figure 7)

Pipe Size

(Figure 1)

3 flush valves 3 × 6  =  18

2 bathtubs 0.75 × 2 × 2  =  3

3 lavatories 0.75 × 3 × 1  =  2.25

Total   =  23.25 2.4 L/s 40 mm

p∆ ps 9.8HÓ pf pmÓÓ( ) L⁄Z
booster pumps, alone or in conjunction with gravity supply tanks, or
hydropneumatic systems may be used.

Flow control valves for individual fixtures under varying pres-
sure conditions automatically adjust the flow at the fixture to a pre-
determined quantity. These valves allow the designer to (1) limit the
flow at the individual outlet to the minimum suitable for the pur-
pose, (2) hold the total demand for the system more closely to the
required minimum, and (3) design the piping system as accurately
as is practicable for the requirements.

STEAM PIPING
Pressure losses in steam piping for flows of dry or nearly dry

steam are governed by Equations (1) through (7) in the section on
Pressure Drop Equations. This section incorporates these principles
with other information specific to steam systems.

Pipe Sizes
Required pipe sizes for a given load in steam heating depend on

the following factors:

• The initial pressure and the total pressure drop that can be allowed 
between the source of supply and the end of the return system

• The maximum velocity of steam allowable for quiet and 
dependable operation of the system, taking into consideration the 
direction of condensate flow

• The equivalent length of the run from the boiler or source of steam 
supply to the farthest heating unit

Initial Pressure and Pressure Drop. Table 13 lists pressure
drops commonly used with corresponding initial steam pressures
for sizing steam piping.

Several factors, such as initial pressure and pressure required at
the end of the line, should be considered, but it is most important
that (1) the total pressure drop does not exceed the initial gage pres-

Table 12 Allowable Number of 25 mm Flush Valves
Served by Various Sizes of Water Pipea

Pipe Size, mm No. of 25 mm Flush Valves

PO N=

QM OJQ

RM RJNO

SR NPJOR

TR OSJQM

NMM QNJNMM

~qïç=OM=ãã=ÑäìëÜ=î~äîÉë= ~êÉ= ~ëëìãÉÇ=Éèì~ä= íç=çåÉ=OR=ãã= ÑäìëÜ=î~äîÉ=Äìí= Å~å=ÄÉ

ëÉêîÉÇ=Äó=~=OR=ãã=éáéÉK=t~íÉê=éáéÉ=ëáòáåÖ=ãìëí=ÅçåëáÇÉê=ÇÉã~åÇ=Ñ~ÅíçêI=~î~áä~ÄäÉ

éêÉëëìêÉI=~åÇ=äÉåÖíÜ=çÑ=êìåK

Table 13 Pressure Drops Used for Sizing Steam Pipea

Initial Steam
Pressure, kPab

Pressure Drop,
Pa/m

Total Pressure Drop in 
Steam Supply Piping, kPa

s~Åììã=êÉíìêå PM=íç=SM T=íç=NQ

=NMN T MKQ

NMU PM MKQ=íç=NKT

NNR PM PKR

NPR SM NM

NTM NNR OM

OMR OOR PM

PNM QRM PR=íç=TM

QQR QRM=íç=NNMM TM=íç=NMR

TVM QRM=íç=NNMM NMR=íç=NTM

NNQM QRM=íç=OPMM NTM=íç=ONM

~bèìáéãÉåíI=Åçåíêçä=î~äîÉëI=~åÇ=ëç=ÑçêíÜ=ãìëí=ÄÉ=ëÉäÉÅíÉÇ=Ä~ëÉÇ=çå=ÇÉäáîÉêÉÇ=éêÉëëìêÉëK
ÄpìÄíê~Åí=NMN=íç=ÅçåîÉêí=íç=éêÉëëìêÉ=~ÄçîÉ=~íãçëéÜÉêáÅK
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Table 14 Comparative Capacity of Steam Lines at Various Pitches for Steam and Condensate Flowing in Opposite Directions

Pitch of 
Pipe,

mm/m

Nominal Pipe Diameter, mm

20 25 32 40 50

Capacity
Maximum 

Velocity Capacity
Maximum 

Velocity Capacity
Maximum 

Velocity Capacity
Maximum 

Velocity Capacity
Maximum 

Velocity

OM MKQ OKQ MKV OKT NKR PKQ OKR PKT RKQ QKS

QM MKR PKQ NKN PKT O QKP PKP QKV SKU RKR

UM MKT QKM NKR QKS OKR RKO QKO RKU UKT TKP

NOM MKU QKP NKS RKO PKN SKN QKT SKT NMKR UKO

NTM MKV QKV NKV RKU PKQ SKT RKP TKP NNKT VKN

ORM NKM RKO OKO SKT PKV TKS RKV TKV NOKR VKU

PRM NKO SKT OKQ TKP QKO TKV SKQ UKR NOKV VKU

QOM NKP SKT OKS TKS QKV VKQ TKR NMKN NQKR NMKN

pçìêÅÉW=i~ëÅÜçÄÉê=Éí=~äK=ENVSSFK `~é~Åáíó=áå=ÖLëX=îÉäçÅáíó=áå=ãLëK
sure of the system (and in practice it should never exceed one-half
the initial gage pressure); (2) the pressure drop is not great enough
to cause excessive velocities; (3) a constant initial pressure is main-
tained, except on systems specially designed for varying initial pres-
sures (e.g., subatmospheric pressure), which normally operate
under controlled partial vacuums; and (4) for gravity return systems,
the pressure drop to the heating units does not exceed the water col-
umn available for removing condensate (i.e., the height above the
boiler water line of the lowest point on the steam main, on the heat-
ing units, or on the dry return).

Maximum Velocity. For quiet operation, steam velocity should
be 40 to 60 m/s, with a maximum of 75 m/s. The lower the veloc-
ity, the quieter the system. When the condensate must flow against
the steam, even in limited quantity, the velocity of the steam must
not exceed limits above which the disturbance between the steam
and the counterflowing water may (1) produce objectionable
sound, such as water hammer, or (2) result in the retention of water
in certain parts of the system until the steam flow is reduced suffi-
ciently to permit the water to pass. The velocity at which these dis-

Table 15 Equivalent Length of Fittings to Be Added 
to Pipe Run

Nominal
Pipe

Diameter, 
mm

Length to Be Added to Run, m

Standard 
Elbow

Side
Outside 

Teeb
Gate

Valvea
Globe 
Valvea

Angle 
Valvea

NR MKQ MKV MKN Q O

OM MKR NKO MKN R P

OR MKT NKR MKN T Q

PO MKV NKU MKO V R

QM NKN OKN MKO NM S

RM NKP OKQ MKP NQ T

SR NKR PKQ MKP NS U

UM NKV QKM MKQ OM NM

NMM OKT RKR MKS OU NQ

NOR PKP SKT MKT PQ NT

NRM QKM UKO MKV QN OM

OMM RKO NN NKN RR OU

ORM SKQ NQ NKQ TM PQ

PMM UKO NS NKT UO QM

PRM VKN NV NKV VQ QS

~s~äîÉ=áå=ÑìääJçéÉå=éçëáíáçåK
Äs~äìÉë=~ééäó=çåäó=íç=~=íÉÉ=ìëÉÇ=íç=ÇáîÉêí=íÜÉ=Ñäçï=áå=íÜÉ=ã~áå=íç=íÜÉ=ä~ëí=êáëÉêK
turbances take place is a function of (1) pipe size; (2) the pitch of
the pipe if it runs horizontally; (3) the quantity of condensate flow-
ing against the steam; and (4) the freedom of the piping from water
pockets that, under certain conditions, act as a restriction in pipe
size. Table 14 lists maximum capacities for various size steam
lines.

Equivalent Length of Run. All tables for the flow of steam in
pipes based on pressure drop must allow for pipe friction, as well as
for the resistance of fittings and valves. These resistances are gen-
erally stated in terms of straight pipe; that is, a certain fitting pro-
duces a drop in pressure equivalent to the stated number of feet of
straight run of the same size of pipe. Table 15 gives the number of
feet of straight pipe usually allowed for the more common types of
fittings and valves. In all pipe sizing tables in this chapter, the length
of run refers to the equivalent length of run as distinguished from
the actual length of pipe. A common sizing method is to assume the
length of run and to check this assumption after pipes are sized. For
this purpose, the length of run is usually assumed to be double the
actual length of pipe.

Example 8. Using Table 15, determine the equivalent length of pipe for
the run illustrated.

Measured length = 40.0 m
100 mm gate valve = 0.6 m
Four 100 mm elbows = 10.8 m
Two 100 mm tees = 11.0 m

Equivalent = 62.4 m

Sizing Charts
Figure 10 is the basic chart for determining the flow rate and

velocity of steam in Schedule 40 pipe for various values of pressure
drop per unit length, based on saturated steam at standard pressure
(101.325 kPa). Using the multiplier chart (Figure 11), Figure 10 can
be used at all saturation pressures between 101 and 1500 kPa (see
Example 10).

LOW-PRESSURE STEAM PIPING

Values in Table 16 (taken from Figure 10) provide a more rapid
means of selecting pipe sizes for the various pressure drops listed
and for systems operated at 25 and 85 kPa (gage). The flow rates
shown for 25 kPa can be used for saturated pressures from 7 to 41
kPa, and those shown for 85 kPa can be used for saturated pressures
from 55 to 110 kPa with an error not exceeding 8%.
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Fig. 10 Flow Rate and Velocity of Steam in Schedule 40 Pipe at Saturation Pressure of 0 psig

Fig. 10 Flow Rate and Velocity of Steam in Schedule 40 Pipe at Saturation Pressure of 0 psig

Notes: Based on Moody Friction Factor where flow of condensate does not inhibit the flow of steam.

See Figure 11 for obtaining flow rates and velocities of all saturation pressures between 101 and 1500 kPa; see also Examples 9 and 10.
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Fig. 11 Velocity Multiplier Chart for Figure 10

Fig. 11 Velocity Multiplier Chart for Figure 10
Both Figure 10 and Table 16 can be used where the flow of con-
densate does not inhibit the flow of steam. Columns B and C of
Table 17 are used in cases where steam and condensate flow in
opposite directions, as in risers or runouts that are not dripped.
Columns D, E, and F are for one-pipe systems and include risers,
radiator valves and vertical connections, and radiator and riser
runout sizes, all of which are based on the critical velocity of the
steam to permit the counterflow of condensate without noise.

Return piping can be sized using Table 18, in which pipe capac-
ities for wet, dry, and vacuum return lines are shown for several val-
ues of pressure drop per metre of equivalent length. 

Example 9. What pressure drop should be used for the steam piping of a
system if the measured length of the longest run is 150 m, and the ini-
tial pressure must not exceed 14 kPa above atmospheric?

Solution: It is assumed, if the measured length of the longest run is
150 m, that when the allowance for fittings is added, the equivalent
length of run does not exceed 300 m. Then, with the pressure drop not
over one-half of the initial pressure, the drop could be 7 kPa or less.
With a pressure drop of 7 kPa and a length of run of 300 m, the drop
would be 23 Pa/m; if the total drop were 3.5 kPa, the drop would be 12
Pa/m. In both cases, the pipe could be sized for a desired capacity
according to Figure 10.

On completion of the sizing, the drop could be checked by taking
the longest line and actually calculating the equivalent length of run
from the pipe sizes determined. If the calculated drop is less than that
assumed, the pipe size is adequate; if it is more, an unusual number of
fittings is probably involved, and either the lines must be straightened,
or the next larger pipe size must be tried.

HIGH-PRESSURE STEAM PIPING

Many heating systems for large industrial buildings use high-
pressure steam [100 to 1000 kPa (gage)]. These systems usually
have unit heaters or large built-up fan units with blast heating coils.
Temperatures are controlled by a modulating or throttling thermo-
static valve or by face or bypass dampers controlled by the room air
temperature, fan inlet, or fan outlet.
Table 16 Flow Rate of Steam in Schedule 40 Pipe

Nominal 
Pipe 
Size,
mm

Pressure Drop, Pa/m

14 Pa/m 28 Pa/m 58 Pa/m 113 Pa/m 170 Pa/m 225 Pa/m 450 Pa/m

Sat. Press., kPa Sat. Press., kPa Sat. Press., kPa Sat. Press., kPa Sat. Press., kPa Sat. Press., kPa Sat. Press., kPa
25 85 25 85 25 85 25 85 25 85 25 85 25 85

OM NKN NKQ NKU OKM OKR PKM PKT QKQ QKR RKQ RKP SKP TKS VKO

OR OKN OKS PKP PKV QKT RKU SKU UKP UKS NM NM NO NQ NT

PO QKR RKT SKT UKP VKU NO NQ NT NU ON OM OR OV PR

QM TKN UKU NN NP NR NV OO OS OT PP PN PU QR RQ

RM NQ NT OM OQ OV PS QO RO RP SQ SM TQ UV NMT

SR OO OT PP PV QU RU SU UP US NMP VU NOM NQR NTP

UM QM QU RV SV UP NMO NON NQS NRM NUM NTQ ONM OQS PMO

VM RU SV UQ NMN NOR NRP NTU ONQ ONV OSR ORO PMR PTO QPR

NMM UN NMN NOM NQS NTU ONP OQV PMO PMV PTU PSP QPS ROV SNT

NOR NRN NUM ONO OSR PMT PTU QRM RPS RRO SSO SQP TSV VQR N MUM

NRM OQO OVM PRR QOO QVV SNN TNU URT UUO N MUM N MSM N OSM N RMM N TVM

OMM QVN SMR TMO UUO N MOM N OSM N QQM N UMM N UPM O OPM O MUM O RUM P MOM P TOM

ORM VMT N NNM N OVM N RVM N UVM O OVM O SRM P OUM P PMM Q MPM P TUM Q SSM R PUM S RRM

PMM N QQM N TPM O MUM O QSM O VRM P RUM Q NSM R MQM R NTM S OQM S MRM T ORM U RQM NM OMM
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Table 17 Steam Pipe Capacities for Low-Pressure Systems

Nominal 
Pipe 
Size,
mm

Capacity, g/s

Two-Pipe System One-Pipe Systems

Condensate
Flowing

Against Steam
Supply 
Risers
Upfeed

Radiator 
Valves and 

Vertical
Connections

Radiator 
and Riser 
RunoutsVertical Horizontal

A Ba Cb Dc E Fb

OM NKM MKV MKU Ô MKV

OR NKU NKU NKQ MKV MKV

PO PKV PKQ OKR OKM= OKM=

QM SKM RKP QKU OKV OKM

RM NO NN VKN RKP OKV

SR OM NT NQ Ô RKP

UM PS OR OR Ô UKO

VM QV PS PS Ô NR

NMM SQ RQ QU Ô OP

NOR NPO VV Ô Ô PR

NRM OOT NTS Ô Ô SV

OMM QTO PTU Ô Ô Ô

ORM UUO TNU Ô Ô Ô

PMM NQRM NOMM Ô Ô Ô

QMM OTTM OPVM Ô Ô Ô
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Use of Basic and Velocity Multiplier Charts

Example 10. Given a flow rate of 0.85 kg/s, an initial steam pressure of
800 kPa, and a pressure drop of 2.5 kPa/m, find the size of Schedule 40
pipe required and the velocity of steam in the pipe.

Solution: The following steps are illustrated by the broken line on Fig-
ures 10 and 11.

1. Enter Figure 10 at a flow rate of 0.85 kg/s, and move vertically to
the horizontal line at 800 kPa. 

2. Follow along inclined multiplier line (upward and to the left) to
horizontal 101 kPa line. The equivalent mass flow at 101 kPa is
about 0.30 kg/s.

3. Follow the 0.30 kg/s line vertically until it intersects the horizontal
line at 2500 Pa/m pressure drop. Nominal pipe size is 65 mm. The
equivalent steam velocity at 101 kPa is about 165 m/s.

4. To find the steam velocity at 800 kPa, locate the value of 165 m/s on
the ordinate of the velocity multiplier chart (Figure 11) at 101 kPa.

5. Move along the inclined multiplier line (downward and to the right)
until it intersects the vertical 800 kPa pressure line. The velocity is
about 65 m/s.

Note: Steps 1 through 5 would be rearranged or reversed if different
data were given. 

STEAM CONDENSATE SYSTEMS

The majority of steam systems used in heating applications are
two-pipe systems, in which the two pipes are the “steam” pipe and
the “condensate” pipe. This discussion is limited to the sizing of the
condensate lines in two-pipe systems.

Two-Pipe Systems
When steam is used for heating a liquid to 102°C or less (e.g.,

in domestic water heat exchangers, domestic heating water con-
verters, or air-heating coils), the devices are usually provided with
a steam control valve. As the control valve throttles, the absolute
Table 18 Return Main and Riser Capacities for Low-Pressure Systems, g/s

Pipe 
Size, 
mm

7 Pa/m 9 Pa/m 14 Pa/m 28 Pa/m 57 Pa/m 113 Pa/m

Wet Dry Vac. Wet Dry Vac. Wet Dry Vac. Wet Dry Vac. Wet Dry Vac. Wet Dry Vac.
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OR NS U Ô NU V NU OO NM OO PO NP PN QQ NQ QQ Ô Ô SO

PO OT NS Ô PN NV PN PU ON PU RQ OT RQ TS PM TS Ô Ô NMT

QM QP OS Ô RM PM QV SM PP SM UR QP UR NOM QU NOM Ô Ô NSV

RM UU RV Ô NMO ST NMP NOS TO NOS NTS VP NTV ORO NMQ ORO Ô Ô PRT

SR NQV VS Ô NVV NMV NTN ONO NOM ONO OVS NRR PMM QOO NTN QOO Ô Ô RVS

UM OPT NUQ Ô OSU NVT OTR PPU OON PPU QTP OUQ QTV STQ PNR STQ Ô Ô VRP

VM PQT OQU Ô QNS OTT QNM RMQ PNR RMQ SVP QMT TNS NMNM QRN NMNM Ô Ô NQOQ

NMM QUV PSV Ô RTT QOO RST SVP QTP SVP VTT SMV VUQ NPVM STU NPVM Ô Ô NVRP
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pressure in the load device decreases, removing all pressure moti-
vation for flow in the condensate return system. In order to ensure
the flow of steam condensate from the load device through the
trap and into the return system, it is necessary to provide a vac-
uum breaker on the device ahead of the trap. This ensures a mini-
mum pressure at the trap inlet of atmospheric pressure plus
whatever liquid leg the designer has provided. Then, to ensure
flow through the trap, it is necessary to design the condensate sys-
tem so that it will never have a pressure above atmospheric in the
condensate return line. 

Vented (Open) Return Systems. To achieve this pressure
requirement, the condensate return line is usually vented to the
atmosphere (1) near the point of entrance of the flow streams from
the load traps, (2) in proximity to all connections from drip traps,
and (3) at transfer pumps or feedwater receivers.

Fig. 12 Types of Condensate Return Systems

Fig. 12 Types of Condensate Return Systems
With this design, the only motivation for flow in the return sys-
tem is gravity. Return lines that are below the liquid level in the
downstream receiver or boiler and are thus filled with liquid are
called wet returns; those above the liquid level have both liquid and
gas in the pipes and are called dry returns.

The dry return lines in a vented return system have flowing liquid
in the bottom of the line and gas or vapor in the top (Figure 12A).
The liquid is the condensate, and the gas may be steam, air, or a mix-
ture of the two. The flow phenomenon for these dry return systems
is open channel flow, which is best described by the Manning
equation:

(12)

where
Q = volumetric flow rate, m3/s
A = cross-sectional area of conduit, m2

r = hydraulic radius of conduit, m
n = coefficient of roughness (usually 0.012)
S = slope of conduit, m/m

Table 19 is a solution to Equation (12) that shows pipe size
capacities for steel pipes with various pitches. Recommended prac-
tice is to size vertical lines by the maximum pitch shown, although
they would actually have a capacity far in excess of that shown. As
the pitch increases, hydraulic jump that could fill the pipe and
other transient effects that could cause water hammer should be
avoided. Flow values in Table 19 are calculated for Schedule 40
steel pipe, with a factor of safety of 3.0, and can be used for copper
pipes of the same nominal pipe size.

The flow characteristics of wet return lines (Figure 12B) are
best described by the Darcy-Weisbach equation [Equation (1)]. The
motivation for flow is the fluid pressure difference between the
entering section of the flooded line and the leaving section. It is
common practice, in addition to providing for the fluid pressure dif-
ferential, to slope the return in the direction of flow to a collection
point such as a dirt leg in order to clear the line of sediment or solids.
Table 20 is a solution to Equation (1) that shows pipe size capacity
for steel pipes with various available fluid pressures. Table 20 can
also be used for copper tubing of equal nominal pipe size.

Nonvented (Closed) Return Systems. For those systems in
which there is a continual steam pressure difference between the
point where the condensate enters the line and the point where it
leaves (Figure 12C), Table 18 or Table 21, as applicable, can be used
for sizing the condensate lines. Although these tables express con-
densate capacity without slope, common practice is to slope the

Table 19 Vented Dry Condensate Return for Gravity Flow 
Based on Manning Equation

Nominal 
Diameter, 

mm

Condensate Flow, g/sa,b

Condensate Line Slope

0.5% 1% 2% 4%

NR R T NM NP

OM NM NQ OM OV

OR NV OT PV RQ

PO QM RT UM NNP

QM SM UR NON NTN

RM NNT NSS OPR PPO

SR NUV OST PTT RPQ

UM PPT QTS STQ VRP

NMM SVR VUP NPVM NVTM

NOR NOTM NUMM ORQM PRVM

NRM OMTM OVPM QNRM RUSM
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Table 20 Vented Wet Condensate Return for Gravity Flow Based on Darcy-Weisbach Equation

Nominal
 Diameter,

mm

Condensate Flow, g/sa,b

Condensate Pressure, Pa/m

50 100 150 200 250 300 350 400

NR NP NV OQ OU PO PR PU QN

OM OU QN RN SM SU TQ UN UT

OR RQ TV VU NNQ NOV NQO NRQ NSR

PO NNQ NSR OMQ OPU OST OVQ PNU PQN

QM NTO OQU PMU PRU QMO QQO QTV RNP

RM PPQ QUO RVT SVQ TTV URT VOU VVQ

SR RPS TTP VRS N NNM N ORM N PTM N QUM N RVM

UM VRQ N PTM N TMM N VTM O ONM O QPM O SPM O UNM

NMM N VSM O UNM P QTM Q MPM Q ROM Q VSM R PTM R TRM

NOR P RSM R NMM S OVM T OVM U NUM U VUM V TOM NM QMM

NRM R TTM U OTM NM OMM NN UMM NP OMM NQ RMM NR TMM NS UMM
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Table 21 Flow Rate for Dry-Closed Returns

Pipe 
Dia. a, 

mm

Supply Pressure  = 35 kPa
Return Pressure  = 0 kPa

Supply Pressure  = 100 kPa
Return Pressure  = 0 kPa

Supply Pressure  = 210 kPa
Return Pressure  = 0 kPa

Supply Pressure  = 340 kPa
Return Pressure  = 0 kPa

∆é/i, Pa/m

15 60 240 15 60 240 15 60 240 15 60 240

Flow Rate, g/s

NR PM SS NPV NO OS RT U NS PR R NO OR

OM SQ NQN PMO OS RT NOM NS PR TQ NN OR RP

OR NOS OTN RTO RM NMU OOV PO ST NQN OP QU NMN

PO OSR RST N=OMM NMS OOT QTV SS NQM OVR QT NMN ONO

QM PVV URQ N=TVM NSM PQP TNU VU ONM QQO TN NRN PNU

RM TUS N=SUM ~ PNR STM ~ NVQ QNO ~ NQM OVS ~

SR N=OSM O=SUM ~ RMU N=MTM ~ PNO SSO ~ OOQ QTS ~

UM O=OTM Q=TVM ~ VMT N=VOM ~ RRV N=NUM ~ QMO UQU ~

NMM Q=SVM V=UPM ~ N=UUM P=VQM ~ N=NSM O=QOM ~ UPV N=TQM ~

NRM NP=VMM ~ ~ R=RUM ~ ~ P=QQM ~ ~ O=QTM ~ ~

OMM OU=UMM ~ ~ NN=SMM ~ ~ T=NNM ~ ~ R=NMM ~ ~

Pipe 
Dia. a, 

mm

Supply Pressure  = 690 kPa
Return Pressure  = 0 kPa

Supply Pressure  = 1030 kPa
Return Pressure  = 0 kPa

Supply Pressure  = 690 kPa
Return Pressure  = 100 kPa

Supply Pressure  = 1030 kPa
Return Pressure  = 100 kPa

∆é/i, Pa/m

15 60 240 15 60 240 15 60 240 15 60 240

Flow Rate, g/s

NR Q U NT P S NQ T NR PP R NO OR

OM U NT PT S NQ OV NR PP TN NO OR RP

OR NR PP SV NP OS RT PM SP NPQ OP QV NMN

PO PO SU NQO OR RR NNT SP NPQ OTT QU NMN ONO

QM QU NMO ONQ PV UP NTS VR OMO QNU TO NRO PNR

RM VR OMM ~ TT NSQ ~ NUR PVN UNP NQN OVS SNT

SR NRN PON ~ NOP OSR ~ OVV SPM N=PMM OOT QTS VUP

UM OTO RTP ~ OOO QST ~ RPP N=NOM ~ QMP UQR ~

NMM RSO NNUM ~ QRV VSN ~ N=NMM O=OVM ~ UPQ N=TQM ~

NRM N=SSM ~ ~ N=PSM ~ ~ P=OSM S=TRM ~ O=QTM R=NOM ~

OMM P=QRM ~ ~ O=UOM ~ ~ S=TPM NP=VMM ~ R=NMM NM=RMM ~

~cçê=íÜÉëÉ=ëáòÉë=~åÇ=éêÉëëìêÉ=äçëëÉëI=íÜÉ=îÉäçÅáíó=áë=~ÄçîÉ=PR=ãLëK=pÉäÉÅí=~åçíÜÉê=ÅçãÄáå~íáçå=çÑ=ëáòÉ=~åÇ=éêÉëëìêÉ=äçëëK
lines in the direction of flow to a collection point similar to wet
returns to clear the lines of sediment or solids.

When saturated condensate at pressures above the return system
pressure enters the return (condensate) mains, some of the liquid
flashes to steam. This occurs typically at drip traps into a vented
return system or at load traps leaving process load devices that are
not valve-controlled and typically have no subcooling. If the return
main is vented, the vent lines will relieve any excessive pressure and
prevent a back pressure phenomenon that could restrict the flow
through traps from valved loads; the pipe sizing would be as
described above for vented dry returns. If the return line is not
vented, the flash steam results in a pressure rise at that point and the
piping could be sized as described above for closed returns, and in
accordance with Table 18 or Table 21, as applicable.

The passage of the fluid through the steam trap is a throttling or
constant enthalpy process. The resulting fluid on the downstream
side of the trap can be a mixture of saturated liquid and vapor. Thus,
in nonvented returns, it is important to understand the condition of
the fluid when it enters the return line from the trap.
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The condition of the condensate downstream of the trap can be
expressed by the quality x, defined as

(13)

where
mv = mass of saturated vapor in condensate
ml = mass of saturated liquid in condensate

Likewise, the volume fraction Vc of the vapor in the condensate is
expressed as

(14)

where
Vv = volume of saturated vapor in condensate
Vl = volume of saturated liquid in condensate

The quality and the volume fraction of the condensate down-
stream of the trap can be estimated from Equations (13) and (14),
respectively.

(15)

(16)

where
h1 =enthalpy of liquid condensate entering trap evaluated at supply 

pressure for saturated condensate or at saturation pressure 
corresponding to temperature of subcooled liquid condensate

hf2
=enthalpy of saturated liquid at return or downstream pressure of trap

hg2
=enthalpy of saturated vapor at return or downstream pressure of trap

vf2
=specific volume of saturated liquid at return or downstream pressure 

of trap
vg2

=specific volume of saturated vapor at return or downstream pressure 
of trap

Table 22 presents some values for quality and volume fraction for
typical supply and return pressures in heating and ventilating sys-
tems. Note that the percent of vapor on a mass basis x is small, while
the percent of vapor on a volume basis Vc is very large. This indicates
that the return pipe cross section is predominantly occupied by
vapor. Figure 13 is a working chart to determine the quality of the
condensate entering the return line from the trap for various combi-
nations of supply and return pressures. If the liquid is subcooled
entering the trap, the saturation pressure corresponding to the liquid
temperature should be used for the supply or upstream pressure.
Typical pressures in the return line are given in Table 23.

Table 22 Flash Steam from Steam Trap on Pressure Drop

Supply
Pressure,

kPa (gage)

Return
Pressure,

kPa (gage)
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One-Pipe Systems

Gravity one-pipe air vent systems in which steam and conden-
sate flow in the same pipe, frequently in opposite directions, are
considered obsolete and are no longer being installed. Chapter 33
of the 1993 ASHRAE Handbook—Fundamentals or earlier ASH-
RAE Handbooks include descriptions of and design information
for one-pipe systems.

GAS PIPING

Piping for gas appliances should be of adequate size and
installed so that it provides a supply of gas sufficient to meet the
maximum demand without undue loss of pressure between the
point of supply (the meter) and the appliance. The size of gas pipe
required depends on (1) maximum gas consumption to be pro-
vided, (2) length of pipe and number of fittings, (3) allowable pres-
sure loss from the outlet of the meter to the appliance, and (4)
density of the gas.

Insufficient gas flow from excessive pressure losses in gas supply
lines can cause inefficient operation of gas-fired appliances and
sometimes create hazardous operations. Gas-fired appliances are
normally equipped with a data plate giving information on maxi-
mum gas flow requirements or input as well as inlet gas pressure
requirements. The gas utility in the area of installation can give the
gas pressure available at the utility’s gas meter. Using the informa-
tion, the required size of gas piping can be calculated for satisfac-
tory operation of the appliance(s).

Table 24 gives pipe capacities for gas flow for up to 60 m of pipe
based on a gas density of 0.735 kg/m3. Capacities for pressures less
than 10 kPa may also be determined by the following equation from
NFPA/IAS National Fuel Gas Code:

Table 23 Estimated Return Line Pressures

Pressure Drop,
Pa/m

Pressure in Return Line, Pa (gage)

200 kPa (gage) Supply 1000 kPa (gage) Supply
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NUM ON RO

OQM OU TM
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Fig. 13 Working Chart for Determining Percentage of
Flash Steam (Quality)

Fig. 13 Working Chart for Determining Percentage 
of Flash Steam (Quality)
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Table 24 Maximum Capacity of Gas Pipe in Litres per Second

Nominal Iron 
Pipe Size, 

mm

Internal 
Diameter, 

mm

Length of Pipe, m

5 10 15 20 25 30 35 40 45 50 55 60

U VKOR MKNV MKNP MKNN MKMV MKMU MKMT MKMT MKMS MKMS MKMS MKMR MKMR

NM NOKRO MKQP MKOV MKOQ MKOM MKNU MKNS MKNR MKNQ MKNP MKNO MKNO MKNN

NR NRKUM MKTV MKRQ MKQQ MKPT MKPP MKPM MKOU MKOS MKOQ MKOP MKOO MKON

OM OMKVP NKSR NKNP MKVN MKTU MKSV MKSP MKRU MKRQ MKRM MKQT MKQR MKQP

OR OSKNQ OKVR OKMP NKSP NKQM NKOQ NKNO NKMP MKVS MKVM MKUR MKUN MKTT

PO PRKMR SKQ= QKQ PKR PKM OKT OKQ OKO= OKN= NKV= NKU= NKT= NKT=

QM QMKUV VKS SKS RKP QKR QKM PKS PKP PKN OKV OKU OKS OKR

RM ROKRM NUKQ NOKT NMKO UKT TKT TKM SKQ SKM RKS RKP RKM QKU

SR SOKTN OVKP OMKO NSKO NPKV NOKP NNKN NMKO VKR UKV UKQ UKM TKT

UM TTKVP RNKV PRKT OUKS OQKR ONKT NVKT NUKN NSKU NRKU NQKV NQKO NPKR

NMM NMOKOS NMRKU TOKT RUKQ RMKM QQKP QMKN PSKV PQKQ POKO PMKQ OUKV OTKS

kçíÉW=`~é~Åáíó=áë=áå=äáíêÉë=éÉê=ëÉÅçåÇ=~í=Ö~ë=éêÉëëìêÉë=çÑ=PKR=âm~=EÖ~ÖÉF=çê=äÉëë=~åÇ=~

éêÉëëìêÉ=Çêçé=çÑ=TR=âm~X=ÇÉåëáíó=Z=MKTPR=âÖLãPK

`çéóêáÖÜí=Äó=íÜÉ=^ãÉêáÅ~å=d~ë=^ëëçÅá~íáçå=~åÇ=íÜÉ=k~íáçå~ä=cáêÉ=mêçíÉÅíáçå=^ëëçJ

Åá~íáçåK=rëÉÇ=Äó=éÉêãáëëáçå=çÑ=íÜÉ=ÅçéóêáÖÜí=ÜçäÇÉêK
(17)

where
Q = flow rate at 15°C and 101 kPa, L/s
d = inside diameter of pipe, mm

∆p = pressure drop, Pa
C = factor for viscosity, density, and temperature

= 0.00223(t + 273)s0.848µ0.152

t = temperature, °C
s = ratio of density of gas to density of air at 15°C and 101 kPa
µ = viscosity of gas, µPa·s (12 for natural gas, 8 for propane)
L = pipe length, m

Gas service in buildings is generally delivered in the “low-pres-
sure” range of 1.7 kPa (gage). The maximum pressure drop allow-
able in piping systems at this pressure is generally 125 Pa but is
subject to regulation by local building, plumbing, and gas appliance
codes (see also the NFPA/IAS National Fuel Gas Code).

Where large quantities of gas are required or where long lengths
of pipe are used (e.g., in industrial buildings), low-pressure limita-
tions result in large pipe sizes. Local codes may allow and local
gas companies may deliver gas at higher pressures [e.g., 15, 35, or
70 kPa (gage)]. Under these conditions, an allowable pressure drop
of 10% of the initial pressure is used, and pipe sizes can be reduced
significantly. Gas pressure regulators at the appliance must be

Q 0.0001d
2.623

p∆ CL⁄( )
0.541

Z

Fig. 14 Typical Oil Circulating Loop
specified to accommodate higher inlet pressures. NFPA/IAS
(1992) provides information on pipe sizing for various inlet pres-
sures and pressure drops at higher pressures.

More complete information on gas piping can be found in the
Gas Engineers’ Handbook (1970).

FUEL OIL PIPING
The pipe used to convey fuel oil to oil-fired appliances must be

large enough to maintain low pump suction pressure and, in the case
of circulating loop systems, to prevent overpressure at the burner oil
pump inlet. Pipe materials must be compatible with the fuel and
must be carefully assembled to eliminate all leaks. Leaks in suction
lines cause pumping problems that result in unreliable burner oper-
ation. Leaks in pressurized lines create fire hazards. Cast-iron or
aluminum fittings and pipe are unacceptable. Pipe joint compounds
must be selected carefully.

Oil pump suction lines should be sized so that at maximum suc-
tion line flow conditions, the maximum vacuum will not exceed 34
kPa for distillate grade fuels and 50 kPa for residual oils. Oil supply
lines to burner oil pumps should not be pressurized by circulating
loop systems or aboveground oil storage tanks to more than 34 kPa,
or pump shaft seals may fail. A typical oil circulating loop system is
shown in Figure 14.
Fig. 14 Typical Oil Circulating Loop
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In assembling long fuel pipe lines, care should be taken to avoid
air pockets. On overhead circulating loops, the line should vent air
at all high points. Oil supply loops for one or more burners should
be the continuous circulation type, with excess fuel returned to the
storage tank. Dead-ended pressurized loops can be used, but air or
vapor venting is more problematic.

Where valves are used, select ball or gate valves. Globe valves
are not recommended because of their high pressure drop charac-
teristics. 

Oil lines should be tested after installation, particularly if they
are buried, enclosed, or otherwise inaccessible. Failure to perform
this test is a frequent cause of later operating difficulties. A suction
line can be hydrostatically tested at 1.5 times its maximum operat-
ing pressure or at a vacuum of not less than 70 kPa. Pressure or vac-
uum tests should continue for at least 60 min. If there is no
noticeable drop in the initial test pressure, the lines can be consid-
ered tight.

Pipe Sizes for Heavy Oil

Table 25 and Table 26 give recommended pipe sizes for handling
No. 5 and No. 6 oils (residual grades) and No. 1 and No. 2 oils (dis-
tillate grades), respectively. 

Storage tanks and piping and pumping facilities for delivering
the oil from the tank to the burner are important considerations in
the design of an industrial oil-burning system.

Table 25 Recommended Nominal Size for Fuel Oil Suction 
Lines from Tank to Pump (Residual Grades No. 5 and No. 6)

Pumping 
Rate,
L/h

Length of Run in Metres
at Maximum Suction Lift of 4.5 kPa

10 20 30 40 50 60 70 80 90 100

RM QM QM QM RM RM RM SR SR SR UM

NMM QM QM RM RM SR SR SR SR UM UM

OMM QM RM RM RM SR SR SR UM UM UM

PMM RM RM SR SR SR UM UM UM UM UM

QMM RM RM SR SR UM UM UM UM UM NMM

RMM RM SR SR SR UM UM UM UM NMM NMM

SMM SR SR SR UM UM UM NMM NMM NMM NMM

TMM SR SR SR UM UM NMM NMM NMM NMM NMM

UMM SR SR UM UM NMM NMM NMM NMM NMM NMM

kçíÉëW
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ÑìÉä=çáäëK
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Table 26 Recommended Nominal Size for Fuel Oil Suction 
Lines from Tank to Pump (Distillate Grades No. 1 and No. 2)

Pumping 
Rate,
L/h

Length of Run in Metres
at Maximum Suction Lift of 9.0 kPa

10 20 30 40 50 60 70 80 90 100

RM NR NR NR NR NR OM OM OM OR OR

NMM NR NR NR NR OM OM OM OM OR OR

OMM NR OM OM OM OM OM OR OR OR OR

PMM NR OM OM OM OM OR OR OR OR PO

QMM OM OM OM OM OR OR OR OR PO PO

RMM OM OR OR OR OR OR PO PO PO PO

SMM OM OR OR OR OR PO PO PO PO RM

TMM OM OR OR OR OR PO PO PO RM RM

UMM OM OR OR OR PO PO PO PO RM RM

kçíÉW=páòÉë=Eáå=ãáääáãÉíêÉëF=~êÉ=åçãáå~äK
The construction and location of the tank and oil piping are usu-
ally subject to local regulations and National Fire Protection Asso-
ciation (NFPA) Standards 30 and 31.
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