
CCHHAAPPTTEERR  TTHHRREEEECCHHAAPPTTEERR  TTHHRREEEE

AAnnyy  ffoorrmm  ooff  rraaddiiaattiioonn  ccaannnnoott  hheeaatt  uupp  ttoo  wwaarrmm  aa  rroooomm  wwiitthhoouutt  aa  ssuuppppllyy  ooff  sstteeaamm..  

Fig. 1 The boiler changes water to steam by adding approximately
1,000 BTUs of heat per pound of water.
Steam forms as bubbles in the boiler water and then rises up to break
the surface of the water. 
It is critical that the surface of the water is free of oil or grease in order
to produce proper steam. Refer to page 34. 

SStteeaamm  iiss  aa  ggaass  tthhaatt  iiss  lliigghhtteerr  tthhaann  aaiirr..  

While both are gases, steam and air do not mix and cannot occupy the
same space. 

FFiigg..  22 SStteeaamm  mmoovveess  tthhrroouugghh  tthhee  ssyysstteemm  bbeeccaauussee  tthhee  hhiigghheerr  pprreessssuurree  ooff  tthhee
sstteeaamm  ggooeess  ttoo  tthhee  lloowweerr  pprreessssuurree  ooff  tthhee  aattmmoosspphheerree  oorr  aann  iinndduucceedd  vvaaccuuuumm..  

High pressure has to move to lower pressure by physical law. 
Any pressure in the boiler, as slight as an ounce, is greater than the
pressure outside the boiler. 
Any pressure in the piping and radiator, as slight as an ounce, is
greater than the pressure outside the piping and radiator. 
Movement or velocity of steam is a function of the volume of steam
and the pipe size. 

TThhee  iiddeeaall  bbuurrnneerr  ccyyccllee  dduurriinngg  aa  ““ccaallll  ffoorr  hheeaatt””  iiss  oonnee  tthhaatt  iiss  nnoott  iinntteerrrruupptteedd  bbyy
aa  bboouunncciinngg  wwaatteerr  lliinnee  ccaauusseedd  bbyy  aa  ““ddiirrttyy””  bbooiilleerr..  

Grease and oil on the water line will cause the water in the boiler to
bounce up and down, causing the low water cut off to shut off the
burner. 
When the generation of steam is interrupted, the f low of steam to the
radiation is uneven. 
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Why the Production and Distribution of Steam Is Important

Steam Up
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Steam under pressure
in boiler moves to lower
pressure outside boiler

.5 psi

1 psi

0 psi

Fig. 1

Fig. 2

WWHHYY TTHHEE PPRROODDUUCCTTIIOONN AANNDD DDIISSTTRRIIBBUUTTIIOONN OOFF SSTTEEAAMM IISS IIMMPPOORRTTAANNTT

WATER STEAMAIR



WWee  kknnooww  wwhhyy  sstteeaamm  fflloowwss  tthhrroouugghh  tthhee  ssyysstteemm,,  nnooww  lleett’’ss  ffoollllooww  iitt  ffrroomm  tthhee
bbooiilleerr  ttoo  tthhee  rraaddiiaattiioonn..  

Fig. 1 Steam rises up through the boiler water to break free of the
water line in the steam chest. 
Fig. 1 Steam leaves the steam chest through the boiler supply outlet(s).
Fig. 2 The steam then f lows up the supply riser(s), through the swing
joints to the header. 
Fig. 3 Steam f lows out of the header to the supply main(s).
Fig. 3 Steam f lows along the supply main to the takeoff.
Fig. 4 Steam f lows through the takeoff to a run out.
Fig. 4 Steam f lows through the horizontal run out to the vertical riser. 
Fig. 4 Steam f lows through the vertical riser to the radiation valve.
Fig. 4 If the valve is open, steam f lows into the radiation. 

AAllll  aalloonngg  tthhiiss  ppaatthh,,  tthhee  sstteeaamm  hhaass  ttoo  wwaarrmm  tthhee  iinnssiiddee  ooff  tthhee  ppiippee..  

As steam moves out of the boiler, a portion of the steam volume is used
heating the pipe it’s f lowing through.
Uninsulated pipe will use a larger portion of the steam volume than
insulated pipe. 
If asbestos insulation has been removed from piping, new insulation
must be installed.
It is strongly recommended that all supply piping, including the near
boiler piping, be insulated.

AAss  tthhee  sstteeaamm  mmoovveess  tthhrroouugghh  tthhee  ppiippiinngg  iitt  aallssoo  eexxppeerriieenncceess  aa  pprreessssuurree  ddrroopp
ccaauusseedd  bbyy  tthhee  ffrriiccttiioonn  ooff  tthhee  sstteeaamm  aaggaaiinnsstt  tthhee  iinnssiiddee  ooff  tthhee  ppiippee..  

Steam leaving the boiler at one pound of pressure may experience as
much as 1/2 pound of pressure drop from boiler outlet to the end of the
main. 
The pressure drop is a function of the size of the pipe and the volume
of steam f lowing through it. 
The chart on page 160 shows the relationship of pipe size to pressure
drop at different steam volumes. 
The oldtimers used charts like this when designing their systems. 
Use this chart to check existing piping or sizing new pipe during
remodels.  
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Follow the Path of Steam Through the System
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FFOOLLLLOOWW TTHHEE PPAATTHH OOFF SSTTEEAAMM TTHHRROOUUGGHH TTHHEE SSYYSSTTEEMM

WATER STEAMAIR



FFiigg..  11 CClleeaann  bbooiilleerr  wwaatteerr  pprroodduucceess  tthhee  bbeesstt  sstteeaamm..  

Water needs to be free of any oil or grease. 
Clean water surface required for proper release of steam from water.
Clean boilers have steady water lines. 
Clean boilers have far fewer problems. 

AA  ““ddiirrttyy””  bbooiilleerr  ccaann  bbee  tthhee  ccaauussee  ooff  aa  mmuullttiittuuddee  ooff  pprroobblleemmss::  

Not enough heat throughout system.
Uneven steam distribution.
Water disappears from gauge glass causing nuisance low water
shutdowns. 
Water gets carried over into steam mains causing water hammer and
“wet” steam. 
Pressure in boiler builds up quickly, but steam doesn’t circulate. 
Worst case, boiler cannot make any steam. 

FFiigg..  22 TToo  cchheecckk  iiff  ““ddiirrttyy,,””  wwiitthh  tthhee  bbooiilleerr  ffiirriinngg  aanndd  mmaakkiinngg  sstteeaamm,,  cchheecckk  tthhee
ggaauuggee  ggllaassss  ffoorr  wwaatteerr  lliinnee  ccoonnddiittiioonn..

A bouncing water line indicates a “dirty” boiler. 
Water running down the gauge glass from the top indicates a “dirty”
boiler. 
Draw off some water into a pot, boil it on stove, and observe results.
Steam should release from water evenly, with no foaming.

FFiigg..  33 TThhee  cchheemmiiccaall  bbaallaannccee  ooff  tthhee  bbooiilleerr  wwaatteerr  ccaann  aaffffeecctt  sstteeaamm  qquuaalliittyy..  

Check the pH level of the boiler water. 
The pH should be from 7 to 8.5. 
High pH can cause foaming in the steam chest, boiler riser, and header
resulting in poor steam production.
Excess chemicals from mismanaged water treatment can cause poor
steam quality. 
Use water treatment only when necessary, when directed at a specific
problem, and when checked for effectiveness. 
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You Always Want a “Clean” Boiler
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Water running down
gauge glass from top is
visual indicator of dirty
boiler and wet steam

Water line bounces
as steam releases
erratically from
boiler water
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Fig. 2

Fig. 3

YYOOUU AALLWWAAYYSS WWAANNTT AA ““CCLLEEAANN””  BBOOIILLEERR

WATER STEAMAIR



TThheerree  aarree  ttwwoo  mmeetthhooddss  ttoo  cclleeaann  uupp  aa  ddiirrttyy  bbooiilleerr,,  cchheemmiiccaall  ttrreeaattmmeenntt  oorr  wwaatteerr
lliinnee  sskkiimmmmiinngg..  

Both methods can be effective if properly done. See page 157 for
detailed instructions

There is no assurance that one skimming or one dose of chemicals will
completely clean a boiler. 

Whatever method chosen will have to be repeated until system is clean.

Never underestimate the importance of a clean boiler, one that can
generate dry steam with a steady water line.

SSuuggggeesstteedd  wwaatteerr  lliinnee  sskkiimmmmiinngg  ((bblloowwiinngg  ooffff))  tteecchhnniiqquueess..

Fig. 1 Use as skim port, as large a tapping on side of boiler near or
above normal water line and install 12´́  nipple and gate valve. 

Adjust water feed to have boiler water f lowing out nipple into 5 gallon
bucket or go to drain at a very slow rate. 

Drive grease, oil, and other impurities to surface by heating boiler
water to below steaming temperature. 

Fig. 2 Too fast a f low rate or too small a tapping will force oil and
grease back  into the boiler. A slow f low rate and large opening will
allow it to f loat out. 

CChheemmiiccaall  cclleeaanniinngg  aaggeennttss  sshhoouulldd  bbee  aavvaaiillaabbllee  aatt  yyoouurr  llooccaall  ssuuppppllyy  hhoouussee..  

Cleaner should absorb grease and oil so it can be drained out of boiler. 

Always follow the directions and do not over apply. Too much left over
chemical could cause symptoms of a dirty boiler. 

AAnn  eexxttrreemmeellyy  ddiirrttyy  ppiippiinngg  ssyysstteemm  mmaayy  nneeeedd  ttoo  bbee  cclleeaanneedd  bbyy  wwaassttiinngg  tthhee  
ccoonnddeennssaattee  ttoo  tthhee  ddrraaiinn  uunnttiill  iitt  rruunnss  cclleeaann..  

Systems with return pumps (vacuum, condensate transfer, or boiler
feed) should be checked for poor return water conditions. 

The wet return on gravity return systems should be checked for poor
return water condition.
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Cleaning a Boiler



As large a tapping near
water line as possible

Gate valve

Adjust manual feed
to slowly pass water,
grease and oil will
flow out

Heat of burner drives grease and oil to water line

Don’t let water boil,
keep temperature
below 200˚ F
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CCLLEEAANNIINNGG AA BBOOIILLEERR

Too small a tapping, or
too fast a flow of water
will drive grease and oil
back into boiler

Never use less than
1¼" tapping

Fig. 1

Fig. 2

WATER STEAMAIR



IImmppoorrttaannccee  ooff  ccoorrrreecctt  wwaatteerr  lliinnee  sseettttiinngg..  
Dry steam generated by boiler. 
Even heat distribution. 
Lower fuel bills. 

FFiigg..  11 WWiitthh  bbuurrnneerr  oonn  aanndd  sstteeaamm  bbeeiinngg  ggeenneerraatteedd,,  bbooiilleerr  wwaatteerr  lliinnee  iinn  tthhee  ggaauuggee
ggllaassss  sshhoouulldd  bbee  bbeettwweeeenn  oonnee--qquuaarrtteerr  ttoo  oonnee--hhaallff  ffuullll..  

Check specific boiler manufacturer’s installation instructions, if
possible, for recommended water line. 

FFiigg..  11 WWaatteerr  lliinnee  lleevveell  ddeetteerrmmiinneess  ssiizzee  ooff  sstteeaamm  cchheesstt..    
Properly sized steam chest gives steam enough space to release from
water line. 
Properly sized steam chest results in normal fuel bills.

FFiigg..  22 WWiitthh  wwaatteerr  lliinnee  sseett  ttoooo  hhiigghh,,  ggeenneerraallllyy  aabboovvee  oonnee  hhaallff  iinn  tthhee  ggaauuggee
ggllaassss,,  tthhee  sstteeaamm  cchheesstt  ddooeessnn’’tt  hhaavvee  eennoouugghh  ssppaaccee  ffoorr  pprrooppeerr  rreelleeaassee  ooff  sstteeaamm
ffrroomm  tthhee  wwaatteerr  lliinnee,,  rreessuullttiinngg  iinn  wweett  sstteeaamm..  

Wet steam is steam with a high content of water causing it to give poor
performance.
A high boiler water line results in higher than normal fuel bills. 

FFiigg..  33 AA  ffllooooddeedd  bbooiilleerr  hhaass  aa  ffuullll  ggaauuggee  ggllaassss  aanndd  lliittttllee  oorr  nnoo  sstteeaamm  cchheesstt..  
The f looded boiler results in the highest fuel bills.
The higher water level decreases the outlet area of the supply riser
increasing steam velocity and causing wet steam. 

FFiigg..  44 AA  bbooiilleerr  wwiitthh  nnoo  wwaatteerr  iinn  tthhee  ggaauuggee  ggllaassss,,  oorr  wwaatteerr  lleevveell  bbeellooww
mmaannuuffaaccttuurreerr’’ss  rreeccoommmmeennddaattiioonnss,,  wwiillll  hhaavvee  aann  oovveerrssiizzeedd  sstteeaamm  cchheesstt..    

The boiler will cycle on and off repeatedly by the LWCO (short cycle)
causing poor steam circulation in the system. 
The chance of a boiler dry-fire (firing with little or no water in it) will
be increased. 
Fuel bills will be higher because of the short cycling. 

WWaatteerr  lliinnee  ccaann  bbee  aaddjjuusstteedd  bbyy  tthhee  ppoossiittiioonn  ooff  tthhee  LLWWCCOO,,  ddiirreecctt  ffeeeeddeerr,,  bbooiilleerr
ffeeeedd  ppuummpp  ccoonnttrroolllleerr,,  oorr  hhaanndd  ffeeeedd  lleevveell..  

Set water line to boiler manufacturer’s recommended level. 
Don’t raise water level to cover tankless heater. 
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Water Line Position Affects Steam Chest Size



NORMAL WATER LINES

NORMAL FUEL BILLS

Properly sized steam chest

Glass
¼ – ½
full
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WATER LINE TOO HIGH

HIGH FUEL BILLS

Not enough space for
proper release of steam

Glass
¾ full

FLOODED BOILER

VERY HIGH FUEL BILLS

Water decreases outlet area,
increases velocity causing wet steam

Glass
full

WATER LINE TOO LOW

HIGH FUEL BILLS

Causes short cycling of burner,
poor circulation of steam,
risk of dry-firing

Glass
empty

Fig. 1 Fig. 2

Fig. 3 Fig. 4

WWAATTEERR LLIINNEE PPOOSSIITTIIOONN AAFFFFEECCTTSS SSTTEEAAMM CCHHEESSTT SSIIZZEE

WATER STEAMAIR



SStteeaamm  wwiitthh  lleessss  tthhaann  22%%  wwaatteerr  iiss  ccoonnssiiddeerreedd  ddrryy  sstteeaamm..  

Dry steam heats better than wet steam. 
Dry steam does not contribute to water hammer problems. 
Dry steam moves through the piping system better than wet steam. 
The piping system was designed for dry steam, not wet steam. 

BBooiilleerrss  mmaannuuffaaccttuurreedd  iinn  tthhee  eeaarrllyy  ppaarrtt  ooff  tthhee  11990000ss  uusseedd  aa  vveerryy  llaarrggee  sstteeaamm
cchheesstt  ((ddoommee))  ttoo  hheellpp  ddrryy  oouutt  tthhee  sstteeaamm..  

The steam chest was used to allow any water carried off the water line
by the steam to separate and stay in the boiler. 
Early manufacturers also had more and larger outlet tappings than
modern manufacturers.
They insisted that all the outlet tappings were to be used at full size.

TThhee  ppuurrppoossee  ooff  tthhee  llaarrggee  sstteeaamm  cchheesstt  aanndd  llaarrggee  oouuttlleett  ttaappppiinnggss  wwaass  ttoo  kkeeeepp  tthhee
vveelloocciittyy  ooff  tthhee  sstteeaamm  ffllooww  oouutt  ooff  tthhee  bbooiilleerr  ttoo  aa  mmiinniimmuumm,,  ssoommeettiimmeess
aalllloowwiinngg  lleessss  tthhaann  1100  ffeeeett  ppeerr  sseeccoonndd  ((FFPPSS))..

The slower the f low out of the boiler, the less water will be carried out
of the boiler as wet steam. 
Boiler designers of old were quite concerned with the quality of the
steam leaving the boiler. The drier the steam, the better. 

MMooddeerrnn  bbooiilleerr  mmaannuuffaaccttuurreerrss  uussee  aa  mmuucchh  ssmmaalllleerr  sstteeaamm  cchheesstt  ttoo  iinnccrreeaassee
eeffffiicciieennccyy  aanndd  rreedduuccee  iinniittiiaall  ccoosstt..  

Today’s designers use the near boiler piping to produce dry steam. 
Fig. 1 Modern boilers require a distance of at least 24 inches from the
boiler water line to the steam header. 
Water will separate from the steam in this 24 inch vertical supply riser
like it used to in the large steam chest. 
Any leftover water is then separated from the steam in the header.
Don’t use smaller than recommended piping. It can cause uneven heat,
high fuel bills, and water hammer.
Fig. 2 If there is not enough distance between the water line and the
header, wet steam can leave the header. 
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Importance of Dry Steam
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WATER STEAMAIR



LLooww  pprreessssuurree  sstteeaamm  hheeaattiinngg  ssyysstteemmss  ggeenneerraallllyy  wwoorrkk  bbeesstt  aatt  aa  sstteeaamm  pprreessssuurree
bbeellooww  22  ppoouunnddss..  

Most of the systems in operation today were designed to heat the
building with a coal-fired boiler operating at a maximum of 2 pounds. 
Set the steam pressure control (pressuretrol) to cut in at 1/2 pound, and
cut out at a maximum of 2 pounds.
Some manufacturers designed vapor systems that could heat any size
building with a maximum of 12 ounces of pressure. 
Set the vapor pressure control (vaporstat) to cut in at 4 ounces, and
cut out at 12 ounces.

FFiigg..  11  TThhee  sstteeaamm  pprreessssuurree  pprroodduucceedd  aatt  tthhee  bbooiilleerr  iiss  rreedduucceedd  bbeeccaauussee  ooff  ffrriiccttiioonn
aass  iitt  mmoovveess  tthhrroouugghh  tthhee  ssyysstteemm..  

At start-up, steam condensing on the cold surface of the pipe keeps the
pressure from rising. 
After the mains are warm, friction from the movement through the
pipes reduces the steam pressure. 
The designers of old selected pipe sizes that kept that pressure drop
consistent throughout the system.
Most systems have a maximum pressure drop of 1/2 pound, from boiler
to the end of the supply main. 

IInnccrreeaassiinngg  tthhee  sstteeaamm  pprreessssuurree  aabboovvee  22  ppoouunnddss  ccaann  ccaauussee  pprroobblleemmss..  
Higher steam pressure is more expensive to produce and maintain
because it requires more fuel. 
Higher steam pressure can cause water hammer because condensate
will back up to f lood the supply mains in gravity return systems. 
Higher steam pressure can keep some one pipe radiator quick vents
from cycling open to release air. 

SSoommee  hhoommeeoowwnneerrss  oorr  bbuuiillddiinngg  ssuuppeerriinntteennddeennttss  aarree  rreelluuccttaanntt  ttoo  bbeelliieevvee  tthhaatt  aa
lloowweerr  pprreessssuurree  sseettttiinngg  wwiillll  hheeaatt  tthheeiirr  ssyysstteemm..

Try working the pressure down slowly, as little as 1/2 pound at a time.
The building should heat just as well if not better at the lower setting,
with lower fuel bills as a bonus.

FFiigg..  22  TThhee  oonnllyy  rreeaassoonn  ttoo  ooppeerraattee  sstteeaamm  hheeaattiinngg  ssyysstteemmss  hhiigghheerr  tthhaann  22  ppoouunnddss
iiss  ttoo  lliifftt  ccoonnddeennssaattee  ttoo  oovveerrhheeaadd  rreettuurrnn  lliinneess  oonn  ttwwoo  ppiippee  ssyysstteemmss..  

1 pound of steam pressure can effectively lift condensate 1 foot. 
When lifting condensate, install a swing check valve on the discharge
side of the trap to keep water from f looding the radiation.
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How Much Steam Pressure Is Necessary?



Steam looses pressure as
it moves through piping
from friction

1 psi steam
pressure in
steam chest

½ psi steam pressure
at end of main
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TThhee  iiddeeaall  ssyysstteemm  ooff  ppiippiinngg  sshhoouulldd  aallllooww  sstteeaamm  ttoo  ffllooww  ffrroomm  tthhee  bbooiilleerr  ttoo  tthhee
rraaddiiaattiioonn  wwiitthh  aa  mmiinniimmaall  lloossss  iinn  pprreessssuurree  aatt  aa  vveelloocciittyy  llooww  eennoouugghh  ttoo  pprreevveenntt
ccoonnfflliicctt  wwiitthh  tthhee  ccoonnddeennssaattee,,  eessppeecciiaallllyy  wwhheerree  tthheeyy  ffllooww  iinn  ooppppoossiittee  ddiirreeccttiioonnss..    

TThheerree  aarree  aallmmoosstt  aass  mmaannyy  ddiiffffeerreenntt  ttyyppeess  ooff  sstteeaamm  ssyysstteemmss  aass  aannyyoonnee  ccaann  iimmaaggiinnee..  

If you follow the principle of Steam Up, Air Out, Water Back, you can
design any type system imaginable. 
Many manufacturers during the “Golden Age” of steam designed
systems that were one of a kind. 
There were too many to try to list them all in this book, but they
shared some characteristics that can be identified.
Knowing what type steam distribution system you have on the job will
help you fix it. 

FFiigg..  11 IInn  oorrddeerr  ffoorr  sstteeaamm  ttoo  ffllooww  tthhrroouugghhoouutt  aa  ppiippiinngg  ssyysstteemm,,  iitt  nneeeeddss  aa  cclleeaarr  ppaatthh..  

Steam can move in any direction, up or down or horizontally. 
Steam and air cannot occupy the same space or blend with each other,
so the air has to move ahead of the steam through the pipe toward an
air vent.
Steam and water can be in the same pipe if there is enough space for
the volume of the steam.
Steam will f low along the top of the pipe while water f lows along the
bottom. 
The steam and water can f low in the same direction or in opposite
directions.

TThhee  ffllooww  ooff  sstteeaamm  ccaann  bbee  ssttooppppeedd  bbyy  aaiirr  ((FFiigg..  22))  oorr  wwaatteerr  ((FFiigg..  33))..  

All steam systems were designed to allow steam and water to f low
together in the boiler riser, header, steam main, run outs, and risers.
All steam systems were designed to vent the air from the supply mains
and the radiation.

PPiippee  mmuusstt  aallwwaayyss  bbee  ssiizzeedd  ffoorr  iittss  ffuunnccttiioonn..  

How much steam is it carrying? 
How much water is it carrying?
Is the water f lowing in the same or opposite direction of the steam?
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Types of Steam Distribution Systems



Steam flow to
radiation or vent Steam flow

Pitch for water flow
back to boiler

Pitch
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Air blocks flow of steam
along supply main
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Water blocks flow of steam
along supply main Water forces float of main

vent to shut closed
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Fig. 2

Fig. 3

TTYYPPEESS OOFF SSTTEEAAMM DDIISSTTRRIIBBUUTTIIOONN SSYYSSTTEEMMSS

Steam can flow up

Water on outside
of pipe flows back
to boiler

Steam flows in
middle of pipe

Steam can flow down

WATER STEAMAIR



FFiigg..  11  OOnnee  ppiippee  sstteeaamm  ssyysstteemmss  wwiillll  hhaavvee  oonnee  ccoonnnneeccttiioonn  ttoo  tthhee  rraaddiiaattiioonn  wwhheerree
tthhee  sstteeaamm  fflloowwss  iinn  aanndd  tthhee  ccoonnddeennssaattee  ffllooww  oouutt..  

The steam f lows into the radiation and the condensate f lows out
through the same connection.  
The air in the radiation is typically vented with an automatic vent
connected to the radiation, discharging air into the room. 
Some one pipe radiation is vented through an automatic vent that is
connected to a vacuum line. 
The purpose of the vacuum line is to remove air more quickly for
better economy, and more uniformly for even heating. 

FFiigg..  22  WWiitthh  oonnee  ppiippee  rraaddiiaattiioonn  ssyysstteemmss,,  tthhee  sstteeaamm  mmuusstt  eenntteerr  aatt  tthhee  bboottttoomm  ooff
tthhee  rraaddiiaattiioonn  tthhrroouugghh  aa  ffuullllyy  ooppeenn,,  pprrooppeerrllyy  ssiizzeedd  vvaallvvee..  

Valve has to be completely open so that steam can f low into the
radiator while condensate f lows back. 
Partially closing the valve increases steam velocity and prevents some
amount of water from leaving the radiator.  
The radiator has to be pitched from the vent end toward the valve end
to drain condensate.
Undersized or partially closed valves can cause water hammer in the
radiator or spitting air vents.

SSoommeettiimmeess  tthhee  vvaallvvee  ddiisscc  wwiillll  bbrreeaakk  ooffff  tthhee  sstteemm  oorr  tthhee  sstteemm  wwiillll  bbrreeaakk..  

The disc will lodge in the supply piping to partially or completely
block steam f low.
Steam pressure may lift the disc off the seat to allow some steam in,
but it will prevent water from leaving. 
Break the union, slide the radiator out of the way, and look into valve
to verify disc will lift fully off seat by turning valve handle. 

WWiitthh  oonnee  ppiippee  ssyysstteemmss,,  tthhee  sstteeaamm,,  aaiirr,,  aanndd  ccoonnddeennssaattee  aarree  fflloowwiinngg  ttooggeetthheerr  iinn
tthhee  ssuuppppllyy  mmaaiinn..  

Air is always pushed towards the end of the main(s) and radiators. 
Water can f low in the same direction or against the f low of steam.
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One Pipe Steam
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open or closed

Steam, air, and condensate
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flows out through radiator valve
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run outs and risers
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Air vents from
main in basement
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FFiigg..  11 TTwwoo  ppiippee  sstteeaamm  ssyysstteemmss  wwiillll  hhaavvee  oonnee  ccoonnnneeccttiioonn  ttoo  tthhee  rraaddiiaattiioonn
tthhrroouugghh  wwhhiicchh  tthhee  sstteeaamm  fflloowwss  iinn  aanndd  aa  sseeccoonndd  ccoonnnneeccttiioonn  tthhrroouugghh  wwhhiicchh  tthhee
aaiirr  aanndd  ccoonnddeennssaattee  ffllooww  oouutt..  

Two pipe systems can use many types of radiation: unit heaters,
baseboard, cast iron radiators, fan coil units, etc. 
Two pipe systems can work on high pressure, low pressure, or vapor
pressure (less than 1 pound).
Two pipe systems can use water traps, thermostatic traps, F+T traps,
bucket traps, or vapor devices on the return side of the radiation to
keep steam in radiation and out of return lines.

FFiigg..  11 WWiitthh  ttwwoo  ppiippee  rraaddiiaattoorr  ssyysstteemmss,,  sstteeaamm  eenntteerrss  aatt  tthhee  ttoopp  oorr  tthhee  bboottttoomm
ooff  tthhee  rraaddiiaattoorr  tthhrroouugghh  aa  pprrooppeerrllyy  ssiizzeedd  hhaanndd  vvaallvvee..  

Valve can be adjusted to any position, open or closed, to match heat
requirements.
Only steam passes through the valves, not condensate.

FFiigg..  22 WWiitthh  ttwwoo  ppiippee  ssyysstteemm,,  tthheerree  iiss  aa  sseeppaarraattee  rreettuurrnn  mmaaiinn  ffoorr  tthhee  aaiirr  aanndd  tthhee
ccoonnddeennssaattee..

In the steam main, steam and the condensate from the supply piping
only are f lowing. 
In the return main, the air and the condensation from the radiation are
f lowing.

FFiigg..  22 AA  rraaddiiaattoorr  ttrraapp  oorr  vvaappoorr  ddeevviiccee  oonn  tthhee  rreettuurrnn  eenndd  ooff  tthhee  rraaddiiaattiioonn  kkeeeeppss
tthhee  sstteeaamm  iinn  tthhee  rraaddiiaattiioonn  wwhheerree  iitt  ccaann  ggiivvee  uupp  iittss  hheeaatt..  

The trap or vapor device passes the air and condensate to the return line. 
Pitch radiator toward steam trap or vapor device to drain condensate. 

SStteeaamm  mmuusstt  bbee  kkeepptt  oouutt  ooff  tthhee  rreettuurrnn  lliinneess..  

Steam in the return line can cause water hammer. 
Steam in the return line can stop steam f low to some radiators to cause
uneven heating. 
If steam is getting past the radiator trap, repair or replace radiator trap
immediately. 
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Two Pipe Steam
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FFiigg..  11 TThhee  pprraaccttiiccee  ooff  mmeetteerriinngg  tthhee  ffllooww  ooff  sstteeaamm  iinn  aa  ttwwoo  ppiippee  ssyysstteemm  aatt  eeaacchh
rraaddiiaattoorr,,  wwiitthh  aann  oorriiffiiccee  oorr  aann  aaddjjuussttaabbllee  vvaallvvee,,  iiss  ddeessiiggnneedd  ttoo  pprroovviiddee  eevveenn
ddiissttrriibbuuttiioonn  ooff  sstteeaamm  tthhrroouugghhoouutt  tthhee  hheeaattiinngg  ssyysstteemm  aanndd  ggrreeaatteerr  eeccoonnoommyy  ooff
ooppeerraattiioonn..

Fig. 2 Orifices and adjustable valves have three functions.
� Establish a steam condition (pressure) in the system piping for

even distribution. 
� Govern the f low of steam into each radiator in proportion to its

output requirement. 
� Give controlled steam distribution under partial filling operation

(mild weather)

VVaallvvee  mmaayy  hhaavvee  aann  iinntteerrnnaall  ffeeaattuurree  bbuuiilltt  iinn  oorr  aann  oorriiffiiccee  ppllaattee  iinnssttaalllleedd  ttoo
bbaallaannccee  tthhee  sstteeaamm  ffllooww  iinn  tthhee  wwhhoollee  ssyysstteemm..  

With valve wide open, only the required amount of steam will be
admitted to the radiator, therefore all steam will be condensed before
leaving radiator.

IIff  yyoouu  rreeppllaaccee  aaddjjuussttaabbllee  vvaallvvee  oorr  rreemmoovvee  oorriiffiiccee  ppllaattee  oonn  vvaappoorr  ssyysstteemm,,  rreeppllaaccee
vvaappoorr  ddeevviiccee  oonn  rreettuurrnn  ssiiddee  ooff  rraaddiiaattoorr  wwiitthh  aa  tthheerrmmoossttaattiicc  sstteeaamm  ttrraapp..  

Fig. 3 Removal of orifices or valves can allow steam to enter return
lines, where it’s not supposed to be, which causes uneven heating and
water hammer. 

AAddjjuussttaabbllee  vvaallvveess  aanndd  oorriiffiicceess  wweerree  ddeessiiggnneedd  ttoo  mmaattcchh  tthhee  qquuaannttiittyy  ooff  sstteeaamm
aalllloowweedd  iinnttoo  tthhee  rraaddiiaattoorr  wwiitthh  tthhee  hheeaatt  oouuttppuutt  ooff  tthhee  rraaddiiaattoorr..  

In the past, valves could be accurately adjusted internally on the job to
match actual conditions.
Orifices were sized by engineers, generally not adjustable.
Modern radiator valves do not have an internal adjustable feature.
Thermostatic radiator valves are a good replacement for adjustable
valves or orifices.
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Radiator full of steam Radiator half full of steam

If the first radiator valve is wide open, steam flow
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TThhee  sstteeaamm  ssuuppppllyy  mmaaiinn  aanndd  ttaakkeeooffffss  ffoorr  bbootthh  oonnee  aanndd  ttwwoo  ppiippee  ssyysstteemmss  ccaann  bbee
ppaarraalllleell  ffllooww  oorr  ccoouunntteerr  ffllooww..  

Fig. 1 Parallel f low means the pipe is pitched so that the steam and
condensate in the pipe are f lowing in the same direction. 
Fig. 2 Counter f low means the pipe is pitched so that the steam is
f lowing in one direction while the condensate is f lowing in the
opposite direction. 
In either system, steam f lows along the top of the pipe while
condensate f lows at the bottom. 

TThhee  ppiippee  mmuusstt  bbee  ssiizzeedd  llaarrggee  eennoouugghh  ttoo  hhaavvee  rroooomm  ffoorr  bbootthh  fflloowwss..  

Counter f low piping is always sized at least 1 pipe size larger than the
parallel f low for the same volume of steam. 
The chart on page 160 and 161 can be used to check existing pipe size.

SStteeaamm  mmaaiinnss  ccaann  bbee  llooccaatteedd  iinn  tthhee  bbaasseemmeenntt  oorr  iinn  tthhee  aattttiicc..  

Steam systems with the mains at the bottom are called up-f low. 
Steam systems with the mains at the top are called down-f low. 

FFiigg..  33 DDoowwnn--ffllooww  ssyysstteemmss  wwiitthh  tthhee  bbooiilleerr  iinn  tthhee  bbaasseemmeenntt  hhaavvee  aa  vveerrttiiccaall
ssuuppppllyy  rriisseerr  ffrroomm  tthhee  bbooiilleerr  ttoo  tthhee  aattttiicc  ccaalllleedd  tthhee  eexxpprreessss  mmaaiinn..  

The express main is a counter f low riser. Steam is traveling up while
any condensate formed at start-up f lows down, typically to a separate
drip connection. 
The steam risers that distribute steam down the sides of the building to
the radiation are parallel f low risers. Both the steam and the
condensate are f lowing down. 

FFiigg..  44 UUpp--ffllooww  ssyysstteemmss  ccaann  hhaavvee  sstteeaamm  mmaaiinnss  tthhaatt  aarree  eeiitthheerr  ppaarraalllleell  ffllooww  oorr
ccoouunntteerr  ffllooww..  

Some systems have both parallel f low or counter f low mains. 
Check the pitch of the pipe and the f low of the condensate and steam
to determine parallel or counter f low. 
The steam risers that distribute steam up the sides of the building to
the radiation are counter f low risers. Steam is f lowing up, while
condensate is f lowing down.

5522

CCHHAAPPTTEERR 33 SSTTEEAAMM UUPP

Parallel/Counter Flow and Up Flow/Down Flow



Pitch
Steam flow
Condensate flow

PARALLEL FLOW IN MAIN
Steam and condensate flow in same direction
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Pitch
Steam flow

Condensate flow

COUNTER FLOW IN MAIN
Steam and condensate flow in opposite directions

DOWN FLOW UP FLOW

Steam
flows up
in express
main

Drip

Supply main in attic

Steam
flows
down in
risers

Steam flows up
in supply risers

Supply main in basement

Attic

2nd

1st

Basement

Fig. 1

Fig. 2

Fig. 3 Fig. 4

WATER STEAMAIR



AAllll  ppiippee  ssiizziinngg  ssttaarrttss  wwiitthh  kknnoowwiinngg  hhooww  mmuucchh  rraaddiiaattiioonn  iiss  ccoonnnneecctteedd  ttoo  ssuuppppllyy
lliinnee..  

Refer to charts on page 162, 163, and 164 to calculate individual
pieces of radiation. 
Add up individual pieces of radiation. 
The capacity of the pipe has to exceed the calculated load of the
radiation.

EEssttiimmaattee  llooaaddss  iiff  eexxaacctt  ttoottaallss  aarree  nnoott  ppoossssiibbllee..

Example: If boiler size is 1,000 sq. ft. and there are 2 supply mains
(one for the front of the house and one for the back of the house), use
500 sq. ft. as estimate for each main.

SSuuppppllyy  mmaaiinnss,,  rruunn  oouuttss,,  aanndd  rriisseerrss  aarree  ssiizzeedd  ddiiffffeerreennttllyy  ffoorr  oonnee  ppiippee  aanndd  ttwwoo
ppiippee  ssyysstteemmss..  

One pipe supply mains, run outs, and risers carry steam and the
condensate from the radiation and the piping. They will be larger than
for two pipe.
Two pipe supply mains, run outs, and risers carry steam and the
condensate from the piping only. They will be smaller than for one pipe.
If mains are counter f low, use one pipe size larger than parallel f low. 
Refer to chart on opposite page for sizing info. 

OOnn  oonnee  ppiippee,,  rruunn  oouuttss  aanndd  rriisseerrss  ccaann  ddrraaiinn  ccoonnddeennssaattee  aawwaayy  ffrroomm  tthhee  mmaaiinn  iiff
tthheeyy  aarree  ppiittcchheedd  aanndd  ppiippeedd  ttoo  ddrriipp  ccoonnnneeccttiioonnss..  

The use of drips allows for smaller pipe sizes for run outs. 

FFoorr  ppaarraalllleell  ffllooww,,  tthhee  ppiittcchh  ooff  tthhee  ssuuppppllyy  mmaaiinn  sshhoouulldd  bbee  11  iinncchh  iinn  2200  ffeeeett  aawwaayy
ffrroomm  tthhee  bbooiilleerr  ttoo  tthhee  eenndd  ooff  tthhee  mmaaiinn..  

FFoorr  ccoouunntteerr  ffllooww,,  tthhee  ppiittcchh  ooff  tthhee  ssuuppppllyy  mmaaiinn  sshhoouulldd  bbee  11  iinncchh  iinn  1100  ffeeeett  aawwaayy
ffrroomm  tthhee  eenndd  ooff  tthhee  mmaaiinn  ttoo  tthhee  bbooiilleerr..

The pipe size of the run out should be one pipe size larger than the
riser to slow the steam’s velocity. 
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Sizing Steam Supply Mains, Run Outs, and Risers



One Pipe Steam Supply Piping
Capacity in Sq. Ft.

Pipe Mains Horizontal Run Out Vertical Radiator
Size 100´ 200´ 400´ Not Dripped Dripped Riser Valve

1 ------------- ------------- ------------- 26 65 42 26
11/4 ------------- ------------- ------------- 62 140 78 62
11/2 ------------- ------------- ------------- 70 220 152 100
2 400 300 ------------- 100 430 295 200
21/2 600 500 300 160 675 475 -------------
3 1,000 800 500 250 ------------ 850 -------------
4 2,400 2,000 1,500 ------------- ------------ ------------- -------------
5 4,500 3,500 3,000 ------------- ------------ ------------- -------------
6 7,500 6,000 5,000 ------------- ------------ ------------- -------------
8 12,000 8,000 7,000 ------------- ------------ ------------- -------------

Steam and water f lowing in same direction in main.
Use next pipe size up when steam and water f low in opposite directions in main.

Two Pipe Steam Supply Piping
Capacity in Sq/ Ft.

Pipe Mains Horizontal Vertical Radiator
Size 100´ 200´ 400´ Run Out Riser Valve

1/2 ------------- ------------- ------------- ------------- 24 24
3/4 80 50 ------------- 24 74 74
1 140 100 68 74 148 148
11/4 300 210 140 148 200 200
11/2 450 320 220 200 380 380
2 900 640 430 390 ------------- -------------
21/2 1,500 1,000 680 ------------- ------------- -------------
3 2,500 1,800 1,250 ------------- ------------- -------------
4 5,000 3,600 2,500 ------------- ------------- -------------
5 9,600 6,500 4,500 ------------- ------------- -------------
6 15,000 11,000 7,500 ------------- ------------- -------------
8 32,000 22,000 15,000 ------------- ------------- -------------

Steam and water f lowing in same direction in main.
Use next pipe size up when steam and water f low in opposite directions in main.
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SSIIZZIINNGG SSTTEEAAMM SSUUPPPPLLYY MMAAIINNSS,,  RRUUNN OOUUTTSS,,  AANNDD RRIISSEERRSS



FFiigg..  11 TThhee  nneeaarr  bbooiilleerr  ppiippiinngg  ccoonnssiissttss  ooff  tthhee  bbooiilleerr  ssuuppppllyy  oouuttlleett,,  ssuuppppllyy  rriisseerr,,
hheeaaddeerr,,  eeqquuaalliizzeerr,,  HHaarrttffoorrdd  LLoooopp,,  aanndd  rreettuurrnn  lliinnee..  

The most important of these for the purpose of steam f low are the
boiler supply outlet, supply riser, and the header. 

Boilers may require a single supply outlet and riser or multiple supply
outlets and risers depending on capacity and boiler design.  

CChhaannggeess  iinn  bbooiilleerr  ddeessiiggnn  tthhrroouugghh  tthhee  yyeeaarrss  hhaavvee  aaffffeecctteedd  tthhee  nneeaarr  bbooiilleerr  ssuuppppllyy
ppiippiinngg..  

The steam chest has gotten smaller and the number and size of the
supply outlets has been reduced. 

The piping is now used to help “dry out” the steam.

TThhee  hheeaaddeerr  aanndd  ssuuppppllyy  rriisseerr  aarree  nnooww  uusseedd  ffoorr  sseeppaarraattiinngg  aannyy  lleeffttoovveerr  wwaatteerr
ffrroomm  tthhee  sstteeaamm..  

The header should be at least 24´́  above the water line so water can
separate in the supply riser.

The header should be pitched toward the equalizer to drain the water. 

Water f lows down equalizer while dry steam f lows up supply riser. 

The header pipe size should never be reduced on the horizontal. Make
the pipe size reduction from the header to the equalizer in the vertical
position.

TThhee  sstteeaamm  ffllooww  iinn  tthhee  hheeaaddeerr  sshhoouulldd  aallwwaayyss  bbee  iinn  tthhee  ssaammee  ddiirreeccttiioonn..  

Fig. 2 Multiple supply risers should combine before supply main is
taken off. 
Fig. 3 Don’t crash steam f low from two risers into one supply outlet
located between the risers. It can cause wet steam and water hammer.

Fig. 4 Don’t use a “Bullhead” tee, when f low is from branch of tee
into run of tee.

5566

CCHHAAPPTTEERR 33 SSTTEEAAMM UUPP

Near Boiler Piping
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Flows combine

Flows crash Bullhead tee

Fig. 1

Fig. 2

Fig. 3 Fig. 4



BBooiilleerr  mmaannuuffaaccttuurreerrss  wwiillll  hhaavvee  aa  cchhaarrtt  iinn  tthheeiirr  iinnssttaallllaattiioonn  gguuiiddee  wwiitthh  ssuuggggeesstteedd
mmiinniimmuumm  ppiippee  ssiizzeess..  

The outlet velocity of most modern boilers, if minimum pipe sizes are
used, can be over 40 fps. 

The higher the velocity, the more water will be carried out and up.

Larger than minimum pipe sizes give positive results.  

Using a 3´́  supply riser instead of a suggested 2´́  supply riser can cut
the outlet velocity of the steam f low in half.

TThhee  vveelloocciittyy  ooff  sstteeaamm  ffllooww  oouutt  ooff  tthhee  bbooiilleerr  iiss  ccrriittiiccaall..  

The vertical portion of the supply riser has the f low of steam and the
f low of condensate going in opposite directions. 

The slow velocity of the steam f low allows the condensate to f low
back into boiler and not get picked up by the steam to create wet
steam. 

Higher velocities are allowed in the horizontal supply mains when the
steam and the condensate f low in the same direction. 

SSlloowwiinngg  tthhee  vveelloocciittyy  ooff  tthhee  sstteeaamm  ffllooww  oouutt  ooff  tthhee  bbooiilleerr  hhaass  mmaannyy  aaddvvaannttaaggeess..  

Less water carried out of boiler results in a more stable water line and
less short cycling. 

Slow velocity steam at the boiler creates the driest steam and best heat
distribution. 

Slower velocity at the boiler lowers the fuel usage. 
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Steam Velocity at Boiler



Steam up Water
back

Water
back

Pitch

Steam up

There must be enough
space for to flow

, while separating
from the steam flows
against the steam into the
boiler.

steam
up water

back

Steam and water
flowing in opposite
direction.

The more space, the slower the velocity,
the drier the steam, the better it heats,
the lower the fuel bill.

Header must be sized large enough to allow any
water to separate from steam before flowing up
supply main, assuring dry steam. Steam and
water flowing in same direction.
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TToo  ccaallccuullaattee  tthhee  sstteeaamm  vveelloocciittyy  aatt  ssttaarrtt  uupp  uussee  tthhiiss  ssiimmpplliiffiieedd  eeqquuaattiioonn..

Pounds per hour divided by the internal area of pipe in square inches
equals velocity of steam at one pound of pressure. 

The chart on opposite page gives pounds per hour of common boiler
sizes and internal area of common pipe sizes 

Example: Boiler size: 1,000,000 BTU’s input with single riser. 

Pipe size: 6´́  area 28.89 sq. inches

834 
28.89 = 28.8 fps

Changing to a 4´́  pipe = 12.73 sq. inches

834
12.7 = 65.5fps

The exit velocity of 28.8 fps with the 6´́  pipe would produce dry
steam. 

The exit velocity of 65.5 fps with the 4´́  pipe would produce wet
steam. 

Don’t use smaller than recommended pipe sizes on outlet of boiler,
even if it matches the existing supply main.  

Near boiler piping velocities over 60 fps can create wet steam. 

EEqquuaattiioonn  bbaasseedd  oonn  11##  sstteeaamm..

Velocity changes with steam pressure. Velocity slows as pressure rises. 

Use low pressure to calculate velocity for start-up of steam cycle.
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Pounds Gas Oil Gross 
per Hour Input Input Output EDR Horsepower

63 75,000 0.5 60,000 215 2
84 100,000 0.7 80,000 285 2.5

104 125,000 0.9 100,000 355 3
125 150,000 1.1 120,000 425 3.6
146 175,000 1.3 140,000 496 4.2
167 200,000 1.4 160,000 567 4.8
209 250,000 1.8 200,000 708 6.1
250 300,000 2.1 240,000 850 7.2
292 350,000 2.5 280,000 992 8.5
334 400,000 2.9 320,000 1,133 9.7
375 450,000 3.2 360,000 1,275 10.9
417 500,000 3.6 400,000 1,417 12.1
500 600,000 4.3 480,000 1,700 14.5
584 700,000 5 560,000 1,983 16.9
667 800,000 5.7 640,000 2,267 19.3
751 900,000 6.4 720,000 2,550 21.6
834 1,000,000 7 800,000 2,833 24.2

1251 1,500,000 10.7 1,200,000 4,250 36.3
1668 2,000,000 14.3 1.600.000 5,667 48.3
2085 2,500,000 17.9 2,000,000 7,083 60.4
2502 3,000,000 21.4 2,400,000 8,500 72.5

Example: 500,000 BTU Input with 4” Single Riser

417 Pounds per Hour = 32.76 Feet per Second
12.73 Square Inches

Pipe Size Internal Area in Square Inches

in Inches Single Riser Double Riser Triple Riser

11/4 1.5 3 4.5
11/2 2.04 4.08 6.12
2 3.36 6.72 10.08
21/2 4.78 9.56 14.34
3 7.39 14.78 22.17
31/2 9.89 19.78 29.67
4 12.73 25.46 38.19
5 19.99 39.98 59.97
6 28.89 57.78 86.67
8 51.15 102.3

10 81.55
12 114.8
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TThhee  cchhaarrtt  oonn  tthhee  ooppppoossiittee  ppaaggee  iiss  ddeessiiggnneedd  ttoo  cchheecckk  eexxiissttiinngg  nneeaarr  bbooiilleerr  ppiippiinngg
ffoorr  pprrooppeerr  sstteeaamm  vveelloocciittyy..  

The oldtimers used boiler exit velocities as low as 10 fps to assure dry
steam and a steady waterline. 

Modern boiler manufacturers use boiler exit velocities between 
30–60 fps, requiring the near boiler piping to assure dry steam.  

TThhee  cchhaarrtt  iiss  ccaallccuullaatteedd  ffoorr  vveelloocciittiieess  ooff  2255  ffppss  oorr  5500  ffppss..  

I recommend using the 25 fps column for driest steam and lowest fuel
bills. 

Low steam velocity in the near boiler piping creates the best steam
performance.

Not exceeding the 50 fps by using the pipe size shown will keep you
out of trouble. 

Piping that is one pipe size smaller than shown in the 50 fps column
may require changing. 

EExxaammppllee::  BBooiilleerr  ssiizzee::  550000,,000000  BBTTUU’’ss  iinnppuutt..  UUssiinngg  aa  ssiinnggllee  rriisseerr..

At 25 fps, recommended pipe size is 5´́ .

At 50 fps, acceptable pipe size is 4´́ . 

Using 3´́  is not recommended because of the high velocity in the near
boiler piping it would produce.

TThhee  wwaatteerr  lliinnee  sseettttiinngg  ((ppaaggee  3388)) aanndd  tthhee  ccoonnddiittiioonn  ooff  tthhee  wwaatteerr  ((ppaaggee  3344)) aallssoo
aaffffeecctt  vveelloocciittyy  ooff  tthhee  sstteeaamm  iinn  tthhee  nneeaarr  bbooiilleerr  ppiippiinngg..  

Make sure the boiler water is clean and the water line is not set too
high. 

WWiitthh  hhiigghh  nneeaarr--bbooiilleerr  ppiippiinngg  sstteeaamm  vveelloocciittiieess  ccoommee  pprroobblleemmss  ssuucchh  aass  wwaatteerr
hhaammmmeerr,,  wweett  sstteeaamm,,  ppoooorr  sstteeaamm  ddiissttrriibbuuttiioonn,,  aanndd  hhiigghh  ffuueell  bbiillllss..  

Don’t use smaller than recommended pipe around boiler to save your-
self money; you’ll give it back and more in call backs.
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CCHHEECCKKIINNGG VVEELLOOCCIITTYY OOFF NNEEAARR BBOOIILLEERR PPIIPPIINNGG

NNeeaarr  BBooiilleerr  PPiippiinngg//VVeelloocciittyy  RReellaattiioonnsshhiippss

Gas Oil Pounds
Input Input per
BTUs GPF Hour Pipe Sizes

Single Risers Double Risers Triple Risers Header 

25 FPS 50 FPS 25 FPS 50 FPS 25 FPS 50 FPS 25 FPS 50 FPS

75,000 0.5 63 2 11/4 2 11/4

100,000 0.7 84 21/2 11/2 11/2 11/4 21/2 11/2

125,000 0.9 104 21/2 11/2 2 11/4 21/2 11/2

150,000 1.1 125 3 2 2 11/4 3 2

175,000 1.3 146 3 2 2 11/4 3 2

200,000 1.4 167 3 2 2 11/2 3 2

250,000 1.8 209 4 21/2 21/2 2 4 21/2

300,000 2.1 250 4 3 3 2 4 3

350,000 2.5 292 4 3 3 2 4 3

400,000 2.9 334 5 3 3 2 5 3

450,000 3.2 375 5 3 3 21/2 5 3

500,000 3.6 417 5 4 4 21/2 5 4

600,000 4.3 500 5 4 4 3 5 4

700,000 5.0 584 6 4 4 3 6 4

800,000 5.7 667 6 5 5 3 6 5

900,000 6.4 751 6 5 5 3 6 5

1,000,000 7.0 834 5 5 4 4 3 8 5

1,500,000 10.7 1,251 6 6 4 5 4 10 6

2,000,000 14.3 1,668 5 5 4 10 8

2,500,000 17.9 2,085 6 6 5 12 8

3,000,000 21.4 2,502 6 5 12 8



BBooiilleerr  ssiizziinngg  hhaass  aann  eeffffeecctt  oonn  tthhee  sstteeaamm  ssyysstteemm..  

Fig. 1 If the boiler is too small, the system will not fully heat and will
cause high fuel bills.
If the boiler is too large, the boiler will short cycle and cause high fuel
bills.

TThhee  bbooiilleerr  ssiizzee  sshhoouulldd  bbee  mmaattcchheedd  ttoo  tthhee  iinnssttaalllleedd  rraaddiiaattiioonn..  

The heat loss of the building should not be used. 

Fig. 2 The steam output of the boiler has to be able to fill the existing
pipe and the installed radiation.
Measure all the radiation in the building. See pages 162, 163, and 164
for calculating the radiation.
Piping that does not have any insulation is radiation. See page 164 for
chart to size. The extra load has to be added to the building load.
Unusual piping arrangements, longer than normal supply mains, or
piping that runs through un-conditioned space, can increase radiation
load and boiler size.
The boiler’s net rating must exceed the total calculated load for the
radiation and piping. 
An undersized boiler cannot produce enough steam volume to fill the
system.

BBuurrnneerr  ffiirriinngg  rraattee  sshhoouulldd  aallssoo  mmaattcchh  tthhee  rraaddiiaattiioonn  llooaadd..  

An underfired burner cannot fully and evenly heat the building.
An overfired burner can cause an unsteady water line, excess steam
velocities, wet steam, and high fuel bills. 

AAllwwaayyss  mmaakkee  ssuurree  tthhaatt  tthheerree  iiss  eennoouugghh  ccoommbbuussttiioonn  aaiirr  aavvaaiillaabbllee  ffoorr  tthhee  
bbooiilleerr//bbuurrnneerr  ffiirriinngg  rraattee..  

Not enough combustion air can cause poor firing, short cycling, high
fuel bills. 
Check local code or boiler manufacturer’s instructions for combustion
air requirements.
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Partially-filled radiator  cannot
heat room on cold day

Under-sized or under-fired
boiler cannot fill system
with steam
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Fig. 1

First radiator
might fill

Last radiator
will not fill

Uneven heating

Fig. 2

WATER STEAMAIR


