
TThhee  ddiiaaggrraammss  oonn  tthhee  ooppppoossiittee  ppaaggee  aarree  eexxttrreemmeellyy  ssiimmpplliiffiieedd  ttoo  eeaassiillyy  sshhooww  tthhee
fflloowwss  ooff  sstteeaamm,,  aaiirr,,  aanndd  wwaatteerr..  

A manual air cock represents the radiator vent(s) in the system. 
One radiator represents all the radiators in the system.
The supply piping is directly connected to the radiation without a
header. 
The return line is directly connected to the boiler without a Hartford
Loop. 
They do not represent how a steam system should be piped. 

FFiigg..  11 SSyysstteemm  ssttaarrttss  aatt  rreesstt  wwiitthh  aallll  wwaatteerr  hhaavviinngg  rreettuurrnneedd  ttoo  tthhee  bbooiilleerr  bbyy
ggrraavviittyy  aanndd  tthhee  pprrooppeerr  ppiittcchh  ooff  tthhee  ppiippeess..  AAiirr  ffiillllss  tthhee  ppiippiinngg  aanndd  rraaddiiaattiioonn..

FFiigg..  22 BBuurrnneerr  wwiillll  ffiirree  ttoo  hheeaatt  wwaatteerr  ttoo  bbooiilliinngg  ppooiinntt  ccaauussiinngg  sstteeaamm  ttoo  rreelleeaassee
ffrroomm  wwaatteerr  lliinnee..  

FFiigg..  33 SStteeaamm  bbuuiillddss  uupp  pprreessssuurree  iinnssiiddee  bbooiilleerr..  SStteeaamm  pprreessssuurree  wwiillll  ccaauussee  ffllooww
tthhrroouugghh  ppiippiinngg  ttoo  rraaddiiaattiioonn  wwiitthh  vvaallvvee  ooppeenn..  HHiigghheerr  sstteeaamm  pprreessssuurree  aallwwaayyss
mmoovveess  ttoo  lloowweerr  pprreessssuurree  oouuttssiiddee  ppiippiinngg//rraaddiiaattiioonn..  TThhee  sstteeaamm  ppuusshheess  aaiirr
tthhrroouugghh  ppiippiinngg  ttoowwaarrdd  vveenntt..  SStteeaamm  ccoonnddeennsseess  oonn  ssiiddeess  ooff  ssuuppppllyy  ppiippeess  aanndd
fflloowwss  bbaacckk  ttoo  bbooiilleerr..

FFiigg..  44 CClloosseedd  rraaddiiaattoorr  vveenntt  vvaallvvee  ccaauusseess  sstteeaamm  ttoo  ccoonnddeennssee  oonn  ccoooolleerr  ssuurrffaacceess
ooff  rraaddiiaattiioonn,,  ttuurrnniinngg  bbaacckk  iinnttoo  wwaatteerr..  WWaatteerr  fflloowwss  bbaacckk  ttoo  tthhee  bbooiilleerr  tthhrroouugghh
rreettuurrnn  lliinnee  ttoo  bbee  hheeaatteedd  bbyy  bbuurrnneerr  ttoo  bbeeccoommee  sstteeaamm  aaggaaiinn..  
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Basic Sequences of Operation
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BURNER ON

Fig. 1 Fig. 2

Fig. 3 Fig. 4

BBAASSIICC SSEEQQUUEENNCCEESS OOFF OOPPEERRAATTIIOONN

WATER STEAMAIR



SSeeqquueennccee  ooff  tthhee  fflloowwss  tthhrroouugghh  tthhee  ssyysstteemm..  

1. Steam pressure generated in boiler moves through boiler riser, header,
supply main, takeoff, horizontal run out, vertical riser, and radiator
valve, to lower pressure in radiator with trap and main vent on dry
return open. 

2. Condensate from boiler riser f lows back to boiler against steam f low-
ing out of boiler. 

3. Condensate from header returns to the boiler through the equalizer
line. 

4. Air in supply main is vented to basement through main vent at end of
supply main. 

5. Steam turns to condensate as it gives up its heat to the cooler surfaces
of the radiator. 

6. Air in radiator passes through open trap to vent through main vent on
dry return.

7. Condensate slides down the sides of the radiator and leaves the radiator
through the trap. 

8. Condensate f lows from radiator to the boiler through the return riser,
dry return, wet return, and Hartford Loop. 

AAllll  tthhee  ppaatthhss  mmuusstt  bbee  pprrooppeerrllyy  ssiizzeedd  aanndd  ppiittcchheedd  ffoorr  pprrooppeerr  ooppeerraattiioonn..  

Refer to pages 56 and 57 for the details of the near boiler piping. 

Refer to pages 62 and 63 for checking the size of existing near boiler
piping. 

Refer to pages 54 and 55 for information on supply mains, horizontal
runouts, and vertical risers.

2222

Simplified Two Pipe Steam
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Radiators

Handvalve

Vertical riser

Horizontal
run out

Takeoff

Supply
main

Boiler
riser

Header

Boiler

Hartford Loop

Traps

Main
vents

Return
riser

Dry
return

Wet return
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SSIIMMPPLLIIFFIIEEDD TTWWOO PPIIPPEE SSTTEEAAMM

WATER STEAMAIR

SSiimmpplliiffiieedd  TTwwoo  PPiippee  SSyysstteemm  aatt  MMiidd--CCyyccllee
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CCHHAAPPTTEERR 44 AAIIRR OOUUTT

AAiirr  ffiillllss  tthhee  rraaddiiaattiioonn  aanndd  ppiippiinngg  aatt  ssttaarrtt--uupp..  

Air must be pushed or pulled out of the system so that steam can fill
it up.  

AAiirr  iinn  tthhee  nneeaarr  bbooiilleerr  ppiippiinngg  aanndd  ssuuppppllyy  mmaaiinnss  iiss  ffoorrcceedd  ttoo  tthhee  eenndd  ooff  tthhee  sstteeaamm
ssuuppppllyy  mmaaiinn  bbyy  tthhee  ffllooww  ooff  tthhee  sstteeaamm..  

Fig. 1 Air typically leaves the supply main through the main air vent. 

Fig. 2 Air can also pass to the dry return on two pipe systems by a
radiator trap installed above the main.

Fig. 3 End of supply main F+T traps can be used to pass air to a 
vented condensate, boiler feed, or vacuum unit. 

AAiirr  iinn  tthhee  rruunn  oouuttss  aanndd  uuppffeeeedd  rriisseerrss  iiss  ffoorrcceedd  iinnttoo  tthhee  rraaddiiaattiioonn..  

Fig. 4 In a one pipe radiator the air is forced through an air vent to
atmosphere or through an air valve to a vacuum pump or central
venting point. 

Fig. 5 In a two pipe radiator the air is forced through the trap to the
dry return, where it is vented to atmosphere through a main vent or to
a vacuum pump. 

IInn  ssyysstteemmss  wwiitthh  aa  vvaaccuuuumm  ppuummpp,,  tthhee  aaiirr  iiss  ddrraawwnn  ttoo  tthhee  vvaaccuuuumm  uunniitt  aanndd  vveenntteedd
ttoo  tthhee  aattmmoosspphheerree..  

Vacuum units do a great job of air removal, therefore creating better
steam distribution. 

Vacuum units pull the air quickly through the mains and radiation to
allow the steam to f low quickly and evenly.

Follow the Path of Air Out of the System



Air passes out
main vent

Steam main

FFOOLLLLOOWW TTHHEE PPAATTHH OOFF AAIIRR OOUUTT OOFF TTHHEE SSYYSSTTEEMM

Steam main Dry return

Air passes through radiator trap
to return main

Dry return

Boiler feed unit

Air passes out
vent of tank

Air passes through
end of main F+T trap
to dry return

Fig. 1 Fig. 2
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WATER STEAMAIR

Fig. 3

Fig. 4 Fig. 5

Steam condenses on
sides of radiator

Air forced
down and
out vent

Air forced down
and out trap

Valve can be in
any position

Steam, lighter
than air, will
heat across top

Steam starting to come upWATER STEAMAIR



FFiigg..  11  TThhee  HHaarrttffoorrdd  LLoooopp  wwaass  ddeevveellooppeedd  bbyy  tthhee  HHaarrttffoorrdd  IInnssuurraannccee  CCoommppaannyy
ttoo  pprreevveenntt  bbooiilleerr  eexxpplloossiioonnss..  

Water leaks in the return line would drain the water out of the hot 
boiler. Cold water would be released into the boiler by an unreliable
water level control or inattentive operator. The sudden temperature
change would send the boiler through the roof. 

The new piping arrangement kept water in the boiler in the event of a
leak in a return line. 

It greatly reduced the number of boiler accidents and insurance
claims.  

Today, it’s a non-mechanical backup for the LWCO. 

TThhee  hheeiigghhtt  ooff  tthhee  lloooopp  sshhoouulldd  bbee  ppiippeedd  22´́́́ ttoo  44´́́́ bbeellooww  tthhee  wwaatteerr  lliinnee  ttoo  kkeeeepp
tthhee  hhoorriizzoonnttaall  ppoorrttiioonn  uunnddeerrwwaatteerr  ttoo  pprreevveenntt  wwaatteerr  hhaammmmeerr..  

Keep the horizontal pipe as short as possible by using a close nipple,
street 90, or Y-tee pointed down.  

If steam would get into the horizontal pipe, the close nipple will 
prevent water hammer. 

FFiigg..  22 TThhee  eeqquuaalliizzeerr  hhaass  ttwwoo  ffuunnccttiioonnss,,  ttoo  aappppllyy  sstteeaamm  ssuuppppllyy  pprreessssuurree  ttoo  tthhee
rreettuurrnn  ssiiddee  ttoo  kkeeeepp  wwaatteerr  iinn  bbooiilleerr  aanndd  ttoo  ddrraaiinn  tthhee  wwaatteerr  ffrroomm  tthhee  hheeaaddeerr  ttoo
aassssuurree  ddrryy  sstteeaamm..  

See chart on page 160 to size equalizer. It has to be large enough to
handle the volume of water from the header and not cause steam 
pressure drop.

The equalizer pipe is always sized smaller than the header.

The best place to make the reduction is just below the elbow. 
A concentric reducer can be used on the vertical drop. 

Too much of a pipe size reduction or too long a pipe will result in
steam pressure reduction in the equalizer. 

110022
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Hartford Loop and Equalizer



As short as possible to prevent water hammer
Can use:

Close nipple
Street elbow
Y-tee pointing down

1.
2.
3.

Lowest level of boiler water line
if return line starts leaking

110033

HHAARRTTFFOORRDD LLOOOOPP AANNDD EEQQUUAALLIIZZEERR

WATER STEAMAIR

Equalizer:
Drains header to assure dry steam
in system
Equalizes pressure to return, keeping
water in boiler
Replaces check valve in return line

Would stick open to allow water to
back out of boiler
Would clog up to slow water
returning to boiler
Both could cause water hammer at
end of mains, spitting air vents,
and/or flooded take offs

1.

2.

3.
a.

b.

c.

2 to 4
below
water line

″ ″

Fig. 1 Hartford Loop

Fig. 2 Equalizer



WWhheenn  tthhee  wwaatteerr  hhaammmmeerr  ooccccuurrss  aatt  tthhee  mmiiddddllee  ooff  tthhee  sstteeaamm  ccyyccllee,,  llooookk  ffoorr
ppllaacceess  tthhaatt  wwiillll  ssllooww  oorr  bblloocckk  ccoonnddeennssaattee  dduurriinngg  tthhee  sstteeaamm  ccyyccllee..  

During the steam cycle, condensate is constantly being produced.
Condensate has to have a properly sized and pitched pipe to handle
the volume of condensate produced.

FFiigg..  11 TThhee  mmoosstt  ccoommmmoonn  ppllaaccee  ffoorr  ccoonnddeennssaattee  ttoo  bbee  sslloowweedd  oorr  bblloocckkeedd  iiss  iinn  tthhee
wweett  rreettuurrnn..

It is the lowest spot in the piping and will accumulate the most sediment. 
Sediment build up in the wet return can turn a 2´́  pipe into a ¾´́  pipe
on the inside.
The reduction in pipe size slows the f low of condensate, backing it up
into the supply main where it will hammer.

AA  bbooiilleerr  mmaakkiinngg  wweett  sstteeaamm  ppuuttss  mmoorree  ccoonnddeennssaattee  iinn  tthhee  ppiippiinngg  tthhaann  iitt  wwaass
ddeessiiggnneedd  ffoorr..

Depending on how bad the problem is, the existing pipes cannot 
handle the extra load.
The condensate then backs up in the system and starts to hammer.
Overfiring or oversizing the boiler can cause wet steam or excess 
condensate loads for existing piping. 

FFiigg..  22 SStteeaamm  ttrraappss  tthhaatt  aarree  uunnddeerrssiizzeedd  oorr  ccllooggggeedd  wwiitthh  ddiirrtt  oorr  sseeddiimmeenntt  ccaann
ssllooww  oorr  bblloocckk  ccoonnddeennssaattee..  

The condensate then backs up into the steam main during the steam
cycle until it starts hammering. 
Sometimes the bellows assembly will break off and lodge in the seat to
also slow or block condensate. 

UUnniinnssuullaatteedd  ssuuppppllyy  ppiippeess  pprroodduuccee  mmoorree  ccoonnddeennssaattee  tthhaann  iinnssuullaatteedd  ppiippeess..
Depending on how much pipe or how cold an area it runs through,
the existing pipes cannot handle the extra load.
The condensate then backs up in the system to start the hammering.

OOnn  oonnee  ppiippee  rraaddiiaattoorrss,,  iiff  tthhee  vveennttiinngg  rraattee  iiss  ttoooo  ffaasstt,,  wwaatteerr  hhaammmmeerr  iinn  tthhee  
rraaddiiaattiioonn  ccaann  ooccccuurr..

The velocity of the steam increases to the point that the water cannot
get back out of the radiator. See page 70 and 71.
It’s similar to not having the valve fully open.

111188
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Causes of Water Hammer at the Middle of the Steam Cycle



Water hammer will occur in steam main
at middle of steam cycle

Area for steam to flow is
decreased by condensate,
increasing steam velocity

extra

Clogged or undersized wet return
will back up condensate in steam
supply main

111199

CCAAUUSSEESS OOFF WWAATTEERR HHAAMMMMEERR AATT TTHHEE MMIIDDDDLLEE OOFF TTHHEE SSTTEEAAMM CCYYCCLLEE

Area for steam to flow is decreased by extra
condensate, increasing steam velocity

Water hammer will occur
in steam main at middle of
steam cycle

Clogged or undersized end
of steam main F+T trap will
back up condensate in steam
supply main

Fig. 1

Fig. 2

WATER

STEAM

AIR
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Steam Does Not Reach End of MainSteam Does Not Reach End of Main

Is the boiler clean and making dry steam? See Pages 34 & 35

Yes

Yes

No

No

Is near boiler piping correct?
Pages 56 & 57, 62 & 63

Is there a working main air vent(s)?
Pages 66 & 67

Is vent(s) properly sized?
Pages 84 & 85

Is boiler adequately sized or fired?
Pages 64 & 65

On two pipe, are traps keeping steam
out of returns? Pages 48 & 49

Is main pitched correctly?
Pages 54 & 55

Has insulation been removed
from supply main?

Repair or replace defective traps.

Adjust pitch of pipes. Pages 54 & 55

Repair.   

Correct sizing or firing rate.
Pages 64 & 65

Install or replace vents.
Pages 66 & 67

Install correct vent(s).
Pages 84 & 85

Correct piping.
Pages 56 & 57, 62 & 63

Clean boiler.
Pages 36 & 37

No

No

Yes

Yes

Yes No

Yes

Yes

No

No

No

Yes

See Pages 30 & 31, 32 & 33
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FFOORR  AALLLL  SSYYSSTTEEMMSS

1. Make sure boiler is clean, page 34 A dirty boiler is the cause of so
many problems and affects the quality of steam.

2. Make sure main vents are installed and working properly, page 66.
Main vents have to be there to have even distribution of the steam
along the main.

3. Check steam pressure control setting, page 42. It is the simplest
adjustment to make, but has a major effect on the system.

4. Check water line position, page 38. Normal water line position has a
huge impact on the production of steam.

5. Check the main vent(s) size, page 84. The bigger the opening is in the
main vent, the faster the system will heat.

6. Check near boiler piping for proper size and orientation, page 56.
This has to be right to get dry steam.

7. Check for the amount of combustion air that is available to burner.
The burner has to have enough air to fire optimally.

8. Perform a combustion analysis to fine tune the burner. Record the
results so they can be compared at next check

9. Insulate or re-insulate all the supply piping, including the near boiler
piping. This may be the best investment to reduce the fuel bill.

FFOORR  SSYYSSTTEEMMSS  OOVVEERR  550000,,000000  BBTTUU//HHRR

10. Install a boiler feed unit, pages 108, 110 and 158. A steady water line
equals peak performance.

11. Install a cycle rate type control that senses both outdoor temperature
and return water temperature. They are not cheap, but they have a
great payback.

FFOORR  OONNEE  PPIIPPEE  SSYYSSTTEEMMSS

12. Make sure all radiator valves are fully open or closed, page 46.
Partially closed valves slow condensate return.

13. Replace all radiator vents throughout system with one common size
vent, page 72. The same size port on each vent proportions the steam
flow for even heating.

FFOORR  TTWWOO  PPIIPPEE  SSYYSSTTEEMMSS

14. Make sure all the radiator traps are working correctly, page 48. If traps
are failed open, steam is being wasted and system will heat unevenly.

15. Install thermostatic radiator valves on each radiator, page 50. They
will balance the f low of steam similar to the metering systems.
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