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‘uestions to be
sked & nswer ed
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+ hat do you get when you cross a
| ovesi ck el ephant wth a rhi noceros?
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+ S condensing latent heat out of the
conust | on gases of a boil er
desi rabl e?

s hy are we interested in the return
water tenperature for a boiler systen?

+ hat Is “excess air” and why do boilers need
to operate with some “excess air”? Slides



. easured onbustion fficiency?

¢ ?
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. easured onbustion fficlency?

+ he percent of the thernal energy in
the fuel burned Is  .1n the stack
gases
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here is the energy going that is not In
t he stack gases?

7707
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here is the energy going that is not In
t he stack gases?

e Ntothe boller water

+ Ntothe nass of the netal naki ng up
the boi | er

o 0st fromthe surface of the boil er
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here do you want the energy to be?

+ n the boiler water or the water serving the
building’s di stribution | oop
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o 77

hat affects how nmuch heat 1 s
transferred to the wat er?
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hat affects how much heat 1 s
transferred to the wat er?

o lowrate of the water entering and
passi ng through the boil er

s enperature of the entering water
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nroutine operation of a cast Iron
boi | er fromwhere does this water cone?

o (ssune single supply, single return
boi | er systen)
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nroutine operation of a cast Iron
boi | er, fromwhere does this water cone?

o (ssune single supply, single return
0ol | er systen)

o he return water fromthe buil di ng
neat | ng | oop
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t what tenperatures?

+ .1Vve range.
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t what tenperatures?
+ .1Vve range.

¢.  to ...
s+ hy isthe lowend of the range so hi gh?
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t what tenperatures?

+ .1Vve range.

¢. (o .
s+ hy isthe lowend of the range so hi gh?

+ 0 avold condensation of “icky” thi ngs
fromthe conbustion gases
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hy Is the lowend of the range so hi gh?

+ 0 avold condensation of “icky” thi ngs
fromthe conbustion gases
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hy Is the lowend of the range so hi gh?

+ 0 avold condensation of “icky” thi ngs
fromthe conbustion gases

o Cky = 7?
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+hy is the lowend of the range so high?

+ 0 avold condensation of “icky” thi ngs
fromthe conbustion gases

o cky = ulfuric acid, etc.

+ hi ch does what ?
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hy Is the lowend of the range so hi gh?

+ 0 avold condensation of “icky” thi ngs
fromthe conbustion gases

o cky = ulfuric acid, etc.

+ hi ch does what ?

e Orrodes cast 1ron of boller and
gal vani zed netal of the exhaust stack.
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ondensi ng ol | er

s .Nnroutine operation, what tenperatures
nay the return water be?
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ondensi ng ol | er

N routine operation, wat tenperatures
nay the return water be?

~to... .. oristhehighupto . ?

Slide 23



hy can the lowtenperature be lower In a
condensi ng boi |l er than a standard boi | er ?
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hy can the lowtenperature be lower In a
condensi ng boi |l er than a standard boi | er ?

Int: . aterrals
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hy can the lowtenperature be lower In a
condensi ng boi |l er than a standard boi | er ?

Int: . aterials

ondensi ng boi | ers are construct ed
wth stainl ess steel conponents whi ch
can tolerate exposure to the acidi c
condensat e.
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rick .uestion

s+ .nroutine operation of a candensing

boi |l er, can return water tenperatures

be as highas ..?
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rick .uestion

s+ .nroutine operation of a candensing

boi |l er, can return water tenperatures

be as highas ..?

e NSVer: n a boiler designed for
condensi ng operation, the boiler nay
operate wth return water tenperatures

higher than . . ut....?
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NSWer

+ N aboiler designed for condensing
operation, the boiler nay operate wth

return water tenperatures higher than .

o Ut, when so operated, it wll not
actual | y be condensi ng because?
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NSWer

+ N aboiler designed for condensing
operation, the boiler nay operate wth

return water tenperatures higher than .

o Ut, when so operated, it wll not
actual | y be condensi ng because: the
|atent heat 1 n the exhaust requires
| ower stack tenperatures to condense.
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.ore on ondensing ol lers .ater

+ Ur second speaker, \oger arris, W/l
go into great detail about condensi ng
boilers in his presentation in the
second hal f of this session.
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onbust 1 on

+ hat determnes how nuch thernmal energy

Is left 1nthe stack gases?
?
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onbust 1 on

+ hat determnes how nuch thernmal energy

Is left 1nthe stack gases?
How hot the fluid in the stack Is

How much total flow there is through the stack

+ hat’>s In the gases that go up the
st ack?
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hat det ermnes how nmuch t hernal energy
Is left Inthe stack gases?

+ How hot the fluid in the stack Is
+ How much total flow there Is through the stack

+ hat’>s In the gases that go up the

st ack?
+ Combustion products, excess air (nitrogen,
oxygen), water vapor
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XCess | r

s hy 1s there excess air?
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XCess ir?

+ hy do we need to have a littl e excess
air?

+ hy have nore than the stoi chi onetric
anount ?
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XCess L r?

+ hy do we need to have a littl e excess
air?

+ hy have nore than the stoi chi onetric
anount ?

+ (To avoid having to pronounce
stoichiometric? )
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XCess L r?

o+ hy do we need to have a littl e excess
air?

+ Because the mixing and burning of fuel and air
IS Imperfect

+ hat happens to boi | er perfornance when
there is too nuch excess air?
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00 . uch xcess 1r?

+ hat happens to a boiler when there i s
t o0 nuch excess air?

+ Reduces stack temperature by diluting the
combustion gases with excess room air,

+ Reduces combustion efficiency
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00 .Ittle xcess 1r?
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00 .Ittle xcess 1r?

+ Soot, smoke,
+ Carbon monoxide, other bad things
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art
val uat1 ng the avi ngs
chi eved y
urner ontrol s
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¢
¢

oal s

onust | on t heory basi cs

~escri be how burners work

~escribe the

> .imtations of nechani cal |inkages

~apabil1ties of electric actuator control s

‘1scuss specific burner control systens
~easuring perfornance & gas usage
> XI st1 ng case
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onbust i on heory asi cs

+ onbusti on?
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ontust | on heory asi cs

+ onbust i on?

>onbining (burning) a fuel wth air
resulting i n hot exhaust gases

¢ .esirable eat ransfer?
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ontust | on heory asi cs

+ onbust i on?

>onbining (burning) a fuel wth air
resulting i n hot exhaust gases

¢ .esirable eat ransfer?

>~ eat transfer fromgas gases to the walls
of the tubes and then to the boiler water

+ hat then happens to the water?
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onbust | on

+ onbust i on?

>onbining (burning) a fuel wth air
resulting i n hot exhaust gases

¢ .esirable eat ransfer?

>~ eat transfer fromgas gases to the walls
of the tubes and then to the boil er water
+ hat then happens to the water? 1t gets hot and
may boil...
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+ onbust i on heory asics

+ hat then happens to the water? t gets hot and
may boil...

+ hat determines whether it boils or not?
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onust | on heory asi cs

+ hat then happens to the water? t gets hot and
may boil...

o hat determnes whether 1t boils or not?
>~ ow much heat 1s supplied

> \esulting tenperature and pressure in the
boi | er

+ hy does a hydroni c boi |l er not nmake st ean?
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onust | on heory asi cs

hat then happens to the water? t gets hot and
may boil...

hat determnes whether i1t boils or not?
ow much heat 1s supplied

\esulting tenperature and pressure in the
boi | er

hy does a hydroni c boi |l er not nake
st ean? | gh ressure
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ontust | on heory asi cs

o hat 1's conbustion efficiency?
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onust | on heory asi cs

o hat 1's conbustion efficiency?
> seful energy output/otal energy I nput
o hat 1s the useful energy inthis case?
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onust | on heory asi cs

o hat 1's conbustion efficiency?
> seful energy output/otal energy I nput
o hat 1s the useful energy inthis case?
> he hot water or steamproduced
+ here does the rest of the energy go?
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onust | on heory asi cs

o hat 1's conbustion efficiency?
> seful energy output/otal energy I nput
o hat 1s the useful energy inthis case?
> he hot water or steamproduced
+ here does the rest of the energy go?
> . owhere.
~ uh?
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onust | on heory asi cs

o hat 1's conbustion efficiency?
> seful energy output/otal energy I nput
o hat 1s the useful energy inthis case?
> he hot water or steamproduced
+ here does the rest of the energy go?
> . owhere.
~ uh?
>~ t stays where it has been whi ch I s where?
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onust | on heory asi cs

+ here does the rest of the energy go?
> . owhere.
~ uh?
>~ t stays where it has been, in the hot
gases
+ hat do we do wth these hot gases?
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onust | on heory asi cs

+ here does the rest of the energy go?
> . owhere.
~ uh?
>~ t stays where it has been, in the hot
gases
+ hat do we do wth these hot gases?
> Xhaust themup the chi rmey
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ontust | on heory asi cs

+ e exhaust hot gases up the chi nmey because?
> . ultiple choi ce:
t 1s cheaper to nake boilers that have hot
exhaust
‘uel waste is good for the econony
. heboiler islimted by thernodynamc | ans
& there nust al ways be sone wast e heat

f the gases were cool er, they woul d nake
t he chi mmey “yucci fy” and the boiler to

“croak”
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onbust | on heory asi cs

+ e exhaust hot gases up the chi nmey because?
> . ultiple choi ce:

t 1s cheaper to nake boilers that have hot
exhaust

‘uel waste is good for the econony

. heboiler islimted by thernodynamc | ans
& there nust al ways be sone wast e heat
. T the gases were cooler, they would make the
chimney “yucci fy” and the boiler to “croak”

nswer: ., , andalittle .
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onfbust | on heory asi cs

+ T the gases were cool ed enough
>~ the acidic parts of the exhaust wll| condense
_on the chi nmey
~onthe boiler heat transfer surfaces
> nd damage t hem
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¢

onfbust | on heory asi cs

0 ensure conpl ete conbustion of the fuel used, conbustion
chanbers are supplied wth excess air.

xcess air increases the anount of oxygen and the probability
of conbustion of all fuel.

hen fuel and oxygeninthe air are in perfectly bal ance - the
conbustion is said to be stoichionetric .

he conbustion efficiency wll increase wth increased excess
air, until the heat loss in the excess air is |arger than than
the heat provided by nore efficient conbustion.

ypi cal excess air to achieve highest efficiency for different
fuels are

- %for natural gas

- O0bfor fuel oil e
ide 61



onbust i on heory asi cs

o Pproxinmate . 1 ninum . as enperatures
to void orrosi on robl ens

-~ ~atural . as-

il uel — ypical sulfu %> .%

il uel —owsulfur % < .%
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ontust 1 on heory asi cs
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ontust 1 on heory asi cs

o arbon dioxide - .- is a product of the
conbusti on and the content in the flue gas
Is aninportant i ndication of the conibustion
ef ficiency.

fter conbusti on:

ptinal content of carbon dioxide - —

~00Ofor natural gas

o ~0for light oils.
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ontust 1 on heory asi cs

o hat 1sthe relationship of the stack gas
per cent ages of :
¢ ?

+ Xygen?
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ontust 1 on heory asi cs

shat 1stherelationship of the

st ack gas percent ages of :
I?
> 4

> Xygen?
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onfust 1 on heory asi cs
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ontust 1 on heory asi cs

+ ake a look at the onbustion chart
agal n
> Ithregard to efficiency:
_hat is the inpact of oxygen | evel s?
~t what |evel of excess oxygen becone naxi nun?

~hat happens to efficiency when there i s too
littl e oxygen?
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ontust 1 on heory asi cs
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Normal combustion efficiencies for natural gas at different amounts of excess air and flue gas
temperatures are indicated below:

ontust 1 on heory asi cs

Excess %
Air Oxygen
9.5 2.0
15 3.0
28.1 5.0
44.9 7.0
81.6 10.0

Combustion Efficiency (%0)

200

85.4

85.2

84.7

84.1

82.8

Flue Gas Temperature (°F)

300

83.1

82.8

82.1

81.2

79.3

400

80.8

80.4

79.5

78.2

75.6

500

78.4

77.9

76.7

75.2

71.9

600

76.0

75.4

74.0

72.1

68.2
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urner ontrol s
for ontrolling 1r & - uel

+ .unct1ons?
~ptimze air/fuel ratio
ow?
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urner ontrol s
for ontrolling 1r & - uel

¢ .unctions?
> ptimze air/fuel ratio
~ nsure conpl ete fuel conbustion
_.antain optinal excess-air |evels
_.antaintarget boiler tenperature or

pressur e
- \eadj ust respond qui ckly to changes I n external
condi ti ons
_aronetric pressure
_ind
_ther
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urner ontrol s
for ontrolling 1r & - uel

o 1 d way:
> dj ustabl e | 1 nkages
_onnecting rods regul ate
- .uel valve
- 1r danper openi ng
_nstabl e efficienci es:
~annot be optimzed for all conditions
_ .npr eci se
- .0 not track the sane when
~\anpi hg up and ranpi ng down
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urner ontrol s
for ontrolling 1r & - uel

¢ . ewway:
> .1nkage-less ctuators wth - icroprocessors
_lectric actuators provi de | ndependent control

of
-~ uel valve
- 1r danper openi ng
_recise

- rack the sanme when
~\anpi hg up and ranpi ng down
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urner ontrol s
for ontrolling 1r & - uel

o T add stack nonitoring capability
-~ .easure, , , X X
> . lcroprocessor continually optimzes
for all conditions
~ table efficiencies across the
firing range
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urner ontrol s
for ontrolling 1r & - uel

s .uestion:

>~ owthat you have this super duper
control howdo you apply 1t?

>hall we set It upto maintain mni num
stack tenperatures no natter what ?

> owwel | can we do?
~ssune a typical cast-iron boiler
_hat efficiency can we target?
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urner ontrol s
for ontrolling 1r & - uel

e -uestion: 1th these burner control s,
> hat efficiency can we target?

%

%

%

%

%

%

%

- Qor | ess
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urner ontrol s
for ontrolling 1r & - uel

o -uestion: 1th these burner control s,
> hat stack tenperature can we target?
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urner ontrol s
for ontrolling 1r & - uel

e -uestion: 1th these burner control s,
> hat %l evel can we target?

~ %or less
. %
%
. %
%
. %
. %
. %
%or nore
Slide 79



urner ontrol s
for ontrolling 1r & - uel

o .uestion: 1th these burner control s,
> hat %savi ngs can we achi eve?
~ %or | ess
%

%

%

%

%

%

%

~ 8% or more Slide 80



urner ontrol s
for ontrolling 1r & - uel

he burni ng quest i on:
Ith these controals,

+ hat %savi ngs can we achi eve?
> hat do you need to knowto estinmate the savi ngs
| n therns?
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urner ontrol s
for ontrolling 1r & - uel

he burning question: ith these

control s:

+ hat %savi ngs can we achi eve?

+ hat do you need to knowto estinate the savi ngs?
> ownany therns is the boiler using now?
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urner ontrol s
for ontrolling 1r & - uel

he burni ng questi on:

1th these controls,

+ hat %savi ngs can we achi eve?

+ hat do you need to knowto estinate the savi ngs?
> ownany therns is the boiler using now?
>~ hat type of boiler isit?
> hat type of burner controls does it have now?

+ hat is the key single-nost I nportant question to
answer about the existing boiler?
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urner ontrol s
for ontrolling 1r & - uel

he burni ng question wth these

control s,
+ hat %savi ngs can we achi eve?

+ hat is the key singl e-nost I nportant question to
answer about the existing boiler?

nswer: hat efficiency is it operating at now?
Oou can’t eval uat e savi ngs neani ngful | y unl ess you

know t he answer to this question.
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urner ontrol s
for ontrolling 1r & - uel

he NeW (gamaticaly optiizesy OUr NI NG quest | on:
t what efficiency is it operating now?

owdo we find out?
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urner ontrol s
for ontrolling 1r & - uel

he NeW (gamaticaly optiizesy OUr NI NG quest | on:
t what efficiency is it operating now?

owdo we find out?
est It.
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Questions?

777
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Thank you.
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