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The fo]]od1ng pages list modules and thetr corresponding numbers for this
. part1cu1ar apprentgceship trade. As related training c1assroom hours
vary for different reasons throughout the state we recommend that ‘ .
the individual apprent1cesh1p committees divide the tota1 packets to « )
fit theiv 1nd1v1dua1 class schedules.
' . . e
There are over 130 modules ava11ab1e Apprentices can complete the
whole set by the end of thewr 1ndentured apprenticeships. Some
apprentices may already have knowledge and skills that.are covered
" in particular modules. In thdse cases, perhaps,credit‘toufd be h
granted for those subjects, allowing apprentcies to advance to the

I <
remaining modules) -

!

We suggest the the_apprenticeéhip instructors assign the modules in : . L b
numerical order to make this learning tool most effective. _ , -
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SUPPLEMENTARY INFORMATION

ON GASSETTE TAPES S 4 PR
t v - : .

of

Tape 1: Fire Tube' Boilers - Water Tube Boilers
-and Boiler Manholes and Safety Precautions .

¢

Tape 2: Boiler Fittings, Valves, - Injectors, C
o -Punps and Steam Traps .

* . -

Tape' 3:: Cambustion, Boiler Care 3nd Heat Transfer
and Feed Water Types ) . .
‘ , k ® ¢ . "o
Tape 4:. Boiler Safety and Steam Turbines
' . - <
! ' . .

NOTE: The above cassette tapes are intended as additional
reference material for the respective modules, as
_indicated, and not’ designated as a required a331gnment.
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*

COMBUSTION -~ PROCESS

. . . )

Goal:

The apprentice will be able to
"describe the basic process of
combustion.

‘Performance Indicators:

Describe basic *combustibles—-
carbon, gaseous hydrocarbons
and carbon monoxide and
“hydrogen.

2. Describe perfect combustion,

Describe complete combustiom,
. ¢ .

Describe incomplete combustion,
y L.

'Y
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‘Study Guide

~ . ' Sy
. : , . . '
‘" % Read the goal.and performance indicators to find what. igkfo be learned from .
-package. ‘ ' . - g . '
’* Read the vocabulary list to find new words that will be used in package.
- - * Read the introduction and information sheets, : ‘ ‘ . .

S Complete the. job sheet. ’ . '

* Complete self-assessmént.

* Complete post-assessment. o

)

-
-
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- Vocabulary -

¥ Carbon S - . 3

¥ Carbon dioxide ' o . B - e : S : | .

uge.
.

. ‘ffﬁ'Carbon monoxide ’
?’”Combustiﬁle T, f*i&i. _ B o f oo
f‘:Cémbustion | ' ' | Lr?f%--': -

% Complete combustion *

* Decomﬁbsition | - =

*  Gaseous hydrocarbons . . | R p C

._’ - Incomplete combustion | ' ﬁ)

* Perfect‘combustion i ;ﬁy“wt't

$~“300t ' | -
*

. Sulfur dioxide - #E _ R ‘ _'.- ‘.
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Fuels are - burned for the energy that they contaiﬁ._ The burning of fuels is
referred to as combustion. As combustion takes place, the heat energy is
collected and used forproducing steam and other purposes. : y

The basic @ conbustion process involves combining combustibles -with oxygen.
Combustion cannot take place in the absgnce of air (oxygen). The control of ‘air
to the combustion chamber is critic&f for efficient capture of heat energy.
Combustion is a chemical process that recombines carbon, hydrogen, oxygen and*
sulfur molecules. : ' ' - '

. A plant operator must understand the basic combustion process and how to
recognize the characteristics of flames. They must be able to control "the
oxygen supply in a way that complete combustion can take place. If. this is not
done’ properly, the heat energy is lost up the smoke stack. . L i

‘ - |
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Information
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"“{‘ . '_‘v- . .
The ' process of combustion must be understood‘by the operator Different fuels
react in different mapners during the combustion process. The pqrtions of a
fuel “that  burns during combustion is called combustibles. The  basic. ,
l combustibles in a fuel are: : '
* Solid carbon
* - Gaseous hydrocarbons , . .
* Carbon monoxide and hydrogen v o a - L,

Carbon

-Carbon' fuels such as coke, coal and charcoal burns with a white, luminous flame. -
The carbon is represented by the symbol C.. When carbon mixes with oxygen (02)
from the air, the following products result: .

v . -

‘ C + 02 ’ - COg (carbon dioxide)
C + O CO (carbon monoxide) -
A dioxide means that two oxygen atoms are combined with each ‘carbon atom. *
" Monoxide means that only one oxygen atom combines with each carbon atom., A
prefix of di means two. A prefix of mono means one in all chemical formulas.
Carbon ‘dioxide is a product of complete-combustion. Carbon monoxide is a -

product of incomplete combustion. Complete combustion is dependent on the
amount * of oxygen or air that is available to the combustion process. The

control of air to a furnace is critical to efficient combustion. . a

// " Gaseous Hydrocarbons
Gaseous’ hydrocarbons are the basic combustible of fuel oil, natural gas and the
heavy tars found in bituminous coal. These hydrocarbons are vaporized before
combustion takes place. Hydfocarbons must be mixed with large quantities of air
if complete combustion is’'to take place. The oxygen combines with,the .carbon .

atoms to form }kighter compounds which are combustible. Another methed for
combustion of hydrocarbons is to reduceé them to soot through degomposition.
Decomposition breaks the hydrocarbons into carbon (soot) and hydrogen molecules.
The soot (C) is then combined with oxygen (Q;) and burned.

,CarbonJMOnoxide and Hydrogen ’

| &« .
Carbon monoxide results from the combustion of hydrocarbon fuels. 4t is part of
most gas fuels. Hydrogen is also liberated in the form of H during the burning
.f hydroca\'bons. Both 'bf these products can be burned at temperatures of- 760°C

20
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to 1540 C with excess- supply of oxygen. Carbon monoxide burns with a light blue

~ flame. Hydrogen shows a colorless flame. The burning of carbon monoxide and

i hydrogen converts the combustible to carbon dioxide (COz) and water (Hy0).  The
chemical formula for. the combustion of carbon monoxide is: 0

J y ‘_ . _ L. - . P

CO + Oa ——-————=— COy (carbondioxide) + O (excess oxygen)

Hydrogen burning is shown as; ‘
20y + 0 e ZHzo(water)O (oxygen)

'Sulfur Combustion

Most fuels contain sulfur. " The sulfur (S) combines with oxygen (0 ) sulfur
dioxide (SOp). ' - .

' Sulfur is an impurity in the fuel and should be avoided as much,as'possibie; Tt
changes into acid forms that damage metal, '

Perfect Combustion .

’

If all combustiﬁig;/zere completely burned it would be perfect combustion. In
perfect combustion, the products would be carbon dioxide, sulfur dioxide, water,
nitrogen -and ‘ash,  Perfect combustion is nearly ingssible because - of the
problems in getting the combustible molecules linked up with oxygen molecules,
Large quantities of diluting gases must be present to alloW' all combustible
molecules to find oxygen partners. ‘

* .

¢ Complete Combustion o : o ; o -

/- Complete combustion occurs when an excess of air is provided beyond that .’_:
* provided for perfect combustion. In addition to COp, SO0z, Ha0, Nyand ash, the
flue gases will have Oa becafse of the excess air used in the process. - o

Incomplete Combustion

In incomplete combustion some of the conbustibles pass out the stack without

yielding up their heat. The products of incomplete combustion are COsz, SOp, Hy

0, and Nz as found in complete combustion. In addition, carbon monoxide (CO),
.ydrogen (Ha), soot (C) and methane (CH.'.) will be passing out the stack. These

et

T T D A
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'Information

products are lost to the heat production process by incomplete combustion,
Usually, a lack of oxygen is t?e cause of incomplete combustion. Care must be
used - in Supplying excess air to the combustion process. Too much air can move
flue gases out before they give up their heat. On the other hand, too 1little

L air always results in heat losses due ta incomplete combustion. The air must be

‘ well mixed with combustible, gases' to make th¢ chemical changes needed for
complete combustion, Sometimes the flow patterns of gases -and air become
stratified in layers which prevents mixing. ‘A short bright fire is one that has
plenty of or an excess of air. Gas flames with, too,.much air /may appear blue at
the«tips while oil fires emit sparklers. On o0il fired boilgrs a blue haze from
the 'stack indicates excessive air.- New air pollution stapdards require that’
less excess - air be used. This may result in less efficiency because of
incomplete combustion. : ' ’

. The, operatdrﬁhhust learn to reéagniié the characteristifs of flames and _Stack,
emissions. = Visual inspections ' are  the basis for mofiitoring the combustion
.process. Efficient harvesting of the heat is dependefit on the completeness of

'/ .

combustion.

I oy N | @ _ 3 _‘-

”
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- * Colnplete the' job sheet. T . .4 ' P
'* Complete the self-assessment and check answers. - . , o
o ’ c . N . - ) - .y N
\ | ¥ Complete the post-assessment and have instgructor check the ansyers,,
[ ‘ {
\ ! :
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. COMPLETE VISUAL INSP-E(_ITION OF COMBUSTION PROCESS -

* TInspect flame and note characteristics. ' :
* Inspect stack emissibns and note characteristics.'

* Describe the combustion procéss as to its completeness or
based on visual’ inspection.

3 r

1mprovement .

if your inspection was a valid one. o

<

incompelteness
* "1f there is a problem with the combustion ptocess, recommend action for its

* Check your observatlons and recommendations with the operator to determlne
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Self

«

Assessment

RN S
Match the following terms and phrases.

1 .»Carbon monoxfde
i

2, Carbon dioxide
3. Gaseous .hydrocarhons
- o o . !

4.__Decomposition

< 1 3 8
| A, Qna:
B. Products are GO ,FSO » 10, ‘
N and ash, ,
€. Product of complete combustion.
D. Blue haze a£~;he stgé .

\

Basic combustiblesiqf fﬁeI

_ 5. Compléte combustion E.
. T ' oil and natural ‘gas.. _

6. Incomplete combustion' F. Product of incomplete

o, ' -~ combustjon. :
7. Carbon - G, TWB .
8. Mono " H. Products are CO , SO , H 0,

- - - G N and CO, H, C, CH .
N SN )
‘ 9, Excess air indicator 1. Reduction of hydrocarbons
. S ' to soot, ,
10, Di . J. Burns with a white, luminous N
. * flame.
o i
J
10
. ’
SR S wide ‘
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.Self Asses§ment
Answers ‘

’
J 7.
A 8. '

P

-
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Post
Assessment
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1. What is the most common product of incomplete combustion?

2. What is the most common product of complete combustion? .

3. What one product is found in complete combustion that is not. found in

perfect combustion? _ ’
L4 . : Y S

"ﬁ@ 4. What harm is done when gases and air become stratified in layers in their
flow patterns? : J

. a
\ . "

~

5. Do air pollution requirements always increase the effiéiency of combustion? - .

6. In an oil fired boiler, what would sparklers at the flame tips indicate to
the operator9 ¢ L

©

7. What,is the process called'hp'which hydrocarbons are reduced to soot 80
that combustion can take place? L .
‘ . \ ' . - . . :

8. What,is the color of h'carﬁen monoxide'fiame?

9. What two products result from combining carbon and oxygen in :the combustion

process?
. . 4 .

10, What is the product of this chemical reaction? 8 40 e " 80

- '" - ;

o ' C
.

( ' T .

12. ' ‘
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lnstructor

Post Assessment
Answers R

‘i; Carbon monoxide : . N
| }
2, Carbon dioxiden
3.0 S U o T T
: : : ) ~ \ 1
4. They fail to mix causing incomplete combustion.
5. No ' ‘
. 6. Too much air. - A
7. Decomposition
»
. - , \ .
8. Light blue ' . - o .
9. Qerbon-monoxide, carbon dioxide ' ﬁ
10, -Sulfur dioxide - R
i . ) L] ' e ;
L8 |
L . Y
. TN
I
\ » 4
7. \
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*References
’ : o | ¥
* Free choice reading of texts, pamphlets or manufacturer information on the
combustion process, - » - -
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' COMBUSTION -~ TYPES OF FUEL EPR 4 .
~ .. | ‘ & N
i v .
, 5
\ y f .
o -
) , ) ' o | . .
Goal: . Performance Indicators: - = 4.~
\ ' |
The appreﬁtice can describe . . Deseribe coal fuels. = ? y
types of fuels ' ' . ' _
> ' ‘ ( 2, Describe oil fuels,
3. Describe natural gas fuels. .
‘ 4., Describe wood fuel. M
' , : | ' | 5. . Describe proximate ;nd
A ~ultimate analyses. (@
. .\ , ) _ .. & . - |
.3 -. . 0 . X ‘!
1 % _ : ;
. $ )
. ) N ) * | . 4 . Y ‘ . ' . .
_ ' ; 9 . . : M | 3 N
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L3

i _ package. , -

"# Read the vocgbulary 1list to find new words that will be

* Read the introduction dnd information sheets.

Al

,’ * Read the goal and performance ind{patérs to find what is to be learned from

used in package.

‘ . . \.—/
* Complete the job sheet, ' . \
‘ - % Complete self-assessment,
' * Complete post-assessment.
: _ .
e |
|
) o
N »
‘ N
- ¥
@ o
' )
t" ) 2 .
- ";;&,.L .‘- “
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-~ Vocabulary:

*

*

*

*

R
*

*

*

*

*

*.

*

MO €O &

a

Anthracite -
‘Bituminous
Crude petroleum

Fixed carbon

MO 2 2

nHeavy 0oil (Residual oil)

Hogged fuel

Light fuel oil
Praiimate analyseé
Pulv;rized coal
Semi—ahtﬁfacite

Sub~bituminous

Ultimate analyées

"Vola}ile mat ter

1
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*Introduction

hydrogen which can be easily combined with oxygen in the
combustion process. A fuel can be either a solid such 'as ¢oal or wood; a liquid
- such as fuel oil; or a gas such as nautral gas.

An operator.should understand the fuels and their charactéristics, advantages .
and disadvantages. Each fuel has unique qualities that should be fully

understood if efficient heat yields are to be obtained from the combustion of
the fuel,
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Information

Fuels are substances that will produce combustion when mixed with oxygen. Many |
types of fuel are used to operage pover ‘plants. The common fuels are:

1, Coal
"~ 2., Fuel oil T o ,
3. Natural gas \ L
4. Wood . e sy
Coal _, | B | “ o

Coal is made up of fixed carbon and volatile matter. The volatile matter
portion of coal is made tp of hydrocarbons that convert to gas form when heated.
The portion of coal that is left after the volatile matter is passed off is
called fixed carbon. Coals are divided into classes according to their content
of fixed carbon and volatile matter, .- ‘ : '

‘ o 1. Anthracite — a shi\ny,,hard coal with e high percentage of fixed
B carbon (92%) and a dow percentage of volqtile matter (8%);;

2.'-Semianthracite — a dark grey colored coal with 86 to 92% fixed carbon
and 8 - 14% volatile matter. :

-3, Bituminous  =- a black to dark brown coal that are best suited'for power
plant fuel. The supply is plentiful and cosgt is reasonable. The
' volatile matter content ranges from 14 % té more than 31 z. )

j
4, Sub-bituminous -- High moistur content coal whiqh reducesk}their
‘shipping for power plant fuel. “o :

5. .Lignite -- Brown colored coal with high moisture and ash content and
loy'heating value. It is not economical to ship lignite long distances.

6. Pulverized Coal --- Coal fhat has been finely'grodhd and can be fed into
the furnace with.a stream of air. Pulverized coal is utilized by large
» } plants that are located near the coal deposit.

{

Fuel 0il I

Fuel oil is made from petroleumJ It may be of three. types.

L r———

1. Crude petroleum - as it comes out of .the well without processing. R R

h

34
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Information

\

2. Heavy Oil or Residual 0il ~- The ' residue of crude petroleum

partial refining. Gasoline -and other volatile materials have been *

removed to make it a safer fuel.

3. Light fuel Oil — Residue of petroleum after complete refining.

after

» Fuel oils are designated by grades that range from No. 1, the lightest grade, to
No. 6, the heaviest grade. No. 6 fuel oil is the most common to steam generation
plants Fuel oil has many advantages over coal agj-a fuel. The combustion
efficiency is higher, less storage is required; and it requires less labor and

equipment,

Natural Gas

'QNatural gas 1s largely methane which is a_hydrocarbon with the formula of CH, .
This means that each molecule of methane is composed of one carbon and , four

hydrogen atoms that are hooked together like this:

Methane makes ?up about 77% of natural gas. - There is some 6% ethane_which' is

bonded together like this:

H H
[ P . . :
H—C-—C —H : o
A 1 | K ; -
. H H

[

The chemical formula for ethane is C H‘or two carbon atoms and -six hydrOgen

atoms to each molecule.“ . *

 In addition ‘to methane and ethane,‘ natural gas contains 4% of ;other
~. hydrocarbons, 7% hydrogen Sulfidg)and 5% carbon dioxide. The sulfur is usually

removed from natural gas before it is burned.

f

" Natural gas is the ideal boifjgr fuel. It does not leave an ash or residue, can

‘I’ be easily mixed with air; and is easy .to control It is more expensive than

v
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Information

+s0lid fuels and may require long lines to bring it to the plant site.

Wood -
Wood .and bark residues-cédn be utilized to fuel boilers. Hoaged fuel 1is wood
that has been reduced to small pieces in a machine called a "hog". A typical
unit of hogged fuel (200 cubic feﬁt) would contain the followings: ’ '
_ ) . o g P .
Total weight -- 3650 poundd
My weight -- 2190 pounds !
Water by weight -- 40 percent : o
Heating value per dry pound -- 9840 BTU -
Heating value per unit ~— 21, 200, 220 BJU
Ash content — 1.88 percent :

* %k %k %k K %k

Hogged fuel is classified by s_gcieé df wood, size, moisture content;
ultimate analysis proximate analysis\ and, heating value. -~ The fuel has a high

1These samples were collected and. nEIYzed by Weyerhaeuser Qo@paﬁy.
. They were random samples of hoggeld fuel taken from various,m;ll sites,

\

l

) - : L
oxygen content which reduces the deémandg on outside air supply. #The sulfur
content = of hogged fuel is so low thht the problems of air pollution are not 'a
. -risk. The volatile matter content of wood and bark is high (70-90%) and varies
between species. Woods with high resiiq content produce much more heat than low.
resin woods. ¢ . . : :
Ultimate Analyses '
. oL ' > .
Ultimate analyses are used to determind the chemical content of fuels, ~The
amounts (percentages) of hydrogen, carbpn, nitrogen and ash in the: wood are
determined by ultimate analysis. .The yltimate analyses for Douglas Fir and
Western: Hemlock hogged fuel is shown in thg following table.
: 'Table 2. Typical Ultimate Analyses Data for Moisture-Free Samples of -
Hogged Fuel Bark. c &“ - .
c | Douglas | ' Western - Avg of‘%Z
- _ Component - ' fir (14) ; emlock (14) -  samples
R % \ X | ¥
- ¢ v l . . . “ ) )
_ liydrogen . 6.2 ! 5.8 - 6.1
Carbon i € 530y ¢ 51.2 o . 51.6
- Oxygen 4 39.3 y“: 39.2 41.6
. Nitrogen ° 0.0 i 0.1 0.1
._ Ash (inorganics) 1.5 ' 3.7 0.6

. - ‘ . . .
) ‘ ; N | : ) N ) e . .
$ " T KN *_,. .

g
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Proximate Analyseé o
Proximate analyses are uUsed to determine the percentages of voiatilé ~“matter, ' 1

fixed carbon and ash in a fuel A
. proximate analyses of several t s f /
and sawdust fuels are shown in the following table. ype ° bark

b
| . .
o

|, :
2
\

\

Table 3. Typical Proxiﬁfte Analyses of Moisture-Free Wbod

Fuels. (8). N , . -
‘ . - . \ Volatile »
Species oo . : matter | Charcoal Ash
L % % %
4 BARK - . ». N )
Hemlock R : 743 . 24,0 1.7
Douglas fir, old growth - ~70.6 , 27,2 2.2
: Douglas fir, yourig. growt .73.0 25.8 1.2
. Grand fir W N 74.9 22.6 2.5
{¥hite fir - 73.4 24.0 -, (2.6
Ponderosa pine ' 73.4 25.9 f_O.?
Alder | 74.3 23,3 - 1'2.4
, Redwood : - - 71.3 27 .9 th 0.8
~ |cedar bark - %86.7 1131 0.2
|SAwDUST ‘ I
| _ Hemlock " . 84.8 15.0 - 0.2
| Douglas fir o ‘ 86.2 13.7 - 0,1)
|White fir B , 84.4 - 15.1 0,5
|Ponderosa pine =~ e 87.0 12.8 0.2
Redwood * . . I 83,5 16,1 0.4]
|Cedar : . ‘ 77,0 21.0 - 2,0(¢
S N
s,“_‘)‘, )
o . R |
. » _
g
- ¥ .
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* Complett_a_'____ﬁ{:’f:seif‘*.é_'-_'asSeigsment and check answers with the answer sheet,

A

* Compl(_.éfe_z post-a';%s_f“sessment and have instructor check your qns\vers. _ {

M P
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Self k
Assessment

" Match the words ehd phrases.

e

1." Volatile matter - A, Shiny, hard coal with high
- Tt e ' . level of fixed carbon.
. 2. Fixed carbon R " B, 04l as it comes out of the
' ground. «
, 3. Anthracite - . C. 04il that has had complete
: : distillation :
) ) 4, Pulverized coal _pr ' ". D.. Makes up 77% of natural gas.
. 5, ‘Bitumin‘ous c - ‘ ‘E. Fed into furnace by air
. . stream,
l . - ,
6. Crude petroleum - " F. 'Low in sulfur content.
7. Heavy.oil G. Portion of fuel left after
L . - volatile matter is passed off.
;. ) ' ;
8. Light fuel- oil : S H. Type of coal that is best b
) T S suited as power plant fuel.
. 9. Methane v = I. 0il that has had partial R
distillation. :
10. Wood fuel ' _ J. Converts to gas when heated. 15*
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.Self Assessment
~Answers / A

o> ¢
» ; / ] “:ll ‘ "
) ” .
I 7. )
C 8
D 9

c
'
¢
}U l »
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Jost
Assessment

1. Coal is made ub of fixed carbon and | - 67/ .

2. Anthracite has 92% fixed carbon and 8% » . .

. 3. List three types of fuel oil that can be used as futnace fuel.

R

.

4L

4. The grades of fuel oil range from No. 1 to No. . , k
B . ‘ 1

5. What does the following chemical formula représent?

4 . : . ; .
@ ] -, ,

/
H-~C - H
| .
' 6, Natural gas is.made up of 77% ) 6% ’ .

A% of other hydrocarbons, 7% hydrogen sulfide and 5% carbon dioxide.

7. Describe the ash) problem with natural gas fuel.

" /8., A . analysis determines the chemical composition :of
"ZC// a fuel. R 7q
9. A ’ : analysi8 determines the pefcentage of volatile

matter, fixed carbon and ash in a fuel. ,

- 10.° Is sﬁlphur a big problem in wood fuels?

{ ‘ o 12 o | , v i
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Instructor

- Post Assessment
Answers -

1. Volatile matter - T' _ S .
2.- Volatile mattef " . o
3. Crude petroleum,jheavyfoil, light feel oil
4. No. 6 g | ) | -' B -
5. Methane
6. Methane, Ethane
'7. There is no ash proeleé.
?.N q1timate analysis
. 9. Proximate ana}ysis

10. No
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Supplementary
References

i . »

+ * Research Bulletin 17. Biolers fired with Wood and Bark Residues.
Da;id C. Juhge. Forest Research Laboratory. Oregon State University.
1975, IR IR

* Correspondence Course. Fuels and Combustion. Second Class, Lecture 5,
Section 2. Southern Alberta Institute of Technology. Calgary, Alberta,
Canada. B
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COMBUSTION —- ATR AND FLUE GASES

Goal:
{
’ '

Thef apprentice will be able to
describe air and flue gas -
‘relationships in combustion.

4

4
4

Performance Indicators:

1. Describe air requirements .
for combustion,

2, Describe flue gases.

3. Describe flue gas analysis
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Study Guide

* Read the goal and performance indicators to find what is to be learned from’

package.

L)

* vRead the vocabulary list to find new words that will be used in package.

;o * Reaq‘the introduction and information sheets.

* Co plete the job sheet., . e

'* Complete self-assessment.

*
| * Complete post-assesgment.

-

q
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Vocabulary - |

* Analyzing cells f |
f Automatic gas analyzer ' ' | - . > .-
* Carbon dioxide (COg) |
* *Carbon monoxide (CO)
R Combustible analyzing.céll T e o S e - {
r * Compensating filaments : ' L | |
| * - Excess air o % :
* Measuring filaments ';. |
1 ’ * dxygen analyzing cell A
* Sulfur dioxide (S03) | .
* Tﬂqoretical.air o
§
.\‘ . k/"’;J/
( \ " | b
. \
® - .
{ |
- 3 | .‘
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The combustion process must be carefully monitored if efficiency in combustion

is desired. Flue gases, hold the clues that tell us whether the combustion was
complete or incomplete, | . | K

Since flue gases cannot be physically measured, they must be anlyzed by chemical
procedures. This can be bccomplished by a 1aboratory approach or through the use
of automatic analyzers.

-------------------------------------- Onee--the-analyses- have been completed, the operator must make adjustments to
improve the ' combustion process. If too much CO is found in the flue gas,
combustion is incompleté and more air should be supplied. \ _ B ¢
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Information " °

Complete ‘combustion requires air for oxygen. Air contains 21% oxygen and . 79%.
nitrogen. The amount of air required for complete combustidn is - called
theoretical air. In practice, more air must be added beyond the theoretical air

to assure that all fuel comes in contact with oxygen molecules. . Excess air is
that amount of air added beyond- the theoretital air requirement. Excess air-is |
shown as a percentage of theoretical air. - | N | .-

Combustion.in the presence of excess air produces substances that 'will appear in
the flue gas. These are called the products of combustion,. Complete
combustion gives products of carbon dioxide, sulfur dioxide, water and excess O2.
Carbon monoxide in the flue gas is a product of incomplete combustion. The

efficiency of combustion can be determined by analyzing the flue gas,

Flue Gas Analysis

'

.A flue gas analysis determines the volume percentages -of carbon dioxide (COq ),

carbon monoxide (CO) and oxygen (Og). Water and sulfur content are not normally
measured in a flue gas analysis.,

The maxlmum coﬁlent.for COp of various fuels is as follows:
* Coal U 19%

* 011 15.5%
* Nautral Gas 12%

These maximums are based of absence of excess air. If excess air.is Supplied,
the percentages of COo wilfl be reduced. ' . :

The analysis procedure can \be completed by use of:

* Orsat Apparatus -- a\device composed of burrettes, bottles, bulbs and
_ valves. . S

* Automatic gas analyzer which collects the sample, tests and records ; 4
results. . . ' : . . o |

The steps in analyzing for COg with the Orsat apparatus are laboratory ‘
procedures that require detailed and painstaking effort, This process will not . - v
be detailed in this package,. The apprentice that wishes to master the process ' )
should consult a manual. The same apparatus is used to analyze for O, and CO

o

' content. ~j:> S L -
‘ _ , ‘ o

_ 2 5 L . . . . (7 . >l
v : . . . .. . L
. . -‘ * N N . R » "
T . » i o X -/ . N o e
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vy

; l‘nfor mation

. . . P,
L . . : . e 1

/ Levelling bottle’

Aspirator bulb - '

JACKET '\ > " :
N ME ASURI:JG €——— To tlue gas connection
. .. BURETTE
\ ' v
# ‘.
‘ .
cLy¥ T0 HOLD
LENELING
.
F [ - Orsat Appdratus
Automatic Gas Analyzers . y - ' \\‘

Modernlgower plants have instruments that -automatically measure the levels ofACQ;,
Op and’CO in the flue gases. Automatic analyzers use measuring filements and '
compensating filaments of platimum. Hydrogen is suppplied to the filaments from

"a tank, VWhen the sample gas meets the hydrogen at the filament, combustion

-~

A

occurs. The "two filaments will heat up to different levels which changes the
electrical resistance of the filaments. This electrical resistance is measured
and recorded automatically. The measuring devices are called analyzing cells.

', BEST COPY AvAILABLE  ©
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A

Each analyzing cell contains the io platimum filaments, . There is' &n
oxygen anallyzing cell and a Combustible analyzing cell .in an analyzer. A’
diagram of 'an automatic gas analyzer is] shown below. ' : '

4

/ - ,
. - . - . .
[ . v , ~
COMBUSTIBLES ANALYZER COMPENSATING FILAMENT THERMQSTAT -, OXYGEN ANALYZER MEASURING FILAMENT ‘
OMBUSTIBL RING FILAMENT HEATER - . L :
COMBUSTIBLES ANALYZER MEASURING FILAME OXYGEN ANALYZER COMPENSATING FIL AMENT
AIR FLOW CONTROL ORIFICE f OXYGEN ANALYZER SAMPLE ORIFICE
. I
‘AIR PRESSURE - ! “’ 7, . _ SAMPLE PRESSURE
REGULATING VALVES . _ : REGUL ATING
VALVES
- /% ) .
/»
L '~t é 57 / 5
COMPRESSED / : RN Y //é £ g E :
| AIR INLET . : 7 / ¥ 7 m—— ; GAS SerMPLE
A P Y B . ‘1t ) 7 IN
N A &; \ //4'//ﬁﬂ N AT -
Y ' = ¢ SAMPLE FAILURE :
/ ALARM SWITCH i
o - . R T ¥ .
¥ :
) ” -
* ! EXMAUST TUBE C
AIR FAILURE ALARM SWITCH - . /
HYDROGEN FLOW CONTROL CAPILLARY /
Y EXHAUST TUBE- ' .. . HYDROGEN PRESSURE REGULATOR :
COMBUSTIBLES ANALYZER SAMPLE ORIFICE
[ betiee .

-Automatic Gas Analyzer

SUPPLY

® - BESTCOPVAVALABLE

v
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*Assignment

4 - et § e e v e ————

* Read pages 13 - 20 in the supplementary reference. - N \
* Completé job sheet. -
E ] N . . . 3 . .

* Complete self-assessment and check answeérs, S g . t’

.. X N :
~#* _ Complete post-assesement and ask instructor to-check answers.
° ) * . ‘l .

.e.. | o e
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ASSIST JOURNEYMAN IN ANALYZING FLUE GAS: - '
* Ask experienced operator to assist in making flue gas analysis. -
* Observe their techniques ine _
- Pulliqg the Zhs sample , : : ' :
-~ Testifg for COp o : I
- Testing for O ' :
- Testing for CO ‘ v
* ObééﬁVé the computations of percentages:B
*_;Ask operator to explain findings. h - | U
(. - : )
N 'E#igAsk operator to explain actions to be taken as a result of the test. : '

2 If automatic gas -analyzers are used ask operator to explain' the recorded = 7
‘analysis.

B
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1, The exact amount of air needed to achieve complete combustion is called
. air.

2. Additional air beyond that needed for-complete combustion isAaded S0 ﬁhat
all fuel will be exposed to oxygen. The additional air is called’

air.
. dh
3. The products of complete combustion are ) o e
" sulfur dioxig\hcﬂzo and 0. - — ‘ .
4, A product of iftomplete combustion is | .

5. What three substances are analyzed in a flue gas analysis.

6. Are sulfur and water content of flue gases analyzgd?‘

The,ngximum'CQé level is lowest for : - fuel.
8. The

apparatus is used for analyzing
flue gases. : . :

9, What are the measuring devices in an,automatic gas analy er?

10." Automatic analyzers use compensating filaments and ! - N

filaments in the analyzing cells, : e o

R

10
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° Self Assessment

Answers

3.

S5¢

10.

_‘,\ )

3

L

[ 1
Theoretical~air

"

Excess air

N4

Cerbon dioxide

. Carbon menoxide

o

C0,, Oy, CO

F IR

- No~ »

Natural gas

. Orsat

.. Analyzing Cells

Compensating

11
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Post - { o
Assessment ‘ ~

Flue gas can be analyzed by twg‘methoda. List those methods,
\
[}

2. List two types of filaments in the analyzing cells of an automatic gas S
analyzer. . '

NN

- . ~ | * \
3. List two types of analyzing cells'in an automatic gas analyzer.. -

. 4, Air contains % nitrogen and % oxygen.

5. List the products of complete combustion.

6. What is the major .product of incomplete combustion? T
7. How;is the sulfur content of flue gas measured?

8. What is an Orstat. apparatus used for? °

9, 1Is the percentage levels of COq increased or decreased with the addition . |
of excess air? . v | . } -

4 L
10, What substances are analyzed in a flue gas analysis? '

‘ i

XN




Tinstructor 5,
‘Post Assessment
Answers

1. Orsat apparatus, automatic gas analyzer ) - .."’

2. Measuring and compensating
| - o

3. Oxygen analyzing cells and combustible apalyzing-cells Hr
4, 79% nitrogen and 21% oxygen
5. Carbon dioxide (COp), sulfur dioxide (SQ?)’ water, oxygen (0O3)

. 6. Carbon monoxide (CO) A - C | ¢
\ . , - .

) | | N

7. Sulfur is not measured. : ‘ :
8. Analyze flue gases

9. Decreased

10, ¢0, 0, CO

13.
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* Correspondence Course, Lecture 5, Section 2, Third Class.
| Southern Alberta Institute of Technology. Calgary, Alberta, Canada.
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 Performance Indicators:

Goal: .

The apprentice will be able to
describe heat transfer methods.

lo

-
-

Describe heat transfer by

conduction,

Describe heat transfer by

convection,

Describe heat transfer by

radiation,

»

4
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* Read the
package.

|
‘ : .
* :Read the
* Read the
* Complete
* Complete

* Complete

Study Guide

-

!

goal and pefformance inddcators to find what is to be learned from

vocaBulary list to find new words that will be used‘in package.

introduction and information sheets.
the job sheet.
self-assessment.

post-assessment .

: :

AR
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Conduction
Convec®ion

Convection currents

‘Forced convection

‘Heat transfer

Insulation
Joules
Natural convection

Radiation

Thermal conductivtty‘

P b ) ASALYES B e g it B3

4

ocabulary

f
s

v
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Heat 1is generated in a furnace and must be transferred to other locations.
. Water, steam and air must receive heat from the ‘boiler furnace. -,
Much of the heat can be efficiently utilized if the methods of heat transfer are *
understood and followed. The operator must understand the basic methods of heat -
transfer in order to understand the procedures in boiler operation.

This package explains the three methods of heat tradsfer. :

~
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Information

Y

Heat flows from-one body te another. The flow.is always from\the body of high

.. heat transfer.®

temperature to the one of lower temperature. The rate of flow is dependent on -

the' temperatere differences and type of material that the heat is flowing
through, The movements of. heat,/grom- one place to another is called .

Heat transfer can be accomplished by three methods.

1. Conduction
2. Convectidn
3.- Radiation

R - . A} 4
Conduction . L A

“In condpctidn, heat moves through a\hbdy from one molecule to the next molecule.

If a high temperature is applied to one molecule, the heat will. move to
surrounding molecules of lower temperatiire. An example of conduction occurs
when a metal object is heated on one end. The heat will travelfrom molecule-‘to

-molecule until the opposite end will eventually become hot. Some materials

Radiation

conduct. heat very well, ~ The ability to conduct heat 1is = called
thermal conductivity which is.expressed in joules of heat transferred. Copper
has a high thermal conductivity. Air, wool, cork and asbestos have low thermal
conductivity and are used as insulation to reduce the transfer of heat.

"

.Convection

Heat ' transfer by convection involves liquids or gases. As a liquid or-gas is
heated, it expands and rises toward the top. When it moves upward, it 1is

replaced by cool liquid that will. be heated. The water .in a boiler drum 1is
heated by convection currents. Flue gases move up the smokestack by cpnvection
currents, This is known as natural convection because it rises on its own as
the temperature increases. In cases where hot water is moved through a system
by a pump, it is called forced convection. Many residental water systems in
Alaska use forced convection to transfer heat. On -50 nights, one can hear 'the
gurgle of forced convéction as it moves hot water throughout the house.

N

Radiation refers to the emission of electro-magnetic wgves of light rays. In
the case of heat transfer, the waves are emitted from a high temperature bodies.
The receiving body willggither absorb the thermal waves; allow them to pass on
through; or reflect them“#Wly. Some materjals absorb heat and others reflect it,
Smooth surfaces tend to reflect it.-.Smooth surfaces tend to reflect heat while

’

5 .
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.rough surf’éces ab.sorb it. Air tends to pass the energy through absofbing only a
small part of the heat. : In—beiler operation, heat is transferred from the
furnace to the tubes by radiatipnz—- :

. i - :

R - ¢

L I - ¢




¢
\
¢

Read pages 8 ~ 9 in reference,
Complete job sheet, - . -
'_Complete self-assessment and check answers.

il Complete post-assessment and have instructor
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CONDUCT EXPERIMENTS IN HEAT TRANSFER

1.

_ INSTRUCTIONAL LEARNING SYSTEMS 4

p

—

Take a piece pf copper wire. Hold on to one end and stick the other end in |

the fire. Continue holding until heat reaches your hand. (CONDUQI{9N)

Hold your hand over a fireplace fire or campfire at some distance: above the
flames.l Feel the warm currents from hot ‘air and gases. (CONVECIION)

Find a spot that will allow the sun to beam directly on to your body. Feel

the warming by the thermal waves of the sun, (RADIATION)

. . v )
) ' : \
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Self
Asse§sment

'S A - : ¢
N

1. The movement of heat from one body to another is called

S <
2. The movement of heat from molecele\to molecule s called

.3, Thermal waves move from one body to$:k%@her by S .
. - : N R '
AY
4. TFluids and gases move heat hy rising upward as the temperature rises.
This method of heat movement is: called ) .
5.. The ability to conduct heat is called _ \ o .

- . . ) PN

&
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oSelf Assessment o |
Answers . '

W,

1. Heat trapsfer
2, Conduction /[~ : | .
3. Radiation

4 Convection

67
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Assessment

1. List tfree methods of heat trensfer. ) ~

’\.. n

| N
2. Which method of heat transfer is used to move heat from the furnace to
t boiler tube walls?
|
_ 3, Which method of heat transfer is involved in moving flue- gases up the
. : smokestack? : - , v

- -t \ - _

'A.A\The thermal conductivity o%bmaterials.is expressed in .

.

N

- 5. List two types of convection,

: . v .
~ “. I T . . o +
. . . ' R .
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1
-
\
N
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lnstructor ]

" Post Asses&xment -
Answers '

A . A e P . Tt AT ot Bt 4 SOkt st ey i . S S A £ D o 0 2 M i

1. Conductien, cbnvection and radiation. » |
. ” . L . \
2. Radiation.
3. Convection
B . ) \ - #
VA, Joules
P

5. Natural and forced

! g’
-
}
- 'y y
] \
v @
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- f
a Al
. . ‘
I ¢
0 -
12 o . o .‘
S
! . \

6y . | e




INSTHUCTIONAL LEAHNING SYSTEMS |

Supplementary
,References o
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* Basic Training Manual for Steam Power Plant Operatbrs.

Pacific Gas and

;& Electric Company. 1964.
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. COMBUSTION —- WOOD

, Goal: K

The abprentice will be able to 1.
describe factors affecting
combustion of wood fuel.

Performance Indicators:

- "

Describe fuel related factors
affecting combustion,

Describe air related factors

affecting combustion.
i

Describe other factors

affecting combustion,
™)

1 )
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Study Guide |UD|
‘ _ — ; - T
\'\ e . Y \
_* Read the goal and performance indicators to find what is to be learned from )
package. S s .
* Read the yocabulary list to ffhd new words that will be used in package.
[
* Read the introduction and information sheets,
Lk Cdmplete the job sheet. ,
* Complete self-assessment. *
* Complete' post-assessment.
» y, ;j
~ f
\ \ L .
. ; | .
’ v '
\ . 7“3 S |
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»

Evaﬁorgtion

- Gaseous-phase reaction

»

Moisture congent
Proximate analysis

Size of parpicle

/

abulary |\_J|

]

Turbulence
‘Ultimate analysis .
" !
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Introduction

Waste wood products are bgcoming more importaht as a fuel for steam generation
equipment. As ' forest products firms seek better utilization of their by-* . 3
products, the generation of power offers a practical use for hogged fuels. ©

The . Oregon landscapé-was recently dotted with wigwam burners and wabte sawdust
-piles. Those scenes have vanished. Hogged fuels, sawdust and barkdust have
- become valuables by—products of a forest economy. Power generation is one option

in full utilization of Oregon trees, Wood is the prime boiler fuel in Oregon
~and Washington. o , '

The combustion of wood differs from other fuels, This pabkage discusseg some of
the factars to be considered in the combustion of wood fuel.,

N |
P . . |

& v o

- . ‘L . - . N U ‘, "
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In Oregon, ﬁhogged fuel is used to generate steam in many plants because of its
. availabildty. The combustion process in wood differs from that of other fuels, *
Basically, it is a - gaseous-phase reaction. About 75-85Z of wood fuel 1is
volatile matter. and must burn in the gaseous state. ' Several factors affect the
' burning of wood :fuels and their ‘heat yield. '

<

Size of ‘Wood Particles ) , g .o | !

'Since most of the wood must be converted into a gaseous state for burning,
evaporation becomes important. The size of the wood particles determine how B

- fast the evaporation takes place. The smaller pieces, the faster the wood will

- vaporize and. burn, A surface area to volume ratio is used to designate the
effect on combustion rates by different size wood particles. '

Moisture Content - * : -

-

A‘loisture eonte‘nt\ directly .affeqts the evaporation rate of wood /fuel.
_Evaporation takes place immediately with dry wood fuel, In woods with ‘high L
moisture content, much of the heat is needed to evapofate the mdisture. The . = = .
following table shows the moisture content and relative ratio of surface to =
volume and its effect on the rate of combustidn fog'geveral types of wood fuel, = - .
. . : . s. ) ) . |

;o . B © . '\
- o ' ' - 3 L, \1‘
Wood and Bark , o Moisture Ratio Effect On’ o
Residues - - . Content (%) = Surface to Rate of -+ :
_ S - ' Volume Combustion
"ﬁlanef.Shavings (Kiiﬁ‘dry) 16 .5 ‘4_' 30
: [ ) : B .‘ C N . v : s '
" Planer Shavings (Gre¢n) o 40 - 12, T
: el ‘ ‘ Y | ‘ T T o . .
“ SaWdUSt . . ' . 35 ) . 6 . \ . 17 |
C — R o
* Note the effect of partic}e size by comparing bark and sawdust. The sawdust has . =~ °~ -

a value of 17 as compared to 2 for bark.. The rate of combustion l8 much faster
for sawdust. Likewise, compare kiln dry and green planer shavings.
-content affects the rate of combustion considerably., ‘

t

Moisture : ot
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Informatlon

Ultimate Anelyeis S ' .-?jf o o

The ultimate analysis shows that 617 poundé of air is required to burn 100
pounds of hogged fuel. The excess air can be determined directly form measuring .
CO5 and Oy and comparing it with this ultimate analysis of wood fuel.

-Proximate Analysis o o , : . -

‘The proximate analysis provides percentages of volatile materials, fixed carbon
and ash in a fuel. From 75-85% of wood is volatile matter. A 2% ash content is
of concern to an operator. Ash does not burn but it can cause ‘problems. by
-plugging up airways and grates. Mechanical collection equipment must be

. designed to withstand this high ash content. o ' ‘j -

' Method of Feeding‘Fuel e

.1e method for feeding fuel is dependent on the furnace design. In a Dutch oven'
furnace, the fuel is poured onto the top of a pile and allowed to tumble down thﬁ ‘
pile to the furnace grates. Combustion is slow in taking place. * A spreader-
stoker . furnace is fed by spreading the fuel across the grate and fall through : -
the flames. Combustion takes place immediately. The method of feeding will \_ ’
have .an effect on the efficiency of COmbustion. . : ’ *

S Distribution of Fuel in Furnace yif' '

"f .
Fuel ‘must be spread evenly over the furnace floor. Even distribution of fuel
should'be practiced in all types of furnaces.

Variations in FUel Feed Ratea o i f'f'v ' o o T \

Inc}eases in fuel feed rates to meet load demends may affect combustion.
2 Loading high moisture fuel into a furnace may cause ap- upset in the’ combustion '
A.gbrocess. The feed rate should be increased gradually--not all at once. Gradual , :

ﬁncreaics help maintain stability of the combustion process. : ‘ :

F 4

-

.Depth of Fuel Pile:in Furnace A L ST | - :

" Deep piles of ' fuel cause a decrease in airflow under the- fire. Most wood

furnaces ' are- not equipped to vary the air pressure. In Dutch oven furnaces,
& changes - in' fuel pile depth causes changes in the transfer of radiation heat,
‘ Care’ ahould be given to maintaining a fuel pile depth that is constant.

1 i
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Separate Firing Practices

- Sometimes, several types ‘of hogged fuel are.used at the same time., Some

operators mix the fuels together and others feed' them into the furnace

separately. - Quite often sanderdust and bark are fed separately. Problems in
combustion can arise when different fuels are fed into the furnace.  Sanderdust

is highly combustible while bark is legp combustible. The uneven combustion

rates may lead to,problemavin stabilizing the combustion process.

/ . -

. Auxiliary-Fuel Usage

AY

Other fuels are often Used to support combustion of high moisture wood. 'Coal

and oil contain sulfur which creates air pollution. This may not be desirablg
when air pollution standards are to be met. Natural gas is-a good choice .o

auxiliary fuels because it is relatively free of ash,

.&rcentage of Excess Air

Adr Temperature L ' \\

Some excess air is necessary for the combustion process. -—Too-much-excess- -air

creates problems. Manufacturers recommend 20-50 percent range as being optimum

for excess air in hogged fuel boilers.

»

When air _enters the combustion zone, it should be preheated. Preheated air is
important to drying of ‘the fuel and speeding up the combustion rate. -

- Ratio of Overfire to Underfire Air . /ﬁ

The ratio will vary with the design of the furnace. A theoretical ratio shows
that 75Z of the air should be supplied above the fuel pile and 25% below it.
Fuel moisture content and furnace design influence the ratio. With som% high
moisture woods, the underfire air should make up. 75% of the total air,

[

Turbuience of Air o Ve

— w

. ] . :
Complete . .combustion requires thatoxygen molecules must come into gontact with

+ each fuel molecule, In order to make this contact, the air and fuel must be

o

tossed around by a gas flow in the furnace. The more turbulence of air, the . .

better the combustion process. Well mixed fuel and air is safer because fuel

vapors are not allowed to collect in pockets. Explosions can be the result of

uch vapor pockets.

r
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. - Flow Relations Between Forced-Draft And Induced-Draft Systems . o .'

Some hogged fuel furnaces do not have balanced, .automated draft systems.  Such

combustion, in the form of emissions of smoke cinders and other pollutants can be
. observed -«coming out of the stack. - ' ‘

Other_Factors ~ ' | R .

Soot and ash dgposits must be regularly rémoved if good combustion conditions .

. are to be maintained.

A

Boiler cleaning qnﬁ_maintenance'is important .to good combustion. o

/ : :
The water level in the steam drum should be maintained for optimum combustion.

‘ installati®ns do not have good control of thé combustion process. Incomplete

T
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- Assignment
Read pages 19-29 in‘supplementa:y reference.
Compléle the job sheet, |
, . *
Complete the self-assessment and check answers.
_ Complete the bbst-assessment and ask instructor to check answers.
N _ ;
®
o _
® \
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| " VISIT WOOD BURNING BOILER s B o
o | { | | ‘. 2 . '
* Locate a nearby plant that uses wood as a fuel,
" * Ask permission to visit and observe wood fueled equipment.,
i* Det&rmine' _ . = . L o *

- what type of hogged fuel- s used? .

'~ How is the fuel processed before entering furnace?
- - What kind of furnace is used? o . .

- W@at type of draft control is used? ! ' _
Does the plant use an auxiliary fuel? What kind? _ ‘\‘
g - Dbes the plant use separate firing practices for more than ‘one kind of

; hogged fuels?

’ - What types of equipment are used to monitor fuel air, exhaust gases?

- What special equipment is used to control the combustion process? .

- How is air pollufjion monitored? »

A -
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JSelf
Assessment

o

1. What'percentage of hogged fuel is volatile matter?

2. The rate of evaporation is 1argely determine by ‘ _ - of the
- wood- particles. : '

“*3, Which has the higher moisture content——sawdust or bark? .

S

4, Which will burn faster-—sawdust or -bark?

. "
5. What is shown in a proximate analysis? -

6. What is shown in ‘an ultimate gnalysis?

4 I‘
LI 4

- 7. Should wood fuel be fed as a pile of fuel or spread evenly over the furnace?

8. What is caused by making the fuel pile too deep? o R - | 1ﬁ 

’.

9. What is the ma jor disadvantage of coal¥wnd oil as auxiliary fuels?
: ’ q . ) -

»

+ ' L

10." Why is air turbulence. important to ombustion?

g AR
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o o Self Assessment
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Answers =

/‘. K’

*

L
-
*
&0

' o _ I ) o
&¥ " 1.-75-853% , ' .-
” , : .t
2, - Size \ \ ! d
. . | ._I!"
3. Bark e A . . 3 .
" b4, Sawdust ' oy \ 1
5. Pe:cehtages ef,volatile matter, fixed cefbon anﬂ-ash in fuel
| ‘6. Per;:entages of carbon, hydrdgen, oxygen; nityogen and ash in fuel
1 - .
' 7. Spread evenly over floor ) ‘
. ' A
| . i
| ﬁ? 8. Decreases in airflow under the fuel pile
9. 'Adds air pollution problem .
' ! ) . .
10, Aid combustiom. and prevept gas vapor pockets
Y TN . - ' . )
v .'4‘
) LY '\.
v S
" .
@ 'V :
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“Assessmeht

%
1. In systems without good draft equipment, what are some observable signs of
incomplete combustion?

Y
- , ) - ' '\’

_ B _ ' 3
. 2. Which furnace would offer the fastpst rate of combustion due to its method
ks . ' of feeding--the Dutch oven or ‘a spreader-stoker type? :

-

9 ; . ) ¢ o'

| 3. When there' is a sudden demand for steam load -should the operator increase
. the feed rate gradually or all at .once?
\
|
|

1 w0 )
.4 Why do small wood particles give better combustion xfatea than large
particles?

¥ - 5. The effect of particle size on combustion rates is described as a surfacej
area to ratio. : : ‘

6.. The pertientages of oxygen, hydrogen carbon, nitrogen and ash in a fuel is
determined by _ analysis

7. The percentages of volatile matter, fixed carbon and ash is determined by
a _ analysis of wood fuels.

8. The theoratiéal ratio of air naeded for combustion is % supplied
as overagir and . - 7 as underair. *Due tawglesign - differences this
‘ratio doks not apply in many furnaces. v ' . v

9, List two reasons why air turbulence is dimportant to combustion?

| ' ' .
' . * B ' Y

-1Q. Does the airflow inc eggg,or decrease under the fire when fuel is piled
too deep? : —

13 o | ’
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Instructoﬁ I

Post Assessment
Answers

10.

Smoke cinders and pgllutants passing .oul the stack o s | \{ Qi

J . . . ) 4
Spreader--stoker - e ) \

3 .
Gra@ually
. . )
'. v . . . . .\ 5

Allows evaporation to take place faster S o -
Volume | - L - \ B

Ultimate analysis
Proximate analysis - o ¢

75 % q?%fgﬂr and 25% underair .

Mixes fuel and air molecules and prevents fuel vapor pockets which may
cause explosions, b o .
\\ 3

Detrease y

[y
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