Beckett Online Training
Series 1: The Basics of Oil Burners

Module 1: Combustion Basics
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©Beckett Cor'pok'ati-on 202000 4 _ ,



This series will focus on the combustion cycle and set up of 'Betkett,AF/A.FG o

burners. Upon completlon of this serles you should be able to
* List the components of a combustlon cycle | |

Apply and adjust a fuel unit / fuel pump

Show how input rating changes d|rectIy with a change to pump pressure iy

State the differences between an AF and AFG burner ‘
Set the electrodes and head posntlons usrng the Beckett 1-501 and Z 2000 gauges

Set the Z dimensions for:
— F heads
— M air tubes :

Benefits of solid-state |gn|ters :

Understand operatlon and sizing of draft regulators

Understand nozzle types
Learn |mpact of 0|I temperature on operatlon

Commlssmn a burner usrng the 4- step combustlon effrcrency test




Components of Combustion

Air, Fuel and Heat

Drummed into us since we began in the trade

Combustion is possible when all 3 a‘ré _'b:ala"hced '

Combustion is defined as “rapid oxidation”

The “balance” effects quality of combustion
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Combustion

©Beckett

Combustion is defined as th"e‘ ra'pid» oxidation off'a fuel |

OX|dat|on occurs when an OX|d|zer reacts W|th the
fuel, in our case heatlng 0|I

The OX|d|zer comes from combustlon a|r

For our purposes air contams 21% Oxygen and
79% N|trogen* ‘ ‘ |
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 *The c‘o“rhpoSitibh:o:f excess air is
predomlnantly N|trogen W|th |
varlous other mert gases




3 T’s of Combustion

TIME
* Normally, combustlon reactlons are so rapld that the t|me to complete them seems mstantaneous

* Agood example is the combustlon of gasolme in an mternal combustlon englne |

» However, natural gas or a droplet of oil will traveI severaI feet in the furnace and requnre a flnlte
period of time between the start of |gn|t|on and the completlon of burnlng g

https://www.myodesie.com/wiki/index/returnEntry/id/3054 .

©Beckett Cor'porati'on 2020



3 T’s of Combustion

TEMPERATURE ‘ ‘ o
. Ifa mixture of air and fuel is heated gradually, a temperature WI|| be reached at‘f
which outside heat is no Ionger requlred and rap|d combustlon occurs

¢ This temperature is referred to as the |gn|t|on temperature and is deflned as

the temperature at which more heat | is generated by the combustlon process ;
than |s lost to the surroundlng atmosphere | ‘

* At this point, combustlon becomes self—sustamlng

* Below this point, the fuel/air. mlxture WI|| not burn freely and contlnuously
unIess externaI heat is supplled | -

A‘ '"https‘://www.‘myodesie.com/.wiki/indeX/:-r‘.eturnEn_trY/ id/*3'0"5'4' .
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3 T’s of Combustion

TURBULENCE

* |f the fuel and air are mixed in SW|rI|ng paths |nstead of each i
flowing in streamlined paths, combustion will be greatly W
improved because the mixing of fuel and air is more complete,'_ e

~* The proper amount of air for a given amount of fueI means
nothlng if the two are not mlxed : G

ht‘tps://www.myc")desie.com/Wiki/index/ retuknEntfy/idv-/3,‘C)54-;, \
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Combustion Air

. Combustlon air |s deI|vered to the atomlzed fuel by the motor and fan
There are 2 fans used by Beckett for most re5|dent|aI burners

il One is for the AF

— The other for the AFG and NX burners

©Beckett Cor'porati'on 2020



Combustion Air

* Fans are driven by an electric motor

. ‘Modern Beckett re5|dent|al burners use -
3450 rpm PSC motor | ‘ B

. Fan is held to the rotor shaft W|th a set screw

. Motor comes up to speed rapldly and drlves the»__ .

fuel unit through a pump coupllng
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Combustion Air

» NFPA 31 and IMC require 50ft*/ 1,000 BTU/hr input
| when combustion air is provided by the Spdee:

* Based on:
— 0.5 Air Changes per Ho_urf_

— 1draft regulator or drafthood
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« Installation: 3 section pin boiler, .7Sgph nozzle

L 75X 1A0,000 L e 408,000
_ 109,000 / 1000 - 109
L bohis0 s e s

* When combustion air iS_su-"ppIiéd-frvomth‘e | L
boiler area there must be 5,450ft? of freeair

* To provide proper air the spacé'fequire_d must

~minimally be 720ft? at a ceiling height of 8
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Be careful!

* Remember...We have based our caIcuIatlon on free a|r o
space, one draft regulator and an air change of 0.5 / hour

_ To have adequate combustion air there must ,:be
enough space to stack 5 450 boxes 1’.X X1

* |sthere anythmg else that vents air from the bwldmg?
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Draft Control

* Draft controls will mamtam proper contact
time of combustlon air W|th|n the f|rebox .

Breech pressure and overflre pressure
measurements assure con5|stent combustlon

RC Drasrt CONTROL

Typlcal breech pressures are

— -0.04 vertlcal fire tube warm alrfurnaces _'

“and two pass pm style b0|lers

— —0 02 to O 03 for 3 pass b0|lers

S Check manufacturer s I&O for contact tlme
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Draft Control

When 0 Use a Draft Control
Power Burners |

* A power burner is de5|gned so that a fan dellvers:
negative air pressure to the combustlon chamber

~ Asingle- actlng draft control for 0|I malntalns that
negative pressure ‘ - i i

FIELD

RC Drart CONTROL
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Draft Control

When to Use a Draft Control
Power Burners

* A power burner deS|gned to burn natural gas or LP‘ e
gas operates in the same manner. | i

RC Drast CONTROL

f"‘\
L

- While a draft hood (d|verter) is often used on gas i
_units fired with an atmosphenc burner a double- . :
acting barometric draft control should be used for;;iﬁ‘»'- ‘[ |
furnaces and bOIIers f|red W|th power burners W e
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Draft Control

). A

d -

When to Use a Draft Control o 3
| lsad ™ i

Draft Inducers / Power Venters

* With these deV|ces draft is rncreased or created
causing quctuatlons in air flow through the
' combustlon chamber

* These quctuatlons can be negated by the use of a0
barometric draft control located between the
 draft inducer or power venter and the furnace i g
b0|Ier or water heater |t serV|ces il | e
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Draft Control

When to Use a Draft Control

Draft Inducers / Power Venters

- Usea smgle -acting control for 0|I and gas flred i’ |
equment with a power vented system el

* Use asingle actlng control for oil and a double— i
actlng control for gas flred equment W|th a o}
draft mduced system | s
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Draft Control

When to Use a Draft Control

‘Forced Draft Burners , : . ] i
- Forced draft installed W|th a stack helght e
~excess of 30’ will probably develop excesswe i
~natural draft, reducmg the amount of pressure i i
‘within the furnace or b0|ler G e

il barometrlc draft control Wl|| help ellmmate ik
this unde5|rable stack actlon and permlt the unlt b
to be pressurlzed i ' R
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©Becks

Draft Control

i Install the regulator properlv'

* The Regulator can be mstalled ina buIIheaded' j. ol

~ tee for atmospherlc gas flred systems

* Install the regulator in the branch for power
burners fan assist or solld fuel appllcatlons

tt Co‘r'pok'a_ti-o-n 2070 5

Atmospherlc
Gos Fired Sysfems
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* Fuel units are available in |
‘different’conﬁgurations

~+ There are two basic models: .
— Single stage

— Twostage

* Many are specified with avalve

~ to control oil delivery timing
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| . Each design can be applled as smgle plpe or two /
pipe, depending on the mstallatlon '

* Single plpe is used when vac I|ft is beIow 6 8 hg‘”»‘ ‘
« Use two pipe when vacuum Ilft exceeds 8”hg
* Use two stage when vac. In‘t exceeds 12”hg

- Use a lift pump if the vac Ilft exceeds 15”hg
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PF103x3 PF103x2

i

PF104x2
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PRESSURE
ADJUSTMENT SCREW

NOZZLE PORT BYPASS SOLENQID  INLET PORT

3/16 FLARE VALVE
FITTING

»
CLCANCUT

» oY
e AW

1/4 NPTF

CORDSET

=

T RETURN PORT

INLET PORT
1/4 NPTF

{INSTALL 1/16" BYPASS PIPE
PLUG FOR TWO-PIPE
SYSTEM QNLY,

{USE 5/32" ALLEN WRENCH)



Beckett CleanCut Pump

CLICK HERE TO WATCH VIDEO
ON BECKETTCORP.COM

Click the button above to access to go to
BeckettCorp.com to watch the video
shown on this slide



https://resources.beckettcorp.com/beckett-training-online

With
Valve

- 30 Seconds + 30 Seconds

Without
Valve

- 30 Seconds




» Vacuum expresses the abse”CQOf-vpressure' ,
* Physics states that high pressure travels towards a point of lower pressure
* The gear set within a fuel unit p’érforms _two,fUnctiohs;’ﬁ nl . 5

— Create a point of lower pressure at the entrance of the g'ear-iset P

— Pressurize the oil at the'e)(itb'f“‘the gearset . i
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Fuel Units

and Vacuum

s The gearset turns WitHin;theffuael'rud.r'iiftv'ﬁ_v{'"‘i_‘

Wi Rotatlon draws product in by creatlng a vacuumf '

. "Product is pressurlzed as |t Ieaves the gearset

AL cutoff speed p|ston W|II move back towards
| pressure sprlng, fueI will exit nozzle port )

~* Pressure to nozzle reaches set pressure at fuII L
motor speed | Gt ‘

i Y
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Entrance to gearset

* Product enters strainer cover and is drawn
through strainer medla _ Al

- Entrance to gearset chamber is JUSt below i
midline of unit P

- When product IeveI drops beIow entrance unlt
will act as if there is no product (out of oil)
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Effect of Vacuum

* Asvacuum increases, pressure decreases

Pressure holds matter toge'ther e

FueI Oil will start to"degas creatihg mic"r'obubblesr

Mlcrobubbles W|IlcoIIect causmg foam that Bt
similar to the head on a glass of beer i Iy
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Effect of Vacuum

» As vacuum rises the foam WI|| f|II the strainer cover i
area, fmaIIy reachmg the gearset ports |

"« The microbubbles appear around 6” of vacuum
 Typically they are very visible between 8- 10”

AL the end of cycle the foam W|II dlSSlpate I|ke that
headonabeer ‘ e G e

* There’s the no heat that stumps you Lt Ll

. H|t the reset, then |t comes back Iater
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Effect of Vacuum or Air Leaks

~ * Oil supply must be free of airleaks
Bubble Trapped and Compress ! ] R s U s R R e SO AR 3
7 to 10 Times During Operation o el ‘ RO . S R W 1 i SO ;

-7 . | = Additionally the supply must not create excessive vacuum

<. | * Airleakswillintroduce air bubbles into the supply

& ]ﬁ@)% * High vacuum will create foaming within the fuelunit

ir u e ; \ \ ° o g A i o1 i i } { ‘ ‘ .
g i o iy ~*  Microbubbles will cause an after drip when they expand at rest

Figure G

(@)
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Pump Pressure

Cut-off Test




Pump Pressure

Cut-off Test

* Apressure and cut off test can be conducted usnng a properly mstalled pressure gauge ’
Pressure should hoId steady to the manufacturer S settlng

) Pump cut off tests are conducted to ensure the pump cut-off |s seallng at the end of cycle
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Pump Pressure e
Cut-off Test S‘,"* s

B ‘»Noi‘-se Ohf:-star‘.t; S

G Loss of prlme
s After drlp / accumulatlon of 0|I"f“f, o

in the combustlon area A e
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Pump Pressure
Cut-off Test




Pump Pressure
Cut-off Test
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Pump Pressure
Cut-off Test

©Beckett Cor'por'ati‘on 2020



Pump Pressure
Cut-off Test
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Priming the pump

: Ready yourself for prlmlng
il InstaII a clear plastlc tube over the bIeeder | |
% Run the tube to a contalner W|th o|I |
- Initiate a caII for heat’ |

— Open the bleeder W|th a 3/8” open end wrench

i BIeed until the 0|I runs cIear free of foam or bubbles‘ i

— Close bIe’eder and “chec»k for Ieaks‘ _

©Beckett Cor'porati'on 2020
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No Teflon Tape /
Compression Fittings



Good Flare Joints!




100psig

0 psig

Atomization

Fuel Ieaves nozzle at 100 PSIG

Flrebox area |s O PSIG

FueI atomlzes after I|qU|d sheet duei
to pressure drop e R

©Be
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NOZZLE CAPACITIES

U.S. Gallons per Hour No. 2 Fuel Oil

: _'v=x§Do not exceed the applrance rat ng' :

e Consult a pressure chart when

o 'fchanglng pressure o

Rate GPH OPERATING PRESSURE: pounds per square inch

@ 100 psi 125 psi 140 psi 150 psi 175 psi 200 psi
0.40 0.45 0.47 0.49 0.53 0.56
0.50 0.56 0.59 0.61 0.66 0.71
0.60 0.67 0.71 0.74 0.79 0.85
0.65 0.73 0.77 0.80 0.86 0.92
0.75 0.84 0.89 0.92 0.99 1.06
0.85 0.95 1.01 1.04 1.13 1.20
0.90 1.01 1.07 1.10 1.19 1.27
1.00 150 B 1.18 1.23 1.32 1.41
1.10 1.23 1.30 1.35 1.46 1.56
1.20 1.34 1.42 1.47 1:59 1.70
1.25 1.39 1.48 1.53 1.65 1.77
1.35 1.51 1.60 1.65 1.79 1.91
1.50 1.68 1.77 1.84 1.98 2.12
1.65 1.84 1.95 2.02 2.18 2.33
1.75 1.96 2.07 2.14 2.32 2.48
2.00 2.24 2.37 2.45 2.65 2.83
2. 25 2.52 2.66

2.76

©
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318 B

Remember

pump pressure

. 'A‘Nozzles are rated at 100 p51 o
LIf you change the pressure the mput
‘ ratmg changes ‘ | {




NOZZLE CAPACITIES
U.S. Gallons per Hour No. 2 Fuel Oil ®
Rate GPH OPERATING PRESSURE: pounds per square inch U S I n g t h e c h a rt
@ 100 psi 125 psi 140 psi 150 psi 175 psi 200 psi
0.40 0.45 0.47 0.49 0.53 0.56 e A
0.50 0.56 0.59 0.61 0.66 071 [ e sl
2 e o i P I T The appllance |s rated for 1 OO GPH
T s i N S 153 : input. Presently the burner has a
0.75 0.84 0.89 0.92 0.99 1.06 [l 0 85 nezzle at 140 p5| ’
0.85 0.95 1.01 1.04 1.13 120 8 V.Cold 0|I |s affectlng Ilght off You want
0.90 1.01 1.07 1.10 1.19 127 [ increase pump pressure for better
1.00 1.12 1.18 1.23 1.32 141 8 ""/_‘atomlzatlon R R
ot e LG 1 e 156 | = Check rating of pump Is |t rated tp
1.20 1.34 1.42 1.47 1.59 170 | '.‘,200 p5| for thls Input?
1.25 1.39 1.48 1.53 1.65 177 F
1.35 1.51 1.60 1.65 1.79 191 [ Contlnue 'f 50
1.50 1.68 177 1.84 1.98 2.12 ‘ '
1.65 1.84 1.95 202 2.18 2.33
1.75 1.96 2.07 2.14 2.32 2.48
2.00 2.24 2.37 2.45 2.65 2.83 i
2.25 2.52 2.66 2.76 2.98 318
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NOZZLE CAPACITIES
U.S. Gallons per Hour No. 2 Fuel Oil ®
Rate GPH OPERATING PRESSURE: pounds per square inch U S I ng t e C a rt
@ 100 psi 125 psi 140 psi 150 psi 175 psi 200 psi
0.40 0.45 0.47 0.49 0.53 0.56 i
0.50 0.56 0.59 0.61 0.66 0.71 R i L R
2 e e ) P oss | Presently the burner has a O 85 nozzle at 140 p5|.
0.65 0.73 0.77 0.80 0.86 0.92 |8 ‘vPICk a pressure Iet S say 175 psr for th|s example.
0.75 < 084 689 697~ 0.99 1.06 [ G h 175 I F d h
® sl
s A T e I 20 | o tot e p5| co umn m an lnput t at |s s
0.90 1.01 1.07 1.10 1.19 127 [ C|OS€ tO 1 00 GPH : "
1. 1.12 il 119 1.32 1.41
s 2 - - . FoIIow the row to the Ieft column
1.10 1.23 1.30 1.35 1.46 156 |
1.20 1.34 1.42 1.47 1.59 1.70 e '.That is the snze nozzle at that pump pressure
1.2 1 1.4 i 1. 177 0
2 i i %2 2 e Use the same pattern and angle

1.35 1.51 1.60 1.65 1.79 191 [
1.50 1.68 177 1.84 1.98 212 [ What happens when 't Warms Up?
109 bid i e il At . The burner Ilghts eaSIer and may sound quleter
1.75 1.96 2.07 2.14 2.32 2.48 Py e e L
2.00 2.24 2.37 2.45 2.65 2.83
2.25 2.52 2.66 2.76 2.98 3.18
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It’s your turn.

 What other questions do you have?
' ‘ CLICK o K THE EPEs -

Click the link above fo’access- ‘Beqkett’s new:Ask" the Expe"rts‘ featu‘r‘e i
' and send your question directly to our technical team — we’ll
~_respond within 24 hours (usually sooner) :
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