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RURAL ALASKA ENERGY MANAGEMENT EFFICIENCY
RECOMMEDATION FOR OIL FIRE BOILERS
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1. INTRODUCTION

Throughout rural Alaska oil fired boilers operatsay around at their highest set point temperati86-Z0C
degree’s). When it is 70 degrees outside air temtipe, the boilers continue to buwihjust to maintain boile
high set point temperature (even if there is nd less from the facility being served). In the winbecaus
of storage in above ground outside oil tanks, ocdltemperaturdias such a drastic effect on oil fired hee
equipment; it shows this often by the blackenedholly (on the roof) caused by soot from a malfunaig
oil burner. The author of this report has obsefvested fuel oil conditions” in rural Alaska.

The purpose for this report is to recommend togiésy engineers, owners/maess the importance
installation of appurtenances on oil fired equiptrtéat minimize wasted fuel oil and cold oil temperas
conditions. The result is significant; e.gubstantial fuel oil savings is to be realized froifrburners that ar
used for boilers and furnaces in rural Alaska (1&%@0% plus of fuel costs). An improvement basulsar
electricity is saved and oil fired equipment valst longer with lower maintenance and man-hour egpe

Since 1965, the author has designed, installedramatained oil fired heating systemsamstern and northe
areas of AlaskaCurrently he continues to hold a State of Alaskaimical Administrator’s license whe
gualifications also include the followin@uilding Heat Loss to calculate heating load regmients for o\
pressure hydronic boilers and heat emissions (lo@itseboard,etc); Oil fired burners and oil pumjsgylBiwo
pipe oil systems; Monoflow, direct return, reversturn, and loop hydronic circuits, primasgtondar
controls, heating circulator pump GPM flow requients, heating pipe sizing and pressure dropsjve
water velocities, pumping heads/static pressuregtifte system curves, and comtnalve CV ratings
Mechanical drafting and layout; Automatic temper@itontrols and electrical wiring.

The author’s knowledge and experience has beeveden part from relationship with the followingell &
Gossett, ITT Industries, Johnson Controls IncofgokaControls Systems International, Alagkafession:
Engineers, Master heating mechanics and Anchoramen@nity College. Since 1990 fuesigned ar
installed automatic energy saving controls forfiodd boilers in rural Alaska with 22% to 40 fuel oil
savings.

As a member of the heating discipline professibe,author has become aware of imporgattitions to o
fired heating systems that improves performancesawmds fuel oil for consumerBhe additions are descrik
in the following paragraphs.

1.1 THE INSTALLATION OF A PREHEAT OIL DAY TANK FO R COLD OIL (Below 32F)

Oil burner nozzles characteristics are factory-kbdonith No.2fuel oil, 34 to 36 SSU fixed flow propert
(viscosity) at 100F. The fuel oil industry repattst fuel oil supplied for oil burners has a visgosvhich
scarcely alters for temperature changes above@ambustion will therefore not alter significantly lmng a
oil temperature is held above 32F. Certain probleam occur on oil fired equipment where the aiktianay
be exposed to temperatures lower than 32F. An agawend outdoor fuel oil tank for examptan easil
become quite cold so that the oil thickens enowgbhange the atomizing pattern of the nozzhs the
temperature of N2 fuel decreases the viscosity increases.

A change such as this (oil thickens), will resudttly in oil droplets becoming bigger thus makimg oil
burner flame longer and more “sluggish” in burninfi. also increases nozzle output resulting in dgeiok
burner operation, the end result of which is sadted in the combustion chamber and ,figeg. Blackene
chimney described in Introductiorijests have shown that a soot layer just 0.03 ihatk treduces he
transfer by 9.5% and a 0.18 inch layer by 698&!a result, more heating fuel oil is burnied.

The significant correction to this problem is thielition of a preheat device and/or placement ahside oi
day tank to preheat the “cold” oil. This can maimionsistent viscosity of the fute within acceptable rang
improve atomization and reduce nozzle fuel floverésee appendiNozzle Knowledge’showing viscosity).

1 Improving Energy Efficiency Natural Resources Canada - Office of Energy Efficie



1.2 THE INSTALLATION OF AN ENERGY MANAGEMENT AUTO MATIC CONTROLLER

Many boiler plants have simple outdoor reset controls; sonie have conventional manual
controls which essentially tell the boiler that the supphpgerature of the boiler water or glycol
is hot or cold. More sophisticated Direct Digital Caotdgr (DDC) provide much more precise
control andsave significant amounts of mond@ye DDC have logic to anticipate what the water
temperature of the boiler supply water should be accordngutside air temperature and
computation of trends to meet building heating loads. This mékea more accurate and
constant supply hot water temperature without large boiepé¢eature swings that is typical of
conventional manual controls that waste energy and fuel ogcODigital Controls are also part
of the strategy of preventing boilers from rapid cycling, Igtarting and stopping your car
repeatedly, this wastes money. The benefits in the ugDaf automatic boiler controls are:
“Less fluctuation of indoor temperature; Reduced expansion noises; Reducgdiljppsof
thermal shock; Nearly constant water circulation and; Reduced fuel uéage”.

Through observation of facilities in rural Alaska, thehautnoticed oil-fired boilers operating on
simple outdoor reset and conventional manual temperatureolsoniihe manual temperature
controls were set at 180 to 200 degrees year arounderiergy Management for Boilérsa
supplement to this report), the author describes furtherethdts of the large of amount of fuel
wasted when conventional manual temperature controls anggbegear around. On page two of
the supplement, pictures delineate building heat loss and thenamf BTU’s needed to heat a
building based on different outside air temperatures.

In summary, when the boiler set point temperature is attoatly set back to burn only enough
fuel to maintain building heat losjel oil is savedAs an example, when its 70 degrees outside
air temperature, the automatic boiler controller will stig boiler down, when the outside air
temperature is 30F degrees the boiler controller will auicedly set the boiler water or glycol
supply temperature to 150 degrees. This results in the baiteer running less with less fuel oil
consumption and electricity is saved. Therefore, theabynecessary correction to wasting fuel
oil in rural Alaska andaving significant dollarss the addition of an automatic boiler controller
that works in conjunction with the existing conventional macoatrols.

1.3 CONCLUSION

Because of today’s oil heating prices in rural Alaska, tieereige fuel oil savings in heating by
the addition of a preheat oil day tank and an automatic tertope boiler controller. Payback for
installing automatic controls on a boiler and a preheatatsly ltas a one to two year payback on
the initial capital investment. The payback would be certhin, it varies depending upon
building circumstances surrounding the installation’Hnergy Audits Have Proven Paybacks”
report, the author performed an energy audit for Mark#ilinas in 1992, and in an actual
automatic boiler control installation saved Markair 40%us costs; exactly what the average
projected savings should be according to the audit. In 2G0Rutomatic control installation
resulted in a one year payback for the Bethel Moraviauré@hn Bethel, Alaska.

2pm Engineer Magazine John Siegenthaler, P.E. Februagp@Z, Outdoor Reset Control



2. ENERGY MANAGEMENT FOR BOILERS (Automatic Controls)

Before getting into technical details about how automatic bodetrol works, it's important to
explain how your boiler, home or commercial building and the @eit8ir Temperature (OAT)
should work in harmony with each other. If all componentswamking together you will have
18% to 30% “savings or more; that's Energy Managementéte 4 how it works:

If your house or commercial building has a lot of air letandows, doors, heavy traffic, etc.),

not insulated properly, the boiler will run excessiv@gilers that run 365 days of the year, with
a constant set point temperature of 190F to 200F wastenartd®us amount of fuel. Especially,

on days when the Outside Air Temperature (OAT) is warnidlibgi heat demand and heat loss is
low.

Boilers three years or older that have not been clesaesks a percentage of fuel oil used to go
right up the stack with no effect in providing BTU's needed to theatvater or glycol. Secondly,
many older oil burners are not energy efficient since theytr60% efficiency. New burners are
now available that have 85% efficiency or more.

Another important factor of old boilers, minerals interaover a period of time will cake on the
inside water jacket of the boilers. This causes longer bomeycle because the caking prevents
the water/glycol to heat properly. Recommended is usingwater to help prevent this from
happening.

Mentioned are BTU's (British thermal unit). BTU's is how measure the quantity of energy.

Examples are: if you burn one (1) gallon of # 2 fuel oil in yaiter per hour, 140,000 Btu's is
generated. Building heat loss is also measured in BTU's.

Figure “A” (below) and pictures following (diagram 2.1) amurf interesting and separate
scenarios in boiler set point temperature by Outside Ampegature (OAT) change. The home
selected is a 1200 sq ft and is built off of the ground bngsi The under floor has a plywood
soffit. 90 feet of baseboard is needed to meet buildingrigedémand. Heat loss calculations are
based on these Coefficients of Transmission (“R"& "Wtdas):
v R-24 WALLS: 2x6 wood studs; T1-11 siding; 6" R-19 insulation; vaperier; 1/2"
sheetrock

v" R-38 CEILING: 12" insulation; vapor barrier; 1/2" sheetrock

v R-22 FLOOR: 1-1/8" plywood; TGl's; carpet; 6" insulation; 1/4" phpd soffit

v U-2.07 DOORS & WINDOWS: 2 ea insulated metal doors; 6ea datvframe double
pane windows (U-2.07).

The baseboard radiation chosen for this scenario ig@&#fential manufactured by Weil-Mclain.
With 65F entering air the radiation has an output of 630 Riaislinear foot at 190F average
degree water temperature. As the building heat loss demaradslothe radiation has lower
output to meet demand.

DO NOT USE THE TOTAL HEAT LOSS BTU's FOR THIS HOUS®E CALCULATE YOUR
BOILER. Other factors are added to these calculationstdthEheat loss shown is for building
demand only.

FIGURE A: BOILERS WITH AUTOMATIC CONTROL

OAT HEAT LOSS BASEBOAREYU OUTPUT BOILER TEMP
+70 F ZERO ZERO ZERO
+30 F 20,028 BTU 580, BTU 150 F
-10F 41,112 BTU 9B, BTU 170 F

-25F 49,018 BTU 30, BTU 200 F



21 DIAGRAM EXAMPLES
Heat Loss & Boiler Set Point Temperature

Plus +70 F above Zero
0 Heat losses — BOILER OFF

ROOMTEM | |

| i
i A HEAT LOSS mwm
TOTAL HEAT LOSS I

20,340 BTU
¥

Plus +30 F above Zero
20, 840 BTU Loss — Boiler Min set: 140F

L HEAT LOSS wem
TOTAL HEAT LOSS I

.I_,‘J4“l,112 BTU L
+

Minus -10 F below Zero
41,112 BTU Loss — Boiler Set point 170F

ROOMTEMP
TOF i
| SE— HEAT LOSS mem
TOTAL HEAT LOSS I
49,018 BTU
+

Minus - 25 F below Zero
48,018 BTU Loss — Boiler set point 200F

Boilers that are manually (conventional controller)

set at 190F/200F with the Outside Air Temperature
(OAT) above 65F are using excessive amount of fuel
oil, needlessly. Over an extended warm spell, this
amounts to wasted expense and energy.

When the OAT reaches 30F, -10F etc., boilers need
to supply only enough BTU to meet house heating
demand. Let's discuss this a little further:

If the OAT is 30F and the house heating demand
only needs 20,000 BTU to maintain 70 degrees F
house temperature, the boiler only needs to supply
enough heat to meet that demand. In the diagram
(+30), the house needs 20,340 BTU, the 90 feet of
baseboard has an output of 31,500 BTU. The boiler
can supply that output at 150 degree set point
temperature.

In rural Alaska there are two typical installations to
wire Thermostats to the boiler:

1. Zone controls are wired directly to end
switches to control the circulator to make
the boiler independent. The Honeywell
controller is jumpered at the TT to provide a
10 to 20 degree differential from boiler set
point temperature. In other words: If the
boiler is set to shut down at 190 degrees the
on cycle would be at 180F or 170F

2. Thermostats are wire to zone valves than
directly to the boiler controller. In this case
when thermostats are not calling for heat,
the controller goes to its low setting of 140
degrees. As long as the T-stat is on, the
boiler will continue to operate to its high
point set point temperature. This in most
cases is 200 degrees.

In both cases, if the boiler is set to shut down at 200
degrees F and the building heat demand only calls
for 150 degree water to meet the demand, it makes
sense to heat the boiler to 150 degrees than to 200
degrees.Shorter run times save oil and electricity.
Remember water heats faster than glycol.

The house shown is assumed that domestic hot water
is provided by another source. Otherwise at 70
degree Outside Air Temperature (OAT) with
domestic hot water supplied by the boiler, automatic
set point temperature would be 140 degrees to
maintain domestic water temperature.

On the next page, Markair saved 40% in fuel oil
costs in 1991 and the Bethel Moravian Church 18%
plus in FY 2000.



2.2 BETHEL MORAVIAN CHURCH -BETHEL, ALASKA

In FY 20(0 an automatic temperatureontroller was installed for the boilerfor the Bethe
Moravian Church, a 10,000 sq ft building. THead a fuel oil savings of 18% from February 2
to 2001. This wabased on fuel oil used in the same period in 1999 to 2000. lityré&ae saving
are much higher because in 1999 there was rnfwaanlling units installed in 1999. The air hanc
were installed in the month of February 2000. This addezk&xa heatindpoad to the boilers, whic
was not present in 1999.

Further, the Moravian Church is a brand new building. Thidibg walls and ceiling were spray
with 6" of urethane creating a highvRlue and tightness (air leaks). Also the main seatieg a
the church is protected by heated offices that are opdghmeter of the building.

2.3 MARKAIR TERMINAL AND CARGO FACILITY -KING SALMON , ALASKA

Markair's 22,000 sq ft airline terminiachiever 40% in fuel oil savings, afteran Automati
Temperature Controller was installed for the boilerd981.The reason for the large amoun
savings was:

+ Night set back was installed on all of the thermostats

« In the entry’'s thermostats were automatically turned off at a designamee an
turned back on at 6am.

% Cargo doors were monitored, after 20 minutes opening, am alatified personneab
shut the doors.

2.4 FREQUENTLY ASKED QUESTIONS

What type of facilities can automatic controllers bealhstl ir?
AutomaticController: can be installed i

¢ Residential Homes - Apartment and Commercial Buildings
¢ Village Water and Sewer projects or existing

Comment: In travels throughout the state of Alaska iag#k, various water treatment plantse
visited that houses the boilers that preheat the waterthi@rcirculating water systemin
observations, boilers were set at 190 degrees all the évea in the summer. Thisas exceller
tool for cities and villages that hawo preheat their water. It saves a tremendous amount of money

Is it affordabl?

CERTAINLY, the cost of new techlogy has eally come down in the last seven) year:
(compare the price of computers back in 1995 to now). Your capvedtment starts paying y
back rightaway. Depending upon your application, you should receive a paybaadk (1) year «
less. Savings and CD accounts don't have that type of gayba

What about electrical brownouts and spil

The author ha been involved in the stallation of these types of autom controls for the la:
twelve (17) years in Alaska (Bethel, Barrow, Deadhorse, Kodiak, €ke¥leknagikand Pilo
Station). Never in the last twelve years has he seenteotendestroyedrom electrical spikes
brown outs. Technology is not like the old days.



2.4 FREQUENTLY ASKED QUESTIONS (continue)

What abouthe existing conventional manual controls on boilers?

In the installation of an automatic DDC controller, existmogtrols on the boilers are not removed
In other words: If the automatic controller is shut offe texisting conventional boiler controls
supplied by the boiler manufactuneill take over. The manual secondary high limit controll
always in control to shut down if the boiler goes above thelhighsetting.

Does the automatic controller need adjustment all the time?

Absolutely not!! Once the controller is progriamed upon installatic, nothing more needs to
done. The controller is a stand alone system.

Cold weather versus Warm weat?

Naturally, moneyis not saved if it i25 below from October to February all the timwowever, &
10pm if it's 25 below and at 3am it warms to 30 degrees abowe astomatic contil save
money.

An exceptionally warm winter like 2000-2001 bringse most savings. The big savings is in
spring, summer and fall.

What else can be done to save on heatir?

1. Do not use 100% FDA approvglycol in the boiler. Mix to meeweather conditior

2. Inspect the boiler to see if it is clean, look into theneuchambewith a flashlight. If ther
is carbon build up on sections of the boiler, it needs clearlingk at theboiler
maintenance manual for instructions

3. As mention earlier, cold oil during cold wert months becomes thick, is hard to burn
causes the burner nozzle not to spray correctly. If you agetero pipe system you wi
notice ice or frost on the oil lines and filter in thelBing, this B caused by extreme ¢
oil. The author never installstavo pipe system in cold regions except on an inside pt
day tank for commercial applications. For residentiadna pipe system with large filte
canister inside for preheat and a tiger loop systerhlémding the air is recommended.

4. If the boiler is over fifteen years old and the sectionsgf water jacket) and (outer f
jacket) have not been cleaned in all those years, itghauteplaced.

5. Set back thermostats to 68F at night.



3. ENERGY AUDITSHAVE PROVEN PAYBACKS

In 1992, the author performed energy analysis and cost saving audits for heating oil and e ectrical
usage on sdected commercial buildings in Barrow, Deadhorse, Fairbanks, King Salmon and
Kodiak. The following is an excerpt from the executive summary completed for Markair
Incorporated in 1992:

The cost savings are conservative due to limited historical information on some subject buildings
(The numbers for King Salmon are more accurate because direct digital controls installed by NM|
in 1990 monitored actual fuel consumption by computer).

The buildings audited by are typical and similar in nature to other public & private buildings in
bush Alaska. These audits, based on combined historical and estimated data show energy costs
have run: $3.50 sq. ft.

Studies by government / private agencies, Rural Cap, North Slope Borough, and F.R.E. Roen
indicate similar commercial buildings should have an energy cost of approximately: $2.15 per
sg. ft to $3.75 per sq. ft (depending on location) with an average of approximately $2.60 per sq.
ft.

A wide variety of savings can be realized by the installation of process management, automatic
temperature and Direct Digital Controls (DDC). Rural Cap, North Slope Borough and energy
conservation firms indicate expected savings in electrical usage of 10% to 28% (average 16%),
and on heating 14% to 56% (average of 34%). (Note: These studies were done with conventional
mechanical controls installed, and additional savings should be expected by installing DDC).

Assuming an average split of energy costs of 43% for heating oil and 57% for eectrical (Rural
Cap studies); the buildings audited should expect an average of 24% energy saving (see Markair
Historic data chart). Using some limited historical information on a few selected buildings shows
the energy cost split to be slightly different than Rural Cap estimates. This is to be expected
however, dueto changesin fuel costs, etc., since the 1988 studies by Rural Cap.

When applied to these specific buildings audited, the average cost becomes more meaningful:

» Fairbanks --------- 25% or $40,500 per year
» Deadhorse -------- 28% or $21,600 per year
» King Salmon ----- 22% or $13,800 per year
» Kodiak ------------ 22% or $ 9,900 per year
» Barrow ------------ 28% or $14,300 per year
Total Estimated Electrical and Heating Oil Savings per Year ---------- $100,100.00

These numbers are estimates based on data gathered by statewide organizations and
supplemented with the available historical data the subject buildings owner could supply.
However, the actual installation of Direct Digital Control (DDC) in King Salmon (1991) has
reduced fuel consumption by 35% over the first four (4) months of operation with 40% achieved
over a one year period....exactly what the average projected savings should be according to these
studies.

These projected savings indicated a PAYBACK PERIOD of two to three years, depending on
location, with an expected average of 2.5 years. The North Slope Borough studies show an
expected return of two years or less, while Rural Cap indicates two or three years.

2003 UPDATED NOTICE

The survey discussed above was done in 1992, it shows that payback has been reduced to a year
payback depending upon circumstances. In the year 2001, the Bethel Moravian Church in Bethe,
Alaska realized a one year payback.



ENERGY MANAGEMENT PAYBACK IS A FACT

40% SAVINGS TOTAL FOR THE YEAR

AUTOMATIC

CONTROLLER
Jan Feb Mar Apr INSTALLED

ACTUAL FUEL OIL CONSUMPTION for 1990 &1991
KING SALMON ALASKA

950,000 BTU Oil fired hydronic
boilers with direct digital control
installed by Jerry Nicholson in
MarkAir’s 22,000 sq ft Building in
King Salmon Alaska

ENERGY MANAGEMENT

THE PAYBACK

DIRECT DIGITAL CONTROL WAS INSTALLED BY NMI IN LATE 1990
TO MONITOR & CONTROL THE BOILERS, CIRCULATORS,
BASEBOARD RADIATION, CABINET/HORIZONTAL UNIT HEATERS
& AIRHANDLER. THE RESULT OVER A FOUR MONTH PERIOD OF ) Nushagak Consul
DOCUMENTATION IN 1991, WAS A 35% SAVINGS IN FUEL OIL. L L)
KING SALMON COMMERCIAL BLDG 225 East Fireweed Lane
Anchorage, Alaska 99503

THE YEAR 1991; 40% IN FUEL SAVINGS WAS ACHIEVED. ENERGY CONSERVATION 907 277 1864 Fax 277 1835

PROJECT ENGINEER: jerry nicholson DRAWN BY: jn DATE: 1-4-94 | APPROVED: jn

THE BOILERS FUEL CONSUMPTION WAS MONITORED VIA SYSTEM

COMPUTER FOR ACTUAL USAGE AS WELL AS MANUALLY BEFORE & AFTER DDC
CHECKING THE GALLONS USED. THE AVERAGE OUTSIDE AIR o Dl T CopTROL (D0¢)
TEMPERATURE FOR BOTH YEARS, 1990 & 1991, WAS THE FUEL OIL SAVINGS file:com_bro, Broc-6
SAME FOR THE MONTHS MONITORED. KING SALMON, ALASKA NG

ENERGY -Page 1of 1




NOTE #

(1) SEPAT*®
HANGER
CARGO

(2) WEAVER

SUBT/AVERA

(4) ssgCCe:
TERMINAL
CARGO

SUBT/AVERA

(3) SEpARNES

(3) (5) **ADQ**
TERMINAL

(6) s*BRW**

TOTAL

BLG
SQ FT

32,000

8,000
14,500
54,500
18,000

6,400
24,400

15,000

13,500
12,000

119,400

ACTUAL
OIL/GAS
cosT
$43,100
11,800
22,800
$77,700
40,800
10,500
$51,300

20,200

15,000
17,400

$181,600

$1.
1.
1.

$1

=N

1

$1

Fuel oil prices based on $1.50 gal.

Projected natural gas costs based on expected 30% savings due to NMI's gas conversion,
actual in first 3 months is 60X%. '

) Fiqures prior to terminal expansion.

6) Barrow information not available - numbers are based on available info in area
)

ERXXX MARKAIR,

COsST
SQ FT

.43
w27
.64
.10

.35

5 |
.45
.52

(1) Heating oil price based on $1.00 gal.

(2) W.B.J. projected cost based on current half usage.
(3)

(4)

ACTUAL COSTS (FY 1990 PERIOD ENDING MAY 1,

ACTUAL
ELECTRIC
cosT
$52,600
9,300
25,700
$87,600
20,700
5,000
25,700

43,400

29,800
33,600

$220,100

20,1700
5,000

7 Based on Alaska state expected savings w/ partial

monitoring of: (1) 34% oil

(2) 16% electric
Above equats to 24% average

(8) (3) ***scc*** Before gas conversion

Terminal 18,000 58,300 3.24

Cargo 6,400 14,100 2.21

Total 24,400 $72,400 $2.97

file/mk-ea

$25,1700

INC EXXXR
ELECTRIC AND HEATING OIL ANALYSIS

1991) AND PROJECTED SAVINGS

COosT
SQ FT

$1.64
1.16
1.27
$1.61
1.15
0.78
1.05

2.89

2.21
2.80

$1.84

1.15
0.78
$1.05

ACTUAL

ELECTRIC/

OIL COST
$95,700
21,100
48,500
$165,300
61,500
15,500
77,000

63,600

44,800
51,000

$401,700

79,000
19,100
$98,100

TOTAL

cosT
SQ FT

$2.99

2.64
3.34

4.39
2.98
$4.02

(7)
PROJECTED
SAVINGS
24% AV
$23,100
5,500
11,900
$40,500
17,200
4,400
21,600

13,800

9,900
14,300

$100,100

23,100
5,600
$28,700

PERCENT

24%
26%
25%
25%
28%
28%
28%

22%

22%
28%

25%

29%
31%
29%

Data collected by the combined efforts of Markair and NMI




NOZZLE KNOWLEDGE

An Excerpt from: A Total Look at Oil Burner Nozzles
A Reference Guide for Burner Service Technicians
“Effects of Viscosity On Nozzle Performance”

One of the most important factors affecting nozzle performance is viscosity... technically defined
as a measure of resistance to flow within a liquid. More commonly, viscosity is thought of in terms
of “thickness.” For example a gallon of gasoline can be poured through the spout of a can much
faster than a gallon of tar. That's because the tar has a much higher viscosity than gasoline ... or
greater resistance to flow. Strangely enough, the opposite is true to nozzle applications. As we
will see in a minute, with an increase in viscosity, nozzle flow rate also increases.

Temperature is the main factor in changing
oil viscosities. It works something like a
scale (Fig. 1). As the temperature goes
down, the viscosity goes up. Take No. 2 fuel
oil for example: at a temperature of 1000F, it
has a viscosity of 35 SSU (Seconds Saybolt
Universal). But when the temperature drops
to 20°F, the viscosity increases to 65 SSU.

An outside [or basement] storage tank may
contain cold oil ... and cold oil can cause
problems. Here’'s what happens: the thick oil
passes into the nozzle, through the slots,
and into the swirl chamber. Since it is more
viscous, the rotational velocity is slowed
down. This causes a thickening of the walls
in the cone of oil as it emerges from the
orifice, so the nozzle actually delivers more
fuel and larger droplets (see Figures 2 and
3). And as a result, the flame front moves
away from the burner head. In severe cases,
atomization may be so poor that the fuel
cannot be ignited. Or if it is ignited, it often
produces a long, narrow and noisy fire that
burns off the back wall of the combustion
burner

Fire results in more smoke

WASTES OIL

Viscosity

L]

Temperature

Temperature F 100 80 30 20
Viscosity (SSU) 35 37 52 65

Figure 1: How temperature affects viscosity

Cleaner Fire Results in less smoke

SAVES OIL

Figure 3: High Viscosity Spray versus Low Viscosity Spray



