by Frank Ahegg

Small-Scale Waste Oil Incinerators

INTRODUCTION

Waste ail poses 3 significant environ-
mental prablem in rural Alaska. Careful
management of the fragile cnvironment
is difficult without adegquate means to
dispose of waste oil Trom crankcases of
vehicles, generators and other machinery,
Commercially  available incinerators do
not meet the requirements for bush ap-
plication, where a waste-oil ncinerator
capable of Dbeing transported in small
aircrafll is nceded, The U8, Environmen-
tal Protection Agency agreed that the
problem needed investigation, and the
work reported here was pertormed for
therr contract order {# B1376NTSA),

This article details the design and op-
eration of two waste oil incinerators, One
unit is capable of burming up to 1,0
gallon/hour and the other may burn up
to 10 gal/hr of waste oil products. The
small burner 15 designed to be used for
space heating ot residential or work-
shop arcas, whereas the larger burner
can be used at a collection center as an
incinerator to dispose of large quantities
of waste oil.

The ncimerators discussed  in this
rapart May serve as an approved means
of disposing of waste oil at its source.
The bpurners are designed far easy air
transport, being construcled of light-
weight materials and made for easy as-
sembly, Both units utilize
materials available throughout Alaska and
have heen designed for a reasonsbly safe

common

Burner 2 1 operating in a barrel stove.

and simple operation. Neither umit should
be left to operate unattended, due to
the wvarying characteristies of the fuel
and to therr ssmple fuch handling systems.
Rautine artention will be required during
aperation,

The waste oil used to test bath burners
was collected from various sources in
Fairbanks. It is a mixture of all known
types, more than half of it was used
vehicle motor oil, about a third machinery
lubricants, and the remainder aicraft
lube  ojls, automative
rear-end greasc and transmission fluids.
Approximate grade of the rmixture was
between an SAE 20 and S5AE 30 weight
fur viscosily and flow characteristics.

solvents, and

BURNER #1

This unit operates on gravity-fed
waste oil from an elevated supply tank.

The burner is installed on a barrel stove
made from a standard 55-gallon steel
drum_ The umit’s ail no-zle
pressed air to atomirze the dense waste
oil for combustion, The amount of fuel
burned depends on the air pressure at
the norzie, which can he adjusted by a
regulator mounted at the rear of the

uses come-

burner. A fuel control valve wnoy the ol
tlow for a proper flame pattern gt the
nozzle. Approximate total cost of the
unit is $615 {Fairbanks, Alaska 1980},

A very small amount of compressed
air 15 reguired to operate the burner,
ranging between 0.1 and 0.3 srandard
cubic feet per minute {scfm), Any small
purtable shop compressor with a storage
tank can easily provide this amount, A
typical % harsepower compressor with
a tank capable of 1.5 scim at 40 pounds
per square inch pressure (100 psi max),
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consuming 800 watts of 110-volt AC,
is adequate, The unit’s storage tank allows
it to cycle efficiently and maintain con-
tinuous operation without overheating
the compressor head,

The burner is started using a standard
propane bottle torch, which the operator
aims into the side air ports of the burner
flame chamber. With the torch lit, the air
pressure to the burner nozzle is adjusted
to 30-40 psi and the oil control valve
slowly opened until igmition occurs, The
oil control valve must be adjusted so suf-
fictent oil 1s supplied to the nozzle 10
keep a steady flame, Too much oii will
cause the burner to smoke and the used
oil will also drip from the end of the noz-
zle instead of being entirely vaporized,
Once a steady flame is achieved, the
burner will continue to ignite the waste
oil without the propane torch,

The manufacturer’s instructions state
that any suitable tank or barrel may be
used for an oil supply tank, The tank may
be located outside the building with a
pipe of at least one-inch diameter leading
into. the filter inside the building. The
outlet of the tank must be raised suffi-
ciently above the burner to give the needed
head pressure (gravity feed).

|1f the ambient temperature is below
freezing or if high viscosity oil is being

used, the oil supply line just in front of
the manual oil control valve should be
heated for approximately one minute,
If the temperature is extremely cold or
if extra-high viscosity oil is to be burned,
an insulated storage tank is needed and
more preheating may be required,

As the oil heats up in the supply line,
it will flow faster and the oil flow valve
should be closed enough to obtain a
bright and steady flame, Once the stove
reaches its operating temperature, this oil
flow setting should remain fairly constant.

When the stove reaches its operating
temperature, the air pressure should be
reduced to about 10 to 20 pounds or
less and the draft control closed. This
causes more suction through the burner
can, The more draft or suction, the less
air pressure needed. But the stove must
be hot before the draft 15 completely
closed or this suction will pull the flame
down out of the burner can and extinguish
.

The air pressure regulator should
always be set for the amount of heat
desired, If more heat is desired, more air
pressure will be required to give asmooth,
even spray pattern. If too little air pres-
sure is used, the oil will not be broken up
well enough, the resulting flame will be

TABLE |

Burner # 1 Combustion Data

Nozzle Qil Use (~.05” W.G.T Draft at Stack| Burner
Alr — pst gallhr *Smake # %C0, Temp. (“F) Efficiency
20 0.33 1 6 660 64%
30 048 1 6.5 700 65%
40 0.65 2 8 770 66%
50 0.73 2 10 850 68%
60 0.82 3 12 900 68%
70 0.92 4 13 940 69%

rich, and there may be carbon bujldup in
the burner can. If too much air pressure is
used for a given flow setting, the flame
will tend to surge and may go out. This
burner is designed to work well on from
5 to B0 psi air pressure, depending on
the size of flame desired.

Following the manufacturer’'s instruc-
tions for barrel-burner assembly did not
produce satisfactory performance, and
alterations were made accordingly. The
burner was mounted onto the barrel
stove door, which positions 1t near the
barrel’s center. Firebrick also [ines the
bottom of the barrel to radiate heat up-
ward into the flame and help atomize the
oil spray for improved combustion. Also,
an adjustable air intake on the stove door
has been modified to introduce pre-
heated over-fire air at the outlet of the
burner to provide additional combustion
air and turbulence at the higher burning
rates, These changes improve combustion
efficiency and reduce smoke conditions
over the burner’s full range of operation.

Tests were run on the new stove design
to verify actual combustion performance,
using a Dwyer Model 1100 Portable Com-
bustion Analyzer; results are summarized
in Table |. The stove is capable of buming
between 0.3 and 0.9 gal/hr of waste oil

Over-fire Ner Heat
Damper Position Outpur - BTU/hr
Y open 29,5670
¥ open 43,680
% open 60,060
% open 69,496
full open 78,064
full open 90,800

* The smoke number is assessed on the Bachrach scale of 1 to 10, wherein a standardized test produces at 1 a barely perceptible
trace on filter paper, at 10 an opague black smear. A smoke number of 6 is the maximum permitted for a gravity-feed space heater.

7 W.G. = “Water Gauge”, in reference to a standard scale (related to water movement in a device partially evacuated by the draft

to be measured),
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efficiently with no visible smoke amis-
sions. Operation showed 002 levels be-
tween 6% and 13% at the stack, indica-
ting good fuel air mixing at a minimum
excess air ralio of 30%, Burner heating
efficiencies range from 64% up, as meas
wred hy a Dwyer test kit monograph,
which is nearly equivalent to a conven-
tional residenlial fuck oit fired furngee.

In Fatrbarniks, Alaska, an average home
requires about 30 BTU of healing per
square oot {ft2] of floor space to meet
the winter’s maximum hegting demand
{-50YF outside and maintaining +70°F
inside). Burmer = 1 could satisfy the
heating requirements of 4 3000 ft2 home
or casily provide supplemental healing in
small buildings such as warkshops.

The burner shordd not be operated
unaticnded primarily because of the foul-
ing characteristic of used oils. If the flame
goes out, the burner nozzic continues
to spray oil into the barrel. This is a haz
ardous condition which could result n
an explosion, should the accumulated
oil reagnite. So the final stove design
calls for a flame detector and aulomatic
oil shutoff valve system 1o be mstalled
for protection, These systems are com-
mon to all approved Tuel-oil fired furmaces,
Parts used for this safety system cost ap-
proximately 8125 (Fairbanks, Alaska
1980}, The system supervises the burner’s
operation and will prevent flooding of
the combustion chamber 1 the flame goes
oul, With the system installed, the burner
1s operated as fullows:

Sturtup Provedure

1} The hghted torch is placed near
the burner as before, air and ol
adjusted as normal and flame de-
tectar reset burton pushed to open
ol shutoff valve.

2} The oil shutoff valve will remain

apen for about 4% sccands or stay

open once the detector senses flame
at the burner.

As long as flame is present, the

detectar will keep the fuel oil

shutoff valve energized and upen,

if the flamec goes out, the detector

will de-energize the fuel oil solenoid

valve within 45 seconds and ofl will
stop flowing to the nozzle.

6} The conlrolier limit switch must
be reser manually 1o reopen the
fuel oil solenaid valve,

3
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Close-up view of Burner = 1.

The flane detector is mounted onto the
harrel so 1t can detect the light of the
burner’s  flame. The controller resct
gllows the stove sufficient time after
flameout to vent the hot gases inside the
barrel before re-igmition. This detection
system is recammended  for all instal-
lations, since waste ol is varable in vis-
cosity and tends to foul contral valves
and cause flameourts. It was noted Jduring
performance tests that ai! flow to the
nozzle always dechned over a period of
time, even with the dir pressure constant
at the nozzle, This required the control
valve to be adjusted periodically 1o avoid
flameouts, Apparently, the small foreign
particles in the used oil were bridqing at
the cantral valve seat and restricting the
gravity-fed oil supply. For this reason,
the oil hine should be run through a felt-
type ail filter Lo trap most of these con-

taminants and improve the burner's
refiability,
BURNER #2

This unit has been designed to dispose
of large quantities of waste oil (up to
10 gal/hr) with little eftart made to uti-
ize the fuel's heat release. The incinerator
is composed of standard 55-gallon steel
drums mounted vertically te farm a
smokestack, The hottom two  barrels
are lined with an insulating castable
refractory, forming the unit's com-

bustion chamber. The barrels are seporate
and stackable usog quides that are brased
along the barrel bottom rim to keep the
rims ahgned and the stack straight, [f
the incinerator does not need to e port-
able, the parmanently
joined. The burner is nstalled at the hart-
tom sicle af the first barrel thrgugh 2 67

barrels ecan be

diameter aw intake nport, The burner s
constructed lrom a standard model used
residential - oil-fired  furnace
frypical fuel renge of 1-2 gai'tri, How
ever, tls fuel nozzle s replaced with a
"Sonic Nozzle™  doesigned
waste oil, Approximate cost of materials

is $1025 (Fairbanks, Alaska 1980,

onooany

o atomize

Operrion

This burner operates similar to @ stand
ard fuel oil burner; it has an electng
squirrel cage fan and high-pressure ol
pump for combustion, using a high valtage
transformer and spaced igniters at the
nozzle, The main difterence 15 that its
nozzle uses air pressure at the tip (O
atomize the heavier used ails to a fine
mist thal can be ignited by the arec from
the hurner’s igniters.

The size of the stack and air intake
arcas are designed to provide sufficient
draft and over-fire air mixing or turbulence
to promote complete combustion and
acceptable limits to visible emissions, The
bottom barrel has a smoke collar at 1ts
top, which reduces the inside outiet to
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a 19" diameter. This 2"-wide ring aids
combustion by stabilizing air flow at
ignition and helps to funnel the exhaust
gases toward the center of the slack as
they travel upward, The ring compresses
the gases to increase velovity and tur-
bulence at the location where over-fire
ar 15 injected. Four over-fire air ports
{?’" x B} are spaced equally around the
bottom edge of the second barrel, just
above the smoke collar. As the burner
increases 1ts fuel burning rate, the inan-
grator's stack temperature goes up and
the resulting draft increases. This draft
differential pressure naturally encoltrages
primary and over-tire air (nto the g
stream,

Initial testing of the burner showed
that additional primary air was needed
at the burner mlet for complete comhiis-
Lion al 10 gal/hr, so the hurner was shifrecl
outward to allow more air to enter ground
the burner throat. The best position 15
with the burmer throat end Tush with
the barrel’s side. A small residential burn

Burner i 2 set up for use,
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TABLE Il

Burner £ 2 Combustion Data

Nozzle Prossure (4l Fise Stack Conditionsfat - 157 W.G. Draft)
i (hil gl Stnoke # 700,
20 4 20 aQ 3
25 5] 4.0 1 6
2b 2 8.0 2 12
A0 10 6.0 2 10
40 12 8.0 ? 11
40 16 10.0 3 12
40 18 12.0 5 13

ar is not designed to provide sufficient
air from its fan to burn 10 gel/hr,

The inlet fuel filter was not adeguate
for (he 10 gal/br continuous flow; the {1}
imcreased N osize 10 a General
2482004, which 1s similar in
constriction but rated over 30 gal /e for

i
L

ter was
maodel =

fuel oil, With thus fiiter, the pump
codie uelivar the 10 gal/hr

tHow rate under pressure.
Table i gives the final
results  on the  in-
[h# air pressure
m the nnzzle changes the

tosi
cinerator.

birner's range of opera-
o, 1 oeeeds sl least 20
pai iw glomze the ol
gifectiveny aned 10 psi o
attain 10 qal/hr ot good
comimistion, A  disadvan-
laye is that the o supply

must be al least 507 to atomize proper-
ly: colder oll will not ignite with the
electric arc in the burner,

The accompanying graph shows the in-
cinerglor’s oil burning rate vs. nozzle
pressure. The flames begin  entering
the second barrel when it is fired over
6 gal/hr. Smoke conditions never exceed
20% opacity,; Lthe present Alaska standard
[or commercial incinerators is 30F%. In-
side stack temperaturas excesd 1000°F,
which require the barrels to be lined with
the castable refractory Lo prolect the
bareel metal from overheating and also to
redduce radiant heating near the hurner.
Otherwise the barral lite will be marginal
and the hurner motor will opcrate a
overload temperatures and fail guickly.

The burner can also operate outside
the incinerator combustion chamber, The
flame is stable and will maintain iygmition

Fuel use curve of Burner # 2,
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wilhout the firebrick or draft from a combustion chamber, so il would
be suitahle as an ignition source for a commercial refuse incinerator
in remote Alaskan communities, where approved land fills are not
available.

Burner = 2°s ability of self-ignition of Lhe waste oil 1s a real advan-
tage aver Burner # 1, It can be set up for intarmittent service to satisfy
a tempcrature demand or control device, such as in g commercial
refuse incinerator. Standard tame detector systems on the burner
provide adequate safety for flameouts; however, with constant ignition
from the electric igniters, the possibility of a flameout is remaote com-
pared to Burner = 1°s operation. In stimmary, Burner = 2 can provide
4 safe and simple means for disposing of waste oil at its source guickly
and ettectively, The unit |s designed for guick setup and minimal
maintenance, using parts that are easily obtainable in Alaska and
are famitiar o anyone who has worked with standard fuel oil-fired
furnaces.

BEYOND DISPOSAL

In Eurape, waste oil has been utilized as a reliable source of heat,
both residenliully and commercially, for the past ten years. Some
countries have nation-wide waste oil distribution systems and a fuli
range of furnaces available to burn waste oil safcly. The results of my
experiments prove how simple and easy waste oil is to burn, It iz a
resource which should be more studied — and more used.
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cation 8 Welfare, Burner # 2 in operation. Notice absence of smoke at
top of burner,
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Interior view of “Sonic Nazzle’’: Resonator cup forms a shock wave that breaks up
the fuel entering.
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