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INTRODUCTION

The first federal legislative effort towards air quality control was
din a 1955 act establishing "research and technical assistance” for |
the control of air pollution. The law was amended and the administra-
ting agency restructured repeatedly, culminating in the 1970 Clean Air -
Act, which federalized the responsibility for air pollution control and
empowered the Environmental Protection Agency (EPA) to establish
national air quality standards (The Yale Law Journal, 1973).

The EPA has extensive regulatory powers, as reflected in the magni-
tude of expenditures required to comply with the agency's standards.
Between 1973 and 1977, the EPA estimates that as much as $42 billion will
be expended in the pfivate sector to achieve complianﬁe. The rationale
for such large expenditures has been the protection of public health,
not aésthetics. Yet Congress' concern for requiring those expenditures
and extensive technological changes, in the name of health, stopped at
the windowsill (The Yale Law Journal, 1973).

Because legislation requires the private sector to comply with
standards for outdoor air quality, there has been emphasis on such
research. Congress, however, has not emphasized indoor air quality;
consequently, little research or concern for this dimension of the prob-~
lem has been genérated.

The average person spends about 807 of his time indoors. Those who

are most susceptible to the deleterious effects of inside air pollution,



such as the elderly or chronically ill, spend even greater amounts of
time indoore (Benson, et al., 1972). Although many laws legally &efine
air pollution in terms of outside concentrations, this does not exempt
its occurrence indoors.

Indoor pollution results from infiltration of outdoor air and from
internal generation of pollutants (Yocom, et al., 1971). Significant
sources of air pollution can and do contribute to indeoor pollution levels,
which far exceed the outdoor stipulations established in such laws as the
Clean Air Act of 1970 (The Yale Law Jourmal, 1973). That, coupled with
the consideration of time spent indcors, qualifies the need for
increased attention to be given to indoor air quality. That need was the
impetus for this study in which an evaluation was made of the potential

of the self-cleaning oven as a source of air pollutants.
Background Information

Physical description of particles

Smoking, cooking, and heating are three major sources of indoor
pollutants in non-industrial buildings (The Yale Law Journal, 1973}. The
particulates generated from those activitles adversely affect air quality
according to their size. Visible particles, those with diameters of
twenty microns or larger, settle on horizontal surfaces and contribute
tc housekeeping or cleaning problems. Invisible particles, under twenty
microns in diameter, are little affected by gravity because of their
gmall mass, Brownian movement, and electrostatic forces. This air-borne

dust causes gradual soiling of interiors, since it remains suspended until



there is contact with a vertical or horizontal surface (Brethour,
1966). Particles smaller than one micron tend to remain suspended
indefinitely (Thomson, 1972). Preservation of the beauty and
cleanliness of the home is aided by the removal of those staining

contaminants (Sutton, et al., 1964).

Health effects

Indoor pollutants can be health hazards. The major concern
about suspended particles is related to injury of the respiratory
tract. Their size, toxdcity, and ability to increase the effect of
a harmful gas through aerosol transport determines their hazardous
impact (Rai and Spielman, 1975).

Goldwater, et al., (1961) stated that years ago pathogenic
bacteria were recovered from the air and dust surrounding patients
afflicted with infectious diseases such as tuberculosis. The
medical profession today is cognizant, also, of the air quality factor
in treating the allergic patient. The removal of smoke, allergy-
causing dusts, pollen, and air-borme bacteria is a common practice in

the control of allergies.(Sutton, et al., 1964).

Research

There is little research on indoor air quality (Thomson, 1972).
The author found no published studies of self-cleaning oven emissioms
in either the United States or foreign areas of literature review.
Marchesani, et al., (1970) described the lack of indoor air pollution

research as serious, and stated that it should be combated with an



increased emphasis given to both major and minor sources.

Oven design

The first electric self-cleaning oven was marketed in 1963 by
the General Electric Corporation. It was considered a landmark inven—
tion by many in the appliance industry, and its sales represent a
significant share of the range market.

The self-cleaning oven differs from the conventional and the
continuous~cleaning in that it has a specific cleaning cycle. During
the 2-4 hour self-cleaning cycle, a pyrolytic process operating at
900° F {minimum) degrades the food soil inside the oven chamber to a
small amount of ash residue. Accordingly, many design features of
the traditional oven were changed to meet safety and efficiency
standards of the appliance trade associations. In addition to dif-
ferent materials and controls, a smoke eliminator was necessary
(Newell, 1965).

The smoke eliminator, an example of which appears in Plate II-C,
was developed to cope with the by-products of the pyrolysis process.
It may be described as a heated catalytic oxidation unit located in
the oven vent system to eliminate smoke and odor produced by the
degradation process (Casson, 1968). Hotpoint (Service Manual, 1975)
claims that oxidation is achieved through the addition of heat and
oxygen, which decompese the food soils, mainly into carbon dioxide
and water vapor that should be of harmless amounts.

The construction of the smoke eliminator differs according to

magufacturers. Wansker classified smoke eliminators by catalytic



solutions (palladium and platinum) and by base materials (ceramic,
asbestos, stainless steel, or stainless steel-asbestos combination)
to which they are applied (Wansker, 1976).

Appliance industry publications (Casson, 1968; General Electric,
claim that smoke and grease are eliminated from the oven vapor before
it is exhausted into the kitchen. It would seem, therefore, that the
self-cleaning oven, operating as designed, would have no negative
impact on residential air quality. It was the purpose of this study
to evaluate the amount of effluent, if any, from several self-cleaning

ovens.
Objectives

The specific objectives of this study were to:

i [ measure the soiling index! of the effluents of the
self-cleaning oven; (If an indication of smoke was
ohtained from this measurement, the following ob-
jectives were to be pursued; if no smocke was found,
the study would have been terminated.)

2. compare the relative effectiveness of smoke elimi-
nation systems of several ranges, using the soiling
index;

3. compare the effectiveness of smoke eliminator sys-
tems at different levels of soiling load inside of
the oven, using the soiling index; and

4. equate the amount of smoke emitted by the ovens to
that emitted by cigarette smoking.

lA measure of the staining potential of smoke, as determined by light-
scattering measurement; defined in Eq.(1).

)



EXPERIMENTAL ENVIRONMENT, EQUIPMENT, AND PROCEDURES
Test Environment

The research was conducted in the household equipment laboratory,
Justin 327, at Kansas State University. This room is a combined
lecture room and laboratory, with no doors or windows opening to the
outdoors. The environment of this laboratory was relatively static
throughout the nine-month period of testing.

Analyses of the filters were done in the Fine Particle-Air
Pollution Laboratory at Kansas State University. This laboratory is

used for air pollution and air quality studies.
Test Equipment

Test equipment included ovens, sampling apparatus, sample evalu-
ation instruments, and accessories. The sampling system isokinetically
sampled the oven exhaust by pulling it through a filter at the same
velocity that it would normally emit from the oven chamber. The light-
scattering area measurement technique was used to determine the amount ?
of emissions. Equipment used included air flow meter, vacecum pump, gas
meter, U-tube manometer, sampling filter, and photometer. That equip-
ment, shown in Figure I and Plate II-A measured the rate of air flow of
the oven exhaust, pulled the air through the sampling tubing, registered

the volume of sampled air, measured the partial vacuum in the gas meter,



THIS BOOK
CONTAINS
NUMEROUS PAGES
WITH DIAGRAMS
THAT ARE CROOKED
COMPARED TO THE
REST OF THE
INFORMATION ON
THE PAGE.

THIS IS AS
RECEIVED FROM
CUSTOMER.



x0q
1231713

‘wa3sds Burrdwes jo juswmaSuriay

*1 san31g

dund unnoea Xo1om sed

- f

L \

I3]3WOUEm

N 8
sdueto yourd Nl.h"

SUIT ITE podIq-»

uaAa0

4-19pTOY I93TTJ]

e




captured the emitted smoke particles cn filters, and measured light

transmittancy of the filter paper.

Ovens

Three different brands of ovens were used. All were self-cleaning
ovens with a manually controlled cleaning cycle. One range was a
1973 Corning, model number R30DB, serial number 2103203405; one was a
1972 Hotpoint, catalog number RB754001WH, serial number ZN245486R; and
the other was a 1976 Frigidaire, model number REG-38 serial number
51CL9193.

All three ovens employed the pyrolytic process in the cleaning
cycle, Via a telephone comservation with Mr. Walter H. Blanck, Jr.,
of the Association of Home Appliance Manufacturers, information was
obtained to document the kinds of smoke eliminators contained in the
ovens. Mr. Blanck stated that the Hotpoint and the Corning range used
basically the same kind of smoke eliminator and that it was different
from the design used in the Frigidaire. He also stated that many of
the oven manufacturers were beginning to use the same type of smoke

eliminator as that installed by Frigidaire.

Vacuum pump and accessories

A Cast model 5K480 oil-less carbon vane, l-hp vacuum pump with
an a.c. capacitor motor was used to pull the air from the oven venting
through the filtering system via a system of Mayon clear food tubing.
The pump was connected to a gas meter with 1/2-in. I.D. tubing.

During the sampling of the Corning range, a standard Gast discharge



muffliler-filter was attached tc the pump. 7This muffler was replaced
by a custom-made high efficiency muffler and filter box for the
experimental runs on the Frigidaire and Hotpoint ranges. This box
was 18 in. x 18 in. x 4.5 in. and held a 3/4-in. sheet of fiber glass
perpendicular to the flow of air. It much more efficiently filtered
the vacuum pump exhaust and prevented the escape of graphite as the

carbon vanes wore.

Gas_meter

An American Meter Co. model Al 425 gas meter with a sweep dial
was used to determine the quantity of air flowing through the sampling
system. Three pinch clamps, acting as valves,were connected to the
tubing attached to the meter. One was attached to a bleed air line,
connected through a tee, to the tubing from gas meter to vacuum pump;
and the other two were attached to the tubing from the filter holder

to the gas meter. Figure I illustrates that arrangement.

Manometer

A mercury U-tube manometer measured the pressure inside of the gas
meter. It was connected to the gas meter with Mayon clear food tubing
of 3/16-in. I.D. The readings were in inches of mercury vacuum, below

atmospheric pressure.

Sampling filters and holders

The sampling filters were manually cut from filter paper manufac-

tured by the Mine Safety Appliance Company. They were of glass fiber
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with no binder, #1106BH, approximately 47 mm. in diameter.

These filters were held in a Gelman model 1220 filter holder,
containing a stainless steel screen designed to prevent rupture of
the filter during sampling. A spring-lcaded sealing ring kept the
filter in place and prevented air leakage from the sampling system.

The filtering device was attached to the oven venting in two ways,
dependent upon the type of range. The Corﬁing'had a venting system
that mixed room alr with the oven exhaust before discharging through the
oven backdrop. A cone-shaped adapter, approximately 5 in. in height,

2 x 3 in. at the base, and 2 in. diameter at the top was made of heavy
construction paper. The cone was secured to the Corning range with
Parmacel heavy duty adhesive tape. The filter holder was then taped to
this cone with Scotch No. 202 masking tape to prevent air leakage.

Another method of attachment was necessary for the Hotpoint and
Frigidaire ranges because their oven exhaust temperatures were too high
to permit velocity measurement or sampling. The exhaust venting of
these ovens was through the right rear surface unit. An exhaust of
1.5 in. diameter metal tubing, seen in Plate II-D, was attached to the
oven venting system. The 9.5-in. extension was connected by a tee-
joint to a 6-in. long, l.5-in. diameter metal tube which was attached
to a Dayton model 2C782, 1/250 hp centrifugal blower. This blower was '
used to induce mixing of room air with the oven exhaust to cool it to
a temperature capable of being sampled. Figure II illustrates the

astructure of this attachment.
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Figure II,

Structure of sampling attachment, Frigidaire and Hotpoint ranges.



12

Because of this modification in the venting system, a different
gsampling seal was used. A 0.25-in. extension made of foam rubber
innersole was attached to the filter holder cap. This sampling head
fit directly on top of the oven exhaust tube and required no taping tﬁ

prevent air leakage from the sampling system.

Photometer

Plates I-~A - I-E illustrate the design of the photometer that was
used to measure the optical densities of the filter paper.

Plate 1I~-B shows the collimated beam, from the light source, being
split into two parts. One part is reflected onto the photocell and
dust spot being measured, and the other beam is reflected to a refer-
ence photocell. Two shutters were placed in front of the reference
photocell. The coarse shuttér was madg of a piece of filter enclosed
by two pieces of sheet aluminum. The fine shutter was mounted in metal
and adjusted by a fine pitch screw.

The two cadmium-sulfide photocells are connected in series as
demonstrated in the circuit din Plate T-C. Measurement is made of the
ratio of light falling on the measuring photocell to that on the refer-~
ence cell. Current balance is indicated on a 0.00LM A/mm sensitivity
electronic null indicator.

In addition, two rheostats, Rl and RZ as shown in Plate I-C, were
used to compensate for any residual mismatching of therﬁhotocells. Ad-
justments were made in these rheostats until there was a minimum of

galvanometer movement. Another problem, drift, which could be caused by



Plate I-A. Photometer.

MEASURING PHOTOCELL

DIAPHAAGH
HINGED LID

FILTER, SLIDE O®

PARALLEL  — "-_"i STANDARD

LIGHT BEAM | LOWER
i DiA - coLoR DIAPHAAGEH
FILTER
— LIGHT WATER : v =
SOURCE CELL i MIRROR

COARSE B FINE
SHUTTERS FOR
STRNDARDIZING

REFERENCE
PHOTOCELL

Plate I-B. Optical design of photometer.

Plate 1-C. Photometer circuit.

Plate 1-D. Sample holder of photometer with
standard in place.

Plate [-E. Sample holder
with {ilter
in place.
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unequal heating of the photocells, was minimized by using a water cell
and by placing the light source away from the cells.

The sample holder, as shown 1ln Plates I-D and I-E, was designed
to hold 2x2 in. glass slide covers, 47mm disks of filter media, and
25mm wide microscope slides. The hinged lid was painted with non-
relective black paint and was closed by a magnetic cabinet latch.

Another component of the photometer was the diaphragm. To control
the size of the illuminated area on the filter, one was placed just
below the filter holder. In order to control the angle of aéceptance,
one was placed just in front of the measuring photocell.

A 200-watt slide projector provided the light source. To prevent
instability of the light source, the light path to the photometer box

was enclosed completely (Whitby, et al., 1956).

Air Velocity Meter

A Hastings (Teledyne Hastings-Raydist, Hampton, Virginia) air
meter, model B-22, serial number 196 with a Hastings directional probe
nf S-224 type, serial number 1489, was used to determine the air
velocity of each oven exhaust air flow. This air flow rate was deter-
mined so that the sampled air rate would approximate that rate for

which the oven was naturally designed, plus any induced cooling air.

Balance

A Harvard Trip balance (Ohaus Scale Corporation of Union, New
Jersey) was used to weigh all soil samples. It had a capacity of two

kilograms and thus was sufficient for this usage.
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Test Soil

A standard self-cleaning oven soil and method of application,
promulgated by the Association of Home Appliance Manufacturers (AHAM),
was used. The AHAM standard ER-3 for pyrolytic self-cleaning ovens

establishes "

a uniform and repeatable procedure or standard method for
measuring the cleaning performance characteristics of household
electric self-cleaning ovens." The standard is written so that different
brands and models of self-cleaning ovens may be evaluated with respect
to significant characteristics in the use of the product (AHAM Standard
ER-3, 1974). Because AHAM stated that this standard was reproducible
and representative of elements that would be found in an oven during
normal usage, it was selected for use in this research.
The mixture, as prescribed in standard ER-3, consisted of the

following ingredients:

109.4 g fatty ground beef (Not less than 70% lean was used.)

1/2 cup grated cheddar cheese

1/2 cup milk

1/2 cup white sugar

1/2 cup cherry juice (canned sour pie cherries)

2 Tbsp. prepared instant tapioca

1 raw egg (without shell)

2 Tbsp. all-purpose flour

1/2 cup tomato juice
These inpgredients were mixed in a glass bowl with an electrie mixer for
45 seconds. The mixture was then weighed for equivalent amounts of one,
two, and four teaspoons, respectively.

Four teaspoons of this soil mixture were applied evenly to the side

walls, back, inner door, and floor of the oven with a 1.5-in. pastry



16

brush. An additional two teauspoons were placed evenly over the cven
bottom. This mixture was not to be placed on oven top, racks, or-
heating units. The method of application was followed as suggested;
however, the teaspoon amount was converted to an equivalent welght to
aid in reproducibility.

The sampling runs were conducted with both the recommended soil
level applications and with one-half of the recommended amount to
determine the effect of soiling load on emission levels; these treat-
ments will be referred to as full-soil and half-soil sampling rumns.
Full-soil amounts were four and two teaspoons, weighing 17.05 g and
10.55 g , respectively, and half-soil applications were two and one
teaspoons, weighing 9.20 g and 4.60 g , respectively. Plate II-B
illustrates the physical appearance of an oven after it had been full-
soiled, baked, and cooled.

Individually measured quantities (forla single test) were placed
in Baggie sandwich bags and tied with wire wrappers. These bags were
ﬁlaced in a refrigerator storage bag designed to prevent moisture loss
and placed in a freezer at 0° F.

The measurements of soil were thawed in a small custard cup,
enclosed by plastic to prevent moisture loss, immediately before their
application. When thawed the mixture was applied in the prescribed
manner and baked on the oven at 450° F for one hour from a cold start.

The oven was then cooled to room temperature and was ready for the

sampling process.
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Plate TT-A, Sampling system Plate TI-B. Soiling of oven.
arrangement.

Plate 11-C. Smoke eliminator. Plate 1T-D. Exhaust extension.
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Because the number of sampling runs exceeded original expecta-
tions, a second batch of soil had to be formulated. The soil batches

will be identified in the analysis sectilon as first and second.

Procedures

Procedural philosophy

The American Society of Heating, Regrigeration, and Air-Conditioning
Engineers (ASHRAE) 1972 Handbook of Fundamentals describes three basic
methods of measuring air contaminant concentration: the particle number,
weight, or light-scattering area per unit volume of air. Each method
requires a specific analysis technique.

The method of counting particle numbers employs the capture of
particles through various types of impingers, impactors, filters, or
thermal or electrostatic precipitators. The counting is done under
a microscope.

In the particle weight technique, air is drawn ﬁhrough filters,
preferably membrane or glass-fiber, and a filter weight compériscn is
made before and after sampling. Other instruments such as impactors
and electrostatic or thermal precipitators have been used with success.

The light-scattering area technique is based on the phenomenon that
emall particles scatter incident light in proportion to their projected
area and a light-scattering coefficient, which depends on particle size,
indices of refraction of particle and media, wave length of light, and
angle of acceptance.

In this method air is sampled through merbrane, glass, or ashestos-
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fibered filters, which are analyzed with a photometer for the result-
ant difference in the light transmittancy of the filter paper. This
method is particularly applicable, because the staining ability of
dusts is a factor dependent on the light~scattering area per unit
volume of air sampled (ASHRAE Handbook of Fundmentals, 1972), and be-
cause the resultant staining from air contaminants is a criteria for
improving air quality.

The sampling technique of light-scattering area has advantages
over weight measurement. The weight measurement technique ignores an
important fact. Different aerosol systems have varying proportions of
large particles that may comprise a small proportion of the total in
terms of numbers, but a significant proportion in terms of weight.
Furthermore, the pollution effect of fine particles is due to theilr
1ight scattering quality regardless of their density or specific kind
of pecllution effect. That premise is true whether one considers the
phenomenon of haze from suspended particles or the soiling effect
created on a ceiling surface., Large particles, however, have an over-
whelming influence on the calculated weight, but lack any significant
power to scatter light. Since the light refiectance or light trans-
ﬁission measurement is a quantitative indicator of the light scattering
potential of the sampled source, the cause of the pollution effect is
reflected in the measurement technique (Hemon, et al., 1953). Thus,
the standard light—sﬁattering area method for testing particulate matter
in the atmosphere as established by the American Society for Testing and

viaterials (1961) was followed in this research.
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This sampling technique measures the level of staining contami-
nant in a gas and is a coefficient of haze (Coh) measurement. The air
sample is drawn through a high-efficiency filter, and the relative
light transmittancy of the fil;er paper before sampling, T,, and after
sampling, T, is a measure of optical density (0.D.). The following

equation represents this relationship:

coh/1000 ft = 105 0.D., ' Eq. (1)
Q/A

where:
T

0.D. = loglo'fn

il

Q = volume sample, 103 £e3

A = active filter area, £t

Consequently, one can determine the concentration of staining
contaminant in a space by calculation of the Coh level in the air. As
an example, a level of 3-4 Coh/1000 ft wculd produce a visible haze
near lighting fixtures, but it would not be objectionable. A Coh level
of 10-14, however, would be indicative of an objectiorable haze (Sutton
et al ., 1964).

In this study the oven exhaust was sampled isokinetically at the
oven's natural or natural plus induced air flow rate. By using a
standardized comparative soiling and sampling technique, the researcher
was able to calculate the amount of emitted smoke for each oven and

evaluate performance of the oven.

Procedural development

Saveral runs of data were collected as a basis for standardizing
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procedures. Each oven differed in design; coﬁsequently, the sampling
schedule was not identical for all ovens.

The first step in the procedure was to determine the natural rate
of air flow of each oven with the Hastings air velocity meter,. For
the Frigidaire and Hotpoint ranges, this included the induced air.
Isckinetic sampling was desired, without increasing or decreasing the
natural rate of air flow through the oven. Once this rate was estab-
lished, a sampling timetable was set. The oven was soiled as described
in the AHAM standard, cooled to rooﬁ temperature, and was ready for
the test run.

The sampling procedure varied only slightly among ovens. The
Frigidaire and the Hotpoint were approximately the same, but differed
from the Corning. For the Hotpoint and Frigidaire, the sampling filter
head was placed on the oven exhaust pipe for the entire sampling period,
excluding two one-minute periods used to change filters. Therefore, one
could calculate directly the amount of smoke emitted during the entire
period.

The Corning range differed from the other two ranges in that the
smoke emission was too heavy to be sampled on a continucus basis. In-
stead, an intermittant sampling procedure was used. Through experimenta-
tion the critical points were determined, and these were incorporated
into the sampling timetable. By graphing the data, a curve of concentra-

tion vs. time was drawn from which the total amount of emitted smoke was

determined (Appendix A-7).
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Another way in which the Corning range sampling procedure dif-
fered from the Hotpoint and Frigidaire was in a cooling system that
was attached to the oven exhaust duct. The oven exhaust in the
Corning was designed integrally with the backdrop of the range and
ipduced a mixing of room air hefore discharge. In the Hotpoint and
Frigidaire the exhaust was direct from the oven through the right rear
surface unit. This factor, in combination’with other range design
features, caused the exhaust of the latter two ovens to be too hot to
sample in the particulate state. Instead, the smoke passed through the
filter as a vapor and melted the sampling tubing. To correct this
problem a fan was attached to the sampling system at the exterior of
the oven exhaust via a tee-joint pipe (Figure II). This tube was
attached to the oven exhaust pipe which extended it and allowed enough
air to be mixed with the oven exhaust to cool it to the temperature
and state at which it could be sampled. The addition of the room air

was accounted for in the final Coh measurement.

Test run procedures

Tnitial filter readings were taken with the photometer in the Fine
Particle-Air Pollution Laboratory. These filters then were transported
to the Justin laboratory, where they were used in the sampling system.

A final photometer reading was taken immediately after sampling (Appendix
A-1).

The procedures and detailed timetables of the sampling rums are

listed 1in the appendix (A-2). Appendix A-3 is an example of the data

record form used during the sampling schedule.
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Following is a summation of the two basic types of sampling

timetables or schedules:

I, Corning Schedule

Time elapsed in minutes Action taken
0 Activate cleaning process and
sampling process
20 : Stop sampling process
- 23 Start sampling process
24 Stop sampling process
27 Start sampling process
27.5 Stop sampling process
31 Start sampling process
31.5 Stop sampling process
35 Start sampling process
36 Stop sampling process
47 Start sampling process
50 Stop sampling process
60 Start sampling process
120 Stop sampling process

This schedule totaled 120 minutes and used seven filters.

II. Frigidaire and Hotpoint Schedules

Time elapsed in minutes Action taken
0 Activate cleaning process and
sampling process
20 Stop sampling process
21 Start sampling process
41 Stop sampling process
42 Start sampling process
120 Stop sampling process

This sampling schedule totaled 120 minutes and used three filters
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for all runs except the Frigidaire full-soil schedule, which was
extended one hour and used four filters.

Because the exhaust extension on the Frigidaire and Hotpoint
ranges induced a mixing of lab air and oven exhaust, the dust content
of the lab air had to be accounted for and subtracted from the filter
readings of the oven exhaust. Therefo;:e, a lab air sample was taken
during the sampling period in the Hotpoiné and Frigidaire sampling
schedule. Appendix A-5 accounts for the lab air - samples.

The Coh measurement was the soiling indeﬁ. By incorporating the
information of the data record forms into the Coh equation, soiling
indexes were calculated and statistically analyzed. Appendix A-4
illustrates the original sampling data, Appendix A-6 illustrates the
Coh calculations, and Table 1 is a summary of these Coh levels or
soiling indexes. Data in Table 1 provide the information for the
first objective, Because a substantial amount of smoke was measured,

the study was continued.

Selection of valid runs

From February through November 1976, 46 sampling runs were per-
formed. Data for seven of those runs had to be discarded, and data
for an additional six runs could not be used in sta;istical analysis.

Following are the circumstances that resulted in the discarding

of data:



Filter Numbers of Discarded Runs

Corning:
Corning:
Corning:
Corning:
Corning:

30-34
35-39
40-44
45-49
50-54

Hotpoint: 97-103

Hotpoint: 110-113
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Reason for Discarding Data

These runs were not used because
the sampling schedule was still
being changed and corrected. The
runs, as taken, did not give an
accurate or regresentative graph
of Coh/1000 £t~ vs. time.

The researcher used the same time-
table as for the Corning range.
This resulted in filters too light
to be read by the photometer. The
sampling periods had to be extended
to produce measurable stains.

The researcher failed to turn on
the induced air blower, so the
sampling run was stopped.

Listed in Table 1 are the valid sampling runs. Included are data

from the six runs that were not used in statistical analysis.

Table 1. Summary of total smoke emission.

Total Amount of

Range Run Soll Emission (ex-
Brand (Filter #) Soil Level Batch pressed in Cohs)
Corning 55-61 Full-soil First 1459.93

' 62-68 Full-soil First 2100.29

" 69-75 Full-soil First 1533..17

" 76-82 1/2-s0il First 461.31

" 83-89 1/2-s0il First 548.11

" 90-96 1/2-s0il First 654.27

n 240~247 Full-soil Second 1453.62

" 254-261 Full-soil Second 871.02



26

Table 1. Summary of total smoke emission. (continued)
Total Amount of

Kange Run Seil Emission (ex—
Brand (Filter #) Soil Level Batch pressed in Cohs)
Corning 180~187 ———-natural soil-——-- 120.02

" 228-234 ~-——-natural soil----- 214.73
Hotpoint 104-106 1/2-s0il First 16,22

" 167-105 1/2-s0il First 17.32

" 114-117 1/2-s01il First 16.55

" 118-121 Full-soil First 25.19

" 122-125 Fuil-soil First 31.26

" 126~129 Full-soil First 91.90

i 130-133 1/2-g0il Second 23.75

" 134-137 1/2-s0il Second 31.50

" 197-201 1/2-s0il Second 7.01

" 202-206 Full-soil Second 156.35

4 235-239 Full-soil Second 32.68

" 248-252 Full-soil Second 32.75

2 263-265 1/2-s0il Secoﬁd 52.61

" 266-~270 1/2-s0il Second 52.17

" 271-273 1/2-s0il Second 18.02

" 275-279 1/2-s0il Second 26.68
Frigidaire 138-141 '1/2—5011- Second 25.98%*

" 142-145 1/2-s0il Second 18.44%
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Table 1. Summary of total smoke emisszion. (concluded)

Total Amount of

Range Run Soil Emission (ex-
Brand (Filter #) Soil Level Batch pressed in Cohs)
Frigidaire 146~150 1/2-s0il Second 12.69%

" 151-156 Full-soil Second 16.83%

4 157-162 Full-soil Second 15.35%

" 163-170 Full-soil Second 12,.38%

. 171-175 1/2-s0il First .86

" 176-180 1/2-s0il First 1.07

" 188-192 1/2-s0il Second 1.46

" 193-197 Full-soil '~ Second 8.96

v 207-212 Full-soil Second : 3.46

" 222-227 Full=-sodil Second 7.58

*These are the first six runs of the Frigidaire. They could not be
used in the statistical analyses.

The Frigidaire range was the only range of the three that was new
and had not been used previously, Six runs of data were taken consecu-
tively on that oven. Apparently, because of "baking off" of certain
oile and binders found in the insulation of new ovens, the Coh levels
of thosa six runs were biased and unrepresentative of the true total
smoke emission. Figure III represents the decline in the Coh levels of

this oven with increased usage. For a half-goil level of soiling, the
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Figure III.

Total smoke emitted, preliminary Frigidaire runs.
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Coh level fell from 25.98 total Cohs to 12,63 Cohs. As the level
of soilling was then increased from half-soll to full-soil, the Coh
levels increased but again the decreasing pattern of Cohs emerged.
This phenomenon was noted by Newell (1965) of tﬁe General
Electric Company. In the conference paper presented at the 16th
annual Appliance Technical Cénference in Columbus, Ohio, he stated,

Another problem that had to be solved was the development
of an oven insulation that was low in binder and oil and
yet would not cause mechanical dermatitis to those who
assembled the range on the assembly line. And this is
contradictory because the chances of dermatitis are re-
duced when more oil and binder are used in the insulation,
thereby eliminating much of the 'fly' that contributes

to the dermatitis. Also the first several cycles of
cleaning, bakes out the oil and binder and it is driven
off in the form of smoke and odor. Both of these pro-
blems can be a nuisance. The smoke can soil the exposed
areas of the range, especially the gasket, by condensing
on it, and the odor can be very objectionable to the
user,

Experimental accuracy

Because of several factors, the reproducibility of sample runs
varied. The variation could be attributed partially to range design.
The Hotpoint oven was extremely variable and produced a wide scatter
in the data. The Frigidaire and Corning ranges were not as variable.

It appeared that variability in soil composition from run to run
contributed most to the scatter of data. The soill consisted of nine
items. Although it was mixed well, the soil samples were small, and
different amounts of individual items could be in each. For example,
it would have been almost impossible to get the same amount of hambur-

ger, with the same fat content, or cheese in each sample unless one
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weighed these ingredients separately. Because hamburger is coarsely
ground and ingredients emit various amounts of smoke, it would be -
almost impossible to achieve good repreducibility.

Other sources of error could have been in readings of the bal-
ance, manometer, gas meter, or photometer. However, due to the actual

variability of the soil, such error analysis would be meaningless.
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RESULTS AND DISCUSSION

The initial statistical analysis was a comparison of the first
and second batches of soil to determine if any differences existed.
First an F-value was calculated to determine differences between the
variances of the two populations of soil batches; one then could select
the proper t-test. Table 2 is a summary of the variance calculations
of the soil batches, Table 3 is a summary of the test for equality of
variances, and Table 4 is a summary of the results of the t-test of
the means of the soil batches. The null hypothesis was not rejected, so
the first batch of soill was judged not to be significantly different from
the second. Therefore, the data were grouped, and no distinction was
made between first and second batches of soii.

The second objective was to compare the relative smoke eliminating
effectiveness of the ranges as measured by tctal smoke emission (Coh).
Table 5 is a summary of the calculated variances, Table 6 is a summary
of the tests for equality of variances, and Table 7 is a summary of the
results of the t-test. For both half-soil and full-soil conditions,
the Corning range emitted significantly more smoke than either the
Hotpoint or Frigidaire, and the Hotpoint emitted significantly more
smoke than the Frigidaire.

The third objective was to compare the total smoke emission (Coh)
to the level of soiling inside of the oven to test the effectiveness
of the smoke eliminating system at two levels of soiling. Table 8 is

a summary of the equality of variances, and Table 9 is a summary of
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Tahle 2. Calculation of variances: difference between first and second
soil batches.

Brand Soil Batch Soil Level lVariance = 33
Corning First Full--soil 122,841.69
Corning Second Full-soil 169,711. 38
Hotpoint ' First 1/2-s0il 0.32
Hotpoint Second 1/2-s0il 287.78
Hotpoint First Full-soil 1,360.71
Hotpoint Second Full-soil 89.28
lFrom Duncan (1953). See Appendix A-8 for sample calculations.
Table 3. Tests of equality of variance: difference between first and
second soil batches.

; 1 72 2 ’2 ¢ l2

Run Comparisons Degrees Calculated F-table g° =¢;, T F d:‘
of value I J :
Freedom F-value? X =.05

Corning-full-first vs. 2 1.38 18.5 Assume No
Corning-full-second 1 yes
Hotpoint-1/2-first vs. 2 899.31 19.3 No Yes
Hotpoint-1/2-second 6
Hotpoint-full-first vs.2 15.24 19.0 Assume No
Hotpoint-full-second 2 yes

1Degree of freedom, n=N-1l.

2From Duncan (1953). See Appendix A-8 for sample calculations.
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Table 4. Results of t-tests: difference between first and second soil

batches.

Run Comparisons Degress of TF-test Calculated t-table Null Hypothesis
Freedom Cogglusigns t-value value X'=X'
a= “-.05 i

Corning (full-soil)
first vs.second 3 ves 1.58 3.182 Not rejected
Hotpoint (full-soil)
first vs. second 4 yes 0.82 2.782  Not rejected
Hotpoint (1/2-s0il) 1
first vs. second 8 no 2.11 2.45 Not rejected

1pue to inequality of variances and sample size, the critical t was
based on Duncan's (1953) theory, page 397-398. See Appendix A-8
for sampie calculations.

2ysed t-test for small sample size and equal variances, Duncan (1953),
page 394, :

Table 5. Calculation of varlances: differences between ovens for
both levels of soiling.

Oven Brand Soil Level yariance = s%
J
Corning " 1/2-s0il 9,339.62
Corning full-soil 189,869.25
Hotpoint 1/2-s0il . 234.78
Hotpoint full-soil 727.71
Frigidaire 1/2-s0il 0.095
Frigidaire full-soil 8.19
1

From Duncan (1953). See Appendix A-8 for sample calculations.
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Table 6. Tests of equality of variance: differences between ovens for
both levels of soiling.

Run 1Degrees F-~table /9 ‘9
Comparisons of Calculated value g =q dﬁz %3@
Freedom F-value?  ©X=.05 i ] i

Corning (1/2-s0il) 2
vs, Hotpoint

(1/2-s0il) 9 39.78 4.26 No Yes
Corning (full- 4

soil) vs. Hotpoint

(full-soil) 5 260.91 5.19 No Yes
Hotpoint (1/2- 9

soil) vs.

Frigidaire (1/2-

soil) 2 2,471.37 19.40 No Yes
Hotpoint (full 5

soil) vs.

Frigidaire

(fuil-sodil) 2 88.85 19.30 No Yes
Corning (1/2-

soil vs. 2

Frigidaire

(1/2-s0il) 2 98,311.79 19.0 No Yes
Corning (full- 4

soil) vs.

Frigidaire

{full-soil) 2 23,183.06 19.2 No Yes

1Degree of freedom, n=N-1.
2From Duncan (1953). See Appendix A-8 for sample calculations.
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Table 7. Results of t-tests: differences betweer ovens for both levels
of seiling.

Run Degrees Frtegt Calculated t-table Null Hypqthesis
Comparisons of Conclusions t-value value Hy: X =X
Freedom 2 =q*2 A=, 05 L3
h J Hl: X -X >0
i 3

Corning (1/2-so0il)

vs. Hotpoint 3
(1/2-s0i1) 11 No 9.431 2.91 Accept Hy
Corning (full-soil)

vs. Hotpoint 1 1

(full-soil) 9 No 7.41 2.13 Accept Hy

Hotpoint (1/2-s0il)
vs. Frigidaire

(1/2-s0il) 11 No 5.171 1.831  Accept H,
Hotpoint (full-soil)

vs. Frigidaire 1

(full-soil) il No 2.85 203" Accept H,
Corning (1/2-s0il) ‘

vs. Frigidaire

(1/2-50il) 4 No 9.921 2.92 Accept Hl
Corning (full-soil)

vs. Frigidaire 1

(full-soil) .6 No 7.58 2.131  Accept H;

1Because of inequality of variances and sample size, the critical t was
based on Duncan's theory (1953), page 397-398. See Appendix A-8 for
sample calculations.
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Tests of equality of variance:

half level of soiling.

36

differences between full and

Run lDegrees F-table o i9 49 ‘9

Comparisons of Calculated value =g g =g
Freedom F-value2 o4 =.05 i j i ]
Corning (1/2-so0il) vs. 2
Corning (full-soil) 4 20.33 19.2 No Yes
Hotpoint (1/2-soil) vs. 9 ,
Hotpoint (full-soil) 5 3.10 3.48 Inconclusive No
(Assume Yes)

Frigidaire (1/2-soil) 2
vs. Frigidaire (full--
soil) 2 86.21 19.0 No Yes

1

2From Duncan (1953).

Tahle 9.

Results of t—-tests:

of soiling.

Degree of freedom, n=N-1.
See Appendix A-8 sample calculations.

diffarences between full and half level

Degrees F-test Calculated t-table Null Hypothesis

Run of Conglusigns t-value value H: X=X

Comparisons  Freedom a2 =(Y% BRE03 _} j
¥4 Hy: X -X >q
i

Corning
full-soil wvs. 1
1/2-s0il 6 No 4.58 2.19 Accept H,
Hotpoint
full-soil wvs.
1/2-s0il 14 Inconclusive Lol 1.76 Accept Hy
Frigidaire
full-soil ws.
1/2-s0il 4 Mo 3.331 2.92 Accept H,

lBecause of inequality of variances and sample size, the critical t was

based on Duncan's theory (1953), page 397-398.

sample calculations.

See Appendix A-8 for



the results of the t—-test. Both the Corning and Frigidaire ranges

emitted significantly more smoke at the full-soil level than at the half-
soil level. On the basis of Hotpoint range data, the null hypothesis,
which stated the means were equal, could not be rejected. This means

that either the oven design did not eliminate smoke any better or worse at
the half-soil level than at the full soil level, or there was too much
data scatter. Although the null hypothesis could not be rejected, it
cannct be assumed that the performance of the two ovens was the same.

The sample size would have to be much larger to reach a reliable decision
about accepting or rejecting the hypothesis.

The fourth objective was to relate the amount of emitted oven smoke
to that of cigarette smoking. McNall, et. al., (1964) concluded one
cigarette causes 5.5 Cohs/1000 ft or 7.48 smohs in a 1,360-cu ft room.

To compare their data to the data just discussed, the latter data were
converted to units of smohs.

One smoh (Coh level due to smoke) represents a quantity of staining
contaminant equal to 1 Cnh-ftz. The product of the average soiling
index (Cohs/1000 ft) and the volume sampled (cubic feet) equals the
quantity in smohs (equivalent to Coh:ft2)., Table 10 lists the sample
data in units of smohs. It also illustrates the sample data equivalency
of cigarette smoking. This means that the smoke from the oven would be
equivalent to the quantity of smoke from the number of cigarettes, as
stated in Table 10. Howeﬁéf; fhis is a quantity of smoke that would

remain at the end of the sampling period, assuming no smoke had settled

te horizontal surfaces or clung to vertical surfaces.
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The addition of smoke from the oven to the room air would result
in an increase of total haze in the room. The increase that resulted
from the test runs is listed as a percentage in Table 10; that increase
is calculated using two levels of air quality. Whitby, et. al., (1957)
repcrted the average soiling index (Coh/1000 ft) of inside residential
air for major U.S. cities (national average) and Minneapolis, Minnesota.
The Minneapolis average is similar to the average for Manhattan, Kansas,
where the research was conducted. The ovens with the greatest and the
least amount of smoke output represented an increase of 2,754Z and 1%,
respectively, over the average level of air quality in Minneapolis.

The original sampling data could have been figured as a smoh unit
rather than the Coh unit. The difference between the two calculations
is a constant factor of 0.0107 sq ft, the active filter area. Con-
sequently, the unit chosen had no biased effect on analysis or results.

In order to increase the externmal validity of this study, three
runs of data were conducted on ovens that were soiled by natural use.
Those runs were made on two models of Corning ranges. One was model
number R30DB, serial number 2103203405; and the other was model R30JB,
serial number 2092303349. Table 11 is a summary of the food items

baked or broiled in those ovens.
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Table 11. Food items baked or broiled in naturally soiled ovens.

Oven Food Items Coh Level
{Total Cohs)

R30DB Two 8 oz. steaks 120.02
One 12 oz. package of bacon
Two 8 oz. cherry pies
One 8 oz. chicken pot pie

R30DB Three 12 oz. packages of bacon 214.73
Three 4 oz. hamburgers
One 8 oz. peach pie
Two 8 oz. cherry pies

R30JB An oven used in a class at Kansas
State University. An undetermined
amount of food was cooked in the
oven. The type of foods baked
consisted mainly of casseroles,
starchy foods, and desserts and
resulted in extremely large pools
of "bakeover." 38.87

A statistical analysis was made of the data from the Corning range
{model R30DB) to detérmine the difference between the natural soiling
and the previously described half-soil level. Table 12 is a summary of
the runs analyzed. Table 13 is a summary of variances, Table 14 is a
summary of the equality of variances, and Table 15 is a summary of the
t-tests.

Table 15 summarizes differences between the natural soiling and the
half-soil level. Natural soiling was less than the half-soil level, and
thus, less than full-soil level. That could be because the level of

soiling, the components of the soil, or perhaps other unknown effects.
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Table 12. Total smoke emitted: half-soil level vs. natural soiling.

Oven Filter Numbers Soil Level Total Amount of Emissdion
(expressed in Cohs)

Corning 76-82 1/2-s0il 461.31

R30DRB
Corning 83-89 1/2-s0il 548.11
R30DB
Corning 90-96 1/2-s0il 654.27
R30DE
Corning 180-187 natural 120.02
R30DB
Corning 228-234 natural 214.73
R30DB

Table 13. Calculation of variances: difference between half-soil level
and natural soiling.

Oven Brand Soil Level lyariance = s?
Corning 1/2-s0il 9339.62
Corning natural 4485.94

1

From Duncan (1953). See Appendix A-8 for sample calculationms.
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Table 14. Test of equality of variances: difference between half-soil
level and natural scoiling.

Degrees F-table 5 ’2
Oven of Calculated value GE =42 a= #&g
Freedom F-valuel A =,05 £ o i
Corning
1/2-s0il vs. 2 2.08 200 Assumed no
natural 1 yes
1

From Duncan (1953). See Appendix A-8 for sample calculations.

Table 15. Results of t-test: difference between half-soil level and
natural soiling.

Degrees F-test Calculated t-table Null Hypothesis
Run of Conclusion t-valuel value Hg: X'=X'
Comparison Freedom C§?=C}% o~=,05 i3
1 J

Hy: X -X'
1 i i>0

Corning
1/2-s0il vs. 3 Assumed 4.84 2.35 Accept Hl
natural yes

1From Duncan (1953). See Appendix A-8 for sample calculations.
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The ovens were used until they were considered moderately soiled.
The decision as when to clean them was made by the researcher and.
several aides, presuming that the average person would clean his oven
at this level of soiling. This was a subjective decision, and there is
wide variance in personal judgements as when to clean an oven.

Perhaps persons with a self-cleaning oven would be more inclined to
postpone the cleaning process than those with a conventional oven.
Because there is little physical exertion Involved with operating the
self-cleaning cycle, it seems probable that those with such an oven would
not be as cautious about spills and may not clean the oven as often as
those with a conventional oven. Therefore, it is possible that these
naturally soiled ovens may or may not be representative of the average
level of soiling in self-cleaning ovens. Even so, this in no way
invalidates the decision to use AHAM standard soil formulation and level,

because AHAM's recommendation is based on broad experience.
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CONCLUSIONS AND RECOMMENDATIONS

The research thus conducted established some important Implications.
First of all, it established that some self-cleaning ovens adversely
affect inside air quality. More importantly, it indicated that some
range designs have little effect on air quélity. Much depends not only
on range design but also on the manner in which the appliance is used.

All three self-cleaning ovens emitted smoke during the self-cleaning
cycle. By using the Coh measurement as a smoke emission control indicator,
the oven's smoke-eliminating effectiveness was calculated and comparisons
were made.

The Corning range produced significantly higher emissions than either
the Hotpoint or Frigidaire, and the Hotpoint produced significantly
higher emissions than the Frigidaire. That was true for both full-level
and half-level soiling.

A comparison of smoke eliminating effectiveness of the ranges was
made between half-level soiling and full-level sciling. The Frigidaire
and Corning ranges both were more effective in eliminating the smoke at
half-level than at full-level. For the Hotpoint no statistically
significant difference occurred. The Hotpoint did not do any better or
worse at one level than at the other although with a larger sample size,

a more precise conclusion may have been possible.
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A comparison was made between oven emission levels and a corre-
sponding measure of cigarette smoking. The quantities of emission levels
differed among ovens, ranging from an equivalent of 3.00 cigarettes for
the worst oven to 0.00} cigarettes for the best oven.

Data collected revealed unusually high emissions of smoke from a
new, previously unused self-cleaning oven. Levels of smoke did not
decrease to "nmormal" operating levels until the oven was run through
approximately seven cycles.

Recommendations for the consumer are:

1. Initiate several cleaning cycles in a new self-cleaning

oven before using the oven.

2. Do not allow the self-cleaning oven to get extremely
soiled before cleaning. Less soiled ovens are cleaned
faster, if they have a variable time cycle, and are less
damaging to inside air quality than heavily soiled ovens.

3. Use a ventilation hood to help rid the air of smoke, if
the hood is vented to the outside or has fiiters to absorb
the smoke.

4. There are big differences between brands; therefore, consumer
input or information from friends may be valuable when at the
point of purchase.

Recommendations for researchers are:

1. More research needs to be done to determine the relative
effectiveness of different smoke eliminators and range

designs.
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Consideration should be given to use of more effective
systems.

Research should be conducted to determine the health
implications of such emissions, such as possible carcinogenic

effects.
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Appendix A-1. Photometer readings.

Filter Number Photometer Standard  Tnitial Reading Final Reading

55 850 968 837
56 991 735
57 975 30
58 960 24
59 999 459
60 956 778
61 947 680
62 800 910 800
63 936 676
64 959 318
65 985 43
66 969 214
67 923 702
68 924 672
69 800 932 841
70 949 737
71 930 447
72 958 ‘ 120
73 958 303
74 963 790.
75 942 704
76 850 956 870
77 971 _ 785
78 959 624
79 961 612
80 973 727
81 990 877
82 995 811
83 850 984 894
84 980 693
B5 1003 (estimate) 289
86 997 332
87 959 699
88 993 889
89 981 808
90 800 891 778
91 9390 753

92 987 304
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Appendix A-1. Photometer readings. {(continued)

Filter Number  Photometer Standard Initial Reading Final Reading

93 | 925 214

9% 971 647

95 927 786

96 924 664
104 800 9 761
105 954 858
106 917 861
107 800 942 690
108 941 886
109 929 869
114 750 970 762
115 942 843
116 886 828
117 956 926
118 800 983 697
119 965 791
120 904 844
121 908 873
122 800 962 562
123 957 832
124 936 871
125 985 962
126 700 993 160
127 988 832
128 949 846
129 996 943
130 700 930 608
131 979 908
132 998 914
133 932 898
134 700 941 507
135 943 872
136 957 904

137 967 941



- 54

Appendix A-1l. Photometer readings. (continued)

Filter Number Photometer Standard Initial Reading Final Reading

138 700 908 840
139 954 889
140 962 566
141 914 582
142 700 939 876
143 946 888
144 977 646
145 | 942 679
146 905 695
147 962 908
148 953 755
149 971 824
150 970 839
151 700 977 826
152 \ 962 783
153 928 864
154 929 ‘ 775
155 963 823
156 986 833
157 700 908 781
153 954 778
159 974 893
160 961 684
161 930 771
162 949 810
163 700 971 903
164 918 806
165 924 863
166 927 837
167 961 885
168 970 691
169 979 840
170 934 811
171 700 973 826
172 985 914
173 964 927
174 969 798

175 o941 799



Appendix A-1. Photometer readings. (continued)

Filter Number  Photometer Standard Initial Reading Final Reading

176 700 951 641
177 905 823
178 913 848
179 869 686
180 940 - 807
181 700 954 907
182 860 742
183 983 819
184 949 795
185 995 887
186 917 877
187 971 858
188 700 908 801
189 930 852
190 945 907
191 977 853
192 9838 884
193 700 980 670
194 700 970 831
195 700 984 917
196 800 946 741
197 800 936 799
198 800 972 831
199 965 950
200 971 947
201 935 920
202 860 941 714
203 925 736
204 962 852
205 920 853
206 955 885
207 800 . 940 863
208 981 873
209 948 885
210 918 702
211 945 747

212 940 783
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Appendix A-1. Photometer readings. (continued)

Filter Number Photometer Standard Initial Reading Final Reading

213 800 988 : 435
214 913 744
215 996 855
216 950 8§96
217 940 908
218 946 924
219 938 919
220 955 920
221 : 930 816
232 800 944 706
223 800 960 822
224 800 942 879
225 700 930 731
226 800 933 793
227 800 935 813
228 800 983 764
229 700 960 695
230 650 954 : 709
231 650 944 676
232 650 942 726
233 650 914 848
234 : 650 963 745
235 650 938 845
236 940 510
237 933 840
238 937 891
239 997 899
240 650 956 836
241 908 605
242 937 71
243 928 24
244 935 622
245 901 766
246 903 706

247 909 672
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Appendix A-1. Photometer readings. (concluded)

Filter Number  Photometer Standard Initial Reading Final Reading

248 650 917 880
249 933 636
250 931 701
251 958 891
252 957 948
253 . 885 862
254 650 964 835
255 935 679
256 962 585
257 906 267
258 962 690
259 928 809
260 929 757
261 944 645
262 650 927 774
263 999 910 351
264 999 839 696
265 999 879 828
266 999 870 834
267 999 800 349
268 810 622
269 883 784
270 901 625
271 800 972 731
272 972 . 896
273 958 891
274 985 881
275 800 972 869
276 999 673
277 - 914 791
278 962 870

279 962 857
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Appendix A-2, Test Procedures

The operational procedures for the Corning range remained almost

the same in all sampling runs. Following is a schedule of operations

that were conducted with that range:

ll

10,

Remove soil samples from freezer and put in glass cups to
thaw.,

After mixture is thawed, apply to oven walls as stated in
the AHAM soil standard.

Bake soil on oven walls at 450° F. for one hour.

Allow oven to cool to room temperature, approximately omne
hour. Initial photometer readings of filter paper were
taken in the Fine Particle-Air Pollution Laboratory.
Insert filter in sampling filter holder and tape filter
holder to the cone that is attached to oven exhaust pipe.
Obtain gas meter reading.

Obtain atmospheric barometric pressure.

Initiate the cleaning and sampling processes by activating,
simultanecusly, the cleaning cycle, vacuum pump, and ;top-
watch. Use the stop-watch for calculating elapsed time.
Adjust bleed valves connected to the gas meter tubing to
adapt the air flow to the predetermined natural flow rate,
compensating for the gas pressure modifications as read
from the manometer,

Stop the sampling system after 20 minutes have elapsed.



11.

12.
13.
14,
15.
l6.
17.
18.
19,
20,
21.
22.
23.

24,

25.
26.
27,
28.
29.
30.
31.

32.

59

Remove filter from sampling holder and replace with a
clean filter. Place soiled filter in a secure container.
Obtain the gas meter reading.

Start the sampling again after 3 minutes have elapsed.
Stop the sampling after 1 minute.

Obtain gas meter reading.

Remove filter and replace as before.

Start sampling after 3 minutes and sample for 30 seconds.
Stop sampling and obtain gas meter reading.

Replace filter, as before, with a clean filter.

After 3.5 minutes, initiate the sampling.

Sample for 30 seconds.

Obtain the gas meter reading.

Replace soiled filter with a clean filter.

Begin sampling after 3.5 minutes have elapsed and sample
for one minute.

Obtain gas meter reading.

Replace soiled filter with a clean filter.

After 11 minutes, begin sampling.

Sample for three minutes.

Obtain gas meter reading.

Replace soiled filter with a clean filter.

Start sampling after 10 minutes.

Evaluate air flow to determine if it is within a desirable

range. Make adjustments accordingly.



33.

34.

Following
1:"4«

5.

7.-12.
13.
14.
15.
16.

17.

18.
19,

20.

60

Sample for one hour, until 120 minutes in total have

elapsed.

Obtain gas meter reading after the sampling is terminated.

are the schedules for the Hotpoint and Frigidaire ovens.
These procedures are the same as for the Corning.

Insert filter paper in sampling holder and sample dust
content in the laboratory enviromment for approximately
one hour.

Discontinue sampling and obtain gas meter reading. Remove
filter from filter holder and replace with a clegn filter.
Then place filter holder securely on top of the oven
exhaust pipe.

Same as for the Corning procedures.

Start the sampling again after a l-minute pause.

Make adjustments in the air flow rate if necessary.

Stop sampling after 20 minutes have passed.

Obtain gas meter reading.

Remove solled filter from filter holder and replace with
a clean filter.

When 1 minute has elapsed, begin sampling again.

Make air velocity adjustments if necessary.

Sample until 120 total minutes have elapsed. (The Frigi-
daire full-soil sampling schedule was extended to 180

minutes with a one-minute filter change at 120 minutes).
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21. Obtain gas meter reading.

22, Remove soiled filter. Replace with a clean filter.

23. Place the filter head adjacent to the oven exhaust pipe
but not on the pipe.

24, Start sampling to obtain a filter sample of the dust
content in the laboratory enviropment.

25. Allow air sampling for approximately one hour.

26. Stop sampling and record gas meter reading.

Air filters then were transported to the Fine Particle-Air
Pollution laboratory where the final photometer reading was taken.

Filters were handled with tweezers to prevent contaminationm.



Appendix A-3. Example of data record form,
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Date:

Time:

Soil hatch:

Barometric pressure:

Comments:

Soiling level:

Total
Time
Filter # Elapsed

Sampling
Time of
Filter

Gas Meter
Reading
(cubic
feet/min.)

Manometer
Reading
(inches
of Hg.)
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Appendix A-5.

Adjustment for lab air contamination, Hotpoint
and Frigidaire ranges.

Sample
Run
{filter #)

Lab Air
Samples

(filter #)

(Cohs/1000 ft)

(expressed in Cohs/1000ft)

" Adjusted Filters

104-106

107-109

114-117

118~-121

122-125

126~129

130-133

134-137

138-141

142145

146-150

151-156

157-162

163-170

171-175

121,125,137
121,125,137
121,125,137
121,125,137
121,125,137

121,125,137

121,125,137

121,125,137

121,125,137

121,125,137

150

151,156

157,162

165,170

171,175

assume

‘assume

assume

assume

assume

assume

assume

assume

assume

assume

0.2456
0.2456
0.2456
0.2456
0.2456
0.2456
0.2456
0.2456
0.2456
0.2456
0.2319
0.2135
0.2540
0.2134

0.2336

104
6.8144

107
8.5914

114
6.77%

118
9.8304

122
15.3064

126
52.2644

130
12.0024

134
17.7924

138
0.1154

142
0.0784

146
1.0301

152
0.7206

158
0.689%6

166
0.2634

172
0.1227

105
2.8774

108
1.56 84

115
2.9924

119
5.4354

123
3.9064

127
4.9124

131
2.0094

135
2.1124

139
0.0812

143

0.0563

147
0.0478

153
0.1348

159
0.1546

167
0.1720

173
~0.0466

106
0. 2166

109
0.2528

116
0.2553

120
0.2725

124
0.2932

128
0.6103

132
0.3596

136

0.1828

140
0.3874

144
0.2621

148

0.0516

154
0.2075

160
0.1629

168
0.2008

174
0.0043

117
G.0681

129
0.2882

133
0.1226

141
0.2407

145
0.2899

149
0.0283

155
0.0370

161
0.0511

169
0.0356
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Appendix A-5. Adjustment for lab air contamination, Hotpoint
and Frigidaire ranges. (Concluded)

Sample Lab Air Adjusted Filters
Run : Samples _
(filter #) (filter #) (Cohs/lOOO ft) {(expressed in Cohs/1000ft)
177 178 179
176-180 176,180 0.3088 0.1414 0.0421 -0.0185
189 190 191
188-192 188,192 0.1864 0.2240 0.0099 -0.0211
194 195 196
193-197 197 - . 0.2536 0.4783 0.079%6 0.0458
198 199 200
197-201 197,201 0.2034 4.3985 0.2701 -0.0112
203 204 205
202--206 206 0.3057 6.7893 3.3293 0.2837
208 209 210 211
207-212 207,212 0.3282 0.2292 -0.0059 0.0006 0.0499
223 224 225 224
222-227 222,227 0.2468 0.4853 0.0820 0.0453 0.0214
236 237 238
235-239 235,239 0.1742 17.2628 2.9798 0.2172
249 . 250 251 252
248-252 248,253 0.0466 11.0554 B. 3424 0.4922 0.0481
263 264 265
263-265 262,266 0.1045 28.2155 5.4955 0.3398
267 268 269
266-270 266,270 0.1525 23.3975 7.6025 0.6985
271 272 273
271-274 274 0.1734 8.2106 2.3186 G.3642
276 277 278

275-279 275,279 0.2061 10.1909 4.3719 0.5386




Appendix A-6. Coefficient of haze (Coh) calculations.

Coh/1000 ft (soiling index) = 105 0.D. Eq. (1)
Q/A

where: 0.D. = logyg _To_
T

Q = volume sample, 1000 cu ft

A = actlve filter area, sq ft

To = initial light transmittancy
T = final light transmittancy

This is also equivalent to:

Coh/1000 ft = 102 0.D. Eq. (2)
L

where: 0.D, = logyy _To
T

L = flow (cu ft/min) x sampling time in min
1000 x circular area of spot (sq ft)

T
T

initial light transmittancy
final light transmittancy

o

o

Calculation Example: 107-109

#107. 0.D. = logjg 942 = 0.13520
690

Meter vacuum = 29,03 - 3.03 = 26.00 in. Hg
Qm = 780.49 - 762,21 = 18.28 cu ft
Qp,A. = 18.28: 26.0?) = 16.37 cu ft

29.03

L= 16.37 1.530 ¢f

(0.0107) (1000)

Soiling Index = 100(0.13520) = 8.837 Cohs/1000 ft
1.530

76
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#108. 0.D. = logyg 941 = 0.02616
886

Qy = 797.72 = 780.49 = 17,23 cu ft
Qr.A. = 17.23 » /26.00\ = 15.43 cu ft
29.03

L= 15.43 = 1.442 tf
(0.0107) (1000)

Soiling Index = 100(0.02616) = 1.814 Cohs/1000 ft
1.442 .

#109. 0.D. = logig 929 = 0.02900
869

On = 867.23 ~ 797.72 = 69.51 cu ft
QF. A, = 69.51-(?6.0?) = $2.25 cu ft
29.03
L= 62.25 = 5.818 tf

(0.0107) (1000)

Soiling Index = 100(0.02900) = 0.4984 Cohs/1000 ft
5.818

Total Cohs for #107-109:

#107: 1.530 tf x 8.5914 Cohs/tf = 13,1448 Cohs

1 min off: (1.530tf/20min + 1.442tf/20min) < 2 =
(6.5914 Cohs/tf + 1.5684 Cohs/tf) < 2

0.0743 tf/min
= 5.0799 Cohs/tf/min

0.0743 tf/min x 5.0799 Cohs/tf/min = 0.3774 Cohs
#108: 1.442 tf x 1.5684 Cohs/tf = 2.2616 Cohs

0.0733 tf/min

1 min off: (1.442tf/20min + 5.818¢tf/78min) = 2
< 0.9106 Cohs/tf/min

(1.5684 Cohs/tf + 0.2528 Cohs/tf) =+ 2
0.0733 tf/min x 0.9106 Cohs/tf/min = 0.0667 Cohs

#109: 0.2528 Cohs/tf x 5.818 tf = 1.4708 Cohs

Total = 17.3213 Cohs




Appendix A-7.

Graphs of Corning soiling data.
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Appendix A-8. Equations and examples of statistical analyses.

Testing of Variancet

The F-distribution is the sampliong distribution of the statistic
|l
s% ng/sﬁﬁ;'E, the ratio of variance.

; ; 2 _eyw2 _ 2
where: sy =5X (£X;)

i
Ny .
¥
, an unbiased estimate ofg2
N; - 1 1
i
2 2
s = LXS - (LX,
J ( J)
N, ,
, an unbiased estimate of Gﬁz
- 1
N 1
J
ny = N; - 1= degrees of freedom
ny = Nj - 1 = degrees oi freedom
Since the null hypothesis is Giz = qéz, check 82 against values in

i3]
e B3|

F-tables?. Obtain values of F for parameters, mny and nj where ny

corresponds to the g2 ced in the numerator of s2 .
i

g2

|
Example: Test for equality of variance between Corning half-soil results
and Hotpoint half-soil results.

| ]
Hgt G}? = 632
T 7
Hi: Gu‘zﬁﬂ—z
i i
si = 941,300.72 - 922,621.47 = 9339.62
2
s2 = 8968.49 ~ 6855.49 = 234.78
J 9

lgquations from Duncan (1953), p. 402-404.
2Tahle J from Duncan (1953), p. 618.



91

Appendix A-8. Equations and examples of statistical analyses. (continued)

si = 9339.62 = 39.78
- 234.78
52
J
F 05,2,9 = 426

39.78 > 4.26

1 ]
Tharefore, G'iz # G'jz

Testing the Difference between Means of Two Small Independent Samples

L]
Where G¢3 Is Assumed Equal to Gi_l

t = d-dg Eq. (3)
s|1+1
d =X - Xy

d_ = hypothetical value for ii ~ i;

_ 2 2

\Ni+Nj*2

Example: t-test for difference between full and half level of soiling
for Hotpoint range.

-_ “-—1 -1 -1
Ho: Xy =X; Hyr X3 -%70
t = 38.36 - 26.18

sl 1+ 1

J1io 6

lfrom Duncan (1953), p. 39.
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Appendix A-8. Equations and examples of statistical analyses. (continued)

s =\l2ll3.02 + 3638.55 = 20.27
14
t = 38.36 — 26.18

20,27 L+ 1
10 6
= 1.16
t.05,14 = 1.761
1.761 > 1.16

Therefore, Hg: -ié = Xi cannot be rejected.

Testing the Difference between Means of Two Small Independent Samples

L]
Where ¢ Is Not Equal to q'Jf .1

If Ny = Ny, the value of "t" is calculated with Equation 3 with

If N;=Nj, separate "t"s are computed for each sample; and eritical
"¢" is a weighted average of the two "t'"s.

statistic t = X; - X

where: s_

l¥rom Duncan (1953), pp. 398-399.
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Appendix A-8. Equations and examples of statistical analyses. (concluded)

'l = 2 2 5
Critical t Sii ty + sij ty

2 2
sRi + Sij

where: ti Ny -1

Example: t-test for difference between half and full level of soiling
for Corning range.

-t 1
HQ: X. = Xi
P ] PR ;
s? = 189,869.25
Xi 5
= 37,973.85
s2 = 9339.62
xj ““—3———
= 3113.21
£y = 2132
t; = 2.920

311.21 (2.920) + 37,973.85 (2.132)
3113.21 + 37,973.85

critical t

2.19

1483.61 - 554.56
J41,087.06

statistic t

= 4,58
4.58 > 2.19

Therefore, H, is rejected; and Hi is accepted.
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Appendix A-9. 94
CARR DIVISION

May 18, 1976

Mrs. Patty J. Annis

Assistant Professor

Kansas State University
Department of Family Economics
Justin Hall

Manhattan, Kansas 66506

Dear Professor Annis:

In response to your inquiry of April 29, 1976, we offexr you the following
information:

Smoke Eliminator - The following is a categorization of devices
available to range manufacturers. This categorization is
by materials, only.

1. There are two types of catalytic solutions that may
be applied to a basa material:

a) Palladium
b) Platinum

2. The above solutions are applied to the following base
materials:

1. Ceramic
2. Asbestos

3. Stainless Steal
4. Stainless Steel and Asbestos combination

We hope this information will be helpful to your sLudy. If we can be
of further assistance, please let us know,

Sincerely,

TRW-CARR DIVISION

o AV

4 o g' (.Q);-M-:AJE’-’M

R.J. Wansker

Marketing Manager

Appliance/Consumer Electronics
RIW:m

CARR DiViSION OF TRW INC. « 31 AMES STREET « CAMBRIDGE, MASSACHUSETTS 02142« (57 7) 547-4900



THE FOLLOWING
PAGES ARE BADLY
SPECKLED DUE TO

BEING POOR
QUALITY
PHOTOCOPIES.

THIS IS AS
RECEIVED FROM
CUSTOMER.



Bﬂlk;’.’,’l‘(}tﬂaﬂ If 1«‘ wel Hmﬂ-\ a
thid the Ge { npiny
Anvented 'Ilﬁ. oy rnl i
i st well Jnoe that
i Blsetcie was also tivolved

senging development of
ccr?n‘:}. f'lt‘l]jﬁx. aven conlings as

ale o Mgol] in,t{i'-ﬁ.nd
supd Lo test exlonsively
ﬂwm am‘ ﬂsn‘ul;u coativas, now
veferred Lo as’ ‘eontinnos eleaning”
weatings. The va believe
we are well i forme:d do lioth
approsches, Sinee wie dre ulrodue-
ing Tanges utilizing o porous
ceramic oven Loy cuaim,,, we wish
te make our pesition elear ragard-
ing these two methods.
Seli-Cleuning” Syeten,
The "self-cleaning” oven is o fully
auluinatic oven cleaning system. It
cleass the entire oven int m'mr
mrlumnﬂ the oven door I
panel, v dooe w 'Ldnw,t
racks, an:u oven Jipl nn'm‘u
alsaclean
vt refl

~The "seli-cleaning
s heat and aiv Lo

¢ A& smale and odor elimive o in

the vend eleans The vapor befora il
is exhavslod The only n'sidu(,

remaining ia on oceasionyl
ash h(‘m by l'h.l\ §

thorm; a] mml 'uum c’
avems ta kee .'!«m Lot arnd e
Avwn during the cleani 2
Thoref i noer :

e, which in niost of Use Hove, Uh 1%
operate L-r:ol T and more elicienily.
Depending ot eloctrical retes, it
costs aboul 9 (a 116 for cach vvan
cleaning cyule,

The “Conlingous Clo
Caoating. "Continnous Cle 1nmg
not acomplele seil removal pra
bt refers Lo ranves wilh spevinl

cleaming™

Appendi? A-10.

5 ’**‘@e?*ﬁzﬁﬁ

. -;'quu&: covamic eeated ovens, These
s eoatings ave darl in eoloy, rough in
Aexlare, somawhat Yow i ube £

resistance and have o high dey e

“of porosii This coaimg St aned

on rachs, windows, ev oven light
eovers, which st b claaned by
hand.

The froporlant soint to res
is that l'}u’.fu the porans eora
Han “tontinucus cloaning”

Rl 3 stanehmid paveelain
enamai lose some soil weight at,
over hake eaperatures, The
significani cli[i’em nee between the
two is that the dasic porous ceramice
surfaee lends to maitaic its

_original appearanee because of its

soil-hid g or masking character-
istics. This can be an advantage Lo
people who donol. use their oven
frw uently with heavy sotl-prodne-
i loads, sueh as roasis and Lireiled
weals, The worst protdem for
PUFONS cerinic ceatings s repo-
titdous heavy soiling, This typically
g waur*i-w uvan botlen froin

we (‘nncel ot fhvihu mark eq)}d
ecniusion hobws o Lwse two
mathods, s
hahpy custons
the uitimate henefii of the range
industry. We Lalieve most sales-
preeple e”“}.ﬂr.m. iy i?wnvw( if-
{eron imlv anl 3N mang

an will not bhe to

el 5 more mui cosls
meie "‘\“rt"JLI(’l"H" f‘()ilt]ll-
“l!lui‘Iu AniDg pjn\!l(lla,nnu ent-
uldy vlean lort R eoated oV SuL-
Taces anly (pxe i-pi poseibly the
hollam) ou cos { 5. In lime,
depending on usage, some perma

wanl staining of the porew, coramic

Ay

5

surface can be expected.
In ovder ta provide a chnu\- the

Gf‘-l"} .a]} h,{_l*‘ll Company wil

Brands, volaciod

nmdels wil.h the porous ceriwmic

coating, O the aven bolian we

1 o wth

whaie] Tor onsg

~ Howeven, i
"Oumwioh that )
ihe "continiany
Trequent and ine e
tion wilh sell-claaniz
Bleetiie will use *n-wu.m I
term. OQur terin [or the poreus
eeramic con i,m;”\'ul be *Clean-
Louk™ finish, hecanse of its unioue
ahility Lo hide levels of soif that
would oLherwise be unsightly on a
standard oven liner.

We would weleome Lhe use
this term by others in an eff
clirninate possible conlfusion i
winds of Lhe consumer.

tmnez al L o 1{ conlmucs. tn

wrho want. lh c
Loal” oven [inis!h, we think th r*y
should clearly kaow its limitations,
Therefore, in addition to the naine
change, these limitations will be in
ouwr range literakire and imprinted
on the removible oven botloin
punel. We believe dealers and cus-
tomers will weleome this clarvifica-
tion, beeause it should result in
salislicd users. We hope manufae
tnrars and Fi e
velailors alike :
will view
i
conatyactive
und needed
slepin an
lmlusuvnuled
forits fine
enulribu-
tions.

LEAL Lync]]i\

REPIINTS AVAILABLE FRUM THE RANGE PHO
LATHSVILLE, KENTUCKY 4026, .

LICTS IVISHON,



EFFECTS OF THE SELF-CLEANING OVEN
ON RESIDENTIAL ATR QUALITY

by
JANET M, HECHT

B.S., Kansas State University, 1975

AN ABSTRACT OF A MASTER'S THESIS

submitted in partial fulfillment of the

requirements for the degree

MASTER OF SCIENCE

Department of Family Economics

KANSAS STATE UNIVERSITY

Manhattan, Kansas

1976



This study was concerned with inside air quality. Effecté of
three self-cleaning ovens, each of a different brand, on residential
air quality were determined by measuring the smoke emitted by the
cvens during theilr self-cleaning cycle.

The solling technique was adapted from the American Home Appliance
Manufacturers soiling standard, ER-3. Two levels of soiling‘were used
to analyze oven capacity to eliminate smoke from the by-products of the
pyrolysis process.

The oven exhaust was i1sokinetically sampled; the sample filters were
analyzed by the light-scattering technique. A photometer measured
initial and final light transmittancy of the filter paper. This, with
other sampling data, was used to calculate the soiling index (CoH/1000
cu ft) of the oven exhaust.

The soiling index was used to evaluate the smoke-eliminating capa-
cities of the ovens. Statistically significant differences were found
among ranges and between levels of soiling. The Corning range emitted
significantly higher levels of smoke than the Hotpoint and Frigidaire
ranges, and the Hotpoint range emitted significantly higher levels of
smoke than the Frigidaire range. Significantly higher levels of smoke
were emitted with full-soil than with half-soil for both the Corning
and Frigidaire ranges. No significant difference occurred between levels
of soiling in the Hotpoint range.

Using as a quantitative measure the product of soiling index and

sampled air volume, smohs (Coh x sq ft), the oven smoke emission from



cleaning was related to an equivalent number of smoked cigarettes. The
cigarette equivalency ranged from 0.002 cigarettes in the lowest smoke-
emission run to 3.0 cigarettes in the highest, representing increases
of 17 and 2,754%, respectively, over normal residential levels in a 1360
cu ft room in Manhattan, Kansas.

Recommendations concerning usage and purchasing of a self-cleaning
oven are stated for consumers. Additional studies of the relative
effectiveness of different oven smoke elimination systems and the health

implications related to their usage are urged of researchers.



