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EXECUTIVE SUMMARY

Range and oven fires are the leading cause of residential firesin the United States. It is estimated
that there were an average of 93,800 fires resulting in 250 deaths and 4,700 injuries annually in
the years 1990-1994. Property damage amounted to an average of 397 million dollars annually.
Seventy-five percent of the fires involved ignition of food, grease or cooking oils and most (65%)
were unattended. As aresult, the United States Consumer Product Safety Commission (CPSC)
initiated a Range Fire Project to determine the possibility of monitoring changes in cooking gases
or temperature to identify pre-ignition conditions and lessen the risk of cooking fires.

The study was accomplished in three phases. The first two phases were performed by the
National Institute of Standards and Technology (NIST) and the third phase by CPSC. The NIST
phases of the study identified smoke particulates, hydrocarbon gases, and temperatures as the
primary indicators of pre-fire conditions. NIST conducted over 50 tests using electric and gas
ranges. Tests included several attended and unattended cooking scenarios. NIST identified the
thermocouples and gas sensors as the detection devices that have the greatest potential usein a
pre-fire detection system.

The CPSC phase of the study consisted of 94 tests using electric and gasranges. The tests
included both attended and unattended cooking scenarios to examine temperature settings, pan
materials and location, air flow and thermal inertia. Finally, the study examined the potential of
severa detection devices that may be promising for recognizing pre-fire situations. A kitchen
mockup similar to that of NIST’s was used with the exception that the CPSC kitchen contained a
ceiling fan. Detection devices obtained from NIST were used to detect hydrocarbons, acohals,
moisture, and smoke. Thermocouples were used for measuring pan bottom and pan content
temperatures.

The study concluded that for the detection devices tested:
. there was comparability between the CPSC and NIST tests;

. pan bottom temperatures provided a good indication of pre-ignition condition;

. gas sensors had generally low and variable responses until near ignition;

. smoke detectors did not respond consistently; and

. range hoods and ceiling fans substantially depressed gas sensor and smoke detector
reSpPONSES.

In addition, pan materials, contents, and type of range affected ignition. Signals from gas sensors
were affected by the presence of moisture, previous cooking exposure, forced air flow, and pan
position. The variable performance of the gas sensors and smoke detectors in this study should
not be construed to mean that they could not be modified to function as a part of a control

system. Several possible control approaches are presented based on the NIST and CPSC data.

Based on the above conclusions, the following recommendations are proposed:



meet with manufacturers of gas sensors and smoke detectors to determine if the function
of these devices can be sufficiently improved for this application; and

develop a prototype control system to test for long term reliability in preventing range
fires using thermocouples alone or in combination with gas sensors or smoke detectors (if
they can be sufficiently improved).
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1.0 OVERVIEW
1.1 INTRODUCTION (SECTION 6.0)

During the years from 1990 through 1994, range and oven fires were the leading cause of
residential fires (Monticone, 1997). Annualy, ranges and ovens were involved in an average of
93,800 fires resulting in 250 deaths and 4,700 injuries. Property |oss amounted to an average of
397 million dollars annually. Seventy-five percent of these fires involved ignition of cooking
materials, primarily grease, and sixty-five percent of these involved the absence of the cooks.

Asaresult of the number of deaths, injuries, and property loss, the Consumer Product Safety
Commission (CPSC) initiated a Range Fire Project. The primary objective of the project wasto
determine if available technology could be used to identify pre-fire conditions and lessen the risk
of unattended cooking fires. The specific pre-fire conditions anticipated to have the greatest
potential were increases in particles from the thermal degradation of grease or oil, temperatures
of the cooking vessel or pan contents and an increase in gaseous organic vapors associated with
the thermal degradation of food asit approaches auto-ignition temperatures.

To date the study has progressed through three phases. The first two phases were performed by
the staff at the National Institute of Standards and Technology NIST) (Johnsson 1995 and
Johnsson 1997), while the third phase was performed by the CPSC Staff (Phase I11). Both the
NIST studies and CPSC studies were conducted in amodel kitchen whose dimensions were 8 ft
(24 m) by 12 ft (3.6 m) with aceiling 8 ft (2.4 m) high. The kitchen had entrance doors, a test
range, base cabinets, wall cabinets, and a range hood. The model kitchen was equipped with an
array of thermocouples, smoke detectors, and gas sensors. The primary difference between the
NIST and CPSC kitchens was the presence of a ceiling fan in the CPSC kitchen.

This overview provides an expanded summary of the CPSC phase of the range fire study. To place
the CPSC phase of the study in perspective, a brief review of the two NIST studies is aso presented.
Sections listed in parentheses after subsection titles refer to the report section where more detail is
provided than in the overview.




1.2 NATIONAL INSTITUTE OF STANDARDS AND TECHNOLOGY (NISTY STUDIES
{SECTION 7.0)

The NIST Phase | (Johnsson 1995) study consisted of two parts. In the first part, tests were
conducted using various foods on different range types. The second part was aliterature and
patent search for devices, systems or methods for detection of pre-fire conditions. The types of
ranges used in the first part of the study were an open coil eectric, a smooth top eectric, and a
high output gas using foods most often associated with cooking fires such as cooking oils, bacon,
and sugar. Common pre-fire indicators were found to be smoke particles, hydrocarbon gases,
and the temperatures of the food and cooking vessd. The literature search identified several
potential means of detecting these indicators. These included various tin oxide sensors (for
acohols, moisture, and hydrocarbons), light scattering detectors (for smoke particles), miniature
infrared detectors (for hydrocarbons), and thermocouples (for temperatures).

The NIST Phase Il (Johnsson 1997) study expanded the Phase | study by investigating the
responses of a variety of detection devices to various cooking scenarios. These devices were
located both in the immediate cooking area and a various distances from the range. A total of 21
cooking scenarios and 43 tests were conducted during this phase of the study including extremes
of attended cooking such as blackened fish and periods of attended cooking followed by periods
of increased heating that led to ignition. Severd tests investigated the effects of using a range
hood on thermocouple and gas sensor signal's and smoke detectors (photoel ectric and ionization
responses). A review of the NIST data indicated that thermocouples and gas sensors at locations
not in the immediate vicinity of the range did not produce signals at levels needed for reliable
detection of incipient fires. The mgjor findings of the NIST Phase |l (Johnsson 1997) study were
as follows:

L Individual detection devices produced a stronger signal as the cooking activity
approached ignition than in norma cooking.

2. Household photoel ectric and ionization smoke detectors used in the study could detect
pre-ignition conditions, but generated a significant number of false darms.

3. All detection devices tested showed some potentia for being developed into a system for
preventing cooking fires. The number, variety, location, and construction of the detection
devices were important aspects of their ahility to detect pre-ignition conditions. -

4, Some attended cooking procedures may generate signals which are similar to those in
pre-ignition conditions. In these cooking procedures, the attending cook could use a
bypass switch to override the norma detection/control system response.

5. A combination of three sets of two signals each produced better differentiation between
attended and unattended cooking periods than individual detection devices. One cooking-
alcohol sensor at the front center of the range hood and a thermocouple contacting the
bottom of cooking pan appeared to be the most effective pair.

6. Preliminary dataindicated that the detedted signals appear independent of range type,
hood status, and pan material.

1. Based on the tests conducted, it appears that prefire detection systems for range-top
cooking are feasible and should be further investigated.
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13 CON R PRODUCT SAFETY COMMISSION STUDY (CPSC) DEVELOPMENT
[SECTION 8.0)

CPSC conducted 94 tests which were an extension of the two NIST studies and incorporated
suggestions from the United States Fire Administration (USFA), NIST, and the Association of
Home Appliance Manufacturers (AHAM). The CPSC study consisted of preliminary tests (12)
to demonstrate reproducibility of data between NIST and CPSC and 82 tests to evaluate pre-
ignition detection devices. The test plan for the Phase |11 testing had the following objectives:
(1) determine the reproducibility of the CPSC testing results to those of NIST for selected tests
in common; (2) complement NIST's pre-fire condition discrimination testing scenarios by
looking at additional abnormal and normal cooking scenarios and assessing other key variables
such as different temperature settings for cooking, different pan materials and pan locations on
the range, room air flow, and thermal inertia; and (3) consider approaches and/or experimental
systems that may have potential to prevent range fires.

14 TESTING FACILITIES (SECTION 8.1)

The CPSC testing began shortly after completion of the NIST Phase |1 testing. This allowed the
kitchen cabinets, sensors, and ranges used in the NIST studies to be transferred and installed in
the CPSC testing facility. The sensorsinstalled in the CPSC kitchen were located in the same
places as those in the NIST kitchen. In both the CPSC and NIST kitchens, a range hood was
installed over the range. The primary difference was that the CPSC kitchen had a40in (1.01 m)
low speed ceiling fan installed roughly in the center of the room. The fan and range hood were
only used in tests studying the effect of forced air movement or ventilation on sensor response.
The ranges used for the CPSC tests were the same as used in the NIST studies. The gas range
was a natural gas fired range. The electric ranges were an open electric coil type and adown
draft range with open dectric coil heding eements.

1.5 RESULTS AND DI |ON
151 ion of Detection Devi

A qualitative review of the NIST and CPSC data showed that many of the same detection devices
showed little response from the beginning to ignition during the course of a cooking scenario.
These included thermocouples not in the immediate vicinity of the burner on which cooking was
taking place and gas sensors that were located outside of the plume of cooking gases. The
detection devices that showed significant responses in both studies included gas sensors placed
above and along the centerline of the range or cooktop and thermocouples measuring the food,
pan bottom, and drip pan temperatures.




1.5.2 Reproducibility of M PSC T lon10.1

To determine the reproducibility between the MST and CPSC studies, thermocouple readings
from the pan bottom and contents were compared for selected tests, as were signas from gas
sensors located on the rear wall between the range and range hood, on the front of the range
hood, and on the ceiling directly above the range. In thesix minute period beforeignition, the
thermocouple readings were the most consistent for all test comparisons with similar risesin
temperature for both laboratories just before ignition. For example, the mean of the pan bottom
temperatures in four tests performed with soybean oil (two by MST and two by CPSC) at
ignition averaged 462.1 °C (864°F) with a standard deviation of 355 °C (64°F). Similarly, the
mean pan content temperatures for the same four tests averaged 394.5 °C (742°F) with a standard
deviation of 24.8 °C (44.6°F). These results indicated the reproducibility of data

Although the signals from the gas detection devices showed |ess consistency, the genera trends
were similar, particularly in the six minute period before ignition occurred. The initial sensor
voltages were not consistent, however, from run to run for either [aboratory nor were the
maximum signals recorded just prior to ignition. This may be related to the fact that: most of the
tests went to ignition and the sensors, particularly those near the range, were repeatedly exposed
to high temperatures, smoke, and oil vapor. High initial sensor voltages were typically preceded
by an ol cooking scenario.

The following three sections (Tests with 30 ml of oil, therma inertia, and temperatures at
ignition) deal with issues that place the remainder of the test results in perspective. These data
define the temperatures used for the remainder of the study.

1.5.3 Tests with 30 ml of Sovbean Qi (Section 10.2)

The test plan specified cooking scenarios using s little as 30 ml of soybean oil in some tests.
During these tests, the staff observed that the oil tended to form puddles that did not fully cover
the bottom of the pan. This prevented the pan content thermocouple from being submergedin
the oil. Ignition did not always occur consistently in these tests and when it did occur, the pan
content temperatures were inconsistent (range 272°C to 485 °C[522°F to 905°F] for metal pans).
Pan bottom temperatures for the 30 ml oil tests ranged from 424°C to 452°C (795°F to 846°F)
which was consistent with the pan bottom temperature range of 382°C to 494" C (720°F to
921°F) measured for al tests using metal pans.

hermal Lnertia (Section 10.

In some tests using ail in different kinds of pans on electric ranges, the il ignited after the range
had been turned off. This was due to a therma inertia effect whereby .the residua heat in the
burner coilsthat continued to heat the pan after the range had been turned off. The degree of
resdua heating depended on the amount of oil present and the temperature of the oil a shut off.
The continued temperature rise after the heating coil was turned off was a result of the heat




source being at amuch higher temperature than the pan and pan contents. The temperature rise
of the pan contents, resulting from residual heat in the heating coils was sufficient to result in
ignition in some cases even after the heating element had been turned off

The tests were conducted with empty pans and pans containing either 100 or 500 ml of soybean
oil. The tests were allowed to continue to pan content temperatures of 380°C (716°F) for empty
pans, and 260°C (500°F), 330°C (626°F), or 360°C (680°F) for tests using oil. These
temperatures were chosen to determine the relationship between shut off temperature and pan
content temperature increases. |n the case of empty pans, the temperature rise of 2°C after shut
off of the heating element was the lowest measured. This was probably related to the rapid
convective cooling of the pan and the fact that the pan content thermocouple was measuring both
pan bottom and air temperature.

Tests with 100 ml and 500 ml of soybean oil showed three features. First, the temperature rise
for both the 100 and 500 ml oil tests decreased as the shut off temperature increased from 260°C
(500°F) to either 330°C (626°F) (100 ml tests) or 360°C (680°F) (500 ml tests). Second, after
shutting off the burner, the 100 ml oil testsresulted in agreater temperature increase than the
500 ml tests. Thus, the pan content temperature rise after shut off at 260°C (500°F) was 50°C
(90°F) and 34°C (61 °F) with 100 ml and 500 ml of ail, respectively. The pan content
temperature rise after shut off at 330°C (626°F) (100 ml of ail) or 360°C (680°F) (500 ml of oil)
was 32°C (58°F) and 16°C (29°F) respectively. Third, the difference between pan bottom and
pan content temperatures, at their maxima, became less as the amount of oil decreased. The
differencesin pan bottom and pan content temperature for 100 ml and 500 ml of oil were 10°C
(18°F) and 54°C (97°F), respectively.

1.5.5 Temperatures at Ignition ion 104

A potentially important parameter in range fires is the temperature of the pan bottom and pan
contents at the ignition point. The CPSC testing resulted in 41 tests, using metal pans, that
achievedignition. Of those tedts, 37 were conducted with oil done or oil used in cooking
chicken as the pan contents. The remaining two tests used sugar as the pan contents. The tests
that used oil or oil and chicken showed arange of pan bottom temperatures from 386°C (727°F)
to 494°C (921°F) (average 438°C [820°F] with a standard deviation of 30°C [54°F]), the pan
content temperatures at ignition ranged from 346°C (655°F) to 410°C (770°F). The two tests
that used sugar as the pan contents had pan bottom temperatures of 334°C (633°F) and 360°C
(680°F) and pan content temperatures of 310°C (590°F) and 289°C (552°F). These data
indicated no major effect on pan bottom or pan content temperatures at ignition due to the use of
range hoods, down draft ranges, or ceiling fans. For these tests, a probability of eliminating 99
percent of theignitionsin metal panswould require that the pan bottom temperature not exceed a
temperature of 347°C (657°F). If the effects of thermal inertia for electric ranges are included
in establishing a cutoff point to prevent ignition, the pan bottom temperature should not exceed
315°C (603 °F) to 330°C (626°F), depending on the volume of oil. These temperatures are
consistent with limits for electric frying pans of 300°C (572°F) covered by an Underwriters




Laboratories Standard 1083, and recommendations by the Food Appliances Section of Good
Housekeeping for temperatures required for attended cooking.

' ' ion 10.5.1

Different pan materids (duminum, stainless stedl, or ceramics) can affect the uniformity of pan
or content temperatures or the production of cooking gases. Cooking &t lower heat settings also
affected the rate of temperature rise and can result in different rates of production off cooking
gases. Tests using stainless steel pans, heavy aluminum pans, and ceramic (glass) pans were
conducted at high and medium high heat settings, with 500 ml of oil. The only tests that
proceeded to ignition were those at the high heat setting. The medium-high heat setting tests
were run until the temperatures were essentialy congtant for a period of 10 minutes. Pan bottom
and pan content temperatures, and sensor voltages were compared when the pan content
temperature was 288°C (550°F) (pan bottom temperature of 330°C [626°F]).

Voltage outputs increased with increasing cooking gas concentrations, but no effort was made to
determine the relationship between voltage and concentration, since the focus of the study was on
the ability of the sensors to respond. The data obtained from the gas sensors showed variability
both in their initid voltages prior to exposure to cooking fumes and in the differences in voltage
between initial voltage and voltage at 288°C (550°F) pan contents temperature. Thevariationin
gas sensor signals for test groups was greatest with ceramic pans. With tests using metal pans,
the general hydrocarbon sensors near the range tended to provide greater increases over initial
voltages than the other gas sensors on the celling in front of the range. The cooking alcohol
sensors with metal pans did not show as much site to site variation. Gas sensor responses from
aluminum pan tests for medium high (non-ignition) tests were actually greater than sensor
responses for high heat tests which did ignite. The medium high tests were performed longer
than high heat tests and yet did not terminate in ignition. This effect was only occasionaly seen
with stainless steel pans, while ceramic pans exhibited mixed behavior. The longer time and
congtant heat setting (once steady state pan content temperature was reached) caused more
cooking vapors to be produced, which alowed the gas sensors to pick up more cooking vapors
(hence, produce higher voltages).

1.5.7 Thermocouple Position and Pan Materials {Section 10.5.2

Thelow conductivity of the ceramic materials (0.2 to 5 percent of that of metals, [Lange 1956])
highlighted the need to properly place thermocouples to measure the panbottom and pan content
temperatures. The pan bottom thermocouple was typically located near the center of the pan,
while the pan content thermocouple was typically located closer to the heating coils. For ceramic
pans this caused the pan content temperatures to be hotter than the pan bottom temperature. To
asess the reasons for the temperature differences observed with ceramic pans, tests were
performed with oil or water and pan content thermocouples located in two different postions.
Two pan content thermocouples, both in contact with the bottom of the interior of the pan were
installed. One was placed over the centrally located pan bottom thermocouple and. the second




offset about 2.25 in (57 mm) to be closer to the heating coils. The centrally located pan content
thermocouple registered atemperature 25 °C (45°F) higher than the centrally located pan bottom
thermocouple. The offset pan content thermocouple registered a temperature 33 °C (59°F) higher
than the centrally located pan bottom thermocouple. In contrast, atest with a stainless steel pan
showed nearly identicd temperatures for the centraly located and offset pan content
thermocouples with a pan bottom temperature of about 40°C (72°F) higher than the pan content
temperature. Accurate measurement of pan bottom temperatures for a variety of cooking vessel
materials may require placing at least two thermocouples such that they encompass the various
temperature regions associated with the particular heating elements used.

1.5.8 Effects of Air Flow ion10.

One factor that could affect the ability of sensors to react to a particular rate of production of
smoke, gases, or hydrocarbonsis ventilation or air circulation in the vicinity of the cooking
activity. Ventilation from the use of range hoods or down draft ranges, or air circulation from
the use of celing fans caused the hydrocarbons and smoke to be diluted. Since smoke detectors
and gas sensors are dependent on particulate or gas concentration, the dilution effect of
ventilation or ar circulation could result in ther falure to respond to a preffire condition. All
ventilation tests were conducted a the highest heat setting.

A series of tests investigated the effects of ventilation and air circulation on the signals
produced by the gas sensors. Tests were performed on both the front and rear burners using gas
sensors located on the centerline of the range at different heights ranging from immediately
above the range to the ceiling. Data obtained at a 288°C (550°F) pan content temperature were
compared for tests with and without forced ventilation or ar circulation.

The tests showed reductions of sensor signals when a range hood, a calling fan, or both were
operated. On the front burner, the signal in tests with ventilation ranged from O to 15 percent of
the non-ventilated test results depending on sensor location. Ceiling mounted sensors showed
the least change in strength for the front burner tests with values that were 33 to 43 percent of the
non-ventilated tests. On the rear burner, the average of signals from al tests with ventilation
ranged from O to 60 percent of the non-ventilated tests depending on sensor location. The wall
mounted sensors showed the least reduction in strength for rear burner tests with values ranging
from 40 to 60 percent of the baselinetests. While the concentration of cooking vapors is
relatively low under these conditions, similar effects were noted at higher concentrations closer
to ignition. y

These data do not quantitatively agree with limited tests done by MST (Johnsson, 1997) where
smaller reductionsin gas sensor signals were observed with the use of arange hood. Although
the difference in data between NIST and CPSC is unexplained at this time, the presence of forced
alr movement is consistent with dilution of the cooking gases and thus a reduction in gas sensor
output. ‘




Tests were dso conducted with the down draft range which had an additional set of sensors
placed in the down draft opening to evaluate whether sensors would record a change from
baseline tests. Tests were performed only on the rear burner. Overall, operating the down draft
feature was somewhat less effective in removing/diluting the gases than ether the range hood or
ceiling fan. The ceiling mounted sensor signals ranged from 12 to 40 percent of the non-
ventilated tests. The gas sensors, even though placed in the exhaust stream, showed some
decreasein signal strength when the down draft feature was operating compared to signals from
detectors mounted above the range. Thermocouple readings were not affected appreciably by air
flow or ventilation.

1.5.9 Effect of Water Vapor and Aging on Gas Sensors (Section 10.7)

The gas sensors tested were generd hydrocarbons, total cooking, genera acohols, cooking
alcohols, and water vapor sensors. During cooking, water vapors produced by boiling or
steaming can be present at the same time that hydrocarbon vapors are being produced from frying
procedures. Since gas sensors did not aways return to the same pre-fire sgnd level., the absolute
magnitude of the sensor output was not used for evaluation of these data. Rather, the difference
between the fina voltage and the initial voltage was used as the detector response. Gas detection
devices, exposed to water vapor only, showed an increase ranging from 0.25 to 0.7 volts over the
initia  voltage. When oil was heated in the presence of water vapor, responses were reduced to
40 to 80% of the sgna obtained with oil aone.

To evauae the effects of aging on sensor voltage, the ratio of the resstance of the device with
no exposure to gases to the resstance as the amount of gas increased during the cooking scenario
was determined. The resstance ratio was used to normalize the data for the comparisons.

Two total hydrocarbon gas sensors were placed next to each other over the range. One device
was new while the second had been used by MST and CPSC for a number of tests, Anaysis of
the data at both high and medium high heat settings, for cooking scenarios using soybean oil
showed that while the two sensors tracked each other, the resistance ratio of the new sensor was
dightly lower than that of the old sensor (i.e, the new sensor responded more readily).

1.5.10 Additional Pre-fire Discrimination (Section10.8

AHAM suggested four additional test scenarios to better explore the function of gas sensors and
thermocouples in detecting pre-fire situations. These consisted of caramelizing sugar on ahigh
heat setting until the sugar boiled over and ignited, deep frying chicken in soybean oil (2 L) using
both gas and eectric ranges, and preparing a flambe dessert.

In the case of the caramelized sugar test, ignition occurred a a pan bottom temperature of about
330°C (626°F). In comparison 31 tests involving soybean oil ignited at an average pan bottom
temperature of 442°C (828°F), ranging from 382°C (720°F) to 494°C(921°F). The: cooking
dcohol sensor sgnd increased as the cooking temperature increased.
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Testsinvolving chicken cooked in 2 L of soybean oil were performed on both gas and electric
ranges. Two tests were performed on each range type. In the second of two tests on the electric
range, the cooking alcohol sensor at the center front of the range hood had a high initial voltage
reading. The fina voltage at ignition was about 13 volts for both tests. The high initial voltage
for the sensor was probably due to residual contamination of the gas sensor from previous tests.
For the two tests on the gas range, the cooking alcohol sensor at the center front hood location
exhibited roughly similar responses throughout the test with a maximum voltage at ignition of
about 14 volts. With either a gas or an electric range, the center front hood location cooking
alcohol sensor produced asignal change of 4 to 11 volts. Gas sensors for total cooking gases at
the center front hood location and ceiling above the range hood |ocation also showed increases of
6 to 8 volts.

Two tests were performed to prepare a flambe dessert. The flambe test consisted of pouring
warm brandy over heated bananas (pan bottom temperature about 200°C [392°F]). The mixture
continued to be heated on a burner and the brandy was ignited. Voltage from the cooking alcohol
sensor at the center front hood location rose when the bananas were placed in the pan, fluctuated
inconsstently when the brandy was added, and findly increased sharply about a minute after the
brandy was ignited. The data showed that the most noticeable changes occurred after ignition of
the brandy. Pan bottom temperatures remained low and the bananas did not ignite. Both the
caramelized sugar and flambe tests showed that ignition can occur at temperatures lower than
seen with oils. Neither test scenario islikely to be unattended.

1.5.11 Smoke Detector Performance (Section 10.9)

Both photoel ectric and ionization type smoke detectors were installed at various locations in the
test kitchen, to assess their usefulness in detecting pre-fire conditions. The photoel ectric detectors
were located at the range splash panel, the center front hood, ceiling above hood, and in the entry
door. Theionization detectors had been modified, according to instructions provided by the
manufacturer’'s representative, to alow signals to be monitored as the accumulation o:f smoke
built up and alarm occurred. In practice, the modifications did not perform as expected. Further,
the staff noted that battery life was shorter than expected and al but one of the ionization
detectors failed to produce usable data. Thus, data for the single ionization detector that worked
was limited to those tests where the batteries were properly functioning.

In cases where ignition occurred, all detector alarms activated. Depending on location, 0 to 15
percent alarmed after ignition. The percentage of detectors alarming within 2 minutes of ignition
ranged from 18 to 45 percent, while within 4 minutes of ignition, 47 to 64 percent of detectors
responded. Thirty-seven to forty-six percent of the alarms occurred at times more than 4 minutes
prior to ignition. In some tests, where attended cooking was followed by unattended cooking
proceeding to ignition, the alarms occurred during the normal cooking period. In cases where
ignition did not occur, the range of “false darms’ (i.e., darms during atended cooking) was 81
to 100 percent. ‘




The use of arange hood or ceiling fan adversely affected the smoke detector responses. The
location of the smoke detector and in the case of the range hood operating, the location of the pan
on the range also had an effect. When arange hood, ceiling fan, or down draft range was used,
photoel ectric detectors located outside the range hood failed to alarm until after ignition in 10 of
14 tests. Ten of eleven tests with cooking on the rear burner while using the range hood resulted
in falure of the photodectric detectors to adarm.

Currently manufactured smoke detectors, as used in these tests, appear to darm early and during
normal cooking to an extent that suggested that different sensitivity settings or
exposure/sampling configurations would be required for them to provide areliable pre-ignition
indicator.

1.5.12 Possible Contral Svstem Approaches (Section11)

The CPSC staff modeled three approaches for control systems. The models were based on data
obtained from CPSC tests that resulted in ignition. The intention was to define the point at
which some action needed to occur. The action could be either setting of an darm, shutting off
the range, or causing the range burner(s) to cycle.

Each of the three modeling gpproaches was based on a pan bottom temperature of 340°C (644°F)
and one of the combined temperature and gas sensor data. The approaches were as follows:

(1) Use of a smple thermostat that, after reaching a preset pan bottom temperature, either shuts
off the range or cycles the heating to prevent any further increase in temperature.

(2) Monitoring the rate of increase in pan bottom temperature relative to the pan bottom
temperature to provide greater flexibility in allowable pan bottom temperatures. The rationale
for this approach was that coupling the rate of change in pan bottom temperature with the actual
pan bottom temperature allowed discrimination of theinitial heating of the cold pan contents
(which could be rapid) from the later phase when the pan contents are gpproaching the set point
temperature. In the later phase, the system could cycle to prevent the pan bottom temperature
from increasing to a point tha ignition might occur.

(3) Use of a combination of pan bottom temperature and a gas sensor for determining if control

action was necessary. This approach was taken to address preliminary work done by MST that

suggested a combination of gas sensors and temperatures might provide better discrimination of
pre-fire conditions than ether temperatures or gas sensors aone.

The modeling indicated that a simple thermostat that either shuts the range off or cyclesthe range
on and off once acritical pan bottom temperature is reached, would prevent many fires. The
critical temperature needs to be chosen carefully to avoid nuisance actions (shut off or alarm)
when a prefire condition does not exist. Cycling clearly makes such events less likely and
lessens the nuisance factor. However, some ignitions of pan contents (such as sugar) may still
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occeur.

Monitoring the rate of change of pan bottom temperature would allow for more rapid initial
heating but would then act as the simple thermostat described above. Again the critical level of
the pan bottom temperature must be carefully chosen to avoid nuisance alarms and some pan
contents such as sugar may still ignite.

The combination of gas sensors and temperature for controlling the range operation permits the
possibility of higher temperatures for cooking while potentially offering some additional
protection from certain ignition scenarios such as caramelizing sugar. A factor that must be
considered is that use of range hoods or ceiling fans causes large decreases in the signals
generated by the gas sensors. There also needs to be away to deal with sensors becoming dirty
and to limit nuisance shut offs. The pan contents may still ignite.

1.6 CONCLUSIONS AND RECOMMENDATIONS (SECTION 12.0)

1.6.1 Conclusons

The major conclusions of this report are based on the measurements and observations obtained
with the detection devices, ranges, pans, pan contents, ventilation, and the model kitchen used in
this study. Extrapolations to other conditions should be made with caution. Further, while some
sensors might not have responded adequately or consistently in this study, they may be able to be
modified to work adequately if designed specifically for cooking applications. The major
conclusons are as follows:

° Tests performed at the NIST and CPSC showed similar pan bottom and pan content
temperatures and signals from gas sensors during the 6 minutes before ignition.

) Thermal inertia caused atemperature increase in the pan contents of 16°C to 50°C (29 to
90°F) after shutting off the electric burner. The variability is related to oil volume and
shut off temperature.

. Pan bottom thermocouples provided areliable indication of pre-fire conditions. Based on
the conditions of the tests performed at the CPSC Engineering Laboratory, it is estimated
that 99% of the ignitions with metal pans could be detected prior to ignition if detection
criteriawere that the pan bottom temperature should not exceed 340°C (644°F) and the
pan content temperature should not exceed 300°C (572°F).

) Ceramic pans did not conduct heat as well as metd pans and required careful
thermocouple positioning to obtain an accurate temperature reading for the pan bottom.

° Gas sensor signals were generally low and variable until the pan contents approached
ignition. Their signals were partially depressed by the presence of water vapors. Sensor
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sgnas from non-ignition cooking tests were as high as those for ignition teds.

° Smoke detectors tended to alarm during normal cooking and in some instances failed to
alarm before a pan bottom temperature of 360°C (680°F).

° Whether the gas sensors and smoke detectors could be modified to more accurately detect
a pre-fire condition, with fewer nuisance aarms is uncertain.

° Air flow in the vicinity of the gas detection devices caused by ceiling fans or range hoods
can reduce the signals produced to 5 to 10 percent of the signal obtained without forced
movement. Use of arange hood or celling fan caused most smoke detectorsto alarm
after ignition.

1.6.2 Recommendations

Based on the above conclusions, the following recommendations are proposed:

meet with manufacturers of gas sensors and smoke detectors to determine if the function
of these devices can be sufficiently improved for this application; and

. develop a prototype control system to test for long term reliability in preventing range

fires using thermocouples alone or in combination with gas sensors or smoke detectors (if
they can be sufficiently improved).
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6.0 INTRODUCTION

During the five years from 1990 through 1994, range and oven fires were a leading cause of
residential fires (Monticone, 1996). The estimated annual number of fires involving ranges
and ovens averaged 93,800 resulting in 250 deaths and 4,700 injuries. Property loss amounted
to 320 million dollars. Seventy five percent of these fires involved food, oils, or grease and
sixty-five percent involved the absence of the cooks.

As aresult of the number of deaths, injuries, and property loss, the Consumer Product Safety
Commission (CPSC) initiated the Range Fire Project in 1994. The goa of the Range Fire
Project was to reduce the number of cooking-related firesin homes. To achieve this objective,
the staff initiated a study of the characteristics of residential cooking fires to see how they
could be prevented. The major objective of this study was to determine if available
technology could be used to identify the pre-fire signatures and lessen the risk of unattended
cooking fires.

The specific parameters anticipated to be of value were an increase in smoke particles from
vaporized grease or oil, temperatures of the cooking vessel or food contained in the vessel, and
an increase in gaseous vapors associated with the evaporation or decomposition of food as it
approaches ignition temperatures.

To date the study has progressed through three phases. The first two phases of the study were
conducted by the National Institute of Standards and Technology (NIST) (Johnsson 1995 and
Johnsson 1997) while the third phase was conducted by the CPSC Staff at the Commission’s
Engineering Laboratory.

The sections that follow provide a summary of the results of the MST Phase | and |1 testing
(Section 7), adescription of the CPSC test plan and methodol ogy, test facility setup, and
instrumentation (Section 8), a summary of the CPSC safety procedures (Section 9), a
presentation of the CPSC test results with discussion (Section 10), an assessment of possible
control system approaches that could be used to prevent fires (Section 1 1), and the conclusions
(Section 12).
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7.0 REVIEW OF NIST TESTING

This section provides a summary of the results and conclusions of the first two phases of the
Range Fire project testing conducted for CPSC by MST.

7.1 MST Phase |

This phase of the range fire project (Johnsson 1995) consisted of two parts. The first part was an
engineering sudy in which a tot of twenty-two experiments were conducted on two electric
ranges, an open coil, and a smooth top, and on a gas stove with high-output burners. Half of
these tests were performed with an active range hood. The effect of the hood was insignificant a
the center of the cooking plume (approximately 6" above the burner surface), where
thermocouples, alaser, an IR device, and a velocity probe were placed. Stainless steel cooking
pans were found to produce shorter ignition times than aluminum pans. Among the different
food groups, soybean oil, bacon, and table sugar were chosen for thelr prevalence in cooking
fires based upon data evaluated by CPSC. Data on temperature, laser attenuation, plume
velocity, and time to ignition were recorded as were infra-red images and Fourier transform
infra-red Spectroscopic (FTIR) data. This phase of the study indicated that with specific
combinations of the above foods and ranges, temperatures, smoke particulates, and hydrocarbon
gases were the best parameters for defining pre-ignition.

The second part of the Phase | effort was a literature and patent search of existing or potential
devices, systems, or methods capable of detecting pre-ignition conditions. The most promising
detection technologies identified were tin oxide (SnO,) and narrow-band infrared absorption
(non-dispersive infrared NDIR) sensors for hydrocarbons, miniaturized NDIR technology for CO
detectors, scattering or attenuation types of photoelectric devices for smoke particles, and
thermocouples for contact thermometry. Results from the search also indicated that in related
gpplications such as fire detection, or hazardous gas detection, combining multiple sensor
outputs has proven successful in reducing false darms. Control technology to shut-off and
restart an electric or gas range was found to be available.

7.2 MST Ph

The objectives of this phase of the MST study were to determine if there was a possibility of
differentiating between normal and hazardous pre-ignition cooking conditions. This effort
included an evauation of the potentid of individua or combined pre-ignition indicators to sense
that window. A wider selection of cooking scenarios was examined based on comments from
range manufacturers, Underwriters Laboratories (UL), CPSC staff, and others. Tests included
extreme cases of hormal cooking procedures, as well as additional detection device locations to
acquire data. A tota of twenty-one scenarios and forty-three tests were conducted on four
different range types. Some of the scenarios generated unusualy high levels of one or severd
pre-ignition indicators such as smoke, steam, hydrocarbon gases, or high temperatures. Several
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tests consisted of periods of attended cooking followed by periods of unattended cooking leading
to ignition by increasing the temperature setting. Numerous selected |ocations were added to
sample distributions of gas concentrations, temperatures, or smoke. Based on the specific
ranges, foods, pans, and ventilation, in the Phase || NIST tests, the following observations were
made by NIST:

* Individual detection devices can detect astronger signal when approaching ignition in
hazardous cooking than in normal cooking.
* Household photoel ectric and ionization smoke detectors tested can detect pre-ignition

conditions fairly well, but generate a significant number of false alarms.

* The detection devicestested all showed some potential for being developed into a system
for preventing cooking fires. Some will require more development than others. Also, the
quantity, variety, location, and construction of the detection devices were an important
aspect of their ability to detect pre-ignition conditions.

* Some attended cooking procedures may generate signals which are similar to those in
pre-ignition conditions. Since in these procedures, an atending cook is a prerequisite, a
bypass button can override the normal system response.

* A combination of three sets of two signals each produced better differentiation between
attended and unattended cooking periods than individua detection devices. One cooking-
alcohol sensor at the front center of the range hood and a thermocouple contacting the
bottom of the cooki