
(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization
International Bureau

(43) International Publication Date (10) International Publication Number
5 July 2007 (05.07.2007) PCT WO 2007/075453 Al

(51) International Patent Classification: (81) Designated States (unless otherwise indicated, for every
F41H 9/06 (2006.01) G08B 29/14 (2006.01) kind of national protection available): AE, AG, AL, AM,

(21) International Application Number: AT,AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN,

PCT/US2006/047979 CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI,
GB, GD, GE, GH, GM, GT, HN, HR, HU, ID, IL, IN, IS,

(22) International Filing Date: JP, KE, KG, KM, KN, KP, KR, KZ, LA, LC, LK, LR, LS,
15 December 2006 (15.12.2006) LT, LU, LV,LY,MA, MD, MG, MK, MN, MW, MX, MY,

(25) Filing Language: English MZ, NA, NG, NI, NO, NZ, OM, PG, PH, PL, PT, RO, RS,
RU, SC, SD, SE, SG, SK, SL, SM, SV, SY, TJ, TM, TN,

(26) Publication Language: English TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW
(30) Priority Data:

11/316,072 22 December 2005 (22.12.2005) US (84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,

(71) Applicant (for all designated States except US): THE GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
BOEING COMPANY [US/US]; 100 North Riverside ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
Plaza, Chicago, IL 60606-2016 (US). European (AT,BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,

(72) Inventors; and FR, GB, GR, HU, IE, IS, IT, LT, LU, LV,MC, NL, PL, PT,

(75) Inventors/Applicants (for US only): LAZZARINI, RO, SE, SI, SK, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA,

Anthony, K. [US/US]; 12105 51st Avenue SE, Everett, GN, GQ, GW, ML, MR, NE, SN, TD, TG).

WA 98208 (US). BARTON, Steven, M. [US/US]; 4721 Published:
Belvedere Avenue, Everett, WA 98203-1502 (US). — with international search report

(74) Agents: SATERMO, Eric, K., et al.; The Boeing Com — before the expiration of the time limit for amending the
pany, MC 110-SD54, P.O. Box 2515, Seal Beach, CA claims and to be republished in the event of receipt of
90740-1515 (US). amendments

[Continued on next page]

(54) Title: METHOD AND APPARATUS FOR GENERATING CONSISTENT SIMULATED SMOKE

(57) Abstract: A simulated smoke generator method and apparatus (10) is provided for generating a consistent smoke plume. By
using a closed loop controller (36) to maintain at least one property, affecting one or more characteristics of the oil, at a desired level,
a consistent type of simulated smoke is generated.



For two-letter codes and other abbreviations, refer to the "G uid

ance Notes on Codes and Abbreviations" appearing at the beg in
ning of each regular issue of the PCT Gazette.



METHOD AND APPARATUSFOR GENERATING CONSISTENT SIMULATEDSMOKE

BACKGROUND OF THE INVENTION

The invention relates generally to methods and apparatuses for generating simulated

smoke, and in particular to methods and apparatuses for generating simulated smoke that may

be used for testing smoke and fire detection equipment.

Aircraft smoke detection testing, for example, used to test the performance of smoke

detection systems for cargo compartments of aircraft, has been a highly uncertain and often

costly component of the airplane certification process. Whenever a cargo compartment or a

smoke detection system is designed or changed significantly, aircraft manufacturers are

required to demonstrate acceptable smoke detector performance. This typically involves

generating smoke in an affected compartment during a test flight, and showing that the smoke

detection system produces an alarm within the specified period of time.

In connection with ongoing efforts to increase aircraft safety, the U.S. Federal Aviation

Administration ("FAA") has recently elevated test requirements by demanding swifter

detection of smaller smoke quantities. The present allowable smoke rate that must be detected

is near the limit of many of the most current smoke detection systems, and therefore small

variations in the generation rate of smoke during testing, due to factors such as ambient

temperature variations, can dramatically increase the likelihood of inconsistent test results.

Thus, it has become a challenge to provide not only a quantity of smoke that meets test criteria

for certification of smoke detection systems, but also a repeatable and consistent quantity of

smoke for tests of aircraft smoke detection equipment.

Existing smoke generator systems produce thermal aerosols for testing aircraft cargo

hold smoke detection systems. Examples of such smoke generator systems include, for

example, the Aviator, manufactured by Corona Integrated Technologies, Inc. and the ZZlOl,

manufactured by Siemens SAS. Both of these smoke generators produce mineral oil thermal

aerosols. However, recent lab tests have shown that the oil temperature in the reservoirs of

these generators greatly affects smoke production. Tests of the Siemens ZZlOl showed that

oil cold-soaked at 35 °F produced approximately 40 % of the smoke produced by oil warm-

soaked at 105 °F. Oil viscosity likely caused this behavior, as it changes significantly in the

range of temperatures tested (the oil freezes at 14 0F). Tests of the Aviator smoke generator

system produced similar results.



This variability of output with temperature adds much risk to aircraft certification

efforts, as a smoke detection system that passes ground detection tests on a warm day can fail a

flight test with a cooler or unheated cargo compartment. Alternately, a generator whose output

registers a given smoke density during lab calibration will release less simulated smoke in the

following days if those days happen to be cooler. Such sequences of events may result in

costlier test efforts.

Accordingly, there is a need for smoke generation systems and methods that precisely

control smoke generation rates and other relevant parameters, such as, for example smoke

particle size (droplet size) and heat plume energy.

The present invention is directed to overcoming one or more of the problems or

disadvantages associated with the prior art.

SUMMARY OF THE INVENTION

According to one aspect of the invention, a method of generating simulated smoke for

testing of fire detection systems is provided. The method includes: providing liquid oil; using

closed loop control to maintain at least one property, affecting one or more characteristics of

the oil, at a substantially constant desired level; and expelling the oil in droplet form to

generate a consistent type of simulated smoke. The at least one property that may be

maintained at a substantially constant desired level may be oil temperature, volumetric flow

rate of air, and/or chimney air temperature.

According to another aspect of the invention, a simulated smoke generator includes a

liquid oil tank, a closed loop controller to maintain at least one property, affecting one or more

characteristics of liquid oil in the liquid oil tank, at a desired level, and a nozzle for dispersing

the oil in droplet form to generate a consistent type of simulated smoke. The closed loop

controller may be adapted to maintain liquid oil temperature at a desired level, control an

effective air flow area of the chimney, and/or maintain chimney air temperature at a desired

level.

The features, functions, and advantages can be achieved independently in various

embodiments of the present invention or may be combined in yet other embodiments.

BRIEF DESCRIPTION OF THE DRAWING

FIG. 1 is a schematic diagram illustrating an exemplary embodiment of a smoke

generator system according to the invention.



DETAILED DESCRD?TION

As shown in FIG. 1, a smoke generator system, generally indicated at 10, includes an

oil reservoir tank 12 containing oil 14 that may be placed under pressure, for example, by

carbon dioxide gas 16 from a carbon dioxide (CO ) tank 18. The carbon dioxide tank 18 may

be connected to the oil reservoir tank 12 via a supply line 20 and the oil in turn may be forced

by the pressure of the carbon dioxide 16 to flow through an oil supply passage 22 that is in

fluid communication with a heater block 24 via a solenoid on/off valve 26.

Gaseous CO2 pressurizes the reservoir and forces oil into the oil supply passage 22,

where a small orifice (not shown) drilled into the side of the oil supply passage 22 allows CO2

to enter the oil supply passage 22 and mix with the oil. The resulting CO2-OU mixture travels

through the on/off solenoid valve 26 to the heater block 24, where the oil is vaporized and

forced through a nozzle 28 into a chimney 30. The CC -oil mixture exits the nozzle 28, cools

and condenses upon discharge, and forms a thermal aerosol of microscopic (e.g., micron-sized)

oil droplets. This thermal aerosol is carried upward and out of the chimney 30 by a heat plume

maintained by a heater 32, that may be positioned within the chimney 30, and that heats air

within the chimney 30.

The temperature of the oil 14 in the oil reservoir tank 12 may be regulated by an oil

tank heater 34 that may be regulated by a controller, such as, for example, a digital

proportional integral derivative (PID) controller 36, that may be operatively connected to the

oil tank heater 34 and to an oil temperature sensor or thermocouple 38 for providing closed-

loop control of the temperature of the oil 14 in the oil reservoir tank 12.

The temperature of the air in the chimney 30, and thus the size of the oil droplets

dispersed by the nozzle 28, may also be controlled by the PID controller 36, that may be

operatively connected to the heater 32 and to a chimney temperature sensor or thermocouple

40. The PID controller 36 may also be operatively connected to the heater block 24.

The oil droplet size is a function of a number of factors. Higher air temperature in the

chimney 30 and/or the heater block 24 tends to produce a smaller droplet size in the thermal

aerosol exiting the chimney 30, and makes the thermal aerosol more buoyant as it exits the

chimney 30. A certain level of buoyancy may be desirable, since it makes the thermal aerosol

behave in a manner similar to smoke from an actual fire, by rising upward. A higher flow rate

of air through the chimney 30 prevents oil droplets from colliding with one another and

coalescing, thereby preventing the formation of a fog of larger oil droplets (such a fog is likely

to sink, rather than rise, and therefore not behave similar to smoke that typically rises).



Accordingly, by flowing more air and/or hotter air through the chimney 30, a low droplet size

may be maintained. Higher gas pressure applied to the liquid oil in the oil reservoir tank 12

tends to produce a larger droplet size in the thermal aerosol exiting the chimney 30.

The volumetric flow rate of air through the chimney 30 is a function of a number of

variables, including air temperature in the chimney 30 and the effective flow area of the

chimney 30. The average diameter of the oil droplets exiting the chimney 30 is a function of

mass flow of oil exiting the nozzle 28, the temperature of the oil exiting the nozzle 28, the

pressure of the oil exiting the nozzle 28, and the volumetric flow rate of air through the

chimney 30. The buoyancy of the plume exiting the chimney 30 is a function of a number of

variables, including the mass and temperature of the oil introduced into the chimney 30, as

well as the mass and temperature of the air flowing through the chimney 30. The smoke

density of the plume exiting the chimney 30 is a function of a number of variables, including

the mass flow of oil exiting the nozzle 28 and the volumetric flow rate of air through the

chimney 30. The mass flow of oil exiting the nozzle 28 is a function of a number of variables,

including the oil temperature, oil pressure, the geometry of the nozzle 28, and the flow

resistance of the fluid path (e.g., the flow resistance through the oil supply valve 22, solenoid

valve 26, etc.).

Droplet size of the thermal aerosol may be affected by varying the volumetric flow rate

of air through the chimney 30, for example, by varying the effective air flow area through the

chimney 30. Providing a larger effective air flow area through the chimney 30 tends to spread

the oil droplets apart from one another and prevents the oil droplets from coalescing. The

effective air flow area through the chimney 30 may be regulated, for example, using movable

louvers 46 that may be operatively connected to the controller 36. Of course, other methods

and/or structures, such as one or more fans (not shown) may be used to vary the volumetric

flow rate of air through the chimney 30.

A purge valve 42 may be connected to the conduit 22, downstream of the solenoid

on/off valve 26, in order to purge excess oil from the system at startup using a secondary

source of pressurized carbon dioxide 44.

Initial testing of a smoke generating system with an oil reservoir temperature control device

according to the invention has shown that through this addition, unprecedented precision may be

achieved in controlling smoke output. Together with the benefits of control over chimney air

temperature, the smoke generator improvements in accordance with the invention reduce a

significant portion of the risk in testing aircraft smoke detection systems. Cost savings from



such improvements can be realized not only in reduced lab, ground, and flight test costs, but also

in reduced risk of rushed redesigns that result from failed tests due to inconsistent smoke

generation.

Other aspects and features of the present invention can be obtained from a study of the

drawings, the disclosure, and the appended claims.

Although the preferred embodiments of the invention have been disclosed for illustrative

purposes, those skilled in the art will appreciate that various modifications, additions, and

substitutes are possible, without departing from the scope and spirit of the invention as disclosed

herein and in the accompanying claims. For example, although the invention has been described

primarily for use with smoke generator systems that produce thermal aerosols, the invention may

of course be used with other smoke generator systems, such as, for example, wood and/or paper

based smoke generators, e.g., by controlling air temperature and volume of a smoke plume to get

consistent smoke characteristics, according to the invention.



CLAIMS

What is claimed is:

1. A method of generating simulated smoke for testing of fire detection systems, the

method comprising:

providing liquid oil;

using closed loop control to maintain at least one property, affecting one or more

characteristics of the oil, at a desired level; and

expelling the oil in droplet form to generate a consistent type of simulated smoke.

2. The method of claim 1, wherein the at least one property that is maintained at a

desired level includes liquid oil temperature.

3 The method of claim 1, wherein the at least one property that is maintained at a

desired level includes air temperature associated with the oil in droplet form.

4. The method of claim 1, further including controlling a volumetric flow rate of air.

5. The method of claim 4, wherein controlling a volumetric flow rate of air includes

controlling an effective air flow area.

6. A method of generating simulated smoke, comprising:

heating oil to a temperature elevated with respect to ambient temperature;

regulating the temperature of the oil using a closed-loop controller; and

dispersing the oil in droplet form.

7. The method of claim 6, further including purging excess oil prior to dispersing the

oil in droplet form.

8. The method of claim 6, further including regulating the temperature of air that

surrounds the oil in droplet form.

9. The method of claim 6, further including controlling an effective air flow area

associated with the oil in droplet form.



10. A simulated smoke generator comprising:

a liquid oil tank;

a closed loop controller to maintain at least one property, affecting one or more

characteristics of liquid oil in the liquid oil tank, at a desired level; and

a nozzle for dispersing the 'oil in droplet form into a chimney to generate a consistent type

of simulated smoke.

11. The simulated smoke generator of claim 10, wherein the closed loop controller is

adapted to maintain liquid oil temperature at a desired level.

12. The simulated smoke generator of claim 11, wherein the closed loop controller is

further adapted to control an effective air flow area of the chimney.

13. The simulated smoke generator of claim 10, wherein the closed loop controller is

further adapted to maintain chimney air temperature at a desired level.

14. The simulated smoke generator of claim 13, wherein the closed loop controller is

adapted to maintain liquid oil temperature at a desired level.

15. The simulated smoke generator of claim 14, wherein the closed loop controller is

further adapted to control an effective air flow area of the chimney.

16. The simulated smoke generator of claim 10, wherein the closed loop controller is

further adapted to control an effective air flow area of the chimney.

17. The simulated smoke generator of claim 16, wherein the closed loop controller is

further adapted to maintain chimney air temperature at a desired level.
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