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EXHAUST FLOW CONTROL SYSTEM AND METHOD 

RELATED APPLICATIONS 

[0001] The present application claims priority to U.S. Provisional Application No.  

61/185,168, entitled "Exhaust System Control", filed June 8, 2009, which claims the benefit of 

U.S. Provisional Application No. 61/119,716, entitled "Exhaust Flow Control System and 

Method for Cooking Equipment", filed December 3, 2008, both of which are incorporated 

herein by reference in their entirety.  

FIELD 

[00021 Embodiments of the present invention relate generally to controlling exhaust 

air flow in a ventilation system. More specifically, embodiments relate to controlling the 

exhaust air flow rate in an exhaust air ventilation system based on the status of a cooking 

appliance.  

BACKGROUND 

[0002a] Any discussion of the prior art throughout the specification should in no way 

be considered as an admission that such prior art is widely known or forms part of common 

general knowledge in the field.  

[0003] Exhaust ventilation systems can be used to remove fumes and air 

contaminants generated by cooking appliances. These systems are usually equipped with an 

exhaust hood positioned above the cooking appliance, the hood including an exhaust fan that 

removes fumes from the area where the cooking appliance is used. Some systems also include 

manual or automatic dampers that can be opened or closed to change the exhaust air flow in the 

system.  

[00041 In order to reduce or eliminate the fumes and other air contaminants generated 

during cooking it may be helpful to draw some of the air out of the ventilated space. This may 

increase the energy consumption of the cooking appliance or cooking range. Therefore, it is 

important to control the exhaust air flow rate to maintain enough air
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flow to eliminate fumes and other air contaminants, while reducing or minimizing energy 

loss.  

SUMMARY 

[0005] One or more embodiments include a method for controlling the exhaust 

flow rate in an exhaust ventilation system including an exhaust hood positioned above a 

cooking appliance. The method can include measuring a temperature of the exhaust air in 

the vicinity of the exhaust hood, measuring a radiant temperature of the exhaust air in the 

vicinity of the cooking appliance, determining an appliance status based on the measured 

exhaust air temperature and radiant temperature, and controlling the exhaust flow rate in 

response to the determined appliance status.  

[00061 One or more embodiments can include controlling the exhaust air flow rate 

in an exhaust ventilation system where the exhaust air temperature near the vicinity of the 

exhaust hood is measured using a temperature sensor. Embodiments can further comprise 

controlling the exhaust air flow rate in an exhaust ventilation system where the radiant 

temperature in the vicinity of the cooking appliance is measured using an infrared (IR) 

sensor. Embodiments can further comprise controlling the exhaust air flow rate in an 

exhaust ventilation system where the appliance status includes a cooking state, an idle 

state and an off state. In a cooking state it can be determined that there is a fluctuation in 

the radiant temperature and the mean radiant temperature of the cooking appliance, or that 

the exhaust temperature is above a minimum exhaust temperature. In an idle state, it can 

be determined that there is no radiant temperature fluctuation for the duration of the 

cooking time and the exhaust temperature is less than a predetermined minimum exhaust 

temperature. In an off state, it can be determined that the mean radiant temperature is less 

than a predetermined minimum radiant temperature and that the exhaust temperature is 
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less than a predetermined ambient air temperature plus the mean ambient air temperature 

of the space in the vicinity of the cooking appliance.  

[0007] Embodiments can further comprise controlling the exhaust air flow rate in 

an exhaust ventilation system positioned above a cooking appliance where the exhaust air 

flow is controlled by turning the fan on or off, or by changing the fan speed and the 

damper position based on the determined appliance status.  

[0008] Embodiments can further comprise controlling the exhaust air flow rate in 

an exhaust ventilation system positioned above a cooking appliance where the exhaust 

flow rate is changed based on a change in the appliance status.  

[0009] Embodiments can further comprise controlling the exhaust air flow rate in 

an exhaust ventilation system positioned above a cooking appliance where the exhaust 

flow rate is changed between a predetermined design exhaust air flow rate, a 

predetermined idle exhaust air flow rate, and an off exhaust air flow rate, in response to 

the detected change in appliance status.  

[0010] Embodiments can further comprise controlling the exhaust air flow rate in 

an exhaust ventilation system positioned above a cooking appliance where the system is 

calibrated before controlling the exhaust flow rate. Embodiments can further comprise 

controlling the exhaust air flow rate in an exhaust ventilation system positioned above a 

cooking appliance where a difference between the exhaust air temperature and a 

temperature of ambient space in the vicinity of the ventilation system is measured to 

determine appliance status.  

[0011] Embodiments can further comprise controlling the exhaust air flow rate in 

an exhaust ventilation system positioned above a cooking appliance where the cooking 
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appliance is in the cooking state when there is a fluctuation in the radiant temperature and 

the radiant temperature is greater than a predetermined minimum radiant temperature, the 

cooking appliance is in the idle state when there is no fluctuation in the radiant 

temperature, and the cooking appliance is in the off state when there is no fluctuation in 

the radiant temperature and the radiant temperature is less than a minimum predetermined 

radiant temperature.  

[0012] Embodiments can further comprise controlling the exhaust air flow rate in 

an exhaust ventilation system positioned above a cooking appliance where the cooking 

appliance is in the cooking state when the exhaust air temperature is greater than or equal 

to a maximum predetermined ambient temperature, the cooking appliance is in the idle 

state when the exhaust air temperature is less than the predetermined maximum ambient 

temperature, and the cooking appliance is in the off state when the exhaust air 

temperature is less than a predetermined ambient temperature. Embodiments can further 

comprise measuring the radiant temperature using an infrared sensor.  

[0013] Embodiments can further comprise an exhaust ventilation system including 

an exhaust hood mounted above a cooking appliance with an exhaust fan for removing 

exhaust air generated by the cooking appliance, at least one sensor for measuring a 

radiant temperature of the cooking appliance, at least one temperature sensor attached to 

the exhaust hood for measuring the temperature of the exhaust air, and a control module 

to determine a status of the cooking appliance based on the measured radiant temperature 

and exhaust air temperature, and to control an exhaust air flow rate based on said 

appliance status.  

[0014] Embodiments can further comprise an infrared sensor for measuring the 

radiant temperature, a temperature sensor for measuring the exhaust air temperature in the 

vicinity of the exhaust hood, and a control module which can include a processor to 
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determine the status of the cooking appliance, and to control the exhaust flow rate based 

on the appliance status.  

[00151 Embodiments can further comprise a control module that controls the 

exhaust air flow rate by controlling a speed of an exhaust fan at least one motorized 

balancing damper attached to the exhaust hood to control a volume of the exhaust air that 

enters a hood duct.  

[00161 In various embodiments the control module can further control the exhaust 

air flow rate by controlling a position of the at least one motorized balancing damper.  

[0017] Further the control module can determine the appliance status where the 

appliance status includes a cooking state, an idle state and an off state. Embodiments can 

further comprise a control module that controls the exhaust flow rate by changing the 

exhaust flow rate between a design exhaust flow rate (Qdesign), an idle exhaust flow rate 

(Qidle), and an off exhaust flow rate (0), based on a change in the appliance status.  

[0018] Embodiments can further comprise a control module that changes the 

exhaust flow rate to design exhaust flow rate (Qdesign) when the appliance is determined 

to be in the cooking state, to idle exhaust flow rate (Qidle) when the appliance status is 

determined to be in the idle state, and to the off exhaust flow rate when the appliance is 

determined to be in the off state.  

[0019] Embodiments can further comprise a control module that can further 

determine a fluctuation in the radiant temperature.  

[00201 Embodiments can further comprise a control module that can determine that 

the cooking appliance is in the cooking state when there is a fluctuation in the radiant 

temperature and the radiant temperature is greater than a predetermined minimum radiant 

temperature, the cooking appliance is in the idle state when there is no fluctuation in the 

radiant temperature, and the cooking appliance is in the off state when there is no 
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fluctuation in the radiant temperature and the radiant temperature is less than a minimum 

predetermined radiant temperature.  

[0021] Embodiments can further comprise a temperature sensor for measuring an 

ambient temperature of the air in the vicinity of the ventilation system, and a control 

module that can further determine a difference between the exhaust air temperature in the 

vicinity of the exhaust hood and the ambient temperature in the vicinity of the ventilation 

system.  

[00221 Embodiments can further comprise a control module that determines that 

the cooking appliance is in the cooking state when the exhaust air temperature is greater 

than or equal to a maximum predetermined ambient temperature, the cooking appliance is 

in the idle state when the exhaust air temperature is less than the predetermined maximum 

ambient temperature, and the cooking appliance is in the off state when the exhaust air 

temperature is less than a predetermined ambient temperature. Embodiments can further 

comprise a control module that controls the exhaust flow rate after the system is 

calibrated.  

[0023] Embodiments can comprise a control module for controlling an exhaust 

flow rate in an exhaust ventilating system comprising an exhaust hood positioned above a 

cooking appliance, the control module comprising a processor for determining a status of 

the cooking appliance, and for controlling the exhaust flow rate based on the appliance 

status.  

[0024] In various embodiments the control module can further comprise 

controlling an exhaust flow rate where the appliance status includes one of a cooking 

state, an idle state and an off state. The control module can further comprise controlling 

an exhaust flow rate where the exhaust flow rate includes one of a design exhaust flow 

rate (Qdesign), an idle exhaust flow rate (Qidle), and an off exhaust flow rate. The control 
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module can further comprise a function to change the exhaust flow rate from the design 

exhaust flow rate to the idle exhaust flow rate and to the off exhaust flow rate. The 

control module can further comprise controlling an exhaust flow rate where in the 

cooking state the control module changes the exhaust flow rate to the design air flow rate, 

in the idle cooking state the control module changes the exhaust flow rate to the idle 

exhaust flow rate and in the off state the control module changes the exhaust flow to the 

off exhaust flow rate.  

[00251 In various embodiments the control module can further comprise 

controlling an exhaust flow rate where the processor determines the appliance status by 

measuring an ambient temperature of the exhaust air generated by the cooking appliance, 

and by measuring a radiant temperature of the cooking appliance.  

[0026] The control module can further comprise controlling an exhaust flow rate 

where the processor determines a cooking state when the exhaust air temperature is 

greater than or equal to a predetermined maximum ambient temperature, an idle state 

when the exhaust air temperature is less than the predetermined maximum ambient 

temperature, and an off state when the exhaust air temperature is less than a 

predetermined ambient temperature.  

[0027] The control module can further comprise controlling the exhaust flow rate 

where the processor determines a cooking state when there is a fluctuation in the radiant 

temperature and the radiant temperature is greater than a predetermined minimum radiant 

temperature, an idle state when there is no fluctuation in the radiant temperature, and an 

off state when there is no fluctuation in the radiant temperature and the radiant 

temperature is less than a predetermined minimum radiant temperature.  

[00281 The control module can further comprise controlling an exhaust flow rate by 

controlling a speed of an exhaust fan attached to the exhaust hood for removing the 
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exhaust air generated by the cooking appliance, controlling an exhaust flow rate by controlling 

a position of at least one balancing damper attached to the exhaust hood, and controlling an 

exhaust flow rate where the control module further calibrates the system before the controller 

controls the exhaust flow rate.  

[0028a] According to a first aspect of the present invention there is provided a method 

of controlling exhaust air flow in an exhaust ventilation system including an exhaust hood, the 

method comprising: 

receiving, at a control module, an exhaust air temperature signal representing a 

temperature of the exhaust air in a vicinity of the exhaust hood, the exhaust air temperature 

signal being generated by a temperature sensor; 

receiving, at the control module, a radiant temperature signal representing a temperature 

of a surface of a cooking appliance that generates the exhaust air, the radiant temperature signal 

being generated by a radiant temperature sensor; 

determining in the control module a state of the cooking appliance based on the received 

exhaust air temperature signal, the mean radiant temperature signal, and a fluctuation in the 

radiant temperature; and 

controlling an exhaust air flow rate in response to the determined appliance state by 

outputting a control signal from the control module; 

wherein the state of the cooking appliance includes a cooking state, an idle state and an 

off state, 

wherein the controlling includes outputting a signal to change the exhaust flow rate 

between a design exhaust flow rate (Qdesign), an idle exhaust flow rate (Qidle), and an off 

exhaust flow rate, based on a change in the cooking appliance state, 

wherein the control module changes the exhaust flow rate to design exhaust flow rate 

(Qdesign) when the cooking appliance is determined to be in the cooking state, to the idle



exhaust flow rate (Qidle) when the appliance status is determined to be in the idle state, and to 

the off exhaust flow rate when the appliance is determined to be in the off state, 

wherein when the radiant temperature is greater than a predetermined minimum radiant 

temperature, the cooking appliance is determined to be in the cooking state if a fluctuation in 

the radiant temperature is determined, the cooking appliance is determined to be in the idle state 

if no fluctuation in the radiant temperature is determined, and 

wherein when the radiant temperature is less than a predetermined minimum radiant 

temperature, the cooking appliance is determined to be in the cooking state if the exhaust 

temperature is greater than a predetermined temperature, the cooking appliance is determined to 

be in the off state if the exhaust temperature is less than the predetermined temperature.  

[0028b] According to a second aspect of the present invention there is provided an 

exhaust ventilation system adapted for use with a cooking appliance, the exhaust ventilation 

system including an exhaust hood, comprising: 

a control module adapted to determine a status of the cooking appliance based on a 

measured radiant temperature and a measured exhaust air temperature, and adapted to control 

an exhaust air flow rate based on the determined status of the cooking appliance; 

at least one sensor coupled to the control module and adapted to measuring the radiant 

temperature of a surface of the cooking appliance; 

at least one temperature sensor coupled to the control module and attached to the 

exhaust hood for measuring the temperature of the exhaust air, 

wherein the control module further determines a fluctuation in the radiant temperature, 

wherein the status of the cooking appliance includes a cooking state, an idle state and an 

off state, 

wherein the control module controls the exhaust flow rate by changing the exhaust flow 

rate between a design exhaust flow rate (Qdesign), an idle exhaust flow rate (Qidle), and an off



exhaust flow rate, based on a change in the appliance status, 

wherein the control module sets the exhaust flow rate to the design exhaust flow rate 

(Qdesign) when the appliance status is in the cooking state, to the idle exhaust flow rate (Qidle) 

when the appliance status is in the idle state, and to the off exhaust flow rate when the appliance 

is in the off state, 

wherein when the radiant temperature is greater than a predetermined minimum radiant 

temperature, the cooking appliance is determined to be in the cooking state if a fluctuation in 

the radiant temperature is determined, the cooking appliance is determined to be in the idle state 

if no fluctuation in the radiant temperature is determined, and 

wherein when the radiant temperature is less than a predetermined minimum radiant 

temperature, the cooking appliance is determined to be in the cooking state if the exhaust 

temperature is greater than a predetermined temperature, the cooking appliance is determined to 

be in the off state if the exhaust temperature is less than the predetermined temperature.  

[0028c] It is an object of the present invention to overcome or ameliorate at least one 

of the disadvantages of the prior art, or to provide a useful alternative.  

[0028d] Unless the context clearly requires otherwise, throughout the description and 

the claims, the words "comprise", "comprising", and the like are to be construed in an inclusive 

sense as opposed to an exclusive or exhaustive sense; that is to say, in the sense of "including, 

but not limited to".  

BRIEF DESCRIPTION OF THE DRAWINGS 

[0029] FIG. 1 is a perspective view diagrammatically illustrating an exhaust 

ventilating system positioned above a cooking appliance and having an exhaust airflow control 

system according to various embodiments; 

[0030] FIG. 2 is a perspective view diagrammatically illustrating an exhaust 

ventilating system having motorized dampers;



[0031] FIG. 3 is a block diagram of an exemplary exhaust air flow rate control 

system in accordance with the disclosure; 

[0032] FIG. 4 is a flow chart illustrating an exemplary exhaust flow rate control 

method according to various embodiments; 

[0033] FIG. 5 is a flow diagram of an exemplary start-up routine of at least one 

embodiment with or without automatic dampers; 

[0034] FIG. 6 is a flow diagram of a check routine of at least one embodiment with a 

single hood and no dampers; 

[0035] FIG. 7 is a flow diagram of a checking routine of at least one embodiment 

with multiple hoods, one fan and motorized dampers; 

[0036] FIG. 8 is a flow diagram of a calibration routine for at least one embodiment 

with a single hood, single fan and no motorized dampers; 

[0037] FIG. 9 is a flow diagram of a calibration routine for at least one embodiment 

with multiple hoods, one fan and no motorized dampers; 

[0038] FIG. 10 is a flow diagram of a calibration routine for at least one embodiment 

with one or multiple hoods, one fan, and motorized dampers; 

[0039] FIG. 11 is a flow diagram of an operation routine for at least one embodiment 

without motorized balancing dampers; 

[0040] FIGs. 12A to 12C are collectively a flow diagram of an operation routine for 

at least one embodiment with motorized balancing dampers; 

[0041] FIG. 13 is a block diagram of an exemplary exhaust flow control system in 

accordance with the present disclosure; 

[0042] FIG. 14 is a block diagram of an exemplary exhaust flow control system in 

accordance with the present disclosure; and



[0043] FIG. 15 is a block diagram of an exemplary exhaust flow control system in 

accordance with the present disclosure.  

DETAILED DESCRIPTION 

[0044] Referring to FIG. 1, there is shown an exemplary exhaust ventilation system 

100 including an exhaust hood 105 positioned above a plurality of cooking appliances 115 and 

provided in communication with an exhaust assembly 145 through an exhaust duct 110. A 

bottom opening of the exhaust hood 105 may be generally rectangular but can have any other 

desired shape. Walls of the hood 105 define an interior volume 185, which communicates with 

a downwardly facing bottom opening 190 at an end of the hood 105 that is positioned over the 

cooking appliances 115. The interior volume 185 can
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also communicate with the exhaust assembly 145 through the exhaust duct 110. The 

exhaust duct 110 can extend upwardly toward the outside venting environment through 

the exhaust assembly 145.  

[0045] Exhaust assembly 145 can include a motorized exhaust fan 130, by which 

the exhaust air generated by the cooking appliances 115 is drawn into the exhaust duct 

110 and for expelling into the outside venting environment. When the motor of the 

exhaust fan 130 is running, an exhaust air flow path 165 is established between the 

cooking appliances 115 and the outside venting environment. As the air is pulled away 

from the cook top area, fumes, air pollutants and other air particles are exhausted into the 

outside venting environment through the exhaust duct 110 and exhaust assembly 145.  

[0046] The exhaust ventilating system 100 can further include a control module 

302 which preferably includes a programmable processor 304 that is operably coupled to, 

and receives data from, a plurality of sensors and is configured to control the speed of the 

motorized exhaust fan 130, which in turn regulates the exhaust air flow rate in the system 

100. The control module 302 controls the exhaust fan 130 speed based on the output of a 

temperature sensor 125 positioned on or in the interior of the exhaust duct 110, and the 

output of infrared (IR) radiant temperature sensors 120, each positioned to face the 

surface of the cooking appliances 115. In at least one embodiment, three IR sensors 120 

can be provided, each one positioned above a respective cooking appliance 115, so that 

each IR sensor 312 faces a respective cooking surface 115. However, any number and 

type of IR sensors 120 and any number of cooking appliances 115 may be used, as long 

as the radiant temperature of each cooking surface is detected. The control module 302 

communicates with sensors 125 and 120 and identifies the cooking appliance status based 

on the sensor readings. The status of the cooking appliances 115 is determined based on 

10
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the exhaust air temperature and the radiant temperature sensed using these multiple 

detectors.  

[0047] The control module 302 communicates with the motorized exhaust fan 130 

which includes a speed control module such as a variable frequency drive (VFD) to 

control the speed of the motor, as well as one or more motorized balancing dampers (BD) 

150 positioned near the exhaust duct 110. The control module 302 can determine a 

cooking appliance status (AS) based on the exhaust temperature sensor 125 and the IR 

radiant temperature sensor 120 outputs, and change the exhaust fan 130 speed as well as 

the position of the motorized balancing dampers 150 in response to the determined 

cooking appliance status (AS). For example, the cooking appliance 115 can have a 

cooking state (AS = 1), an idle state (AS = 2) or an OFF state (AS = 0). The status of a 

cooking appliance 115 can be determined based on temperature detected by the exhaust 

temperature sensors 125 and the IR sensors 120. According to various embodiments, the 

method by which the appliance status (AS) is determined is shown in Figures 4-12 and 

discussed in detail below. Based on the determined appliance status (AS), the control 

module 302 selects a fan speed and/or a balancing damper position in the system so that 

the exhaust flow rate corresponds to a pre-determined exhaust flow rate associated with a 

particular appliance status (AS).  

[00481 Referring to FIG. 2, a second embodiment of an exhaust ventilation system 

200 is shown having a plurality of exhaust hoods 105' which can be positioned above one 

or more cooking appliances 115 (depending on the size of the cooking equipment). The 

system 200 can include at least one exhaust temperature sensor 125 for each of the 

respective hoods 105', as well as at least one pressure transducer 155 connected to each 

of the respective hood tab ports (TAB). Each of the exhaust hood ducts 110 can include a 

motorized balancing damper 150. The balancing dampers 150 can be positioned at the 

11
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respective hood ducts 110 and may include an actuator that provides damper position 

feedback. The system 200 can also include at least one IR sensor 312 positioned so that it 

detects the radiant temperature of respective cooking surfaces. An exhaust fan 130 can be 

connected to the exhaust assembly 145 to allow exhaust air to be moved away from the 

cook-tops into the surrounding outside venting environment. An additional pressure 

transducer 140 can be included to measure the static pressure in the main exhaust duct 

that is part of the exhaust assembly 145, as well as a plurality of grease removing filters 

170 at the exhaust hood 105 bottom opening 190 to remove grease and fume particles 

from entering the hood ducts 110.  

[0049] FIG. 3 shows a schematic block diagram of an exhaust flow rate control 

system 300 that can be used in connection with any of the above shown systems (e.g., 100 

and 200). As shown in FIG. 3, the exhaust flow control system 300 includes a control 

module 302. The control module 302 includes a processor 304 and a memory 306. The 

control module 302 is coupled to and receives inputs from a plurality of sensors and 

devices, including an IR sensor 312, which can be positioned on the exhaust hood canopy 

105 so that the IR sensor 312 faces the surface of the cooking appliance 115 and detects 

the radiant temperature emanating from the cooking surface, an exhaust air temperature 

sensor 125 installed close to a hood duct 110 to detect the temperature of the exhaust air 

that is sucked into the hood duct 110, an ambient air temperature sensor 160 positioned 

near the ventilation system (100, 200) to detect the temperature of the air surrounding the 

cooking appliance 115, a pressure sensor 155, which can be positioned near a hood tab 

port (TAB) to detect the pressure built-up in the hood duct 110, and optional operator 

controls 311. Inputs from the sensors 308-314 and operator controls 311 are transferred to 

the control module 302, which then processes the input signals and determines the 

appliance status (AS) or state. The control module processor 304 can control the speed of 

12
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the exhaust fan motor(s) 316 and/or the position of the motorized balancing dampers 318 

(BD) based on the appliance state. Each cooking state is associated with a particular 

exhaust flow rate (Q), as discussed below. Once the control module 302 determines the 

state the is in, it can then adjust the speed of the exhaust fan 316 speed and the position of 

the balancing dampers 318 to achieve a pre-determined air flow rate associated with each 

appliance status.  

[0050] In various embodiments, the sensors 308-314 can be operably coupled to 

the processor 304 using a conductive wire. The sensor outputs can be provided in the 

form of an analog signal (e.g. voltage, current, or the like). Alternatively, the sensors can 

be coupled to the processor 304 via a digital bus, in which case the sensor outputs can 

comprise one or more words of digital information. The number and positions of exhaust 

temperature sensors 314 and radiant temperature sensors (IR sensors) 312 can be varied 

depending on how many cooking appliances and associated hoods, hood collars and hood 

ducts are present in the system, as well as other variables such as the hood length. The 

number and positioning of ambient air temperature sensors 310 can also be varied as long 

as the temperature of the ambient air around the ventilation system is detected. The 

number and positioning of the pressure sensors 308 can also be varied as long as they are 

installed in the hood duct in close proximity to the exhaust fan 130 to measure the static 

pressure (Pst) in the main exhaust duct. All sensors are exemplary and therefore any 

known type of sensor may be used to fulfill the desired function. In general, the control 

module 302 can be coupled to sensors 308-314 and the motors 316 and dampers 318 by 

any suitable wired or wireless link.  

[00511 In various embodiments, multiple control modules 302 can be provided.  

The type and number of control modules 302 and their location in the system may also 
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vary depending on the complexity and scale of the system as to the number of above 

enumerated sensors and their locations within a system.  

[0052] As mentioned above, the control module 302 preferably contains a 

processor 304 and a memory 306, which can be configured to perform the control 

functions described herein. In various embodiments the memory 306 can store a list of 

appropriate input variables, process variables, process control set points as well as 

calibration set points for each hood. These stored variables can be used by the processor 

304 during the different stages of the check, calibration, and start-up functions, as well as 

during operation of the system.  

[0053] In various embodiments, the processor 304 can execute a sequence of 

programmed instructions stored on a computer readable medium (e.g., electronic 

memory, optical or magnetic storage, or the like). The instructions, when executed by the 

processor 304, cause the processor 304 to perform the functions described herein. The 

instructions may be stored in the memory 306, or they may be embodied in another 

processor readable medium, or a combination thereof. The processor 304 can be 

implemented using a microcontroller, computer, an Application Specific Integrated 

Circuit (ASIC), or discrete logic components, or a combination thereof.  

[0054] In various embodiment, the processor 304 can also be coupled to a status 

indicator or display device 317, such as, for example, a Liquid Crystal Display (LCD), for 

output of alarms and error codes and other messages to a user. The indicator 317 can also 

include an audible indicator such as a buzzer, bell, alarm, or the like.  

[0055] With respect to FIG. 4, there is shown an exemplary method 400 according 

to various embodiments. The method 400 begins at S405 and continues to S410 or S425 

to receive an exhaust air temperature input or a pressure sensor input and to S415 and 
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S420 to receive an ambient air temperature input and an infrared sensor input. Control 

continues to S430.  

[0056] At S430, the current exhaust flow rate (Q) is determined. Control continues to 

S435.  

[0057] At S435, the current exhaust flow rate is compared to the desired exhaust flow 

rate. If the determined exhaust flow rate at S430 is the desired exhaust flow rate, control 

restarts. If the determined exhaust flow rate at S430 is not the desired exhaust flow rate, 

control proceeds to S440 or S450, based on system configuration (e.g., if motorized 

dampers are present then control proceed to S450, but if no motorized dampers are 

present then control proceeds to S440).  

[0058] Based on configuration, the damper(s) position is determined at S450 or the 

exhaust fan speed is determined at S440. Based on the different options at S440 and 

S450, the control proceeds to output a damper position command to the damper(s) at 

S455 or an output speed command to the exhaust fan at S445. The control can proceed 

then to determine whether the power of the cooking appliance is off at S460, in which 

case the method 400 ends at S465, or to start the method again if power is determined to 

still be on at S460.  

[0059] Before operation, the system 100, 200 can be checked and calibrated by the 

control module 302 during the starting process, in order to balance each hood to a preset 

design and idle exhaust flow rate, to clean and recalibrate the sensors, if necessary, and to 

evaluate each component in the system for possible malfunction or breakdown. The 

appropriate alarm signals can be displayed on an LCD display in case there is a 

malfunction in the system, to inform an operator of the malfunction and, optionally, how 

to recover from the malfunction.  
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[00601 For example, the exemplary embodiment where the system 100 includes 

single or multiple hoods connected to a single exhaust fan 130, and without motorized 

balancing dampers (BD) 150, the control module 302 may include a list of the following 

examples of variables for each hood, as set forth below, in Tables 1-4: 

16



WO 2010/065793 PCT/US2009/066660 

Table 1 Hood set point list (which can be preset) 

Parameter name & units Default Notes 

value 

Qdesign, cfm 

Kf 

Kidle 0.2 

kFilterMissing 1.1 

kFilterClogged 1.1 

Patm, "Hg 29.92 Calculated for jobs with elevation above 

1000 ft.  

dTcook, *F 10 

dTspace,*F 10 

Tmax, *F 110 

Tfire, "F 400 Set to be at least 10*F below fuse ling 

temperature 

TimeCook, s 420 

TimeOR, s 60 

dTlRmax, *F 5 
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Table 2 List of process control set points 

Parameter name & units Default Notes 

value 

IR1_DerivativeMaxSP -10C/sec Derivative for Flare-up Set Point 

IRIDerivative_MinSP 300 sec Derivative for IR Index Drop Set Point 

IR1_DropSP1 1 0C IR Index Drop Set Point 

IR1_FilterTime 10 sec IR Signal Filter Time Set Point 

IRIJumpSP 1 C IR Signal Jump Set Point (for flare-up) 

IR1_Start_SP 30 0C IR Signal Start Cooking Equipment Set 

Point 

IR2_CookingTimer1 420 sec. Cooking Timer Set Point for IR1 Field of 

View 

IR2_DerivativeMaxSP 10C/sec Derivative for Flare-up Set Point 

IR2_Derivative_MinSP -1"C/sec Derivative for IR Index Drop Set Point 

IR2_DropSP1 1 OC IR Index Drop Set Point 

1R2_FilterTime 10 sec IR Signal Filter Time Set Point 

IR2_JumpSP 1 0C IR Signal Jump Set Point (for flare-up) 

PIDCalK 0.5 %/CFM PID Proportional Coefficient in 

Calibration Mode 

PIDCalT 100 sec PID Integral Coefficient in Calibration 

Mode 

PIDK 0.5 %/CFM PID Proportional Coefficient in Cooking 

Mode 

PIDT 100 sec PID Integral Coefficient in Cooking 

Mode 
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Table 3 List of set points acquired during calibration for each hood 

Parameter name & units Notes 

VFDdesign, 0 to 1 

VFDidle, 0 to 1 

dTIRcali, *F Recorded for each IR sensor in the hood 

Qdesignl, cfm Recorded only for multiple hoods connected to a single fan 

Table 4 List of process variables 

Parameter name & units Notes 

Qi, cfm For each hood 

Qtot, cfm See Equation Al. 1 for calculating airflow 

kAirflowDesign See Equation A1.1 for calculating airflow 

IRTi,n, *F For each sensor in the hood 

Texi, *F For each hood 

Tspace, *F One for the whole space 

[0061] For example, the exemplary embodiment where the system 100 includes 

multiple hoods connected to a single exhaust fan 130, where hoods are equipped with 

motorized balancing dampers (BD) 150, the control module 302 may include a list of the 

following example variables for each hood, as set forth below in Tables 5-8: 
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List of input variables for each hood 

Table 5 Hood set point list (may be preset) 

Parameter name & units Default Notes 

value 

Qdesign, cfm 

Kf 

Kidle 0.2 

kFilterMissing 1.1 

kFilterClogged 1.1 

Patm, "Hg 29.92 Calculated for jobs with elevation above 

1000 ft.  

dTcook, *F 10 

dTspace, *F 10 

Tmax, *F 110 

Tfire, "F 400 Set to be at least 10*F below fuse ling 

temperature 

TimeCook, s 420 

TimeOR, s 60 

dTIRmax, *F 5 
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Table 6 List of process control set points 

Parameter name & units Default Notes 

value 

IR1_DerivativeMaxSP -10C/sec Derivative for Flare-up Set Point 

IRIDerivative_MinSP 300 sec Derivative for IR Index Drop Set Point 

IR1_DropSP1 1 OC IR Index Drop Set Point 

IRIFilterTime 10 sec IR Signal Filter Time Set Point 

IR1_JumpSP 1 OC IR Signal Jump Set Point (for flare-up) 

IR1_Start_SP 30 0C IR Signal Start Cooking Equipment Set 

Point 

IR2_Cooking_Timer1 420 sec. Cooking Timer Set Point for IRI Field of 

View 

IR2_DerivativeMaxSP 10C/sec Derivative for Flare-up Set Point 

IR2_Derivative_MinSP -10C/sec Derivative for IR Index Drop Set Point 

IR2_DropSP1 1 C IR Index Drop Set Point 

1R2_FilterTime 10 sec IR Signal Filter Time Set Point 

IR2_JumpSP 1 0C IR Signal Jump Set Point (for flare-up) 

PIDCalK 0.5 %/CFM PID Proportional Coefficient in 

Calibration Mode 

PIDCalT 100 sec PID Integral Coefficient in Calibration 

Mode 

PIDK 0.5 %/CFM PID Proportional Coefficient in Cooking 

Mode 

PIDT 100 sec PID Integral Coefficient in Cooking 

Mode 
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Table 7 List of set points acquired during calibration 

Parameter name & units Notes 

VFDdesign, 0 to 1 One for system 

PstDesign, inches WC One for system 

BDPdesigni, 0 to 1 For each hood 

Table 8 List of process variables 

Parameter name & units Notes 

Q, cfm For each hood 

Qtot, cfm See EquationAl. 1 for calculating airflow 

BDPI, 0 to 1 For each hood (one balancing damper per hood) 

kAirflowDesign One for system. See Error! Reference source not found.  

IRTi,n, *F For each sensor in the hood 

Texi, *F For each hood 

Tspace, *F One for the whole space 

VFD, 0 to 1 One for system 

[0062] In various embodiments, the control module processor 304 can be 

configured to use the following equation to calculate the exhaust air flow (Q) at exhaust 

temperature Tex: 

Q = K dp ens"' Eq. 1 f Densv 

Where: 

Kf is the hood coefficient.  
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dp is the static pressure measured at the hood TAB port, in inches WC.  

Densexh is the density of the exhaust air in lb. mass per cubic feet.  

Densstd is the standard density of air (= 0.07487 lb/ft3 at 70 -F and atm. pressure 

29.921 inches of mercury).  

Densexh 1.325Patm Eq. 2 
459.4 + Tex 

Where: 

Tex - exhaust air temperature, in 'F.  

Patm - atmospheric pressure, inches of Mercury.  

Patm = 29.92(1 - 0.0000068753 - h)" " Eq. 3 

Where: 

h - elevation above seal level, ft 

When reporting kAirflowDesign, mass flow of exhaust air thru all the hoods in the 

kitchen equipped with the DCV system Mtot [lb/ft3] needs to be calculated and 

divided by total design mass airflow Mtot design [lb/ft3] for these hoods.  

Mtot 
kAirflowDesLn =mt *Dp Eq. 4 

Where Mtot and Mtot design are calculated per Eq. 4 Densexh_ is calculated per eq.  

Eq. 2 using actual and design temperatures of exhaust air.  

S= 'Q..-Dens.  
Eq. 5 
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10063] FIG. 5 illustrates a flow diagram for a start-up routine 500 which can be 

performed by the control module 302 of an embodiment having single or multiple hoods 

connected to a single exhaust fan, and without motorized balancing dampers at the hood 

level. The start-up routine 500 starts at S502 and can include one of the following three 

options to start the exhaust fan 316: 

[0064] 1) Automatically, when any of the appliances under the hood is switched on 

(500): 

[00651 In block S505, the infrared sensor 120 can measure the radiant temperature 

(IRT) of the cooking surface of any of the at least one cooking appliance 115, the ambient 

air temperature sensor 160 can measure the temperature of the space around the cooking 

appliance (Tspace), and another temperature sensor can measure the cooking temperature 

(Tcook). If the processor 304 in the control module 302 determines that the radiant 

temperature (IRT) exceeds the minimum temperature reading (IRTmin) (IRTmin = 

Tspace + dTcook) (block S510), the control module 302 can start the fan (block S515) 

and set the exhaust air flow (Q) to (Qidle) (block S520). If the processor 304 determines 

that the radiant temperature (IRT) does not exceed the minimum temperature (IRTmin) 

(block S5 10), then the control module keeps the fan turned off (block S525).  

[0066] The control module 302 can analyze a second reading as well before the 

system operation is started: At block S530, the exhaust temperature (Tex) can be 

measured with an exhaust temperature sensor 125. If the exhaust temperature exceeds a 

minimum preset exhaust temperature (Tex min) (block S535), the control module 302 can 

start the fan and set the exhaust air flow (Q) at (Qidle) (block S545). If the exhaust 

temperature (Tex) does not exceed the minimum exhaust temperature (Tex min), the 

control module 302 can turn the fan off (block S550). The start-up routine can be 

terminated after these steps are followed (block S550).  

24



WO 2010/065793 PCT/US2009/066660 

[0067] 2) On schedule: 

[00681 Pre-programmable (e.g., for a week) schedule to switch on and switch off 

exhaust hoods. When on schedule hood exhaust airflow (Q) is set to (Qidle).  

[00691 3) Manually, with the override button on the hood: 

[0070] In various embodiments actuating of an override button on the hood can set 

hood exhaust airflow (Q) to (Qdesign) for the preset period of time (TimeOR).  

[0071] The flow diagram for the start-up routine implemented by the control 

module 302 of a second embodiment of a system 200 with multiple hoods connected to a 

single exhaust fan, and with motorized balancing dampers at the hood level, follows 

substantially the same steps as illustrated in FIG.5, except that at each step the balancing 

dampers BD can be kept open so that together with the exhaust fan, the appropriate 

exhaust air flow (Q) can be maintained.  

[0072] Referring to FIG. 6, a flow diagram is provided showing a routine 600 

which can be performed by the control module 302 to check the system 100 before the 

start of the flow control operation. The routine 600 can start at S602 and continue to a 

control module self-diagnostics process (block S605). If the self-diagnostic process is OK 

(block S610) the control module 302 can set the variable frequency drive (VFD) which 

controls the exhaust fan speed to a preset frequency (VFDidle) (block S615). Then the 

static pressure can be measured by a pressure transducer positioned at the hood TAB port 

(block S620) and the exhaust flow can be set to (Q) calculated using the formula of Eq. 1 

(block S625). If the self-diagnostics process fails, the control module 302 can verify 

whether the (VFD) is the preset (VFDidle) and whether the exhaust air flow (Q) is less or 

exceeds (Qidle) by a threshold airflow coefficient (blocks S630, S645). Based on the 

exhaust airflow reading, the control module 302 generates and outputs appropriate error 
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codes, which can be shown or displayed on an LCD display or other appropriate indicator 

317 attached to the exhaust hood or coupled to the control module 302.  

[0073] If the exhaust flow (Q) is less than (Qidle) by a filter missing coefficient 

(Kfilter missing) (block S630) then the error code "check filters and fan" can be 

generated (block S635). If, on the other hand, the exhaust flow (Q) exceeds (Qidle) by a 

clogged filter coefficient (Kfilter clogged) (block S645) then a "clean filter" alarm can be 

generated (block S650). If the exhaust flow (Q) is in fact the same as (Qidle) then no 

alarm is generated (blocks S650, S655), and the routine ends (S660).  

[0074] Referring to FIG. 7, a flow diagram is provided showing another routine 

700 which can be performed by the control module 302 to check the system 200. The 

routine 700 can start at S702 and continue to a control module 302 self-diagnostics 

process (block S705). If a result of the self-diagnostic process is OK (block S710), the 

control module 302 can maintain the exhaust air flow (Q) at (Qidle) by maintaining the 

balancing dampers in their original or current position (block S715). Then, the static 

pressure (dp) is measured by the pressure transducer positioned at the hood TAB port 

(block S720), and the exhaust flow is set to (Q) calculated using Eq. 1 (block S725). If the 

self-diagnostics process fails, the control module can set the balancing dampers (BD) at 

open position and (VFD) at (VFDdesign) (block S730).  

[00751 The control module 302 can then check whether the balancing dampers are 

malfunctioning (block S735). If there is a malfunctioning balancing damper, the control 

module 302 can open the balancing dampers (block S740). If there is no malfunctioning 

balancing damper, then the control module 302 can check whether there is a 

malfunctioning sensor in the system (block S745). If there is a malfunctioning sensor, the 

control module 302 can set the balancing dampers at (BDPdesign), the (VFD) at 
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(VFDdesign) and the exhaust airflow to (Qdesign) (block S750). Otherwise, the control 

module 302 can set (VFD) to (VFDidle) until the cooking appliance is turned off (block 

S755). This step terminates the routine (block S760).  

[00761 In various embodiments the hood 105 is automatically calibrated to design 

airflow (Qdesign). The calibration procedure routine 800 is illustrated in FIG. 8. The 

routine starts at S802 and can be activated with all ventilation systems functioning and 

cooking appliances in the off state (blocks S805, S810). The calibration routine 800 can 

commence with the fan turned off (blocks S810, S870). If the fan is turned off, the hood 

can be balanced to the design airflow (Qdesign) (block S830). If the hood is not balanced 

(block S825), the control module 302 can adjust VFD (block S830) until the exhaust flow 

reaches (Qdesign) (block S835). The routine 800 then waits until the system is stabilized.  

Then, the hood 105 can be balanced for (Qidle) by reducing (VFD) speed (blocks S840, 

S845). The routine 800 once again waits until the system 100 is stabilized.  

[0077] The next step is to calibrate the sensors (block S850). The calibration of the 

sensors can be done during a first-time calibration mode, and is performed for cold 

cooking appliances and when there are no people present under the hood. The radiant 

temperature (IRT) can be measured and compared to a thermostat reading (Tspace), and 

the difference can be stored in the control module 302 memory 306 for each of the 

sensors (block S855). During subsequent calibration procedures or when the exhaust 

system is off, the change in the radiant temperature is measured again and is compared to 

the calibrated value stored in the memory 306 (block S855). If the reading is higher than a 

maximum allowed difference, a warning is generated in the control module 302 to clean 

the sensors (block S860). Otherwise the sensors are considered calibrated (block S865) 

and the routine 800 is terminated (block S875).  
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[0078] FIG. 9 illustrates the calibration routine 900 for a system with multiple 

hoods, one fan and no motorized balancing dampers. The routine 900 can follow 

substantially the same steps as for a single hood, single fan, and no motorized damper 

system shown above, except that for routine 900 every hood is calibrated. The routine 900 

starts with Hood 1 and follows hood balancing steps as shown above (blocks S905-S930, 

and S985), as well as sensor calibration steps as shown above (blocks S935-S950).  

[0079] Once the first hood is calibrated, the airflow for the next hood is verified 

(block S955). If the airflow is at set point (Qdesign), the sensor calibration is repeated for 

the second (and any subsequent) hood (blocks S960, S965). If the airflow is not at the set 

point (Qdesign), the airflow and the sensor calibration can be repeated (S970) for the 

current hood. The routine 900 can be followed until all hoods in the system are calibrated 

(S965). The new design airflows for all hoods can be stored in the memory 306 (block 

S975) and control ends at S980.  

[0080] FIG. 10 illustrates the automatic calibration routine 1000 which may be 

performed by the second embodiment 200. During the calibration routine 1000 all hoods 

are calibrated to design airflow (Qdesign) at minimum static pressure. The calibration 

procedure 1000 can be activated during the time the cooking equipment is not planned to 

be used with all hood filters in place, and repeated regularly (once a week for example).  

The routine 1000 can be activated at block S1005. The exhaust fan can be set at 

maximum speed VFD = 1 (VFD = 1 - full speed; VFD = 0 - fan is off) and all balancing 

dampers are fully open (BDP= 1 - fully open; BDP = 0 - fully closed) (block S 1010).  

The exhaust airflow can be measured for each hood using the TAB port pressure 

transducer (PT) (block S 1015). In various embodiments each hood can be balanced to 

achieve the design airflow (Qdesign) using the balancing dampers. At this point, each 
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BDP can be less than 1 (less than fully open). There may also be a waiting period in 

which the system stabilizes.  

[0081] If the exhaust airflow is not at (Qdesign), the VFD setting is reduced until 

one of the balancing dampers is fully open (block S 1030). In at least one embodiment this 

procedure can be done in steps by gradually reducing the VFD setting by 10% at each 

iteration until one of the dampers is fully open and the air flow is (Q)= (Qdesign) (blocks 

S1020, S1030). If, on the other hand, at block S1020, the airflow is Q = (Qdesign), the 

pressure transducer setting in the main exhaust duct (Pstdesign), the fan speed 

VFDdesign, and the balancing damper position BDPdesign settings can be stored (block 

S 1025). At this point the calibration is done (block S 1035).  

[0082] FIG. 11 is a flow chart of a method 1100 to control the exhaust airflow as 

implemented in the various embodiments in accordance with the system 100. As shown in 

FIG. 11, the individual hood exhaust airflow (Q) can be controlled based on the appliance 

status (AS) or state, which can be, for example, AS = 1, which indicates that the 

corresponding appliance is in a cooking state, AS = 2, which indicates that the 

corresponding appliance is in an idle state, and AS = 0, which indicates that the 

corresponding cooking appliance is turned off. The exhaust temperature sensors 125 and 

the radiant IR sensors 120 can detect the appliance status and provide the detected status 

to the processor 175. Based on the reading provided by the sensors, the control module 

302 can change the exhaust airflow (Q) in the system 100 to correspond to a 

predetermined airflow (Qdesign), a measured airflow (Q) (see below), and a 

predetermined (Qidle) airflow. When the detected cooking state is AS = 1, the control 

module 302 can adjust the airflow (Q) to correspond to the predetermined (Qdesign) 

airflow. When the cooking state is AS = 2, the control module 302 can adjust the airflow 

(Q) calculated according to the following equation: 
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Q = Qdesign Tex - Tspace + dTspace Eq. 6 
(T max- Tspace + dTspace) 

[00831 Furthermore, when the detected cooking state is AS = 0, the control module 

302 can adjust the airflow (Q) to be Q = 0.  

10084] In particular, referring again to FIG. 11, control begins at S 1102 and 

continues to block S 1104, in which the appliance status can be determined based on the 

input received from the exhaust temperature sensors 125 and the IR temperature sensors 

120. The exhaust temperature (Tex) and the ambient space temperature (Tspace) values 

can be read and stored in the memory 306 (block S 1106) in order to calculate the exhaust 

airflow (Q) in the system (block S 1108). The exhaust airflow (Q) can be calculated, for 

example, using equation Eq. 6. If the calculated exhaust airflow (Q) is less than the 

predetermined (Qidle) (block S 1110) the cooking state can be determined to be AS = 2 

(block S 1112) and the exhaust airflow (Q) can be set to correspond to (Qidle) (block 

S 1114). In this case, the fan 130 can be kept at a speed (VFD) that maintains (Q) = 

(Qidle) (block S 1116). If at block S 1110, it is determined that the airflow (Q) exceeds the 

preset (Qidle) value, the appliance status can be determined to be AS = 1 (cooking state) 

(block S 1118) and the control module 302 can set the fan speed (VFD) at (VFD) = 

(VFDdesign) (block S 1120) to maintain the airflow (Q) at (Q) = (Qdesign) (block S 1122).  

[0085] At block S 1124, the mean radiant temperature (IRT) as well as the 

fluctuation (FRT) of the radiant temperature emanating from the appliance cooking 

surface can be measured using the IR detectors 120. If the processor 304 determines that 

the radiant temperature is increasing or decreasing faster than a pre-determined threshold, 

block 1128 and the cooking surface is hot (IRT > IRTmin) (block S 1126), then the 

appliance status is reported as AS = 1 (S 1132) and the speed of fan 130 (VFD) can be set 
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to (VFDdesign) (block S 1134). When the exhaust hood 105 is equipped with multiple IR 

sensors 120, by default, if either one of the sensors detects a fluctuation in the radiant 

temperature (block S 1128), then cooking state (AS = 1) is reported. When the cooking 

state is detected, hood exhaust airflow (Q) can be set to design airflow (Q = Qdesign) 

(S1136) for a preset cooking time (TimeCook) (7 minutes, for example). In at least one 

embodiment, this overrides control by exhaust temperature signal (Tex) (block S 1130).  

Moreover, if the IR sensors 120 detect another temperature fluctuation within cooking 

time (TimeCook), the cooking timer is reset.  

[0086] On the other hand, if the IR sensors 120 detect no temperature fluctuations 

within preset cooking time (TimeCook), the appliance status is reported as idle AS = 2 

(S 1138) and the fan 130 speed can be modulated (block S 1140) to maintain exhaust 

airflow at (Q) = (Q) calculated according to Eq. 6 (block S 1142). When all IR sensors 120 

detect (IRT < IRTmin) (block S 1126) and (Tex < Tspace + dTspace) (block S 1144), the 

appliance status is determined to be OFF (AS = 0) (block S 1146) and the exhaust fan 130 

is turned off (block S 1150) by setting VFD = 0 (block S 1148). Otherwise, the appliance 

status is determined to be cooking (AS = 2) (block S1152) and the fan 130 speed (VFD) 

is modulated (block S 1154) to keep the exhaust airflow (Q) at a level calculated 

according to equation Eq. 6 (described above) (block S 1156). The operation 1100 may 

end at block S 1158, with the control module 302 setting the airflow (Q) at the airflow 

level based on the determined appliance status (AS).  

[0087] FIGS. 12A-12C illustrate an exemplary method 1200 to control the exhaust 

airflow in a system 200 with motorized balancing dampers at each exhaust hood 105. The 

method 1200 can follow substantially similar steps as the method 1100 described above, 

except that when fluctuation in the radiant temperature (FRT) is detected by the IR 

sensors 120 (block S 1228), or when the exhaust temperature (Tex) exceeds a minimum 
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value (Tmin) (block S1230), the appliance status is determined to be AS = 1 (block 

1232), and the control module 302 additionally checks whether the balancing dampers are 

in a fully open position (BDP) = 1, as well as whether the fan 130 speed (VFD) is below a 

pre-determined design fan speed (block S1380). If the conditions above are true, the fan 

130 speed (VFD) is increased (block 1236) until the exhaust flow Q reaches the design 

airflow (Qdesign) (block S1240). If the conditions above are not true, the fan 130 speed 

(VFD) is maintained at (VFDdesign) (block S 1238) and the airflow (Q) is maintained at 

(Q) = (Qdesign) (block S 1240).  

[0088] On the other hand, if there is no radiant temperature fluctuation (block 

S 1228) or the exhaust temperature (Tex) does not exceed a maximum temperature 

(Tmax) (block S1230), the appliance status is determined to be the idle state AS = 2 

(block S 1242). Additionally, the control module 302 can check whether the balancing 

dampers are in a fully opened position (BDP) = 1 and whether the fan 130 speed (VFD) is 

below the design fan speed (block S 1244). If the answer is yes, the fan 130 speed (VFD) 

is increased (block S1246) and the balancing dampers are modulated (block S1250) to 

maintain the airflow (Q) at (Q) = (Q) (calculated according to equation Eq. 6) (block 

S1252).  

[00891 In the case that in which there is no radiant temperature detected (block 

S1226) and the exhaust temperature is (Tex < Tspace + dTspace) (block S1254), the 

appliance status is determined to be AS = 0 (off) (block S 1256), the balancing dampers 

are fully closed (BDP = 0) (block S 1258) and the fan 130 is turned off (S 1260). The 

appliance status can be stored, on the other hand, if the exhaust temperature exceeds the 

ambient temperature, the appliance status is determined to be AS = 2 (block S 1262) and 

the balancing dampers are modulated (block S 1264) to keep the fan 130 on to maintain 

the airflow of (Q) = (Q), which is calculated based on equation Eq. 6 (block S1266). The 
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operation may then end and the exhaust airflow is set according to the determined 

appliance status (block S 1268).  

[0090] FIG. 13 is a block diagram of an exemplary exhaust flow control system in 

accordance with the present disclosure. In particular, a system 1300 includes a plurality 

of control modules (1302, 1308, and 1314) each coupled to respective ones of sensors 

(1304, 1310 and 1316, respectively), as described above (e.g., temperature, pressure, 

etc.), and outputs (1306, 1312, and 1318, respectively), as described above (e.g., motor 

control and damper control signals). The control modules can control their respective 

exhaust flow systems independently or in conjunction with each other. Further, the 

control modules can be in communication with each other.  

[0091] FIG. 14 is a block diagram of an exemplary exhaust flow control system in 

accordance with the present disclosure. In particular, a system 1400 includes a single 

control module 1402 coupled to a plurality of interfaces 1404-1408, which are each in 

turn coupled to respective sensors (1410-1414) and control outputs (1416-1420). The 

control module 1402 can monitor and control the exhaust flow rate for multiple hoods 

adjacent to multiple appliances. Each appliance can be independently monitored and an 

appropriate exhaust flow rate can be set as described above. In the configuration shown 

in FIG. 14, it may be possible to update the software in the control module 1402 once and 

thereby effectively updated the exhaust flow control system for each of the hoods. Also, 

the single control module 1402 may reduce costs and simplify maintenance for the 

exhaust flow control systems and allow an existing system to be upgraded or retrofitted to 

include the exhaust flow control method described above.  

[00921 FIG. 15 is a block diagram of an exemplary exhaust flow control system in 

accordance with the present disclosure. In particular, a system 1500 includes a control 
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module 1502 coupled to sensors 1504 and control outputs 1506. The control module 

1502 is also coupled to an alarm interface 1508, a fire suppression interface 1512, and an 

appliance communication interface 1516. The alarm interface 1508 is coupled to an 

alarm system 1510. The fire suppression interface 1512 is coupled to a fire suppression 

system 1514. The appliance communication interface 1516 is coupled to one or more 

appliances 1518-1520.  

[0093] In operation, the control module 1502 can communicate and exchange 

information with the alarm system 1510, fire suppression system 1514, and appliances 

1518-1520 to better determine appliance states and a suitable exhaust flow rate. Also, the 

control module 1502 may provide information to the various systems (1510-1520) so that 

functions can be coordinated for a more effective operational environment. For example, 

the exhaust flow control module 1502, through its sensors 1504, may detect a fire or other 

dangerous condition and communicate this information to the alarm system 1510, the fire 

suppression system 1514, and the appliances 1518-1520 so that each device or system can 

take appropriate actions. Also, information from the appliances 1518-1520 can be used 

by the exhaust flow control system to more accurately determine appliance states and 

provide more accurate exhaust flow control.  

[0094] Embodiments of a method, system and computer program product for 

controlling exhaust flow rate, may be implemented on a general-purpose computer, a 

special-purpose computer, a programmed microprocessor or microcontroller and 

peripheral integrated circuit element, an ASIC or other integrated circuit, a digital signal 

processor, a hardwired electronic or logic circuit such as a discrete element circuit, a 

programmed logic device such as a PLD, PLA, FPGA, PAL, or the like. In general, any 

process capable of implementing the functions or steps described herein can be used to 
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implement embodiments of the method, system, or computer program product for 

controlling exhaust flow rate.  

[0095] Furthermore, embodiments of the disclosed method, system, and computer 

program product for controlling exhaust flow rate may be readily implemented, fully or 

partially, in software using, for example, object or object-oriented software development 

environments that provide portable source code that can be used on a variety of computer 

platforms. Alternatively, embodiments of the disclosed method, system, and computer 

program product for controlling exhaust flow rate can be implemented partially or fully in 

hardware using, for example, standard logic circuits or a VLSI design. Other hardware or 

software can be used to implement embodiments depending on the speed and/or 

efficiency requirements of the systems, the particular function, and/or a particular 

software or hardware system, microprocessor, or microcomputer system being utilized.  

Embodiments of the method, system, and computer program product for controlling 

exhaust flow rate can be implemented in hardware and/or software using any known or 

later developed systems or structures, devices and/or software by those of ordinary skill in 

the applicable art from the functional description provided herein and with a general basic 

knowledge of the computer, exhaust flow, and/or cooking appliance arts.  

[0096] Moreover, embodiments of the disclosed method, system, and computer 

program product for controlling exhaust flow rate can be implemented in software 

executed on a programmed general-purpose computer, a special purpose computer, a 

microprocessor, or the like. Also, the exhaust flow rate control method of this invention 

can be implemented as a program embedded on a personal computer such as a JAVA@ or 

CGI script, as a resource residing on a server or graphics workstation, as a routine 

embedded in a dedicated processing system, or the like. The method and system can also 

be implemented by physically incorporating the method for controlling exhaust flow rate 
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into a software and/or hardware system, such as the hardware and software systems of 

exhaust vent hoods and/or appliances.  

[0097] It is, therefore, apparent that there is provided in accordance with the present 

invention, a method, system, and computer program product for controlling exhaust flow 

rate. While this invention has been described in conjunction with a number of 

embodiments, it is evident that many alternatives, modifications and variations would be 

or are apparent to those of ordinary skill in the applicable arts. Accordingly, applicants 

intend to embrace all such alternatives, modifications, equivalents and variations that are 

within the spirit and scope of this invention.  
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APPENDIX A 

Abbreviations, Acronyms and Terms 

AS - appliance status (e.g., AS=1 - cooking, AS=2 - idle, AS=O - off) 

BD - balancing damper 

BDP - balancing damper position (e.g., BDP = 0 - closed; BDP = 1 - open) 

BDPdesign - balancing damper position corresponding to hood design airflow Qdesign.  

Achieved at VFD = VFDdesign 

DCV - demand control ventilation 

dTcook - pre-set temperature above Tspace when IR sensor interprets appliance being in 

idle condition, AS=2.  

dTIR - temperature difference between IRT and Tspace (e.g., dTIR = IRT - Tspace).  

dTIRcal - dTIR stored in the memory during first-time calibration procedure for each IR 

sensor.  

dTIRmax - pre-set threshold value of absolute difference IdTIR - dTIRcall that indicates 

that IR sensors need to be cleaned and re-calibrated 

dTspace - pre-set temperature difference between Tex and Tspace when cooking 

appliance status is interpreted as "all appliances under the hood are off' (e.g., AS 

= 0). Exemplary default value is 9'F.  

FRT - fluctuation of radiant temperature of appliance cooking surface.  

i - index, corresponding to hood number.  

IRT - infra red sensor temperature reading, 'F 

IRTmin - minimum temperature reading, above which IR sensor detects appliance status 

as idle (e.g., AS=2). IRTmin = Tspace + dTcook.  

kAirflowDesign - ratio of mass exhaust airflows. Total actual airflow to total design 

airflow for hoods equipped with DCV 
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Kf - hood coefficient, used to calculate hood exhaust airflow 

kFilterClogged - threshold airflow coefficient to detect clogged filter, default value 1.1 

kFilterMissing - threshold airflow coefficient to detect filter missing, default value 1.1 

Kidle - idle setback coefficient, Kidle = 1 - Qidle/Qdesign 

M - hood exhaust airflow, lb/h 

Mdesign tot - total design exhaust mass airflow for all hoods in the kitchen, equipped 

with the DCV system, lb/h 

n - index, corresponding to IR sensor number in the hood.  

Patm - atmospheric pressure, inches of Mercury.  

PstDesign, inches WC - minimum static pressure in the main exhaust duct with all hoods 

calibrated and running at design airflow Qdesign.  

Q - hood exhaust airflow, cfm 

Qdesign - hood design airflow, cfm 

Qdesign tot - total design exhaust airflow for all hoods in the kitchen, equipped with the 

DCV system, cfm 

Qdesigni - new hood design airflow acquired during calibration procedure for multiple 

hoods connected to a single exhaust fan, cfm 

Qidle - pre-set hood airflow in idle, when all appliances under the hood are in idle 

condition (by default Qidle = 0.8 -Qdesign) 

Qtot - total exhaust airflow for all hoods in the kitchen, equipped with the DCV system, 

cfm 

TAB - test and balancing port in the hood. Pressure transducer is connected to TAB port 

to measure pressure differential and calculate hood exhaust airflow.  

Tex - hood exhaust temperature 
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Tex_min - minimum exhaust temperature, when appliance status is detected as idle, AS = 

2 

Tfire - pre-set limit on exhaust temperature, close to fuse link temperature, 'F. When Tex 

> Tfire - fire warning is generated.  

TimeCook - pre-set cooking time, by default TimeCook = 7 min.  

TimeOR - override time. Time period when hood airflow is maintained at design level Q 
= Qdesign when override button is pressed on the hood. By default TimeOR = 1 

min 

Tmax - pre-set maximum hood exhaust temperature. At this temperature hood operates at 

design exhaust airflow.  

Tspace - space temperature, 'F 

VFDdesign - VFD setting, corresponding Qdesign (VFD = 1 - fan at full speed; VFD = 0 

- fan turned off) 

VFDidle - VFD setting, corresponding Qidle 
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CLAIMS 

1. A method of controlling exhaust air flow in an exhaust ventilation system including an 

exhaust hood, the method comprising: 

receiving, at a control module, an exhaust air temperature signal representing a 

temperature of the exhaust air in a vicinity of the exhaust hood, the exhaust air temperature 

signal being generated by a temperature sensor; 

receiving, at the control module, a radiant temperature signal representing a temperature 

of a surface of a cooking appliance that generates the exhaust air, the radiant temperature signal 

being generated by a radiant temperature sensor; 

determining in the control module a state of the cooking appliance based on the received 

exhaust air temperature signal, the mean radiant temperature signal, and a fluctuation in the 

radiant temperature; and 

controlling an exhaust air flow rate in response to the determined appliance state by 

outputting a control signal from the control module; 

wherein the state of the cooking appliance includes a cooking state, an idle state and an 

off state, 

wherein the controlling includes outputting a signal to change the exhaust flow rate 

between a design exhaust flow rate (Qdesign), an idle exhaust flow rate (Qidle), and an off 

exhaust flow rate, based on a change in the cooking appliance state, 

wherein the control module changes the exhaust flow rate to design exhaust flow rate 

(Qdesign) when the cooking appliance is determined to be in the cooking state, to the idle 

exhaust flow rate (Qidle) when the appliance status is determined to be in the idle state, and to 

the off exhaust flow rate when the appliance is determined to be in the off state, 

wherein when the radiant temperature is greater than a predetermined minimum radiant 

temperature, the cooking appliance is determined to be in the cooking state if a fluctuation in



the radiant temperature is determined, the cooking appliance is determined to be in the idle state 

if no fluctuation in the radiant temperature is determined, and 

wherein when the radiant temperature is less than a predetermined minimum radiant 

temperature, the cooking appliance is determined to be in the cooking state if the exhaust 

temperature is greater than a predetermined temperature, the cooking appliance is determined to 

be in the off state if the exhaust temperature is less than the predetermined temperature.  

2. The method of claim 1, wherein the changing includes one of changing a speed of an 

exhaust fan and actuating a balancing damper based on the appliance state.  

3. The method of claim 1, wherein the measuring further includes measuring an ambient 

air temperature in the vicinity of the ventilation system.  

4. The method of claim 3, wherein the determining further includes determining a 

difference between the exhaust air temperature in the vicinity of the exhaust hood and the 

ambient temperature in the vicinity of the ventilation system.  

5. The method of any one of the preceding claims, wherein the radiant temperature is 

measured using an infrared sensor.  

6. The method of claim 3, wherein the exhaust air temperature and the ambient 

temperature in the vicinity of the ventilation system is measured using respective temperature 

sensors.  

7. The method of any one of the preceding claims, further comprising calibrating the 

exhaust ventilation system before said controlling the exhaust air flow.



8. A method of controlling exhaust air flow in an exhaust ventilation system substantially 

as herein described with reference to any one of the embodiments of the invention illustrated in 

the accompanying drawings and/or examples.
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