199 DANMARK (100 DK/EP 2370744 T3

(12) Oversaettelse af
europeeisk patentskrift

Patent-og
Varemaerkestyrelsen

(51)  Int.Cl.: F 24 C 15/20 (2006.01) F24F 7/06 (2006.01) F 24 F 110/10 (2018.01)
F 24 F 110/12 (2018.01) F 24 F 110/40 (2018.01)

(45) Overseettelsen bekendtgjort den: 2019-05-20

(80) Dato for Den Europaeiske Patentmyndigheds
bekendtgorelse om meddelelse af patentet: 2019-02-20

(86) Europaeisk ansaggning nr.: 09831153.3

(86) Europaeisk indleveringsdag: 2009-12-03

(87) Den europaeiske ansggnings publiceringsdag: 2011-10-05

(86) International ansegning nr.: US2009066660

(87) Internationalt publikationsnr.: WO2010065793

(30) Prioritet: 2008-12-03 US 119716 P 2009-06-08 US 185168 P

(84) Designerede stater: AT BE BG CH CY CZ DE DK EE ES FI FR GB GR HR HU IE IS IT LI LT LU LV MC
MK MT NL NO PL PT RO SE SI SK SM TR

(73) Patenthaver: OY Halton Group Ltd., Esterinportti 2, 00240 Helsinki, Finland

(72) Opfinder: LIVCHAK, Andrey, V., 706 Newbury Street, Bowling Green, KY 42103, USA
RACZEWSKI, Chester, 3169 Malham Gate, Mississauga, ON L5M 6K8, Canada
SCHROCK, Derek W., 3340 Nugget Drive, Bowling Green, KY 42104, USA

(74) Fuldmaegtig i Danmark: Larsen & Birkeholm A/S Skandinavisk Patentbureau, Banegardspladsen 1, 1570
Kgbenhavn V, Danmark

(54) Benaevnelse: Udsugningsstreamningsstyresystem og -fremgangsmade

(56) Fremdragne publikationer:
WO-A2-2008/065332
DE-A1-2 518 750
DE-A1-3 909 125
JP-A-9 280619
US-A1- 2003 206 572
US-A1- 2006 032 492
US-A1- 2008 274 683
US-B1- 6 170 480
US-B2- 7 131 549



DK/EP 2370744 T3



DK/EP 2370744 T3

DESCRIPTION

FIELD

[0001] 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

[0002] 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.

[0003] 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 flow to eliminate fumes
and other air contaminants, while reducing or minimizing energy loss.

[0004] Methods of controlling exhaust air flow and exhaust ventilation systems are known from
US 6 170 480 B1, WO 2008/065332 A2, DE 39 09 125 A1, DE 25 18 750 A1, and US
2008/274683 A1.

SUMMARY

[0005] According to the present invention, a method of controlling exhaust air flow according to
claim 1, and an exhaust ventilation system according to claim 11 are provided.

[0006] 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 includes 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.
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[0007] One or more embodiments 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
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 less than a predetermined ambient air temperature plus the mean
ambient air temperature of the space in the vicinity of the cooking appliance.

[0008] 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.

[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 based on a change in the 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 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.

[0011] 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.

[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 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
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the radiant temperature is less than a minimum predetermined radiant temperature.

[0013] 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.

[0014] 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.

[0015] 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 determine the status
of the cooking appliance, and to control the exhaust flow rate based on the appliance status.

[0016] 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.

[0017] 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.

[0018] 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.

[0019] 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.

[0020] Embodiments can further comprise a control module that can further determine a
fluctuation in the radiant temperature.
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[0021] 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 fluctuation in the
radiant temperature and the radiant temperature is less than a minimum predetermined
radiant temperature.

[0022] 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.

[0023] 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.

[0024] 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.

[0025] 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 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.

[0026] 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.
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[0027] 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.

[0028] 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.

[0029] 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 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.

BRIEF DESCRIPTION OF THE DRAWINGS

[0030]

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;

FIG. 2 is a perspective view diagrammatically illustrating an exhaust ventilating system having
motorized dampers;

FIG. 3 is a block diagram of an exemplary exhaust air flow rate control system in accordance
with the disclosure;

FIG. 4 is a flow chart illustrating an exemplary exhaust flow rate control method according to
various embodiments;

FIG. 5 is a flow diagram of an exemplary start-up routine of at least one embodiment with or
without automatic dampers;

FIG. 6 is a flow diagram of a check routine of at least one embodiment with a single hood and
no dampers;

FIG. 7 is a flow diagram of a checking routine of at least one embodiment with multiple hoods,
one fan and motorized dampers;
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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;

FIG. 9 is a flow diagram of a calibration routine for at least one embodiment with multiple
hoods, one fan and no motorized dampers;

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;

FIG. 11 is a flow diagram of an operation routine for at least one embodiment without
motorized balancing dampers;

FIG. 12 is a flow diagram of an operation routine for at least one embodiment with motorized
balancing dampers;

FIG. 13 is a block diagram of an exemplary exhaust flow control system in accordance with the
present disclosure;

FIG. 14 is a block diagram of an exemplary exhaust flow control system in accordance with the
present disclosure; and

FIG. 15 is a block diagram of an exemplary exhaust flow control system in accordance with the
present disclosure.

DETAILED DESCRIPTION

[0031] 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 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.

[0032] 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.
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[0033] 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 the exhaust air temperature and the radiant
temperature sensed using these multiple detectors.

[0034] 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).

[0035] 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 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
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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.

[0036] 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 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.

[0037] 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 fulffill 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.

[0038] In various embodiments, multiple control modules 302 can be provided. The type and
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number of control modules 302 and their location in the system may also vary depending on
the complexity and scale of the system as to the number of above enumerated sensors and
their locations within a system.

[0039] 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.

[0040] 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.

[0041] 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.

[0042] 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 S420 to receive an
ambient air temperature input and an infrared sensor input. Control continues to S430.

[0043] At S430, the current exhaust flow rate (Q) is determined. Control continues to S435.

[0044] 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).

[0045] 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
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to start the method again if power is determined to still be on at S460.

[0046] 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.

[0047] 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:

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

Parameter name & {Default value Notes
units

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
Table 2 List of process control set points

Parameter name & |Default value Notes
units

IR1_Derivative_Max_SP §{-1°C/sec Derivative for Flare-up Set Point
IR1_Derivative_Min_SP {300 sec Derivative for IR Index Drop Set Point
IR1_Drop_SP1 1°C IR Index Drop Set Point
IR1_Filter_Time 10 sec IR Signal Filter Time Set Point
IR1_Jump_SP 1°C IR Signal Jump Set Point (for flare-up)
IR1_Start_SP 30 °C IR Signal Start Cooking Equipment Set
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Parameter name &
units

Default value

Notes

Point

IR2_Cooking_Timer1

420 sec.

Cooking Timer Set Point for IR1 Field of
View

IR2_Derivative_Max_SP

1°Cl/sec

Derivative for Flare-up Set Point

IR2_Derivative_Min_SP §-1°C/sec Derivative for IR Index Drop Set Point

IR2_Drop_SP1 1°C IR Index Drop Set Point

IR2_Filter_Time 10 sec IR Signal Filter Time Set Point

IR2_Jump_SP 1°C IR Signal Jump Set Point (for flare-up)

PID_Cal_K 0.5 %/CFM PID Proportional Coefficient in Calibration
Mode

PID_Cal_T 100 sec PID Integral Coefficient in Calibration
Mode

PID_K 0.5 %/CFM PID Proportional Coefficient in Cooking
Mode

PID_T 100 sec PID Integral Coefficient in Cooking Mode

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

Parameter name & units

Notes

VVFDdesign, 0 to 1

VFDidle, 0 to 1

dTIRcal;, °F

Recorded for each IR sensor in the hood

Qdesign1, cfm

single fan

Recorded only for multiple hoods connected to a

Table 4 List of process variables

Parameter name & units

Notes

Qj;, cfm For each hood

Qtot, cfm See Equation A1. 1 for calculating airflow
kAirflowDesign See Equation A1.1 for calculating airflow
IRT; n, °F For each sensor in the hood

Tex;, °F For each hood

Tspace, °F One for the whole space

[0048] 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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[0049]
Table 5 Hood set point list (may be preset)
Parameter name & § Default value Notes
units
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

Table 6 List of process control set points

Parameter name & |Default value Notes
units

IR1_Derivative_Max_SP j-1°C/sec Derivative for Flare-up Set Point

IRI_Derivative_Min_SP {300 sec Derivative for IR Index Drop Set Point

IR1_Drop_SP1 1°C IR Index Drop Set Point

IR1_Filter_Time 10 sec IR Signal Filter Time Set Point

IR1_Jump_SP 1°C IR Signal Jump Set Point (for flare-up)

IR1_Start_SP 30 °C IR Signal Start Cooking Equipment Set
Point

IR2_Cooking_Timer1 420 sec. Cooking Timer Set Point for IR1 Field of
View

IR2_Derivative_Max_SP {1°C/sec Derivative for Flare-up Set Point

IR2_Derivative_Min_SP §-1°C/sec Derivative for IR Index Drop Set Point

IR2_Drop_SP1 1°C IR Index Drop Set Point

IR2_Filter_Time 10 sec IR Signal Filter Time Set Point
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Parameter name & |Default value Notes
units
IR2_Jump_SP 1°C IR Signal Jump Set Point (for flare-up)
PID_Cal_K 0.5 %/CFM PID Proportional Coefficient in Calibration
Mode
PID_Cal_T 100 sec PID Integral Coefficient in Calibration
Mode
PID_K 0.5 %/CFM PID Proportional Coefficient in Cooking
Mode
PID_T 100 sec PID Integral Coefficient in Cooking Mode
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
BDPdesign;, 0 to 1 For each hood
Table 8 List of process variables
Parameter name & units Notes
Qj, cfm For each hood
Qtot, cfm See EquationA1. 1 for calculating airflow
BDP;, 0 to 1 For each hood (one balancing damper per hood)
kAirflowDesign One for system. See Error! Reference source not
found.
IRT; », °F For each sensor in the hood
Tex;, °F For each hood
Tspace, °F One for the whole space
VFD, O to 1 One for system

[0050] 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:

0=K

dp- Dens ;,

L Eq. 1
/ Dens a

exh,

[0051] Where:

Kris the hood coefficient.

dp is the static pressure measured at the hood TAB port, in inches WC.
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Densgyp is the density of the exhaust air in Ib. mass per cubic feet.

Densgy is the standard density of air (= 0.07487 Ib/ft3 at 70 °F and atm. pressure 29.921

inches of mercury).

1.325Patm

Dens , = —————
4594 + Tex

[1b/ft’] Eq. 2

[0052] Where:
Tex - exhaust air temperature, in °F.

Patm - atmospheric pressure, inches of Mercury.

Patm = 29.92(1 — 0.0000068753 - 1) >2558 Eq. 3

[0053] Where:
h - elevation above seal level, ft

[0054] When reporting kAirflowDesign, mass flow of exhaust air thru all the hoods in the
kitchen equipped with the DCV system Mtot [Ib/ft3] needs to be calculated and divided by total

design mass airflow Mtot_design [Ib/ft3] for these hoods.
Miot

kairflowDesigh = ———
ME0lgaorgm Eq. 4

[0055] Where Mtot and Mtot design are calculated per Eq. 4 Denseyp j is calculated per eq.
Eq. 2 using actual and design temperatures of exhaust air.

M = Z Q; - Densgyn,
iza Eq.5

[0056] 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:

1) Automatically, when any of the appliances under the hood is switched on (500):
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[0057] 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 S510), then the
control module keeps the fan turned off (block S525).

[0058] 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).

2) On schedule:

[0059] 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).

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

[0060] 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).

[0061] 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.

[0062] 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
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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 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.

[0063] 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).

[0064] 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).

[0065] 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 (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).

[0066] 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
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the system 100 is stabilized.

[0067] 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).

[0068] 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).

[0069] 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.

[0070] 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 S1010). The exhaust airflow can be measured for each hood using the TAB
port pressure transducer (PT) (block S1015). In various embodiments each hood can be
balanced to achieve the design airflow (Qdesign) using the balancing dampers. At this point,
each BDP can be less than 1 (less than fully open). There may also be a waiting period in
which the system stabilizes.

[0071] If the exhaust airflow is not at (Qdesign), the VFD setting is reduced until one of the
balancing dampers is fully open (block S1030). 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
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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 $S1025). At this point the calibration is done (block
S1035).

[0072] 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:

Q= Qdesigr{

Tex —Tspace+ dlspace ) Eq. 6

T max— Tspace+ dTspace

[0073] Furthermore, when the detected cooking state is AS = 0, the control module 302 can
adjust the airflow (Q) to be Q = 0.

[0074] In particular, referring again to FIG. 11, control begins at S1102 and continues to block
S1104, 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 S1106) in order to calculate the exhaust airflow (Q) in the
system (block S1108). 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 S1110)
the cooking state can be determined to be AS = 2 (block S1112) and the exhaust airflow (Q)
can be set to correspond to (Qidle) (block S1114). In this case, the fan 130 can be kept at a
speed (VFD) that maintains (Q) = (Qidle) (block S116). If at block S1110, 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 S1118) and the control module 302 can set the fan speed (VFD)
at (VFD) = (VFDdesign) (block S1120) to maintain the airflow (Q) at (Q) = (Qdesign) (block
S1122).

[0075] At block S1124, 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
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increasing or decreasing faster than a pre-determined threshold, block 1128 and the cooking
surface is hot (IRT > IRTmin) (block S1126), then the appliance status is reported as AS = 1
(S1132) and the speed of fan 130 (VFD) can be set to (VFDdesign) (block S1134). 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 $S1128), 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 S1130). Moreover, if the IR sensors 120 detect another temperature fluctuation
within cooking time (TimeCook), the cooking timer is reset.

[0076] 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 (S1138) and
the fan 130 speed can be modulated (block S1140) to maintain exhaust airflow at (Q) = (Q)
calculated according to Eq. 6 (block S1142). When all IR sensors 120 detect (IRT < IRTmin)
(block S1126) and (Tex < Tspace + dTspace) (block S1144), the appliance status is determined
to be OFF (AS = 0) (block S1146) and the exhaust fan 130 is turned off (block S1150) by
setting VFD = 0 (block S1148). Otherwise, the appliance status is determined to be cooking
(AS = 2) (block S1152) and the fan 130 speed (VFD) is modulated (block S1154) to keep the
exhaust airflow (Q) at a level calculated according to equation Eq. 6 (described above) (block
S1156). The operation 1100 may end at block S1158, with the control module 302 setting the
airflow (Q) at the airflow level based on the determined appliance status (AS).

[0077] 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 $S1228),
or when the exhaust temperature (Tex) exceeds a minimum 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 S1238) and
the airflow (Q) is maintained at (Q) = (Qdesign) (block S1240).

[0078] On the other hand, if there is no radiant temperature fluctuation (block S1228) 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 $S1242). 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 S1244).
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).
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[0079] 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 S1256), the balancing dampers are fully closed (BDP = 0)
(block S1258) and the fan 130 is turned off (S1260). 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 S1262) and the balancing dampers are modulated
(block S1264) to keep the fan 130 on to maintain the airflow of (Q) = (Q), which is calculated
based on equation Eq. 6 (block S1266). The operation may then end and the exhaust airflow is
set according to the determined appliance status (block S1268).

[0080] 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.

[0081] 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.

[0082] 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 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.

[0083] 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
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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.

APPENDIX A

Abbreviations, Acronyms and Terms

[0084]

AS - appliance status (e.g., AS=1 - cooking, AS=2 - idle, AS=0 - 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

DCYV - 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 |dTIR - dTIRcal| 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
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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

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, Ib/h

Mdesign_tot - total design exhaust mass airflow for all hoods in the kitchen, equipped with the
DCV system, Ib/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
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 2
Tfire - fire warning is generated.

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

1. Fremgangsmade til styring af en udsugningsluftstramning i et udsugnings-
ventilationssystem (100), omfattende en udsugningsheette (105), hvor fremgangs-
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maden omfatter:

ved et styremodul (302) at modtage et udsugningslufttemperatursignal, som
repraesenterer en temperatur (Tex) af udsugningsluften i en naerhed af
udsugningsheaetten (105, S410, S530), hvor udsugningslufttemperatur-
signalet genereres af en udsugningslufttemperatursensor (125);

ved styremodulet (302) at modtage et stralingstemperatursignal, som repree-
senterer en temperatur af en overflade p4 en kogeindretning (115), som
genererer udsugningsluften (S420, S505), hvor stralingstemperatursignalet
genereres af en stralingstemperatursensor (120);

i styremodulet (302) at bestemme en tilstand for kogeindretningen (115)
baseret pa det modtagne udsugningslufttemperatursignal og det modtagne
stralingstemperatursignal (S1112, S1118), hvor bestemmelsen endvidere
omfatter at bestemme en fluktuation (FRT) i stralingstemperaturen (S1128);
09

at styre udsugningsluftstramningsmaengden (Q) som reaktion pa den be-
stemte indretningstilstand ved udlaesning af et styresignal fra styremodulet
(S1114, S1120),

hvor kogeindretningstilstanden omfatter en kogetilstand, en hviletilstand og
en slukket tilstand,

hvor kogeindretningen (115) bestemmes til at vaere i kogetilstand, nar en
fluktuation (FRT) i strdlingstemperaturen bestemmes, og en gennemsnitlig
stralingstemperatur (IRT) er starre end en forudbestemt minimal stralings-
temperatur (IRTmin, S1132), kogeindretningen (115) bestemmes til at veere
i hviletilstand, nar der ikke bestemmes (S1138) nogen fluktuation i stralings-
temperaturen, og kogeindretningen (115) bestemmes til at veere i slukket
tilstand, nar der ikke bestemmes nogen fluktuation i stralingstemperaturen,
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og den gennemsnitlige stralingstemperatur (IRT) er mindre end en forud-
bestemt minimal stralingstemperatur (IRTmin, S1146).

2. Fremgangsméade ifolge krav 1, hvor styringen omfatter at udlaese et signal til
at aendre udsugningsstremningsmaengden (Q) mellem en beregnet udsugnings-
stramningsmaengde (Qdesign), en hvileudsugningsstramningsmaengde (Qidle) og
en slukket udsugningsstromningsmasngde baseret pa en aendring i kogeindret-
ningens tilstand.

3. Fremgangsméade ifolge krav 2, hvor styremodulet (302) aendrer udsugnings-
stramningsmaengden (Q) til den beregnede udsugningsstremningsmasngde
(Qdesign), nar kogeindretningen bestemmes til at vaere i kogetilstand (S1122), til
hvileudsugningsstramningsmaengden (Qidle), nar kogestatussen bestemmes til at
veere i hviletilstand (S1144), og til den slukkede udsugningsstremningsmaengde,

nar indretningen (115) bestemmes til at vaere i slukket tilstand (S1150).

4. Fremgangsmade ifolge krav 3, hvor aendringen omfatter at aendre en hastig-
hed af en udsugningsblaeser (130) baseret pa indretningens tilstand eller at

aktivere en udligningsdeemper (150) baseret pa indretningens tilstand.

5. Fremgangsméade ifglge krav 1, som endvidere omfatter at male en omgivel-
seslufttemperatur i neerheden af ventilationssystemet (100).

6. Fremgangsméde ifglge krav 5, hvor bestemmelsen endvidere omfatter at
bestemme en forskel mellem udsugningslufttemperaturen (Tex) i naerheden af
udsugningshaetten (105) og omgivelseslufttemperaturen i naerheden af ventila-
tionssystemet (100).

7. Fremgangsmade ifglge krav 6, hvor kogeindretningen (115) er i kogetilstand,
nar udsugningslufttemperaturen (Tex) er starre end eller lig med en forudbestemt
maksimal omgivelsestemperatur, kogeindretningen (115) er i hviletilstand, nar
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udsugningslufttemperaturen (Tex) er mindre end den forudbestemte maksimale
omgivelsestemperatur, og kogeindretningen (115) er i slukket tilstand, nar udsug-
ningslufttemperaturen (Tex) er mindre end en forudbestemt omgivelsestempe-

ratur.

8. Fremgangsmade ifglge krav 1, hvor omgivelsestemperaturen males ved
anvendelse af en infrargd sensor (120).

9. Fremgangsméade ifelge krav 1, hvor udsugningslufttemperaturen (Tex) og
omgivelsestemperaturen i naerheden af ventilationssystemet (100) males ved

anvendelse af respektive temperatursensorer (125, 160).

10. Fremgangsmade ifolge krav 1, som endvidere omfatter at kalibrere
udsugningsventilationssystemet (100) inden styringen af udsugningsluftstremmen
(800, 900, 1000).

11. Udsugningsventilationssystem (100) til anvendelse med en kogeindretning
(115), omfattende en udsugningshaette (105), som omfatter:

en udsugningslufttemperatursensor (125) til generering af et udsugnings-
lufttemperatursignal, som repraesenterer en temperatur (Tex) af udsugnings-
luften i en neerhed af udsugningshaetten (105);

en stralingstemperatursensor (120) til generering af et stralingsluftsignal,
som repraesenterer en temperatur af en overflade pa kogeindretningen (115),
som genererer udsugningsluften;

et styremodul (302), som er indrettet til at modtage udsugningsluft-
temperatursignalet og stralingstemperatursignalet; at bestemme en tilstand
for kogeindretningen (115) baseret pa det modtagne udsugningsluft-
temperatursignal og det modtagne stralingstemperatursignal; og til at styre
udsugningsluftstramningsmaengden (Q) som reaktion pa den bestemte
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indretningstilstand ved udlaesning af et styresignal fra styremodulet (302); og
at bestemme en fluktuation (FRT) i strélingstemperaturen;

en udsugningsblzeser (130) til fiernelse af udsugningsluft, som er genereret
af kogeindretningen (115); og

en motorstyringsindretning, som er koblet til styremodulet (302) og udsug-
ningsblaeseren (130);

hvor bestemmelsen af kogeindretningens (115) tilstand er baseret pa
fluktuationen (FRT) i stralingstemperaturen,

hvor kogeindretningens (115) tilstand omfatter en kogetilstand, en hvile-
tilstand og en slukket tilstand; og

hvor styremodulet (302) er indrettet til at bestemme, at kogeindretningen
(115) er i kogetilstand, nar en fluktuation (FRT) i stralingstemperaturen
bestemmes, og den gennemsnitlige stralingstemperatur (IRT) er starre end
en forudbestemt minimal stralingstemperatur (IRTmin), er i hviletilstand, nar
der ikke bestemmes nogen fluktuation i stralingstemperaturen, og er i slukket
tilstand, nar der ikke bestemmes nogen fluktuation i stralingstemperaturen,
og den gennemsnitlige stralingstemperatur (IRT) er mindre end en forud-
bestemt minimal stralingstemperatur (IRTmin).

12. System (100) ifelge krav 11, som endvidere omfatter en temperatursensor
(160) til maling af en omgivelsestemperatur af luften i naerheden af ventilations-
systemet (100); og mindst en motoriseret udligningsdaemper (150), som er fast-
gjort pa udsugningshaetten (105) til at styre et volumen af udsugningsluften, som
kommer ind i udsugningshaetten (105), hvor styremodulet (302) styrer udsugnings-
luftstramningsmaengden ved styring af en hastighed af udsugningsblaeseren (130)
og/eller en position af den mindst ene motoriserede udligningsdeemper (318).
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