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(57) ABSTRACT

One variation of an apparatus for cooking includes: a housing
including a first section configured to be immersed in fluid
within a cooking container and a second section adjoining the
first section; an annular knob arranged over the second sec-
tion; a position sensor arranged within the second section and
configured to detect rotation of the magnetic element; a dis-
play arranged on the housing and configured to display a
cooking parameter selected through rotation of the annular
knob; a heating element arranged within the first section; a
circulator arranged within the housing and configured to draw
fluid, in the cooking container, along the heating element; and
a controller configured to control the heating element and the
circulator according to a temperature of the fluid measured by
the temperature sensor, thereby maintaining the fluid within a
predetermined range of temperatures including the selected
temperature.
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APPARATUS AND SYSTEM FOR
LOW-TEMPERATURE COOKING

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation of co-pending
U.S. patent application Ser. No. 13/780,890, filed 28 Feb.
2013, which claims the benefit of U.S. Provisional Patent
Application No. 61/605,160, filed on 29 Feb. 2012, both of
which are incorporated herein in their entirety by this refer-
ence.

TECHNICAL FIELD

[0002] This invention relates generally to the field of low-
temperature cooking, and more specifically to a new and
useful apparatus for low-temperature cooking in the field of
low-temperature cooking.

BACKGROUND

[0003] Sous-vide and other types of low-temperature cook-
ing are becoming well-recognized forms of cooking due to
the high-quality product they often produce. However, low-
temperature cooking requires specialized cooking systems
that are typically large, expensive, and/or fail to be accessible
to residential kitchens. Therefore, there is aneed in the field of
low-temperature cooking for a new and useful apparatus for
low-temperature cooking. This invention provides such a new
and useful apparatus.

BRIEF DESCRIPTION OF THE FIGURES

[0004] FIG.1 is a schematic representation of an apparatus
of an embodiment;

[0005] FIGS. 2A and 2B are schematic representations of
variations of the apparatus;

[0006] FIG.3 is a schematic representation of a variation of
the apparatus;
[0007] FIGS. 4A and 4B are schematic representations of

variations of the apparatus;

[0008] FIG.5 is a schematic representation of a variation of
the apparatus; and

[0009] FIG. 6 is a schematic representation of a variation of
the apparatus.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0010] The following description of preferred embodi-
ments of the invention is not intended to limit the invention to
these preferred embodiments, but rather to enable any person
skilled in the art to make and use this invention.

[0011] As shown in FIG. 1, an apparatus 100 for cooking
includes: a housing including a first section 111 configured to
be immersed in fluid within a cooking container and a second
section 112 adjoining the first section 111, the first section
111 defining an elongated fluid inlet 119 adjacent a cavity
113; aclip 120 arranged on the housing 110 and configured to
support the housing no on a wall of the cooking container with
the elongated fluid inlet 119 substantially adjacent a substan-
tially vertical section of the wall of the cooking container; a
heating element 130 arranged within the cavity; a temperature
sensor 140 coupled to the housing 110; a circulator 150 con-
figured to draw fluid, in the cooking container, into the elon-
gated fluid inlet 119, along the heating element 130, and out
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of the cavity 113 through a fluid outlet 116 arranged on a
distal end of the first section 111 opposite the second section
112; an input region 160 arranged on the second section 112
of the housing 110 and configured to receive a selected tem-
perature; and a controller 170 configured to control the heat-
ing element 130 and the circulator 150 according to a tem-
perature of the fluid measured by the temperature sensor 140,
thereby maintaining the fluid within a predetermined range of
temperatures including the selected temperature.

[0012] As shown in FIGS. 2B and 5, one variation of the
apparatus 100 for cooking includes: a housing no including a
first section 111 configured to be immersed in fluid within a
cooking container and a second section 112 adjoining the first
section 111, the first section 111 defining a fluid inlet 119
adjacent a cavity 113; an annular knob 161 arranged over the
second section 112; a position sensor 163 arranged within the
second section 112 and configured to detect rotation of the
annular knob 161; a display 180 arranged on the housing 110
substantially concentric with the annular knob 161 and con-
figured to display a cooking parameter selected through rota-
tion of the annular knob 161; a heating element 140 arranged
within the first section 111; a circulator 150 arranged within
the housing no and configured to draw fluid, in the cooking
container, into the fluid inlet 119, along the heating element
130, and out of the cavity 113 through a fluid outlet 116; and
acontroller 170 configured to control the heating element 130
and the circulator 150 according to a temperature of the fluid
measured by the temperature sensor, 140 thereby maintaining
the fluid within a predetermined range of temperatures
including the selected temperature.

[0013] As shown in FIGS. 3 and 6, another variation of the
apparatus 100 includes a system 200 for cooking, including:
a power adapter 190 including a plug 194 configured to
engage an electrical wall outlet 116 and a rectifier 192 and a
relay 191 electrically coupled to the plug 194; and an immer-
sion apparatus 101 electrically coupled to the power adapter
190 and including a housing 110 including a first section 111
configured to be immersed in fluid within a cooking container
and a second section 112 adjoining the first section 111, the
first section 111 defining a fluid inlet 119 and a fluid outlet
116 fluidly coupled to a cavity 113, a clip arranged on the
housing 110 and configured to support the housing 110 on a
wall of the cooking container, a heating element 130 arranged
within the cavity 113, atemperature sensor 140 coupled to the
housing 110, a circulator 150 arranged within the housing 110
and configured to draw fluid, in the cooking container, into the
fluid inlet 119, along the heating element 130, and out of the
cavity 113 through a fluid outlet 116, an input region 160
arranged on the second section 112 of the housing 110 and
configured to receive a selected temperature, and a controller
170 configured to receive power from the rectifier 192, to
control the circulator 150, and to transmit a digital signal to
the relay 191 to control the heating element 130 according to
atemperature of the fluid measured by the temperature sensor
140, thereby maintaining the fluid within a predetermined
range of temperatures including the selected temperature.

[0014] The apparatus 100 enables low-temperature cook-
ing, such as sous-vide, wherein a cooking fluid is heated and
circulated around a food product contained in a sealed pouch.
For example, the apparatus 100 can heat water in a standard
six-quart cooking pot to a temperature between 134 and 183
degrees Fahrenheit and circulate the water around a reseal-
able plastic bag containing meat or vegetables. Generally, the
apparatus 100 can be placed in a cooking container (i.e. pot or
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pan) with the first section 111 of the housing 110 immersed in
cooking fluid, the clip 120 supporting the housing no against
the cooking container. The apparatus 100 can then create an
effective cooking environment by heating and circulating
fluid around a pouch containing food and immersed in the
fluid. Because the apparatus 100 defines an immersible hous-
ing containing heating and circulating systems, the apparatus
100 can be substantially container agnostic such that that the
apparatus 100 can be used on any suitable pot or other cook-
ing container. For example, the apparatus 100 can be
immersed in a small pot to cook a single eight-ounce filet
mignon at one time and later immersed in a larger pot to cook
a twelve-pound roast. The controller 170 can also be config-
ured to set time and temperature cooking parameters, such as
for a particular type of food and/or a particular size or weight
of food, thus further enabling the apparatus 100 to cook foods
of various types and sizes by heating fluid in a cooking con-
tainer to particular temperatures and for a particular periods
of time according to selected parameters.

[0015] Invariations of the apparatus 100, the fluid inlet 119
defines an elongated opening along the first section 111 adja-
cent the cavity. The arrangement of the clip 120 substantially
in line with the fluid inlet places the fluid inlet substantially
adjacent to (and slightly offset from) a vertical wall of the
cooking container when the apparatus 100 is arranged on the
cooking container via the clip 120. This orientation and
geometry of the fluid inlet and the clip 120 may thus substan-
tially prevent the sealed pouch (e.g., resealable plastic bag)
from being drawn toward and obstructing the fluid inlet since
the wall of the cooking container and the housing 110 of the
apparatus 100 may not enable the pouch to move near enough
the fluid inlet to be drawn into the fluid inlet or to be drawn
around both sides of the housing 110 to block the fluid inlet.
However, in the event that the bag does block the inlet, the
controller 170 can monitor the circulator 150 to identify and
handle a blockage. For example, the controller 170 can moni-
tor a back EMF or current draw of a motor 152 in the circu-
lator 150, correlate a back EMF or current draw of the motor
152 above a predefined threshold as a blockage of the fluid
inlet 119 or fluid outlet 116, and cut power to the circulator
150, thereby reducing the likelihood of unevenly cooked food
or damage to the apparatus 100 in the event of cavity block-
age.

[0016] In variations of the apparatus 100, the input region
of'the apparatus 100 includes an annular knob arranged on the
second section 112 of the housing 110 and a contactless
position sensor that detects rotation of the annular knob. In
this variation, the housing no can define a sealed (e.g., water-
proofup to one meter) internal chamber that houses moisture-
sensitive components, such as the controller 170, the position
sensor, and a motor of the circulator 150. In this configura-
tion, the annular knob can be wholly outside of the sealed
chamber and the moisture-sensitive position sensor within
the chamber such that the apparatus 100 can be immersed in
fluid without sustaining substantial damage. Furthermore, in
variations of the apparatus 100, the apparatus 100 can further
include a power adapter 190 that houses power electronics
required to operate the heating element 130 such that mois-
ture-sensitive relays, drivers, electronics, etc. that generate
heat themselves can be arranged outside of the housing 110
and away from the cooking container. This can remove heat-
ing-producing components from the housing no, thus
enabling the housing no to contain core components includ-
ing the controller 170, the input region or position sensor, and
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a motor of the circulator 150 in a sealed internal chamber
without necessitating air flow to cool the internal chamber.
The internal chamber can therefore be sealed, thus reducing
risk to a user (e.g., electrical shock) and to the apparatus 100
if the apparatus 100 is fully immersed in fluid. The power
adapter 190, which is configured to be plugged into an elec-
trical wall outlet 116, can be substantially removed from the
cooking container while the apparatus 100 is in use, need not
necessarily be sealed, and therefore can include air inlets or
an other heat path to cool internal power components.

[0017] AsshowninFIGS. 2A and 2B, the housing no of the
apparatus 100 includes a housing including a first section
configured to be immersed in fluid within a cooking container
and a second section adjoining the first section 111, the first
section 111 defining an elongated fluid inlet 119 adjacent a
cavity. The first section 111 can further define a cavity 113, a
first fluid inlet 114, a second fluid inlet 115, and a fluid outlet
116. Generally, the housing 110 functions to define an
immersible vessel that contains and/or supports various com-
ponents of the apparatus 100, including the heating element
130, the temperature sensor 140, the circulator 150, the input
region 160, knob 161 and/or position sensor 163, the control-
ler 170, the display 180, the clip 120, etc. The housing no can
therefore be substantially waterproof such that fluid in the
cooking container (e.g., water) cannot leak into the housing
no when the first section 111 is immersed in the fluid. For
example, the firstand second sections 111, 112 of the housing
110 can cooperate to define an internal chamber with a second
ingress protection rating of at least 4, wherein the controller
170 and/or other moisture-sensitive components of the appa-
ratus 100 are arranged within the internal chamber. The con-
troller 170, which can be a processor, integrated circuit, or
other electrical circuitry, can therefore be protected from fluid
ingress that could be hazardous to a user and damaging to the
apparatus 100. The housing no can also be dustproof, shock-
proof, or otherwise protected from damage from impact or
foreign substances. However, the housing no can define any
other suitable substance barrier and/or impact barrier for any
one or more components of the apparatus 100.

[0018] The housing 110 can also be of a material that is
substantially food-safe and/or that does not degrade in the
presence of typical cooking fluids (e.g., water) at typical
low-temperature cooking temperatures (e.g., 134-183° F.).
For example, the housing no can be a polymer housing, such
as injection molded polyethylene terephthalate (PET) or
high-density polyethylene (HDPE). Alternatively, the hous-
ing 110 can be metal, such as spun or drawn 18/10 stainless
steel or cast aluminum. However, the housing no can be of any
other suitable material.

[0019] Inoneimplementation, the housing 110 includes the
first section 111 and the second section 112 that each define a
substantially circular cross-section, wherein the first and sec-
ond sections 111, 112 share a common axis, as shown in FIG.
2A. In this implementation, the first section 111 can define a
substantially linear central axis, and the second section 112
can define a substantially curved central axis, as shown in
FIGS. 1 and 2B. Alternatively, the housing no can define the
first and second sections that are square (shown in FIG. 4B),
rectangular, elliptical, polygonal, or amoebic in cross-section
or of any other suitable cross-section. The housing 110 can
also define any other suitable swept geometry or central axis
geometry across the first and/or second sections 111, 112.
However, the housing no can be of any other suitable form.
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[0020] The first section 111 of the housing no also defines
the cavity 113, the elongated fluid inlet 119, and the fluid
outlet 116. The cavity 113 is thermally coupled to the heating
element 130, contains the heating element 130, and/or con-
tains a heatsink coupled to the heating element 130. As
described above, the housing no defines the elongated fluid
inlet 119 substantially in line with the clip 120 such that the
elongated fluid inlet 119 is substantially adjacent a vertical
wall of the cooking container when the apparatus 100 is
attached to the cooking container via the clip 120. The hous-
ing 110 can define the cavity that is also elongated such that
the elongated fluid inlet 119 defines a fluid inlet along a
portion or all of a length of the cavity. In one implementation,
the base of the elongated fluid inlet 119 can define a minimum
fluid level in the cooking container and/or the top of the
elongated fluid inlet 119 can define a maximum fluid level in
the cooking container. In this implementation, the elongated
fluid inlet 119 can thus enable displacement of fluid through
the cavity as various fluid depths within the cooking con-
tainer. For example, the circulator 150 can include an impeller
156 and a motor 152, wherein the motor 152 rotates the
impeller 156 to draw fluid through the elongated fluid inlet
119, into the cavity, and along a first length of the heating
element 130 at a first fluid level within the cooking container.
The motor 152 can also rotate the impeller 156 to draw fluid
through the elongated fluid inlet 119, into the cavity, and
along a second length of the heating element 130 greater than
the first length at a second fluid level within the cooking
container greater than the first fluid level.

[0021] The housing 110 can additionally or alternatively
define afirst fluid inlet 114 and a second fluid inlet 115. In one
implementation, the first inlet 114 is arranged at a first dis-
tance from the first section 111 and enables fluid to enter the
cavity 113 when fluid in the cooking container is at a first
level, as shown in FIGS. 2A and 2B. The second inlet 115 is
arranged at a second distance from the first section 111 less
than the first distance, and the second inlet 115 cooperates
with the first inlet 114 to enable fluid to enter the cavity 113
when fluid in the cooking container is at a second level greater
than the first level. Therefore, the first inlet 114 allows fluid to
enter the cavity 113 when the fluid level in the container is
relatively low, and the second inlet 115 allows fluid to enter
the cavity 113 when the fluid level in the container is rela-
tively high, which can thus enable the apparatus 100 to main-
tain the temperature of various volumes of fluid in cooking
containers of various sizes. The housing 110 can also define
both the elongated fluid inlet 119 and the first and second fluid
inlets. In this implementation, the first and second fluid inlets
can be arranged on the first section 111 of the housing 110
substantially opposite elongated fluid inlet 119, thus defining
a visual cue of upper and lower fluid level limits in the cook-
ing container (since the elongated fluid inlet 119 may be
visually obstructed due to its proximity to the vertical wall of
the cooking container).

[0022] The housing 110 can define the fluid outlet 116
proximal a distal end of the first section 111 (i.e. adjacent the
cavity 113 opposite the second section), which can thus
enable fluid to enter the cavity through the elongated or other
fluid inlet, travel downward along the heating element 130,
and exit the cavity 113 proximal the bottom of the cooking
container. However, the housing no can define the fluid outlet
116 arranged in any other way on the first section 111.
[0023] Theelongated fluid inlet 119, the first fluid inlet 114,
the second fluid inlet 114, 115, and/or the fluid outlet 116 can
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be circular, rectangular, elliptical, slotted, or of any other
suitable cross-section. The first section 111 can also define
additional fluid inlets, such as a third inlet and a fourth inlet
arranged serially with the first and second inlets 114, 115
along the first section 111.

[0024] In another implementation, the first section 111
defines a fluid inlet proximal the distal end of the first section
111 adjacent the cavity 113 opposite the outlet 116 such that
the circulator 150 draws fluid from the distal end of the first
section 111, through the cavity 113, and out the fluid outlet
116 proximal the second section 112. In yet another imple-
mentation, the first section 111 defines the cavity 113 that is
substantially enclosed on three sides, wherein a slot along the
cavity 113 defines a fluid inlet physically coextensive with a
fluid outlet 116. However, the housing 110 can define the
elongated fluid inlet 119, the first and second (and additional)
fluid inlets 114, 115, the fluid outlet 116, and/or the cavity 113
in any other suitable way.

[0025] As shown in FIG. 2B, the clip 120 of the apparatus
100 is arranged on the housing 110 and is configured to
support the housing no on a wall of the cooking container with
the elongated fluid inlet 119 substantially adjacent a substan-
tially vertical section of the wall of the cooking container.
Generally, the clip 120 functions fasten, clamp, or otherwise
engage a feature of the cooking container such that the appa-
ratus 100 is supported within the cooking container during
use. Therefore, the clip 120 can prevent instances in which the
apparatus 100 is only loosely placed within the cooking con-
tainer or can fall into the container. In one implementation,
the clip 120 is configured to extend over a vertical wall (e.g.,
rim) of the cooking container to support the housing no ver-
tically within the cooking container, as shown in FIG. 2B. For
example, the clip 120 can define a clamp including an elon-
gated member and a spring, the elongated member configured
to extend over a vertical wall of the cooking container, pivot-
ably coupled to the housing 110, and sprung against the
housing 110 by the spring, as shown in FIG. 1. In this
example, the clip 120 can be configured to extend over and to
clamp onto a vertical wall of the cooking container to support
the housing 110 both vertically and laterally. Alternatively,
the clip 120 can engage a handle on the cooking container or
a feature inside the cooking container, such as a ledge, rim,
shelf, or slot within the cooking container. For example, as
shown in FIG. 2B, the clip 120 can include a bent stainless
steel clip configured to loop over a rim of the cooking con-
tainer. In another example, the clip 120 can include a bent
stainless steel clip configured to engage a slot in a stainless
steel tab attached to an interior wall of the cooking container.

[0026] Inanother implementation, the clip 120 can include
one or more suction cups configured to couple the housing
110 to a bottom surface or interior wall of the cooking con-
tainer. The clip 120 can similarly include suction cups con-
figured to couple the housing 110 to a lid of the cooking
container. However, the clip 120 can function in any other
way to support the housing 110 on or within the cooking
container. Furthermore, the apparatus 100 can omit the clip
120 altogether and instead be configured for loose arrange-
ment within the cooking container during use. Alternatively,
the apparatus 100 can include a set (e.g., three) legs or other
support features configured to orient the housing no in a
substantially static position within the container during use,
such as against a wall or a bottom of the container. However,
the apparatus 100 can include the clip 120, legs, and/or other
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support feature to support the housing 110 on or within the
cooking container in any other suitable way during use.
[0027] The heating element 130 of the apparatus 100 is
arranged within the first section 111 of the housing no. The
heating element 130 is arranged within the cavity 113 and/or
is thermally coupled to the cavity 113 such that the heating
element 130 can communicate thermal energy into fluid
drawn into the cavity 113, such as while the circulator 150
displaces fluid from the fluid container through the elongated
fluid inlet 119 (and/or the first and/or second fluid inlets),
through the cavity 113, and back into the container via the
fluid outlet 116.

[0028] Generally, the heating element 130 functions to out-
put thermal energy to heat the fluid. In one implementation,
the heating element 130 transforms electrical energy sourced
from a wall outlet 116 (e.g., a standard residential 120 VAC
wall outlet 116) into thermal energy. For example, the heating
element 130 can include one or more positive temperature
coefficient ceramic heating elements. Alternatively, the heat-
ing element 130 can include resistance wire, a heater car-
tridge, aheat pump, a Peltier device, or any other suitable type
of electric heating element.

[0029] Inanother implementation, the heating element 130
transforms chemical energy, such as natural gas, butane,
methane, hydrogen, or other combustible gas, into thermal
energy. For example, the heating element 130 can include a
burner that ignites natural gas sourced from a residential gas
line and communicates heat from combustion of the gas into
the fluid in the cooking container. However, the heating ele-
ment 130 can function in any other way to transform electri-
cal, chemical, or other energy into thermal energy to heat fluid
in the container.

[0030] The heating element 130 can be all or partially
arranged within the cavity 113. As shown in FIGS. 4A and
4B, the heating element 130 can also be arranged in a geo-
metric pattern with additional heating elements within or
partially within the cavity 113. For example, the apparatus
100 can include a set of three positive temperature coefficient
ceramic heating elements spaced regularly (i.e. at 120° spac-
ing) about the cavity 113 that is circular in cross-section.
Similarly, as shown in FIGS. 4A and 4B, the apparatus 100
can include a set of three positive temperature coefficient
ceramic heating elements arranged on three of four walls of
the cavity 113 that is square in cross-section, the first section
111 defining the elongated fluid inlet 119 along the fourth
wall. Alternatively, the heating element 130 can be arranged
outside of the cavity 113. For example, in this implementa-
tion, thermal energy can be communicated from the heating
element 130 to the fluid via a heatsink. However, the heating
element 130 can be any other type of heating element
arranged in any suitable way within the apparatus 100 to heat
the fluid within the container.

[0031] As shown in FIGS. 4A and 4B, one variation of the
apparatus 100 includes a heatsink coupled to the heating
element 130 and including a set of (i.e. one or more) fins
extending into the cavity 113. Generally, the heatsink 132
functions to communicate heat from the heating element 130
into the fluid by establishing a relatively low thermal resis-
tance (e.g., relatively high surface area, relatively high ther-
mal conductivity) heat path between the heating element 130
and fluid within the cavity 113. In one example implementa-
tion shown in FIGS. 4A and 4B, the heat sink is a finned
aluminum heatsink affixed to the heating element 130 and
arranged within the cavity 113, wherein the circulator 150

Mar. 10, 2016

draws fluid into the cavity 113 and around the heatsink 132.
For example, the heatsink 132 can include elongated fins
spaced substantially evenly around the heating element 130
that is cylindrical and centered within the cavity 113 that is
cylindrical. In another example, the apparatus 100 includes
three heating elements arranged on each of three walls that
define the cavity 113, each heating element thermally coupled
to a discrete rectilinear heatsink including fins extending
toward the axis (or center) of the cavity 113, as shown in
FIGS. 4A and 4B. In yet another example, the heating ele-
ment 130 can be arranged outside of the cavity 113, such as in
the second section 112 of the housing 110, and the heatsink
132 can extend from the heating element 130 into the cavity
113 to transfer thermal energy from the heating element 130
into fluid within the cavity 113. In a further example, each fin,
in the set of fins of the heatsink 132, extends linearly along a
portion of the length of the cavity, and the heating element
130 defines an clongated heating element substantially
encased within the heatsink 132. In this example, the heating
element 130 can be substantially sealed within the heatsink
132, such as with potting, to substantially prevent contami-
nation of the cooking fluid by the heating element 130 that is
not a food-safe material. However, the heatsink 132 can be
any other material coupled to the heating element 130 in any
other way and arranged in any other way within the apparatus
100.

[0032] The temperature sensor 140 of the apparatus 100
generally functions to measure a temperature of fluid within
the container. Because fluid is drawn into at least one fluid
inlet, along a heating element within the cavity 113, and out
through the fluid outlet 116, a temperature gradient may exist
across a volume of fluid between the inlet and the outlet 116
at any instant in time. Furthermore, the temperature of fluid
entering the fluid inlet may be more representative of the
overall (e.g., average) temperature of fluid within the con-
tainer. Therefore, the temperature sensor 140 can be arranged
within the cavity 113 adjacent the base of the elongation fluid
inlet. Similarly, the temperature sensor 140 can be arranged
on an exterior surface of the first section 111 of the housing
110 proximal the first fluid inlet 114. Alternatively, the tem-
perature sensor 140 can be arranged in any other location on
the exterior surface of the first section 111 of the housing 110,
such as between the first fluid inlet 114 and the fluid outlet 116
(shown in FIG. 1). However, the temperature sensor 140 can
be arranged in any other location on or within the apparatus
100, such as adjacent the heating element 130, within the
cavity 113 and adjacent the fluid outlet 116, or on an exterior
surface of the first section 111 of the housing no adjacent the
fluid outlet 116.

[0033] Inone variation, the apparatus 100 further includes
asecond temperature sensor. In this variation, the temperature
sensor 140 and the second temperature sensor are spaced
apart by some distance such that the controller 170 can ana-
lyze temperature readings from the temperature sensor 140
and the second temperature sensor to estimate a rate of heat
transfer into the fluid and/or to determine a temperature gra-
dient in a portion of the fluid in the container and/or in the
cavity 113. In one example implementation, the temperature
sensor 140 is arranged proximal the first fluid inlet 114 and
the second temperature sensor is arranged proximal the fluid
outlet 116, wherein the controller 170 estimates a rate of heat
transfer into the fluid based on a known volume of the cavity
113 between the first fluid inlet 114 and the fluid outlet 116
and atemperature difference between temperature readings at
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the temperature sensor 140 and at the second temperature
sensor. In this example implementation, the controller 170
can calibrate the temperature sensor 140 and the second tem-
perature sensor by comparing temperature readings from
both prior to powering the heating element 130 (i.e. when the
temperature of fluid in the container is substantially even
throughout) and then adjusting a sensor-signal-to-tempera-
ture conversion algorithm for each temperature sensor such
that the temperature readings for the temperature sensor 140
and the second temperature sensor substantially match prior
to heating the fluid. For example, this can reduce measure-
ment errors due to manufacturing inconsistencies in the tem-
perature sensors or manufacturing inconsistencies in compo-
nents incorporated in signal conditioning circuits for the
temperature sensors. Similarly, the temperature sensor 140
can be arranged proximal the bottom of the elongated fluid
inlet 119 and the second temperature sensor can be arranged
proximal the top of the elongated fluid inlet 119.

[0034] In one implementation, the temperature sensor 140
includes a thermistor. The second temperature sensor can also
include a thermistor. Alternatively, the temperature sensor
140 (and second temperature sensor) can include a resistance
thermometer, a silicon bandgap temperature sensor, a quartz
thermometer, or any other suitable type of temperature sensor
or temperature sensing element.

[0035] The apparatus 100 can also include a heating ele-
ment temperature sensor arranged on or in thermal commu-
nication with the heating element 130. The controller 170 can
receive a signal from the heating element 130 temperature
sensor to determine the temperature of the heating element
130 and cut of power to the heating element 130 given a
measured temperature that exceeds a threshold maximum
temperature, such as 250° F.

[0036] The circulator 150 of the apparatus 100 is config-
ured to draw fluid, in the cooking container, into the elongated
fluid inlet 119, along the heating element 130, and out of the
cavity through a fluid outlet 116 arranged on a distal end of the
first section 111 opposite the second section 112. The circu-
lator 150 can be similarly arranged within the housing 110
and configured to draw fluid, in the cooking container, into the
fluid inlet, along the heating element 130, and out of the
cavity through a fluid outlet 116. Generally, the circulator 150
functions to circulate fluid in the cooking container along the
heating element 130 to distribute heat substantially evenly
throughout the fluid in the cooking container. The arrange-
ment of the elongated first fluid inlet along the first section
111 can enable the circulator 150 to draw fluid into the cavity
113 at various fluid levels in various types of containers.
[0037] Additionally or alternatively, the arrangement of the
first fluid inlet 114 at a first distance from the fluid outlet 116
and the second fluid inlet 115 at a second distance from the
fluid outlet 116 greater than the first distance (shown in FIG.
1) can enable the circulator 150 to draw fluid into the cavity
113 (and thus along the heating element 130) at various fluid
levels in various types of containers. (The first fluid inlet 114
can also be described as being arranged at a first distance from
the second section 112, and the second fluid inlet 115 can be
described as being arranged at a second distance from the
second section 112 less than the first distance.) For example,
in a six-quart pot, the circulator 150 can draw fluid through
the first inlet 114 when the total volume in the pot, including
the fluid and the cooking pouch and its contents, is between
two and three quarts. When the total volume in the pot is
between three and four quarts, the circulator 150 can draw
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fluid through the first inlet 114 and the second inlet 115. In
variations of the apparatus 100, when the total volume in the
pot is between four and five quarts, the circulator 150 can
draw fluid through the first inlet 114, the second inlet 115, and
a third inlet, and when the total volume in the pot is between
five and six quarts, the circulator 150 can draw fluid through
the first inlet 114, the second inlet 115, the third inlet, and a
fourth inlet. However, the fluid inlets can be arranged in any
other way, and the circulator 150 can draw fluid into the cavity
113 via any one or more fluid inlets according to any other
schedule or container volume.

[0038] Inoneimplementation, the circulator 150 includes a
rotary electric motor 152 coupled to an impeller 156 via a
driveshaft 154, as shown in FIGS. 4A and 5. In this imple-
mentation, the rotary electric motor 152 can be arranged
within the second section 112, and the impeller 156 can be
arranged within the cavity 113 adjacent the base of the elon-
gated fluid inlet 119 and/or adjacent the bottom of the heating
element 130. The rotary electric motor 152 can therefore be
isolated from the cavity 113 to prevent damage from moisture
or fluid ingress and to prevent contamination of the cooking
fluid, such as by lubricants. The driveshaft 154 can commu-
nicate torque from the motor 152 to the impeller 156, wherein
the impeller 156, when in rotation, induces a pressure drop
that causes fluid to flow through the cavity 113, as shown in
FIGS. 4A and 4B. The driveshaft 154 can be supported by one
or more bushings or bearings, such as on each side of and
adjacent the impeller 156. The driveshaft can also be coupled
to the motor 152 via a non-conductive (e.g., polymer) cou-
pling to electrically isolate the driveshaft, which can substan-
tially mitigate current leakage from the motor 152 into the
cooking fluid via the driveshaft during use.

[0039] Furthermore, in the variation of the apparatus 100
that includes a heatsink, the impeller 156 can be arranged
substantially adjacent the heatsink 132 to ensure fluid flow
along one or more fins of the heatsink 132. For example, the
heatsink 132 can define a set of (i.e. on or more) static vane
stages, wherein the impeller 156 includes a set or driven vane
stages adjacent and/or between the static vane stages such that
the heatsink 132 and impeller can function as a compressor to
move fluid through the cavity 113, such as shown in FIGS.4A
and 4B. The impeller 156 can be additionally or alternatively
arranged adjacent the heating element 130, proximal the fluid
outlet 116, or proximal the first fluid inlet 114. The impeller
156 can also include multiple sets of vanes, each set of vanes
arranged proximal (e.g., slightly below) each fluid inlet. Fur-
thermore, the motor 152 can be directly coupled to the impel-
ler 156. The motor 152 can also be an immersion motor
suitable for immersion in the cooking fluid such that the
motor 152 can be arranged within the cavity 113. However,
the impeller 156, motor 152, and/or driveshaft of the circula-
tor 150 can be of any other type and arranged in any other way
within the housing no.

[0040] In the foregoing implementation, the rotary electric
motor 152 can be rigidly mounted to the housing no or sup-
ported on soft isolators, such as rubber shock mounts or
silicone o-rings. Furthermore, the rotary electric motor 152
can be an AC motor powered by an alternating (AC) electric
current controlled via an analog relay or solid state relay. For
example, the relay 191 can be controlled by the controller 170
to regulate power distribution to the rotary electric motor 152
from a standard residential 120 VAC wall outlet 116. Alter-
natively, the rotary electric motor 152 can be a DC motor
powered by a direct (DC) electric current, also controlled via
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an analog relay or solid state relay (e.g., MOSFET, BIT,
H-bridge). In one example, the apparatus 100 includes a
rectifier and voltage regulator that convert alternating current
from a standard residential 120 VAC wall outlet 116 into 12
VDC to power the motor 152 (and controller, input region,
and/or display, etc.). In another example, the apparatus 100
includes a power adapter 190 for a wall outlet 116, the power
adapter 190 including a rectifier and a voltage regulator that
convert 120 VAC from the wall outlet 116 into a DC signal
(e.g., 12VDC) to power the motor 152 and other components
within the apparatus 100 such that an alternating current
signal remains substantially removed from the apparatus 100,
the cooking container, and the fluid. However, the motor 152
can be any other suitable type of motor powered and con-
trolled in any other suitable way.

[0041] In other implementations, the circulator 150 can
include linearly- or rotationally-driven paddles, fans, vanes,
etc. powered by an electric, pneumatic, hydraulic, or other
suitable type of motor or actuator. However, the circulator
150 can include any other component of any other type and
arranged in any other way within the apparatus 100. Alterna-
tively, the apparatus 100 can exclude the circulator 150 and
instead rely on convection to induce fluid flow along the
heating element 130 (or heatsink) as thermal energy is con-
ducted into fluid within the cavity 113.

[0042] The input region 160 of the apparatus 100 is
arranged on the second section 112 of the housing 110 and is
configured to receive a cooking parameter. Generally, the
input region 160 functions to receive a user input pertaining to
at least one of a desired cooking temperature, a desired cook-
ing time, a desired cooking start time, a desired cooking end
time, a type of food product to be cooked, a volume or weight
of food product to be cooked, a desired cooking style (e.g.,
rare, medium, or well-done), or other cooking parameter. The
selected temperature or other cooking parameter captured by
the input region 160 can then be implemented by the control-
ler 170 to set the cooking temperature, the total cooking time,
the cooking start time, the cooking end time, etc. and/or to
select a cooking temperature and cooking time based on the
type, volume, and/or weight of food product to be cooked.
[0043] Inone implementation, shown in FIGS. 2A and 2B,
the second section 112 defines a substantially circular cross-
section proximal a distal end of the second section 112 oppo-
site the first section 111, the input region 160 including an
annular knob 161 arranged over the circular cross-section of
the second section 112 and a contactless position sensor.
[0044] In one example of the foregoing implementation
shown in FIG. 5, the annular knob includes a magnetic ele-
ment 162, and the position sensor includes a set of magnetic
field sensors arranged on the second section 112 concentric
with and inside the annular knob 161, the set of magnetic field
sensors configured to sense rotation and/or an angular posi-
tion of the magnetic element 162. The controller 170, electri-
cally coupled to each magnetic field sensor in the set of
magnetic field sensors, can correlate an angular position of
the magnetic element 162 with cooking parameter selection.
For example, each magnetic field sensor can include a Hall
effect sensor, and the magnetic element 162 can include a rare
earth magnet, wherein rotation of the annular knob 161 in a
first direction is detected as a first sequence of output state
changes of multiple magnetic field sensors, and wherein the
controller 170 correlates the first sequence of output state
changes as an increase in a selected temperature parameter.
Similarly in this example, rotation of the annular knob 161 in
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an opposite direction is detected as a second sequence of
output state changes of multiple magnetic field sensors,
wherein the controller 170 correlates the second sequence of
output state changes as a decrease in the selected temperature
parameter. In this arrangement, the annular knob 161 can be
arranged wholly outside of the housing no with all input
sensing components (e.g., magnetic field sensors) arranged
and sealed within the housing no such that moisture-sensitive
components are protected against fluid ingress while enabling
a user to conveniently enter, change, and/or select cooking
parameters.

[0045] In another example of the foregoing implementa-
tion, shown in FIG. 6, the annular knob includes an optical
encoder wheel, and the position sensor includes a set of
optical sensors arranged on the second section 112 concentric
with and inside the annular knob 161, the set of optical sen-
sors configured to sense rotation and/or an angular position of
the encoder wheel 164. The controller 170, electrically
coupled to each optical sensor of the position sensor, can
correlate an angular position of the encoder wheel 164 with
cooking parameter selection. For example, each optical sen-
sor can be configured to detect and distinguish a series of light
and dark regions on the encoder wheel 164, wherein the
processor determines direction and speed of rotation of the
annular knob 161 according to a sequence of output state
changes of the optical sensors over time. As in the example
above, the annular knob 161 can thus be arranged wholly
outside of the housing no with all input sensing components
(e.g., optical sensors) arranged and sealed within the housing
no such that moisture-sensitive components are protected
against fluid ingress while enabling a user to conveniently
enter, change, and/or select cooking parameters. However,
the input region 160 that includes an annular knob can imple-
ment any other type of sensor, such as a capacitive sensor, a
potentiometer, a mechanical encoder, mechanical switches,
or contact-based or contactless sensor to detect rotation and/
or the angular position of the knob 161.

[0046] In the foregoing implementation, as shown in FIG.
2B, the annular knob 161 can be further configured to depress
substantially linearly along the second section 112, wherein
the controller 170 is configured to receive the selected cook-
ing parameter in response to depression of the annular knob
161. For example, the apparatus 100 can include a display
180, wherein the controller 170 outputs a temperature selec-
tion to be rendered on the display 180 according rotation of
the annular knob 161, and wherein the controller 170 sets the
temperature selection according to a most-recently displayed
temperature when the annular knob 161 is depressed. Alter-
natively, the input region 160 can include a second button,
wherein selection of the second button sets the selected tem-
perature. For example, the second button can be arranged
within the annulus of the annular knob 161, such as adjacent
the display 180 also arranged within the annulus of the annu-
lar knob 161.

[0047] In another implementation, the input region 160
includes a set of buttons configured to receive cooking param-
eter inputs, such as shown in FIG. 3. For example, the input
region 160 can include a first button and a second button,
where selection of the first button corresponds to an increase
in the selected temperature, and wherein selection of the
second button corresponds to a decrease in the selected tem-
perature. In this example, the input region 160 can include a
third button, wherein selection of the third button corresponds
to entry of the current selected temperature. However, the
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input region 160 can include any other one or more types or
combination of types of sensors to capture a temperate selec-
tion or entry of any other cooking parameter, such as a con-
tinuous switch, a momentary switch, a capacitive touch sen-
sor, a potentiometer, a dial, a touchscreen, etc.

[0048] As shown in FIGS. 2A and 5, one variation of the
apparatus 100 further includes a display 180 arranged on the
housing 110. Generally, the display 180 functions to display
auser input (e.g., in conjunction with a cooking parameter or
temperate selection entered into the input region 160) and/or
a cooking parameter (e.g., while the apparatus 100 is in use).
In one example implementation, the display 180 can include
a backlit liquid crystal display substantially concentric with
the annular knob 161 in the variation of the input region 160
that includes an annular knob, such as shown in FIG. 2A. In
another example implementation, the display 180 and the
input region 160 can be cooperatively embodied in a touch
display, wherein a touch sensor (e.g., capacitive touch sensor)
within the touch display defines the input region 160, and
wherein the display of the touch display defines the display
180. Alternatively, the display 180 can be an LED segment
display, an e-ink display, a plasma display, a set of labeled
lamps (e.g., LEDs), or any other suitable type of color, black
and white, segment, or dummy light display arranged in any
other location on or within the housing 110.

[0049] In one implementation, the display 180 renders fig-
ures, symbols, and/or characters corresponding to cooking
parameters to be entered by a user. For example in the imple-
mentation in which apparatus includes an annular knob, the
display 180 can display a particular temperature correspond-
ing to an angular position of the knob 161 (i.e. based on a
sensed position of an optical encoder wheel on the annular
knob 161). As a user rotates the knob 161, the display 180 can
update the displayed temperature according to a new position
of the knob 161. In another example, the display 180 can
render images of food types, such as vegetable, pork, poultry,
fish, and beef according to rotation of the annular knob 161 or
selection of a scroll button on the input region 160. In further
examples, the display 180 can update a cooking time (e.g., by
increasing or decreasing an initial time displayed on a timer)
or a food weight or volume (e.g., by increasing or decreasing
a displayed weight one ounce at a time) according to rotation
of'theknob 161, selection of a scroll button, or any other input
into the input region 160.

[0050] In the foregoing implementation, the display 180
can further cycle through these and/or other cooking param-
eters (e.g., desired cooking start time, desired cooking end
time, etc.) in response to user selection of a current parameter
rendered on the display 180. In one example, the display 180
can first render a temperate menu, wherein the display 180
updates a displayed temperature according to a knob position.
In this example, depression of the knob 161 can enter the
currently-displayed temperature into the controller 170, and
the display 180 can switch to a timer menu, wherein the
display 180 updates a displayed time according to a knob
position. Depression of the knob 161 can enter the currently-
displayed time into the controller 170, and the controller 170
can initiate fluid temperature regulation to cook the food in
the cooking container. In another example, the display 180
can first render a food type menu, wherein the display 180
indexes through images of food types (e.g., fish, pork, beef,
poultry, and vegetable) in response to rotation of the annular
knob 161. In this example, depression of the knob 161 can
enter the currently-displayed food type into the controller
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170, and the display 180 can switch to a food quantity menu,
wherein the display 180 updates a displayed food weight
(e.g., ounces) according to a knob position. Depression of the
knob 161 can enter the currently-displayed food weight into
the controller 170, the controller 170 can set a cook time and
temperature according to the food type and weight, and the
controller 170 can then maintain the fluid in the cooking
container within a predetermined range of temperatures (in-
cluding the set cooking temperature) for the set cooking time
by controlling the heating element 130 and the circulator 150.

[0051] The display 180 can additionally or alternatively be
configured to render current cooking parameters as the appa-
ratus 100 cooks the food product in the cooking container. For
example, the display 180 can update a timer counting down
the cooking time, such as by updating a new time every hour,
every minute, or every second. In another example, the dis-
play 180 can update with a current temperature reading of the
temperature sensor 140, such as with every degree change,
every minute, or every five minutes. In yet another example,
the display 180 can render both the current fluid temperature
and the remaining time. The display 180 can alternatively
switch between rendering the current fluid temperature, the
remaining time, and/or other cooking parameters, such as
every five seconds or in response to an input to the input
region 160 (e.g., rotation of the annular knob 161). However,
the display 180 can render any suitable or cooking-related
information in any other way and according to any suitable
schedule. The input region 160 (e.g., annular knob 161) and
the display 180 can therefore cooperate to enable a user to
navigate through menus, enter and set cooking parameters,
and/or review cooking parameters while the apparatus 100 is
in use.

[0052] As shown in FIG. 5, the controller 170 of the appa-
ratus 100 is configured to control the heating element 130 and
the circulator 150 according to a temperature of the fluid
measured by the temperature sensor, thereby maintaining the
fluid within a predetermined range of temperatures including
the selected temperature. Generally, the controller 170 func-
tions to control the heating element 130 and the circulator 150
according to cooking parameters and a fluid temperature
sensed by the temperature sensor 140, thereby circulating
heated cooking fluid (e.g., water) around the food product
within the cooking container for a period of time, thereby
cooking the food product.

[0053] Once cooking is initiated, such as by a user input
into the input region 160, the controller 170 begins to heat the
cooking fluid by switching on power to the heating element
130 and to the circulator 150. The controller 170 can continu-
ously or cyclically poll the temperature sensor 140 and
modify power settings to the heating element 130 and/or to
the circulator 150 accordingly. The controller 170 can begin a
cooking countdown timer when heating begins or once the
selected or set cooking temperature is reached. The controller
170 then regulates the temperature of the cooking fluid until
the cooking timer expires, at which time the controller 170
can ceases operation of the heating element 130 and the
circulator 150. Furthermore, when the timer expires, the con-
troller 170 can sound an audible alarm, trigger a visual alarm,
send a text message, email, or other communication to a user
(e.g., via Wi-Fi, via a cellular connection, over Bluetooth,
etc.), and/or otherwise respond to expiration of the cooking
timer. The apparatus 100 can therefore include a wireless
communication module, such as a Wi-Fi, Bluetooth, ZigBee,
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cellular, or other wireless communication component, to
transmit cooking-related data, alarms, etc. to a user.

[0054] In one example implementation, the controller 170
can implement a bang-bang controller to regulate the tem-
perature of the cooking fluid. In this example implementa-
tion, the controller 170 maintains a substantially constant
power to the circulator 150 throughout the cooking period but
alternates between sending a full power signal to the heating
element 130 when the sensed fluid temperature is below a
target temperature (e.g., the selected temperature or a tem-
perature set by the controller 170) and ceasing the power
signal to the heating element 130 when the sensed fluid tem-
perature is above the target temperature. The controller 170
can further implement hysteresis by setting a target tempera-
ture range including a high temperature target and a low
temperature target, the selected temperature or the tempera-
ture set by the controller 170 between the high and low
temperature targets. The controller 170 can thus alternate
between sending a full power signal to the heating element
130 when the sensed fluid temperature is below the low target
temperature and withholding the power signal to the heating
element 130 when the sensed fluid temperature is above the
high temperature target.

[0055] In another implementation, the controller 170 can
implement closed-loop feedback to regulate the temperature
of the cooking fluid. For example, the controller 170 can
implement a PD (proportional-derivative), PI (proportional-
integral), or PID (proportional-integral-derivative) controller
that manipulates a current temperature reading and previous
temperature readings to estimate a future temperature reading
and adjusts power to the heating element 130 accordingly. In
this implementation, the controller 170 can output a pulse-
width modulated (PWM) signal, based on the closed-loop
controller, to regulate current sent to the heating element 130
and therefore the thermal energy output from the heating
element 130. Alternatively, the controller 170 can cycle the
heating element 130 on and off according to the closed-loop
controller. Furthermore, the controller 170 can cycle the cir-
culator 150 on and off or adjust the power setting to the
circulator 150 (e.g., via a PWM output signal) according to
the closed-loop controller. For example, if the temperature of
the fluid is too high or is rising too quickly, the controller 170
can increase the speed of the circulator 150 and reduce power
to the heating element 130 to more rapidly lower the tempera-
ture of the fluid. Similarly, if the temperature of the fluid is too
low or is dropping too quickly, the controller 170 can decrease
the speed of the circulator 150 and increase power to the
heating element 130 to more rapidly increase the temperature
of the fluid. However, the controller 170 can function in any
other way and implement any other suitable control algorithm
or feedback to regulate the temperature of the cooking fluid.

[0056] The controller 170 can further estimate an amount
of'time required for the fluid to return to room temperate after
cessation of power to the heating element 130 (and to the
circulator 150. For example, the controller 170 can estimate
the total volume in the container, such as based on the amount
of power required to raise the temperature of the fluid by a
certain amount. The controller 170 can then estimate the heat
capacity of the volume (e.g., fluid and food product) within
the container and the amount of time for the volume to cool
based on the container volume estimate and an estimated
specific heat capacity of the fluid (e.g., 4181.3 J/(kg-K) for
water). Alternatively, the input region 160 can receive a cook-
ing parameter that includes the volume of cooking fluid. The
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controller 170 can then adjust the total cooking time based on
the estimated time to cool the cooking fluid, such as to a
particular temperature threshold at which the food product
ceases cooking or to room temperature (e.g., 72° F.).

[0057] The controller 170 can additionally or alternatively
receive a current motor setting and estimate a level of fluid
within the cooking container based on the motor setting. For
example, the controller 170 can interface with an ammeter to
determine a current draw of the motor 152 at a first PWM
frequency of a motor driver (shown in FIG. 6) and then
convert the current draw into a motor load. The controller can
subsequently implement a linear, square, cubic, exponential,
or other function to relate the motor load to a height of fluid in
the container. Similarly, the controller 170 can interface with
a motor control feedback circuit to calculate a back-EMF of
the motor 152 at a first PWM frequency of the motor driver
and then convert the back-EMF into a motor load. The con-
troller can then relate the motor load to a height of fluid in the
container. However, the controller 170 can interface with
and/or receive data from a hall effect sensor, encoder, or any
other sensor to determine a speed of the motor 152 and/or the
impeller 156 and manipulate this data to estimate a fluid
volume in the cooking container, such as at a first or initial
power setting of the motor. The controller 170 can then adjust
a power signal to the motor 152 (e.g., PWM frequency of a
control signal to the motor 152 driver) based on the estimated
fluid level in the cooking container, such as from a first power
setting at which the fluid level is estimated to a second power
for alow fluid level or for a cavity blockage and a third setting
correlated with an impeller speed associated with laminar
fluid flow through the cavity at the estimated fluid level within
the cooking container. For example, the controller 170 can
correlate a current draw of the motor 152 below a low thresh-
old value with a fluid level in the cooking container below a
threshold minimum and/or dry running of the apparatus 100
(i.e. running in air). In this example, the controller 170 can
transition the circulator to the second power setting that is
‘OFF” and/or cut (or restrict) power to the heating element
130 in response to a detected low fluid level in the cooking
container or dry running to prevent damage to the device.
Similarly, the controller 170 can correlate a current draw of
the motor 152 above a high threshold value with blockage of
the cavity, such as blockage of the elongated fluid in let by the
sealed pouch. In this example, the controller 170 can transi-
tion the circulator to the second power setting and cut power
to the heating element 130 in response to detected blockage of
the cavity. In yet another example, when the controller 170
correlates a current draw of the motor 152 with a fluid level in
the container within an allowable range of fluid levels, the
controller 170 can adjust the power signal to the motor 152 to
the third setting correlated with an impeller speed that yields
laminar fluid flow through the cavity at the estimated fluid
level in the cooking container. In this example, because ther-
mal energy can be dissipated into the cooking fluid more
efficiently with laminar flow rather than turbulent flow
through the cavity, the controller 170 can set the speed of the
circulator 150 to maintain a substantially satisfactory rate of
fluid flow through the cavity without transitioning to turbu-
lent flow. Furthermore, in this example, the controller 170 can
set the third power setting by adjusting a PWM frequency of
acontrol signal to the motor 152 driver or in any other suitable
way. Therefore, the controller 170 can set the speed of circu-
lator according to a determined fluid height within the cook-
ing container.
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[0058] The controller 170 can be a processor (e.g., micro-
processor), microcontroller, integrated circuit, or other ana-
log or digital circuitry configured to receive a cooking param-
eter (e.g., temperature selection) from the input region 160
and a temperature-dependent signal from the temperature
sensor 140 and to output signals to control the circulator 150,
to control the heating element 130, and/or to control the
display 180, as shown in FIG. 5. In one example implemen-
tation, the controller 170 outputs a first low-current signal
(e.g., a digital signal, a digital pulse-width modulated signal)
to a first relay to control a high-current power signal to the
circulator 150 and a second low-current signal to a second
relay to control a high-current power signal to the heating
element 130. In the variation of the apparatus 100 that
includes a display 180, the controller 170 can also output one
or more low-voltage signals to a display driver that controls
the output of the display 180. The controller 170 can be
further connected to a multiplexer that combines outputs from
various sensors of the input region 160, such as each of a set
ofposition sensors or electrodes of a capacitive touch display,
into a single digital signal. However, the controller 170 can
handle inputs (e.g., from the temperature sensor 140) and
outputs (e.g., a control signal for the heating element 130) in
any other suitable way.

[0059] In one implementation, the controller 170 further
functions to set cooking parameters. As described above, the
controller 170 can select a cooking time and a cooking tem-
perature based on an entered food type and/or food quantity.
In one implementation, the controller 170 implements a set of
parametric models to set cooking parameters, each paramet-
ric model in the set associated with a particular type of food
and defining an algorithm that outputs a cooking time and/or
a cooking temperature based on a weight, volume, and/or
shape of a particular type of food. For example, the set of
parametric models can include at least one parametric model
for beef, at least one parametric model for fish, at least one
parametric model for pork, at least one parametric model for
poultry, and at least one parametric model for vegetables.
Each parametric model can be associated with a particular
shape of food, subset of a type of food, or a cooking style. For
example, the set of parametric models can include several
models associated with beef, such a steak model, a filet
model, a tenderloin model, and a roast model. The models can
also include a well-done steak model, a medium-done steak
model, and a rare steak model. The set of parametric models
can further include several models associated with veg-
etables, such a starchy vegetable model and a leafy vegetable
model.

[0060] In another implementation, the controller 170
implements non-parametric models to set cooking param-
eters. In one example implementation, the controller 170
accesses a set of lookup tables to determine appropriate cook-
ing parameters. For example, each lookup table can be asso-
ciated with a particular food type and/or food shape and thus
output a particular cooking time and/or cooking temperature
based on a lookup table food weight or volume most closely
approximating the food weight or volume entered by a user.
The controller 170 can also interpolate cooking parameters
based on the lookup tables and the entered food weight or
volume.

[0061] Generally, the controller 170 can implement para-
metric models, non-parametric models, or static cooking time
and temperature settings to set the cooking time and/or cook-
ing temperature based on any one or more of a particular type
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of food, a particular shape of food, a particular cooking style,
or any other cooking parameter or preference entered by a
user. As shown in FIG. 5, the controller 170 can therefore
implement a memory module or any other suitable form of
data storage to store one or more parametric models, non-
parametric models, and/or static cooking time and tempera-
ture settings related to any one or more cooking parameters.
The controller 170 can also communicate wirelessly (e.g., via
a Bluetooth, Wi-Fi, or cellular connection) with an external
electronic device (e.g., a smartphone, a tablet, a computer) to
download cooking parameters. However, the controller 170
can function in any other way to set cooking parameters.

[0062] As shown in FIGS. 3 and 6, one variation of the
apparatus 100 further includes a power adapter including a
plug 194 configured to engage an electrical wall outlet 116
and a rectifier and a relay electrically coupled to the plug 194.
The power adapter 190 functions to communicate power from
a wall receptacle (e.g., a standard residential 120 VAC wall
outlet 116) to components of the apparatus 100, such as the
controller 170 and/or the heating element 130, the circulator
150, the temperature sensor 140, the input region 160, the
display 180, etc. based on one or more outputs of the control-
ler 170.

[0063] In one implementation, the power adapter 190
defines a wall power adapter including power electronics to
provide power signals (e.g., conditioned high-current signals)
to high-power components of the apparatus 100, such as the
heating element 130 and/or the circulator 150. In this imple-
mentation, the power adapter 190 can enable the apparatus
100 to be turned on and cooking parameters to be set prior to
communication of a high-voltage and/or high-current signal
to the housing 110. For example, when turned on, the appa-
ratus 100 can source a low-current and/or low-voltage signal
(e.g., 12 VDC, 100 mA peak signal) from the power adapter
190. In this example, only once cooking parameters are set
and a user is ready to begin cooking will the controller 170
source a high-current and/or high-voltage signal (e.g., 120
VAC, 10 A peak signal) from the power adapter 190, such as
by switching on a relay within the power adapter 190. There-
fore, the power adapter 190 can include a rectifier, voltage
regulator, and/or one or more relays, as described above,
wherein the rectifier 192 and voltage regulator cooperate to
communicate a low-power signal to the controller 170, the
temperature sensor 140, the input region 160, and/or the
display 180, and wherein the relays (e.g., relay 191), con-
trolled by low-power signals from the controller 170, control
communication of high-power signals to the heating element
130, to the circulator 150, etc. Similarly, the power adapter
190 can communicate a DC power signal to the controller
170, the temperature sensor 140, the input region 160, the
circulator 150 (e.g., motor), and/or the display 180 within the
immersion apparatus 101, and the controller 170 can control
a relay within the power adapter 190 to control an AC power
signal to the heating element 130.

[0064] The immersion apparatus 101 can also include a
socket, and the power adapter 190 can further include a power
cord configured to be transiently coupled to the socket, as
shown in FIG. 3. Alternatively, the power adapter 190 can be
substantially permanently coupled to the immersion appara-
tus 101 by the power cord that extends from the power adapter
190 to the immersion apparatus 101. In this implementation,
the power cord can include multiple power (e.g., high-current
and/or high-voltage) lines and/or multiple digital (e.g., low-
power) lines. For example, as shown in FIG. 6, the controller
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170 can source power from the rectifier 192 over a direct
current wire within the power cord and transmit the digital
signal to the relay 191 over a digital wire within the power
cord. Furthermore, the heating element 130 can source power
from the relay 191 over a pair of alternating current wires
within the power cord, and the heating element 130 can be
grounded by a first ground wire within the power cord and the
circulator 150, controller, input region, etc. can be grounded
by asecond ground wire within the power cord. Therefore, the
cord can include the direct current wire, the digital wire, the
pair of alternating current wires, and an AC and a DC ground
wire for a total of six digital and current-carrying wires within
the cord. However, the cord can communicate any other
power or digital signal in any other way over any other num-
ber of wires between the immersion apparatus 101 and the
power adapter 190. Furthermore, the power adapter 190 can
function in any other way to communicate power from a wall
outlet 116 to components within the housing 110.

[0065] In the foregoing variation, the apparatus 100 can
further include a moisture sensor configured to detect immer-
sion of the second section 112 of the housing 110 into the
cooking fluid, wherein the controller 170 shuts off high-
power signals from the power adapter 190 to the circulator
150 and/or to the heating element 130 when the moisture
sensor detects moisture in the second section 112. Alterna-
tively, the apparatus 100 can include a tilt sensor, wherein the
controller 170 correlates atilt angle of the housing 110 greater
than a threshold angle as an unsafe configuration for opera-
tion (e.g., the housing no is laying on its side), and wherein the
controller 170 shuts off high-power signals from the power
adapter 190 to the circulator 150 and/or to the heating element
130 when an unsafe configuration is detected. Therefore, in
the foregoing variations, if the housing no is accidentally
dropped or fully submerged in the fluid in the cooking con-
tainer, the controller 170 can cooperate with the power
adapter 190 and another sensor in the apparatus 100 to cease
communication of a high-power signal (e.g., high-current
and/or high-voltage signal) to the housing no. However, the
controller 170 can cooperate with any other suitable sensor to
control operation of components within the apparatus 100 in
any other suitable way.

[0066] The apparatus, system, and method of the embodi-
ments can be embodied and/or implemented at least in part as
amachine configured to receive a computer-readable medium
storing computer-readable instructions. The instructions are
executed by computer-executable components integrated
with the apparatus 100, the controller 170, the display 180,
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hardware/firmware/software elements of an system or hand-
held computing device, or any suitable combination thereof.
Other systems and methods of the embodiments can be
embodied and/or implemented at least in part as a machine
configured to receive a computer-readable medium storing
computer-readable instructions. The instructions are
executed by computer-executable components integrated by
computer-executable components integrated with appara-
tuses and networks of the type described above. The com-
puter-readable medium can be stored on any suitable com-
puter readable media such as RAMs, ROMs, flash memory,
EEPROMSs, optical devices (CD or DVD), hard drives, floppy
drives, or any suitable device. The computer-executable com-
ponent can be a processor, though any other suitable dedi-
cated hardware device can (alternatively or additionally)
execute the instructions.

[0067] As a person skilled in the art of low-temperature
cooking-style cooking will recognize from the previous
detailed description and from the figures and claims, modifi-
cations and changes can be made to the preferred embodi-
ments of the invention without departing from the scope of
this invention defined in the following claims.

We claim:

1. An apparatus for cooking, comprising:

a housing comprising a first section configured to be
immersed in fluid within a cooking container and a sec-
ond section adjoining the first section, the first section
defining an elongated fluid inlet adjacent a cavity;

a clip arranged on the housing and configured to support
the housing on a wall of the cooking container with the
elongated fluid inlet substantially adjacent a substan-
tially vertical section of the wall of the cooking con-
tainer;

a heating element arranged within the cavity;

a temperature sensor coupled to the housing;

a circulator configured to draw fluid into the elongated fluid
inlet, along the heating element, and out of the cavity
through a fluid outlet arranged on a distal end of the first
section opposite the second section;

an input region arranged on the second section of the hous-
ing and configured to receive a selected temperature; and

a controller configured to control the heating element and
the circulator according to a temperature of the fluid
measured by the temperature sensor, thereby maintain-
ing the fluid within a predetermined range of tempera-
tures including the selected temperature.
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