10.

15

20

26

FROST DEPOSITION DETECTING DEVICE

[Detailed Description o:f the Ihvention]
[Fiel«i of the Invention]

The present invention relates to a frost deposition
detectiﬁg device having a teﬁperéture sensor, and more
particularly to &_ frost deposition detecting device used in
an evaporator or a defrosting déviée of a heat exchanger for
various industrial machi_n'es and home refrigerators.
[Related Art] |

As is well known, the cooling efficiency of a

refr:l.gefator is often r:_eduéed dﬁe £o frost deposited on the

surface of the cooling fin of an evaporator or a heat exchange‘r

incorporated into it. If ‘cooling operation is continued in
the frosted condition, energy c@nsumption will be

unnecessarily increased, resulting in high costs _and

mechanical breakdown. To solve such problem, there has been

a method in which defrosting is performed by energizing the

heater to raise the temperature of the cooling fin when the

total operation time of the compressor in a temporary operation .-

mode reaches a predetermined vaiue, and the heai:er is switched

'off after a predetermined périod of time has passed since the

defrosting operation.

In the conventional defrosting method, the timing to

start defrosting can be controlled. However, controlling the
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timing is not good enough for a defrost.ing operation, since
frosting conditions ﬁay vary depending on the ambient
temperature, humidity, | frequency of opening and closing the
door, and the condif._ions of the content of the refrigerator.
As this defrosting method is not fer detecting frosting
conditions, defrosting may be performed in a. non-frosted state,
or no defrosting may. be performed at all even in an over-
frosted state, which by no means increases energy efficiency
in the cooling operation. |

To eiimineee the above problems, the following methods .

have been developed.

' (1) A frost depoition detecting method using an optical

. means: Light emitted from a light emitting element is
reflected from a reflecting surface, and the reflected
.li.ght is detected by a photodetector. A change in the
quantity of light caused by a shift in-th'e refraction index
of i:he liglii: received by the photodetector. or the angle
of :i.ncidence can be detected from the qﬁantity of frost
deposited on the reflecti’hg sﬁrface. Thus, the deposited
frost cen also be detected. | .

(2) A frost deposition detectingmethod in which a temperature
difference is detected: The temperature of the cooling
machine or the ambieni: tempereture is detected in a

| nonéfr:osted cendition and a frosted condition. Deposited
frost can be detected from the det;ectedl teﬁperature

difference.
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(3) A frost deposition detecting method in which a change in
resonance frequency nf the piezoelectric vibrator is
detected: This method uti;ines. the :Eacel that fros£
deposited on the surfacg of a piezoelectric vibrator
changes the resonance fre.quency. 1f the resonance
frequency (the quantity of -deposit_ed fi.'ost) is larger than
a pi:edet_:emined v'a]_.ue,. frost deﬁosi{:ion is detected.

(4) A microcompnte_r:-cnntrolled frost deposition detecting
method: Information on the total operation time of the
compressor, frequency of opening and .closing.of the door,
and the outside temperature is inputted into the

- microcomputer, which judges whether frost exists or not
by accumulating the data. Frost deposition can be detected
in accordance witli a frost deposition detecting program.

However, with the optical frost deposition détecting
method (1), i.t is d:.fficult to keep the frost deposn:ion
detector small, and regular maintenance is necessary to

maintain a good detection accuracy as the reflection ratio

~of the reflecting surface. Also, the circuit structure is

conplicated, resulting in higher cost.

With the method (2) of detecting from a temperature
difference, there are many problemé in prac.tical use ‘snch aé
low detection nccuracy caused by varied quantity of Ideposited
frost. With the method (3) using a p:.ezoelectric vibrator,
there is a problem that dust on the vibrator and v:.bration.

both from inside and outside- often cause a wrong operation.
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The problem with the microcomputer-controlled method (4) is
that the energy consﬁmption ef ficiency is low due to the varied
quantity of deposited :E:;ogt depending on the season, weather,
and other conditioms. | |

In view of this, the pr;sent inventor has disclosed, in
Japanese Patent Application No. 6-223482 (or U.S. Patent No.
5,522,232), an ine'xpensivé frost deposition detecting device
which requires only simple maintenance and detects frost
deposition from a temperature difference. This frost
deposition detecting .device is n§t only small and inexpensive,
but excellent in detecting performance and reproducibility.
Figs. 8A té’ 8C illustrate such frost deposition detecting
device.

The frost deposition detecting device of Fig. 8A is
provided with slit-like openings 23 so that external air can

flow into a cavity 22 in a heat-conductive casing 21 made of

_ﬁetél. A thermally sensitive element 24 is disposed inside

the cavity 22, and lead wires 24a are extended from the casing

21. The thermally sensitive element 24 deteci:s_ the

_ temperature of the external air flowing into the cavity 22

via the openings 23. When the openings 23 are blocked by
deposited frost, the temperature detected by the thermally
sensitive element 24 is changed. The fr§st deposition
detecting device of Fig. 8B has the same structure and
arrangement for the thermally sensitive element 24 as the frost

deposition detecting device of Fig. 8A. A thermally sensitive
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element 24’ for temperature compensation is hermetically

. contained in the cavity 20 fofmed inside the casing 21. The

frost deposition detecting device of ?ig. 8C is provided with

the heat-conductive metal casing 21 having two cavities 22

"and 22’. One of the cavities has openings 23 which ccmﬁunicate

with the outside. The thermally sensitive element 24 for

detecting the temberatﬁre of the "outside. is disposed in the

cavity 22, and the thermally sensitive element 24’ for

temperature compensation is disposed inside the other cavity

227,

Iﬁ the frost depbsition detecting device of Fig. 8A, the
openings 23 are open in a nonQ-f_rosting éondition , and the
thermally sensitive element 24 disposed inside the cavity
detects the outside temperature. If the openings 23 aré
blocked by deposited frost . the thémally sensitiﬁe element
24 detects the temperature of the cooling fin to which the
frost dépositién detecting device is ai-.tache&. As there is
a temperature difference between ,before' and after the blocking
of the openings 23, frost depositioﬁ can be detected from the
témperature diffefence. In the frost deposition detecting
deviée of Fig. 8B, besides the thermally sensiti.ve element
24 for detecting outide_ temperature, a thermally sensitive

element 24’ for detecting thé _temperature of the casing 21

| is disposed inside the cavity 20. _ﬁy using the thermally

sensitive element 24’ for tempefature compensation, the frost

deposition detecting device of Fig. 8B can detect frost
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deposition more accurateiy than the frost deposition detecting

device of Fig. 8A.
In the frost deposition déteci:ing device of Fig. 8C, the
thermally _sensi_tive elements 24 and 24' are disposed in the

equal-sized cavities 22 ahd 22’, respectiv_ely', formed inside

the casing 21. The thermally sensitive element 24 detects the

outside temperature through the openings 23 provided to the-

_cavity 22, while the thermally sensitive element 24’ disposed -

inside the cavity having no openings detects the ambient .
temperature under no influence of outside air. If the surface
of the detector is frosted and the openings 23 are blocked

by deposited frost, the thermally sensitive element 24 is not

' affected by the outside air. As the thermally sensitive

~ elements 24 and 24’ disposed in the cavities both detect the

ambient 't_emperatu:':'e of an evaporator to wﬁich the frost
deposition detectin§ device is attached, there is no
temperature difference. Accordingly, whether there is
deposited frost or not can be detectéd by detecting the time |
when the temperatures in both cavities become equal (i.e.,
when £he temperature difference becomes zero). In such
structure, two thermally sénsitive elements are disposed in
cavities of .the same size, and the resistance of the two
thermally _sensitive eiemegts changes with the variation of
the ambient tempera{:ure. Thus, more accurate frost
deposition detéctioﬁ can be performed, compared with the prior

art shown in Fig. 8a.
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[Problems to be Solved by the .Invention]

Howéwier r the above frost deposition detecting device has
the following drawbacks. : |

The frost. deposition detecting device. éf Fig. 8 has
openings 23 on oﬁe side of a casing 21. Asa result of repeated
f'rosting' and defrosting, the melt ﬁater is frozen at the time

of re-cooling, and the water remains inside a 'cayity 22.

Accordingly, there is no temperature difference bei:ween the

cavity 22 on the detecting side and a cavity 22’ on the
temperature compensation side, and the frost deposi,tibn
detecting device wrongly judges that it is ..in a frosted
condition » often resulting in inaccurate detection
ope:."ations.l |

As the thermally sensitive elements 24 and 24’ are
exposed inside the cavities 22 and 22 '., they may deteriorate
or be eroded due to drops of .wateir caused at the time of
defrosting. As a result, the lead wirés 24a and 24a’ are cut
off, aﬁd the .perfomance of the frost deposition detecting

device are lowered, accordingly.

The temperatui:e of the casing 21 of the frost deposition

detecting device is cooled to substantially the same

temperature as that of the evaporator, to which the frost

'deposition detecting device is ati:ached. If the heat

insulation between the lead wire 24a and the hole penetrating

through the lead wire 24a of the thermally sensitive element
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24 is imperfeot ‘the thermally ensitive element 24 is liable
to be affected by the temperature of the casing 21, allowlng
room for more improvement 1n detection performance.

The present invention is aimed. at solv:l.ng the problems
mentioned ahove and providing a frost deposition detecting
device which exhibits great detection performance'and has
thermally sensitive elements excellent in water res;stance
and humidity resistance.

[Means to Solve the Problems]

To achieve the abore object, the present invention of
claim 1 provides a frost deposition detecting derice which
comprises: a heat-conductive base member; a first thermally
sensitive element for detecting heat from the base member;
a frosting portion provided to the base portion; a protection
pipe inserted into the base member and disposed adjacent to
the fr_osting portion; a heat insulator integrally formed with
the protection pi.pe; and a second thermally sensitive element
for detecting the ambient temperature of the region urro.unded.
by the. fros.tihg portion. The second thermally sensitive
element is secured in the protection pipe. |

The present invention of claim 2 provides a frost
deposition detecting device which comprises° a heat-

conductive base member; a first 'thermally sensitive element

- for detecting the temperature of the base member; a heat-

conductive container having a fro_sting 'portion provided to



10

15

20 -

25

the base member; a protection pipé inserted linto the. base
member and disposed in the c'avity formed inside the heat-
conducti\ie container; a heat insulator integra'll.y formed with
the protection pipe; and a second therm'glly sensitive element
for detecting the ambient tempe.rature of the cavity. The
secdnd thei:mally sensitive _elemént is secured in 'the_-
protection pipe. |

" The present invention of claim 3 provides a frost
deposition detecting device which cdmp_rises: a heat- |
conducti.vé ‘base member; a heat_-conductive cdﬁtainer having

a froét:l.ng portion provided to the base member; a cavity formed

- inside the heat-conductive container; another cavity formed

adjacent to the heat-conductive container; protection pipes

inserted into the respective cavities; heat insulators

| integrally formed with the respective protection pipes; and

thermaily sensitive elehents' secured in the respective
protection pipes. |

The present invention of claiﬁ 4 provides a frost
deposition detecting device which _comérises: .a heat-
conductiﬁe base member; a first heat-conductive container
having a frosting portion provided to the base meinber; a second
heat-conductive container provided to the base member; .
protection pipes disposed in the cavities formed inside the
first and écond heat—éonduc_tife coniainers; heat insulators
in_f.eQrally formed wii:_h the protection pipes; and thermally

sensitive elements secured in the respectivé protection pipes. .
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The present inventioxi of claim 5 provides a frost
deposition detecting device which comprises: a heat-

conductive.base member ; and a frosting portion consistino of

at least one pillar-like protrusion, a heat-conductive

container 4provided to the base member; a protection pipe
disposed adjacent to the frosting portion; another protection
pipe secured in the oavity formed inside the heat-conductive -

container; heat insulators integrally formed with the

'_respeci:ive protection pipes ; and thermally sensitive elements

secured in the respective protection pipes.

The present invention of claim 6 provides a frost
deposition detectin'g device characterized in that the base
member and the ':Er.osting portion or the heat—conduotive
container having the fros_ting portion are made of alﬁloinum,
copper, iroo , nickel, titanium, zinc, or an alloy of any
combination of those materials.

The present invention of claim 7 provides a frost
deposition detecting. device characterized in that the heat
insulators are formed separately from the protection_ pPipes.

| The present invention of claim 8 provides a frost
deposition detecting device characterized in tha£ at least
the frosting portion is coated with a water repellent material
or a hydrophilic material.

The present invention of claim _9 provides a frost
depos:.tion detecting dev:.ce characterized in that the base

member has a contact portion with a pipe of an evaporator.

10
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The present invention of claim 10 provides'a frost
deposition detecting device characterized in that the side
surface corresponding to the céntadt portion fomed.on the

base member is curved or inclined.

[Brief Deécfiption of the. Drawings]

Fig. laisa perépective view of one embodiment of a frost |
depos:i.tioﬁ detecting device in accordance with the present
invention. | |

i?ig. 1B is a sectional view taken along the line 'x-! of
Fig. 1a. | |

Fig. 2A is a perspective vigvi-of another embt.adiment of

a frost deposition detecting device in accordance with the

. present invention.

Fig. 2B is a sectional view taken along the line x—i of

' Fig. 2A.

Fié. 3a is a perspective view of yet 'anothef: embodiment
of a frost deposition detecting device in accordance with the
present invem:ion; '

Fig. 3B is a sectional view taken along the line X-Y of
Fig. 3A. |

Fig. 4 shows the characteristics of the frost deposition

detecting devices of the present invention and the prior art,

respectively.

Fig. 5 shows still another embodiment of the frost.

~ deposition detecting device in accordance with the present

11
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invention .

Figs. 6A and 6B #how yet another embodiment of _the frost
deposition detecting device in accordance with the present
invention.

Fig. 7 shows still another embodiment of the frost
deposition 'detectinj device in accordance with the present
invention. - o _

_Figs. 8A to 8C show a frost deposition detecting device

of the prior art.

[Embodiments of the Invention]

The following is .a".detailecll décription of embodiments
of the present inventioxi, with reference to the accompaﬁying
drawings. | _ |

'~ Fig. 1A is a perspective view of a frost deposition
detecting deﬁ.ce of the presént inveni:ion, and Fig. 1B is a
sectional view taken aloig the lline X-Y of Fig. 1A." In the
figures, reference .numeral 1 indicates a heat-coﬁductive base
member made of a metal, such'as aluminum, copper, iron, nickel,
and titanium. This base member 1 is provided with curved
contact portions 3 with which pipes 2 of an evaporator is
brought into contact. Reference numeral 4 indicates a heat
conductivg cohtainer h.aving a frosting portion 9. The
cont:_ain'er 4 has slit-like openings through which outside air
flows to and :Erqh a cavi.ty 5. Iﬁside t-;he'cavity 5is disposéd

a protection pipe 8 in which a thermally sensitive element

12
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6 for detecting the ambient temperature is secured by an

-adhesive or resin il. The protection pipe 8 including the

thermally sensitive _eiement 6 is integrally provided with an
heat insulator 7 to heat-insulate from the base member 1. The

heat insulator 7 is inserted into t_hé base member 1. A concave

- space 7a is formed in the heat insulator 7, and the air within

thé concave space "75 heat-insulates between the base member
1 and the protection pipe 8. The base member 1 has a cavity .
la inside so as £o detect temperature variation accurately. |
Another thermally sensii:ive element 6’ of the same .'
charalcteris-tic.s‘ as the ;themally sensitive element 6, such
as th_emi.st§r, is i_n‘séﬁted into the cavity la and hermetically
secured by the adhesive or resin il. Reference numerals 6a
and 6’a indicate lead wires covered ‘with an_'insulating l#yer.
The thermally sensitive elemént 6 is inseri_:ed into the
protection pipe 8 while the thermally sensitive element 6’
into the cavity la. Both thermally sensitive elements 6 and
6’ are secured by the resin 11 so as to improve water resistance
and moisture resistance.

The frost deposition. detecting device of Fig. 1 is
attached to a lrefrigerator such that the coﬁtact portions 3

of the base member 1 can be hermetically in contact with the

pipes 2 of the evaporator installed in the refrigerator. For

instance, the ambient temperature inside the refrigerator is

' maintained at 10 °C, and the surface temperature of the gooling

pipes 2 is set at -20 °C. ~As the frost deposition detecting

13
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device is yet to be frosted ixi the initial stage, the outside
of the container 4 of the frost deposition detector and the

insid'e. of the cavity 5 are 'open, and the thermally sensitive

 element 6 inside the cavity 5 is affected by the outside

| temperature, resulting in detecting a highér temperature than

the surface temperature of the evaporator. Meanwhile, the

'_i:hermally sensitive element 6’ hermetically secured inside

the base member 1 is cobled with the base member 1 of the frost
deposition detecting device in contact with the cooling pipes
2, so aé to detect the temperatuie of the evaporator. This
causes a difference betw_eén the temperatures detected by the
thermally sénsitive elements 6 and 6’.

The surface of the frosting portion 9 of the container |

_ & of the frost deposition detecting device then starts being

frosted, and the frost deposited on the surface of frosting

portion 9 becomes larger with time, making it difficult for

~ the output air to go through the cavity 5. Finally, the surface

of the container 4 is totélly covered with deposited frost,

. _ and isolates the inside of the cavity 5 from the outside air.

As a result, the inner temperature of the cavity 5 becomes
equal to thé temperature of the evaporator. Accordingly r
de_froting can be performed in accordance with the quantity
of deposil:e'd frost by detecting the temperature diffefence
by the thermally sensitive elements 6. and 6.' .

The following is .a'descript‘ién of an embodiment of the

frost depositioh detecting device of the present invention,

14
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with reference to Figs. 2A and 2B. Fig. 2A is a perspective
view of the frost -deposition detecting device, and Fig. 2B .

is a se_ction’al view taken along the line X-Y of Fig. 2A. The

_ frost depositidn detecting device in Figs. 2A and 2B has

heat-conductive containers 4 énd 4’ on a base member 1. The
base member 1 is provided with contact portions 3 to be

hermetically in contact with cooling pipes 2. The coni:aine_r
4 is pi:ovided with a frosting portion 9, and the con_i:ain_er
4'_'with a cavity pbrtion _4&. Qutigle air _fiows through the
container 4, while no openings -for allowing air to flow in

are formed on the container4’. A prbte_ci’:ion pipe 8 is inserted

into the cavity 5 of the container 4, and another protection

pipe 8’ is inserted into the cavity portion 4a of the con#aingr
4’. Inside the protection pipe 8, a thermally sensitive
element 6 for detecting the ambient temperature is secured

by an adhesive or resin 11. Inside the other protection pipe'

. 8, another thermally sensitive element 6’ of the same

characteristics as the therinally 'Sensitivé element 6, such
as a thermistor, is inserted and hermetically secured by the
adhesive or resin 11. The protection pipé 8 containing the

thermally sensitive element 6 is integrally formed with a heat

insulator 7 for heat-insulgtin_g from the base member 1, and

inserted. into the bése member 1. A-concave space 7a heat-

insulates the protection pipe 8 from the base member 1 by its

air layer. Reference numerals 6a and 6a’ indicate lead wires

covered with insulating coating.

15
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As the thermally sensitive element 6’ is secured in the

cawiity formed in the base member 1 in Fig. 1, reliability of

' _the frost deﬁosition detecting device Iis not good endugh in

téms of water resistance -ahd moisture resistance. In Fig.
2, howéver, the thermally sensitive elements 6 and 6 disposed

in the cavit'ie 5 and 4a in the containers 4 and 4’ are i'nserted

and securéd in the protection pipes 8 and 8’ having the heat

insulator 7, so as to improve the reliability of the frost
deposition dei:ec_tirig device in terms of water resistance and
moisture resistance. Also, the thermally sensitive elements

6 and 6’ secured in the protection pipes 8 and 8’ are easier

to be inserted into the container 4 and 4’ on the base member

1. Asitis pbssibie to seleét between the thermally sensitive
elements 6 ahd 6'dep_ending on the detected _object such as a
refrigerator, wori:ability and reliability can be improved.
This embodiment also has an advantage that the final check
at the time of shippiﬁg is not necessary. |

| Although the thermally sensitive element 6 disposed in
the container 4 detects the ambient temperature in the frost
deposition detecting device of Fig. 1, the thermally.sensitive
element 6’ disposed on the base member 1 of this embodiment
directly detects the temperature of the base member 1, i.e.,
the temperature of the coolin_g pipes 2. Accordingly, the

difference in heat responsibility caused by the difference

- in heat éapacity of the thermally sensitive elements 6 and

6’ might be a detection error due to the temperature difference

16 -
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~detecting circuit. With the frost deposition detecting

device of lFig. 2, the d_'ete'ction‘ error can be réduced by
dispdsing ﬁhe_thenhaily sensitive element 6’ for temperature
cdmpensation in a position sejaai:aﬁ_e from the base member 1.
However, there remains the difference in heat responsibility.
To solve the problem, the thexmally sensitive elemeﬁt for frost
deposition detection is made to have'_substantially the same
structure as the thermally sensitive element for temperature
cohpensatio_n} so that £here is no difference between.the'm_ in
heat respoﬁsibility. The following is a description of yét-
anothef embodiment of the frost deposition ldetecting device
having such therhally sensitive elemeixts to accurately detect
frosting conditions, with reference to Figs. 3A and 3B.

Figs. 3A and 3B illuét’rate another embodiment of the
frost .deposii-'.ion detecting device of the pfesent invention.
Fig. 3A is a perspective viewof the fros£ deposition detecting
de'viée , and Fig. 3B isa partially cutaway sectional view taken
along the iine X-Y of Fig. 3A. The frost deposition detecting
device of Fig. 3B is attached to a cooling pipe.

- In Figs. 3Aa at.nd. 3B, a heat—_conductive_ base n_lember 1is
provided with contact portions 3 to be hermetiéally secured
£o the éool_ing pipes 2, and heat-conduci:ive containers 4 and
4’ are formed on the heat-conductive base member 1. The
éontaine: 4 is provided with a. frosting portion 9, and a
thermally sensitive element 6 is disposed in the cavity 5 of

the container 4. Slit-like openings are formed on the

17
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' container 4, and the outside air flows through the slit-like

openings. A heat insulator 7 is engaged with the base member
l,anda the'rmal;y Sensitive elemént 6 is secured by an adhesive

or resin 11 inside the protection pipe 8 in which the heat

- insulator 7 is dispbsed. The protection pipe's is heat-

insulated from the base member 1 by virtue of the heat insulator

7. Meanwhile, a thermally sensitive element 6’ for detecting
the ambient témperatufe is dispred in the container 4’ having
a cavity 5’, and a protection pipe .8' provided with the

thermally sensi.tive_ element 6’ is heat-insulated from the base

member 1 by virtue of a heat ‘insulator 7’. The base member

1 is herhetica-lly in contact with the cooling pipes 2 so as

to be kept at a' low temperaturé. | Accordingly, the inner

temperature of the cavilty. 5 is insulated from the external
air, and maintained at the same teﬁperature_ as the evaporator.
The protection pipes 8 and 8’ through which the heat insu_lators

7 and 7’ penetrate are inserted into the base member 1. The

| thermally sensitive element 6’ disposed inside the container

4’ detec_:i:s the ambient temperature of the evaporator, while
the thermally sensitive element 6 detects the extermal

temperature. The thermally sensitive elements 6 and 6’ ha_wé
the same chai'acteristics, each being madé of an element suc;h_ |

as a thermistor. The containers 4 and 4’ are preferably' made

| of the same material so as to equalize the heat capacities.

The frost detecting operation of this embodiment is as

follows.

18
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The inner temperature of the refrigerator is maintained

at approximately 10 °C, and the surface temperature of the

cooling pipe at -20 °C, for instance. As the frost deposition
detecting device is yet to be frosted in the initial stage,
the outside of the container 4 of the frost detector and the

inside of the cavity 5 are open, "and the thermally sensitive

. element 6 inside the cévi’t_y 5 is affected by the outside

temperature, resulting in detecting a higher temperature than
the surface temperattire of the evaporatoi:. Meanwhile, the
thermally sensitive element 6’ hermetically secured inside

the cavity 5’ of the container 4’ is cooled with the base member

1 of the frost deposition detecting device in contact with

the cooling pipes 2, so as to detect the temperature of_ the
evaporator. .This causes a difference between the
temperatures detected by the thermally sensitive elements 6
and 6’. o

The surface of the frosting portioh 9 of the container
4 of the frost deposition detecting device then starts being
frosted, and the fﬁost on the surface of frosting portion 9
becomes larger wi_.th time, making it diffq‘.cult for ti:e output
air to flow through the cavity 5. Finally, the surface of the
container 4 is totally covered with frost, and isolates the

inside of the cavity 5 from the outside air. s a result, the

‘inner temperature of the cavity 5-. becomes equal to the

temperature of the evaporator. Thus, defrosting can be

performed in accordance with the quantity of deposited frost

19
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by detecting the température difference by the thermally '
sensitiv;e elements 6 and .'6' .

The folldwing is a description of detection |
charaéteristics of the frost deposition detecting device of
Fig. 4.

Fig. 4 shows the. couiparion result hetweén the frost
deposition detecting dévices of this embodiment (shown in Figs.
3A and 3B) and the prior art '(shown, in Figs. 8A to 8_C) in terms
of detection charaétériétics. In the comparison test, the
slit width Qf each frosting portion of the '.'fro.st deposition
detecting devices of this embodiment and the prior art is 5

mm. The result of this comparison test shows that there is

a £emperature difference of 10 °C in the frost deposition

detecting device of this embodiment in a non-frosted staté,

- while there is a temperature difference of 5 °C in the frost

déposition deteéting device of the prior art.

As can be seen fromFig. 4, there is no difference between.
the ambiént te_ﬁperatures detected by the thermally sensitive
elements 6 and 6’ disposed inside the cavities 5 and 57, |

respectively, because there is no hindrance between the cavity

5 and the external air even if the frosting portion 9 is frosted.

Thus, there remains the temperature difference of 10 °C.
However, the frost on the surface of the .fr':osting portion 9
bééa_nes_ larger with time, reducing the 'opening area hetweén

the cavity 5 and the outside. Accordingly, the external air

. gradually stops flowing into the cavity 5, and the temperature

20
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difference between the cavities 5 and5’. Furthermore,. as the
slit—'like openings are shut due to the increasing frost, the
cavity 5 becomes isolated from the _outsid‘e air. The innér"
tempei:ature of the cavity 5 becomes equal {:o the temperature
of the e'vapo:;'éto: (whigh is substantially equal to the

temperaturg of the base member 1), so no temperature dif fereﬁce

inside the containers 4 and 4’ is detected by the thermally

~sensitive elements 6 and 6’.

The temperature difference between the frost de'pos'itio_n

_ detecting devices of this embodiment and the prior art is due

to the heat insulating structures of the thermally sensitive
element 6 and the base member 1 of this.embod:'ul_lent. In other _
words, the témperature difference is caused by the insulating
structure consisting of the heat insulator 7 and the concave
space 7a. | |
In the embodiment shown in Fig. 3, the quantity p'f

deposited frost can be detected from the inner temperature
difference between the cavities 5 and 5’. As being apparent

from Fig. 4, the temperature difference is larger, and the -

':detecting- sensitivity is better in this embodiment than in

the prior art. Although the frost on the frosi:ing portion 9

starts growing from both sides, the frost shown _i.ﬁ_ Fig. 4 grows

~ from one side, and the intervals between the slits of the

frosting portion 9 are made 5 mm. '
In this embodiment, the heat-conductive base member 1

and the heat-conductive container 4 are made of aluminum,
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copper, iron, nickel, titanium, zinc, or an alloy. of the
éombinai:ioh of i:hos_e materials. It may also be made of
aluminum n:i.i:ride , 8ilicon carbide ,: or the combinatién of the
two. | | _ |
The 'base_ member 1 and the container 4. can be made of a

heat-conductive ceramic material such as zinc, silicon,

‘aluminum nitride . and silicon carbide, or ‘a resin material _

such as carbon fiber impregnate with epoxy resin, or the
combination of thosé heat-conductive materials. |

Although the base member 1 and the container 4 and/or

~ the container 4’ are integrally shown in this embodiment, the

base member 1 can be formed separately from the container 4

'and/dr the éontainer 4’. The base member 1 and the container

4 and/or the container 4’ are formed by a conventional
téchnique such as die casting, cutting , and castiﬁg.
| In this embodiment, the boundary between the base member
1 and the container 4 is closed so as to preveni: water from'.
étaying in the container 4. Thus, the water that appears at
the time of defrosting can be discharged from the container ‘
4 aiong the surface o:E the ba_se member 1. | o
Alth_dugh thermistor elements_ are used as f:hermally
sensitive elements, it should be understodd that other
elements may also be employed. .

Furthermore, the frost deposition detecting device of.

this embodiment is attached to a cooling pipe, it may also

be attached to a cooling fin, for instance.
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| The frost deposition detecting device of this embodiment
is provided with the thermally sensitive elements for
temperature compensation, and the surfaée-t_emperature of the

evaporator varies due to the fepetition of switching on and

'off of the evaporator and turbulence of outside air. Thus,

it is possible'to' accurately detect the quahtity of depos_ited
frost after temperature compensation by deteci:ing the surface
temperature by the thermally sensitive element 6 d'i.spos'e'd
inside the cavity 5. |

In the.embddiments described earlier, the heat insulator
7 and the protection pipe 8 are -integ'rally formed in Figs.
1 and 2, wﬁile they are separately formed in Fig. 3. However,
the heat insulator 7 and the protection pipe 8 .cr 8’ may also
be séparatély formed in the embodiments of Figs. 1 and 2 for
hetﬁer_ assembling workability and heat responsibility. .

The following is a description of yet another embodiment

-of the present invention, with ref_erence' to Fig. 5.

_ Unlike the frost deposition detecting device of Fig. 3
with the slit-like frosting portion, the frost deposition
detecting device of Fig. 5 has a coni:ainer 4 forﬁed by
pillar-like frosting pértiohs 10. A thermally sensitive
element 6 éontained ina .proteci':i'.o'n pipe 8 is disposed in the

center suﬁounded by the piliar_-like frosting portions 10.

_ Other features are the same as in the embodiment shown in Fig.

3.

In'Fig. 5, frost depositéd on the surfaces .of the frosting
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portions 10 becomes larger and prevents the outside air from

flowing into the inside spacé surrounded by the frosting

portions 10, sd_that the inside space can be totally isolated
from the oﬁtside air. Thus, the 'tempe'rature ‘difference
between the temperature compensating thermally sensitive
eienient 6’ and the thermally sensitive element 6 bécom_es .zero,
él_lawing accurate detection of the quantity of deposited
frost. _ _
| To adjust the quantity_‘of deposited frost, the number
of the pillar-like frosting portions 10 is reduced, or the
in;:ewéls between the frosting portions 10 are changed.
Although not shown in the dréinings, the frosting portion 10
may also be formed hy pillar-like _frost:i_.ng members extending
from one lpillar, the frosting membefs surroﬁnding the
protéction pipe8. Anditis -élso possible to form the frosting
portion 10 by one pillar and dispose it adjacent to tl;e
protection pife 8. |

In theu ai:ove embodiments, “the heat insulétihg si_:ri;cturé

is preferably formed such that the edge of thé thermally

_sensitive ppi:tion of the thefma_lly sensitive element 6

disposed inside the protection pipe 8 is kept as distant as
possible ﬁ'cn_l the -base member 1 so that thelheat insﬁlator_
7 and thé pfotection pipe 8 can prevent heat transmission from
the base member 1 to the heat sensitive member 6. As an example

of the improved heat insulai':ing. structure, Fig. 6(A) ‘shows

~ that a lead wire 6b made of iron or nichrome having less heat _
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| cdnductivity than the lead wire 6a of the thermally sensitive

element 6 is attached to the lead wire 6a of the thermally

sensitive element 6. Such heat insulating structure can be |

applied to any of the above embodiments.

_ In Fig. 6(B), the protection pipe 8 is inserted into a |
heat insulator 7’, and this struéture_ may also be applied to
the embodiments of Figs. 1, 2, and 6(A).

_ In the embodiments described so far, the ambient

'teﬁperature can be promptly detected if the edge of the

protection pipe 8 is made of a metal having excellent heat
coﬁductivity. In this manner, the frost deposition detecting
device can have better responsibility.

Furthermore, drops of water as a result of defrosting
are lﬁ.able ‘to remain inside the containers and on the frosting
portion, and at the time of ré-_cooling, they mighi; freeze. and
block the openings area , resultiﬁg in inaccurate frost
deposition deteqtion.' To solve su&h problem, the frésting
portion is coated with a water repellent 'o:':'_ hydrophilj.c
material such as Teflon ,,. silicon, and nylon, so that no drops
of water will remain on the frosting port:.on, and that accurate
f_rost deposition detection can be performed.

The inner surface of the frosting portion and the surface

jof the proi:ection- 'p':lpe ‘may be coated with any of the above

materials, and the énti._re surface of the frosting portion and

- the surface of the protection pipe méy' alsoc be coated with

them.
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In the emhodments described so far, the contact portion
3 provided to both sides of the base member 1 is brought into
contact with both sides of the cooling pipe. However, the
contact portion 3 may, also be in contact with only one side
of the cooling pipe, as. shown in Fig. 7. A semi-circular
surface 12 J‘..s formed on the side snrface opposite from the
contact portion 3 of the _base member 1. The water produced

at the time of defrosting runs down along the curved surface

12. Accordingly, no water remains on the base member 1 v which _

eliminates the possibility of faulty operation at the time

- of re-frosting. The shape of the curved surface 12 is not

limited to the ‘semi-circular surface , and any shape may be

taken as long as it has a slope along which the water runs

dow. |
The curved surface 12 provided to the base member 1 shown
in Fig. 7 may also he applied to any of the frost deposition
detecting devices of Figs. 1 ’ 3, 5, and 6.
As described so far, the frost deposition detecting

device of the present invention is provided with a thermally

'sensitive element covered with a protection pipe disposed

inside a heat;conductive container having a frosting portion,
and another thermally sens:tive elnt for detecting the
temperature of the base member. The protect-ion pipe is
heat-insulated by the heat insulator, .Whi_ch is heat;insu-lated
from the base member. The thermally sensitive element' |

disposed inside the heat-conductive'_'oontainer having the
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frosting portion detects the ambient temperature. If the

frosting portion is frosted, the air inside the container is

isolated from oﬁtside, and the inner temperature changes.

f‘fosting is thus detected from the temperature difference .

between the base member and the inner temperature.

With the frost deposition detectihg device of another
embodiment of the present inveﬁtidn , a change in outslide'
temperature caused by the blockage of the frosting pértién
i.s detected by the thermélly sensitive element provided i_;o
the frosting portion including a pillar—liké_ portion. The
other thermally sensitive element disposed iﬁside the cavity
in the blocked container detects .the ambient temperature
around the evaporator. Thus, frpst_ing can be detected from
the temperatitre difference. |

In the frost deposition deteéting device of the present

invention, the capacity of the cévity. in the container on the

‘frost deposition detecting side is substantially the same as

that on the temperature compensation side. Accurate frost

deposition detection can be performed by equalizing the heat

capacitiés of both containers including teﬁp'erature detecting

portions.

[Effects of the Invention] -
As described so far , with the frost deposition detecting
device of the _preseni-. 'invehﬁién, frést deposition detecting

performance is dramatically impi:oved . because the thermaliy
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transmission from the hea_i'-.é-c'onductive base member to thé
thema]l.'ly sensitive eleﬁénts. Since the structure is simple
enough, asé.embling and maintenance are easy, and the
production costs can be low. - The use of the frost débosition
detecting device bf the .preent invention enables energy-
efficient coéling operations by controlling the st.a_rt énd stop

of defrosting so that defrosting is performed only when

~ necessary.

Furthermore, the :Etos_t deposition detecting 'dev:i:ce of
the present inve‘ntion. ‘has a structure in which the heat-

conductive container is supported by a part of the base member,

so that at the time of defrosting, no water remains inside

the container having the frosting portion, and wrong
operatibns due to the frozen remaining water can be prevented
at the time of re-cboiing._ : |

The £hema1_1j éen_sitivé element is inserted into and
sec’ﬁred lil.l. the protection pipe having the heat insulator, so
that it is heat—iﬁsulﬁtéd from the base member. Thus, heat
conduction from i-.he .base member to the. themlly senitive
eiément can be .p:..'_even_t_ed. | | |

Also, the proteétiqn pipe éontaining the ther’ﬁally
sensitive element | improves re'liability in water resistance .

or humidity resistance.

28



10

N e W N =

[Reference Numerals]

10

11

12

base member
cooling pipe
contact portion

container

" cavity

thermally sensitive elements

lead wire (6¢c, 6’a)

heat insulator
concave space

protection pipe

frosting portion

pillar-like frdsting portion

resin

~curved surface '
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CLAIMS

1. A frost deposition detecting device comprising.

a heat-conductive base member ;
a first thermal_ly sensitive element for detecting heat
of said base member; | |
‘a 'fresting.- portion provideci .to said base member;
a protection pipe inserted into said base member and
disposed adjacent to said frosting porti.on ; |
a heat insulator integrally formed with said protection
pipe; and | o |
a second themaliy sensitive element for detecting the

ambient temperature of a region surrounded by said frosting

- portion, said second thermally sensitive element being

secured in eaid protection pipe.

2, A frost deposition detecting device comprising:
' a heat-conductive base member;

a first _thermally_ sensitive element for detecting

‘temperature. of said base member;

a heat-conduetive container including a frosting
port:l.on prov:.ded to said base member,
. a protection p:lpe inserted into said base member and
d:l..s_pesed' in a cavity formed inside said heat-conductive
conta:l.ner, | | | |

a heat 1nsulator :.ntegrally formed with said preteetion
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pipe; and

" a second thermally sensitive element for detecting the

ambient temperature of a"r'egi'on surrounded by said frosting

- portion, said second thermally sensitive element being

secured in said prdtection pipe.

3. - A frost depositioﬁ detecting device comprising:

a heat-conductive biée member ;
- a heat-conductive éontaix.ner' ,inclu-ding a frosting
port:.on prdvié_led to said base member;
| a first cavity formed .inside said héai‘-.—condu_cti_ve
container; |
a second cavity formed adj acent to said heat-conductive
container; |
froi_:ection' pipes _i.n_serted- into said respective
cévities; ' | '
. heat insulators integrail'y foméd with said respeétivé _
protection pipes'; and
thermally sensitive elements sécufeﬁ in said respective

protection pipes.

4. A fros£ depositiozi.--de_tectin_.g device comprising:

a hééthdnducti;e base member ; :

a first heat-condﬁctive éonta_iner 'havi._ng a frostihg |
portion provided to said base m@e:;

‘a second heat-conductive container provided to said
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base membei:' P
-proteotion pipes disposed in cavities formed inside
- said first and second_ neat—conductiye containers;
heat insuletors integrally formed with said protection.
' pipes; and
thermally sensitive elements secured in said respective

protection pipes .

5. | .A frost deposition detecting device comprisingz
a heat-conductive base member; _
a frosting portion made up of pillar-like protrusions
. provided to said base member; |
- a heat—conduetive container provided to said hase
member,
a first protection pipe disposed adjacent to said
frosting portion; ” o |
a second protection pipe secured in a eevity fomed :
inside said heat-condu_ctive container;
| heat insulators integrally formed with said first and
second protection pipes; and |
thermally sensitive elements secured in sa:.d first and

second proteetion pipes, respeotively.
6. A frost deposition detecting device according to any

of claims 1 to 5, wherein

said .ba'se member and said frosting portion or said
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‘heat-conductive container having said frosting portion are

made of aluminum, copper, iron, nickel, titanium, zinc, or

an alloy of any combination of said materials.

7. A frost deposition deﬁeeting device according to any
of claims 1 to 6, wherein
- said heat insulators are formed separately from said .

protection pipes.

. 8. A frost deposition detecting device aocording'to any

of claims 1 to 7, wherein

at least said frosting portion is coated with a water

. repellent material or a hydrophilic material.

9. A frost deposition detecting device according to any
of claims 1 to 8, wherein

said base member has a contact portion with a pipe of

' an evaporator.

10. A frost deposition-detecting device according to any

of claims 1 to 9, wherein |

a Side surface corresponding to said contact portion

provided to said base member is curved or 1nclined
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