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Portable air conditioning apparatus and method for controlling the same.

@ An exhaustion fan device of a portable air con-
ditioning apparatus, which includes an evaporation
type condenser cooled by water and air discharged
to the outside of a defined space to be cooled, is
stopped when the actual temperature Ta in the de-
fined space reaches a prescribed value Ts o de-
crease an amount of water conveyed by air ex-
hausted from the defined space to the outside of the
defined space through the condenser. In addition,
the stopping of the exhaustion fan device prevents
the actual temperature Ta in the defined space from
fluctuating after the actual temperature Ta reaches
the prescribed value Ts by decreasing the amount of
air entering into the defined space from the ouiside
of the defined space.
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PORTABLE AIR CONDITIONING APPARATUS AND METHOD FOR CONTROLLING THE SAME

This invention relates, in general, to air con-
ditioning apparatus. In particular, the invention re-
lates to a portable air conditioning apparatus which
includes a refrigerating circuit unit having a com-
pressor, a condenser and an exhaustion fan device,
and an air conditioning unit having an evaporator
and a circulation fan device in a common casing.
The portable air conditioning apparatus usually is
disposed in a room to be air-conditioned.

As shown in FIGURES 1 and 2, a well known
portable air conditioning apparatus 11 typically in-
cludes an evaporation type condenser 13 and a
spray device 15, which sprays water onto evapora-
tion type condenser 13 fo cool condenser 13. A
casing 17 of air conditioning apparatus 11 is par-
tittoned into an upper chamber 19 and a lower
chamber 21 with a partition plate 23. A conditioned
air discharging opening 25 is formed in the front
surface of casing 17. An air intake opening 27 is
formed in the rear surface of casing 17. A fan
casing 28 is arranged in upper chamber 19 and
opens to conditioned air discharge opening 25. A
circulation fan 29 is rotatably disposed in fan cas-
ing 28, and is supporied by one of the rotatable
shafts 31a of a two-shaft motor 31 arranged in
lower chamber 21. An evaporator 33 is disposed in
upper chamber 19 so as to be opposite to air
intake opening 27.

An exhaustion fan 35 and the above-described
spray device 15 are coaxially supported by the
other rotatable shaft 31b of two-shaft motor 31 in
lower chamber 21. Exhaustion fan 35 is a centri-
fugal fan device, and is disposed between two-
shaft motor 31 and spray device 15. An exhaustion
fan casing 37 is disposed around exhaustion fan
35. A flexible guide hose 39 is inserted into an
outlet 37a of exhaustion fan casing 37 to guide air
from exhaustion fan 35 to the external atmosphere
{outside of the room). A second air intake opening
41 is formed in the rear surface of casing 17 close
to outlet 37a of exhaustion fan casing 37 to take air
from the room into lower chamber 21 of casing 17.

Spray device 15 includes a cylinder 15a, the
diameter of which gradually increases from the
lower end toward the upper end. A plurality of fins
15b extend from the inner peripheral wall of cyl-
inder 15a toward rotatable shaft 31b, and each
extended end of fins 15b is fixed to a hub (Not
shown) which is firmly fixed to rotatable shaft 31b
of motor 31. The lower end of cylinder 15a of spray
device 15 is dipped into water in a water tank 43
disposed on the bottom surface of casing 17. Wa-
ter tank 43 is provided with a float switch 45 to
detect the level of water stored in water tank 43. A
water supply tank 47 is disposed in casing 17, as
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shown in FIGURE 1. The lower portion 47a of water
supply tank 47 is connected to water tank 43
through a pipe 49 to supply water stored in water
supply tank 47 to water tank 43. A compressor 51
is located parallel to water supply tank 47 in casing
17.

As shown in FIGURE 2, evaporation type con-
denser 13 is coiled around the periphery of cyl-
inder 15a of spray device 15 so as to maintain a
predetermined distance between coiled condenser
13 and cylinder 15a. A cylindrical cover 51 is
disposed outside condenser 13 to prevent water
sprayed by spray device 15 from being scattered
to lower chamber 21.

The refrigerating circuit unit of the above-de-
scribed air conditioning apparatus 11 includes
compressor 51, evaporation type condenser 13,
spray device 15, water supply tank 47 and exhaus-
tion fan 35. The air conditioning unit of the above-
described air conditioning apparatus 11 includes
evaporator 33 and circulation fan 29. Compressor
51, evaporation type condenser 13, a capillary tube
(not shown), and evaporator 33 are connected seri-
ally to perform a refrigerating cycle operation.

When the cooling operation is executed by the
above-described conventional air conditioning ap-
paratus, compressor 51 and two-shaft motor 31 are
operated. Thus, circulation fan 29, exhaustion fan
35 and spray device 15 are driven by motor 31.
Internal air is taken into upper chamber 19 of
casing 17 through air intake opening 27, and is
cooled by evaporator 33. The cooled air is dis-
charged to the room. Thus, air in the room is
circulated by circulation fan 29 through evaporator
33 during the air conditioning operation. When ex-
haustion fan 35 is driven, the internal air also is
taken into lower chamber 21 of casing 17 through
second air intake opening 41 to cool condenser 13.
After cooling condenser 13, the air is exhausted to
the outside of the room through exhaustion fan 35
and air guide hose 39.

At this time, spray device 15 also cools con-
denser 13. Water in water tank 43 is drawn up by
spray device 15, and is sprayed from the upper
end portion of spray device 15 in the centrifugal
direction. Thus, the sprayed water falls on con-
denser 13 to cool condenser 13. Condensation of
refrigerant in condenser 13 is promoted by the
evaporation of the water on condenser 13, resulting
in the enhancement of heat-exchange efficiency of
condenser 13,

In the above-described conventional air con-
ditioning apparatus, compressor 51 is stopped
when the actual room temperature detected by a
temperature sensor (not shown) is below the pre-
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scribed set temperature. However, the circulation
fan 29 is continuously operated fo circulate air in
the room. Exhaustion fan 35 also continues to
operate because of the rotation of two-shaft motor
31. Thus, the spray of water to condenser 13 by
spray device 15 and the exhaustion of air to the
ourside of the room by exhaustion fan 35 continue
even if compressor 51 is stopped and the flow of
refrigerant is stopped. As a result, water scattered
by spray device 15 and water spontaneously evap-
orated from water tank 43 are exhausted together
with the air discharged by the exhaustion fan 35.
This results in an increase in the consumption of
water stored in water tank 43. It is rather trouble-
some to frequently replenish the water supply tank
47 with water.

In addition, in the above-described convention-
al air oonditioning apparatus, since air is constantly
exhausted from the room through exhaustion fan
35 and air guide hose 39, an amount of hot air
corresponding to the amount of exhausted air must
enter the room from the outside. Thus, the actual
room temperature tends to fluctuate and a com-
fortable air conditioning can not be achieved.

The present invention seeks to provide an ap-
paratus which alleviates the problems of the known
apparatus.

Accordingly to the present invention, there is
provided a portable air conditioning apparatus in-
cluding a compressor which is stopped when the
actual temperature Ta in a defined space reaches a
set temperature Ts, the apparatus comprising:
means for conditioning air in the defined space, the
conditioning means having a condenser cooled by
air and water, a part of the water being subject to
evaporation;
exhaustion fan means operating at a prescribed
rotational speed Es for exhausting air through the
condenser to the outside of the defined space, the
exhausted air conveying the evaporated water to
the outside of the defined space;
means for driving the exhaustion fan means; and
means for controlling the driving mans to decrease
the amount of water conveyed by the exhausted air
to the outside of the defined space when the actual
temperature Ta reaches the set temperature Ts.

The controlling section may include an opera-
tion section for decreasing the rotational speed of
the exhaustion fan device through the driving de-
vice when the actual temperature Ta reaches the
set temperature Ts.

The operation section may include an air ex-
haustion regulator section for regulating the rota-
tional speed of the exhaustion fan device at a
predetermined rotational speed E! lower than the
prescribed rotational speed Es when the actual
temperature Ta reaches the set temperature Ts.

According to a second aspect of the present

10

15

20

25

30

35

40

45

50

55

invention, there is provided a portable air condition-
ing apparatus inciuding a compressor which is
stopped when the actual temperature Ta in a de-
fined space reaches a set temperature Ts, the
apparatus comprising:

an outer casing for defining an inner space;

an evaporator disposed in the outer casing;
circulation fan means for taking air into the inner
space from the defined space through the evapora-
tor;

a condenser disposed in the outer casing;

water tank means, arranged in the outer casing, for
storing water;

spray means for supplying water from the water
tank means to the condenser to cool the con-
denser;

exhaustion fan means rotating at a predetermined
rotational speed Es for taking air from the outside
of the casing and for exhausiing the air to the
outside of the defined space through the con-
denser, wherein air from outside the defined space
enters into the defined space as air in the defined
space is exhausted to the outside of the defined
space; and

control means for decreasing the amount of air
entering the defined space from outside the de-
fined space when the compressor is stopped in
comparison with the amount that enters when the
compressor operates.

According to the a third aspect of the present
invention, there is provided a method for controlling
a portable air conditioning apparatus wherein a
condenser is cooled by both water and air which
are exhausted by an exhaustion fan to the outside
of a defined space through the condenser, and a
compressor is stopped when an actual temperature
Ta in the defined space reaches a set temperature
Ts, including the step of:
decreasing the rotational speed of the exhaustion
fan to a prescribed rotational speed when the ac-
tual temperature Ta reaches the set temperature
Ts.

For a better understanding of the present in-
vention, and to show how it may be brought into
effect, reference will now be made, by way of
example, to the accompanying drawings, in which:-

FIGURE 1 is a partial cross sectional view in
perspective of a conventicnal air conditioning
apparatus;

FIGURE 2 is a sectional side view iliustrating the
air conditioning apparatus shown in FIGURE 1;
FIGURE 3 is a sectional side view iflustrating the
air conditioning apparatus of one embodiment of
the present invention;

FIGURE 4 is a block diagram illustrating the
refrigerating circuit and the control circuit of the
air conditioning apparatus shown in FIGURE 3;
and



5 EP 0 421 699 A2 6

FIGURE 5 is a flow chart showing the operation
of the air conditioning apparatus shown in FIG-
URE 3.

A preferred embodiment of the present inven-
tion will be described in more detail with reference
to the accompanying drawings. However, in the
drawings, the same numerals are applied to like
structural elements, and therefore the detailed de-
scriptions thereof are not repeated.

As shown in FIGURE 3, first and second driv-
ing motors 61 and 63 are arranged on partition
plate 23, instead of a single motor 31 as shown in
FIGURE 2. First driving motor 61 is disposed on
the surface of partition plate 23 which is exposed
to upper chamber 19. The top of the rotation shaft
61a of first driving motor 61 is connected to cir-
culation fan 29. Second driving motor 63 is ar-
ranged on the surface of partition plate 23 exposed
to lower chamber 19. The rotation shaft 63a of
second driving motor 63 is connected to exhaus-
tion fan 35 and spray device 15.

As shown in FIGURE 4, compressor 51, evap-
oration type condenser 13, capillary tube 65 and
evaporator 33 are serially connected to perform a
refrigerating cycle operation. The output of a set-
ting section 67 is input into a control section 69,
which preferably includes a microcomputer and its
peripheral circuits. Thus, when a user inputs a
desired room temperature into setting section 67,
setting section outputs a set signal indicating the
desired room temperature (set temperature) to con-
trol section 69. A temperature detection section 71
detects an actual room temperature and oufputs a
detection signal indicating the actual room tem-
perature o conirol section 69. Control section 69
compares the set signal fed from setting section 67
with the detection signal fed from temperature de-
tection section 71, and independently controls the
rotational speed of first and second driving motors
61 and 63 in accordance with the comparison re-
sult. Control section 69 also controls the compress-
ing operation of compressor 51 based on the
above-described comparison result. Compressor 51
and second driving motor 63 are operated until the
actual room temperature is below the desired room
temperature. When the actual room temperature is
below the desired room temperature compressor
51 is stopped and the rotational speed of second
driving motor 35 is decreased to a prescribed value
lower than that of its normal operational state.

The rotational speed of first driving motor 61 is
decreased to a predetermined value lower than that
of its normal operational state when the difference
between the actual room temperature and the set
temperature is greater than one degree centigrade
(" C) after the actual room temperature reaches the
set temperature.

The cooling operation of the above-described
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embodiment will now be described referring to
FIGURE 5.

In step a, if the power of the air conditioning
apparatus 11 is on, the YES-path is taken. Other-
wise, the NO-path is taken. When the YES-path is
taken in step a, the set temperature Ts set through
setting section 67 is read into control section 69 in
step b. In step ¢, the actual room temperature Ta
detected by temperature detection section 71 also
is read into control section 69. In step d, set
temperature Ts is compared with actual room tem-
perature Ta. [f actual room temperature Ta is great-
er than set temperature Ts, the YES-path is taken.
Otherwise, the NO-path is taken. When the YES-
path is taken in step d, compressor 51 is driven in
step e. Second driving motor 63 is driven to rotate
exhaustion fan 35 and spray device 13 at a pre-
determined rotation value Es in step f. First driving
motor 61 also is driven to rotate circulation fan 28
at a prescribed rotation speed Cs in step g. The
above-described steps a, b, ¢, d, e, f, and g are
repeatedly executed until the actual room tempera-
ture Ta is equal fo or smaller than the set tempera-
ture Ts in step d. When the actual room tempera-
ture Ta is equal to or lower than the set tempera-
ture Ts in step d, the NO-path is taken. Compres-
sor 51 is stopped in step h. Second driving motor
63 is de- energized to stop exhaustion fan 35 in
step i. Thus, spray device 15 also is stopped. In
step j, the actual room temperature Ta is further
compared with a value calculated by subtracting
one degree centigrade (~ C) from the set tempera-
ture Ts. When the actual room temperature Ta is
equal to or lower than the value (Ts - 1], the YES-
path is taken. First driving motor 61 is de-en-
ergized to stop circulation fan 29 in step k. Other-
wise, the NO-path is taken in step j. The rotational
speed of first driving motor 61 is maintained to
keep the rotational speed of circulation fan 29 at
the prescribed rotation value Cs in step 1. After the
execution of step k or |, the above-described step a
is reexecuted.

With the above-described embodiment, since
exhaustion fan 35 is stopped when the actual room
temperature Ts reaches the set temperature Ts,
discharge of the water scattered by spray device
15 and the spontaneously evaporated water from
water tank 43 to the outside the room are avoided.
Thus, the frequency of water replenishment to wa-
ter supply tank 47 can be reduced. In addition,
since external hot air entering into the room also is
avoided while compressor 51 stops, a comfortable
air conditioning can be achieved. Furthermore, after
the actual room temperature Ta is equal to or lower
than the set temperature Ts, the difference be-
tween the actual room temperature Ta and the set
temperature Ts is compared with a prescribed val-
ue and circulation fan 39 is stopped in accordance
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with the result of this comparison. Thus, the com-
fortable air conditioning can be ensured.

In the above-described embodiment, exhaus-
tion fan 35 is stopped when compressor 51 is
stopped because the actual room temperature Ta
is below the set temperature Ts. However, the
rotational speed of exhaustion fan 35 may be de-
creased by control section to a predetermined val-
ue El smaller than the prescribed value Es at which
exhaustion fan 35 rotates during the cooling opera-
tion to regulate air exhausted to the ouiside the
room. Circulation fan 29 is stopped when the dif-
ference between the actual room temperature Ta
and the set temperature Ts is greater than one
degree centigrade (° C) after the actual room tem-
perature Ta reaches the set temperature Ts. How-
ever, rather than stopping circulation fan 39, the
rotational speed of circulation fan 39 may be de-
creased to a predetermined value C| smaller than
the prescribed value Cs at which circulation fan 39
rotates in the cooling operation to regulate air cir-
culated in the room.

The present invention has been described with
respect to a specific embodiment. However, other
embodiments based on the principles of the
present invention should be obvious to those of
ordinary skill in the art. Such embodiments are
intended to be covered by the claims.

Claims

1. A portable air conditioning apparatus including a
compressor which is stopped when the actual tem-
perature Ta in a defined space reaches a set
temperature Ts, the apparatus comprising:

means for conditioning air in the defined space, the
conditioning means having a condenser cooled by
air and water, a part of the water being subject to
evaporation;

exhaustion fan means operating at a prescribed
rotational speed Es for exhausting air through the
condenser to the outside of the defined space, the
exhausted air conveying the evaporated water fo
the outside of the defined space;

means for driving the exhaustion fan means; and
means for controlling the driving means to de-
crease the amount of water conveyed by the ex-
hausted air to the outside of the defined space
when the actual temperature Ta reaches the set
temperature Ts.

2. An apparatus according to claim 1, wherein the
controlling means includes operation means for de-
creasing the rotational speed of the exhaustion fan
means through the driving means when the actual
temperature Ta reaches the set temperature Ts.

3. An apparatus according to claim 2, wherein the
operation means includes air exhaustion regulator
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means for regulating the rotational speed of the
exhaustion fan means at a predetermined rotational
speed El lower than the prescribed rotational speed
Es when the actual temperature Ta reaches the set
temperature Ts.

4. An apparatus according to any preceding claim,
wherein the conditioning means includes circulation
fan means operating at a prescribed rotational
speed Cs for circulating the conditioned air in the
defined space.

5. An apparatus according to claim 4, wherein the
driving means includes second driving means for
driving the circulation fan means.

6. An apparatus according to claim 5, wherein the
controlling means includes operation means for
conirolling the second driving means to decrease
the rotational speed of the circulation fan means
after the actual temperature Ta reaches the set
temperature Ts.

7. An apparatus according to claim 6, wherein the
operation means includes air circulation regulator
means for regulating the rotational speed of the
circulation fan means at a predetermined rotational
speed Cl lower than the prescribed rotational
speed Cs when the actual temperature Ta reaches
a prescribed value below the set temperature Ts.

8. An apparatus according to claim 4, wherein the
conditioning means includes water tank means for
storing water supplied to the condenser.

9. An apparatus according to claim 8, wherein the
conditioning means also includes spray means for
spraying water in the water tank means to the
condenser.

10. An apparatus according to claim 9, wherein the
driving means includes means for independently
driving the exhaustion fan means and the circula-
tion fan means.

11. An apparatus according to claim 10, wherein
the independently driving means includes first mo-
tor means for driving the exhaustion fan means and
the spray means and second motor means for
driving the circulation fan means.

12. An apparatus according to claim 11, wherein
the controlling means includes operation means for
independently controlling the first and the second
motor means.

13. An apparatus according to claim 12, wherein
the operation means includes air circulation regula-
tor means for regulating the rotational speed of the
circulation fan means at a predetermined rotational
speed Cl lower than the prescribed rotational
speed Cs when the actual temperature Ta reaches
a prescribed value below the set temperature Ts.
14. A portable air conditioning apparatus including
a compressor which is stopped when the actual
temperature Ta in a defined space reaches a set
temperature Ts, the apparatus comprising:

an outer casing for defining an inner space;
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an evaporator disposed in the outer casing;
circulation fan means for taking air into the inner
space from the defined space through the evapora-
tor;

a condenser disposed in the outer casing;

water tank means, arranged in the outer casing, for
storing water;

spray means for supplying water from the water
tank means to the condenser to cool the con-
denser;

exhaustion fan means rotating at a predetermined
rotational value Es for taking air from the outside of
the casing and for exhausting the air to the outside
of the defined space through the condenser,
wherein air from outside the defined space enters
into the defined space as air in the defined space
is exhausted to the outside of the defined space;
and ’

controfl means for decreasing the amount of air
entering the defined space from outside the de-
fined space when the compressor is stopped in
comparison with the amount that enters when the
compressor operates.

15. An apparatus according to claim 14, wherein
the control means includes means for decreasing
the rotational speed of the exhaustion fan means
when the compressor is stopped.

16. An apparatus according to claim 15, wherein
the decreasing means includes air exhaustion regu-
lator means for regulating the rotational speed of
the exhaustion fan means at a prescribed rotational
speed EI lower than the predetermined rotational
speed Es when the compressor is stopped.

17. A method for controiling a portable air con-
ditioning apparatus wherein a condenser is cooled
by both water and air which are exhausted by an
exhaustion fan to the outside of a defined space
through the condenser, and a compressor is stop-
ped when an actual temperature Ta in the defined
space reaches a set temperature Ts, including the
step of:

decreasing the rotational speed of the exhaustion
fan to a prescribed rotational speed when the ac-
tual temperature Ta reaches the set temperature
Ts.

18. A method according to claim 17 further includ-
ing the step of decreasing the rotational speed of a
circulation fan to a prescribed rotational speed
when the actual temperature Ta reaches a pre-
scribed value below the set temperature Ts.
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