COOLING SYSTEM AND COOLING METHOD BACKGROUND OF THE INVENTION Field of the
Invention The present invention relates to a cooling system and a cooling method for cooling
indoor air that is the object of air conditioning. Description of the Related Art 10Conventionally, there is
known a cooling system which is a forced coolant circulation type that performs heat exchange
between cold water in the primary cycle and coolant in the secondary cycle and circulates the coolant

condensed by the heat e qﬂgfhpg pyﬁﬁ. ing system, coolant flowing
into the coolant pump is gg@ira yin agrlgqgtﬁlﬁg[a €. g?s%@c%ﬁ%%}@se hat the coolant flowing into

the coolant pump is in a gas state, the coolant pump runs dry and may break down. This is also

because in case that the cool%}ém mg&ggﬁ ﬁmﬁdﬁéﬁtate of mixed gas and liquid, the

coolant pump may break down by cavitation. ally, cavitation is a phenomenon that, adhering
to an object, a bubble in liquid divides aﬂ@%ﬂ%ﬁ%ﬁ@ﬁ&ﬁw‘gmher toward bubbles, and a strong

pressure wave thefEiy pecidis: inverRatentcl{feanslationleh £ & ppligaioncdBH2009-512190)
(iscloses SARDRYSEm praddesuih an cvanaein il Cepaaion B gondensing uni
(condensexr]jl, amain pump (Coofant pump), an expansion valve, and Includes & line in which coolant
flows and a sub-unit for receiving a part of the coolant flowing in the line and cooling the coolant to

return the coolant to the line. 30 SUMMARY, QFof ke INVMENFIQN However, in the technology
deSCég)ed in Patent Document ]Q.é:'t igﬁpossib e that supply .of coolant in a Jiquid state to,a main pump is
godd

stopped, for exampt8PWHEHED BRGNP OFTRE oS RS FXfEaM TiRISEAs8 8% Escribed above,
there is a profilem thattheimaity panipbreaksdowhdyt exchange between cold water in

the primary cycle and coolant in the secondary cycle and circulates the
coolant condensed by the heat exchange by a coolant pump.

In such a cooling system, coolant flowing into the coolant pump is
desirably in a liquid state. This is because in case that the coolant flowing
into the coolant pump is in a gas state, the coolant pump runs dry and may
break down. This is also because in case that the coolant flowing into the
coolant pump is in a state of mixed gas and liquid, the coolant pump may
break down by cavitation.

20 Incidentally, cavitation is a phenomenon that, adhering to an object,
a bubble in liquid divides and surrounding liquid gather toward bubbles,
and a strong pressure wave thereby occurs.

Patent 1 (Translation of PCT Application JP-T-2009-512190)
discloses a cooling system provided with an evaporating unit {evaporator), a
condensing unit (condenser), 2 main pump {(coolant pump), an expansion
valve, and includes a line in which coolant flows and a sub-unit for receiving
a part of the coolant flowing in the line and cooling the coolant to return the

coolant to the line.

30
SUMMARY OF THE INVENTION
However, in the technology described in Patent Document 1, it is
possible that supply of coolant in a liquid state to a main pump is stopped,
for example, when a condensing unit or the like has failed. In this case, as

described above, there is a problem that the main pump breaks down by
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running dry or cavitation, resulting in a significant drop in the cooling capacity of the entire cooling
system. Particularly, in a data center or the like where plural servers and network devices are
arranged, as heat is generated accompanying processes by respective devices, it is required to
always maintain the inside of an air conditioning room at a constant temperature. That is, in a data
center or thediki gt ds-neeassdty i aurebubrave i bredkeidivaof droiaim phspdaentant pump). In this
situation, an object of.the present inyention is to provide a 10 cooling system and a cooling method
that enablé | rg‘\%legp{ti%%g%greegﬁttj%\?vﬁog\#lél %osglsé%t%ump. In order to solve an object as dgescribed
above, according tBaraprsdyit invedasn, cartriling Sislehe indioue pluredsiaridisuiddetection unit for

individually, deiesting wheibar-ornes Rditliddaual of coslrnhlianid Siigshinvacoglankligeuid storage
section is :l}ls?her thaﬁ or ragual to ris ective %ilral ights inclurgng] z first heﬁg}ht Eand gsecond height
higher thaR¥H TRSERYG GRS AbSTarAI SO ATE S8 P KHE MMt hahanges a
rotation speetiofiammugorooha Toalermgamp tevrrespindinditb# detectodabsuitnbet txinput from the
coolant liqyigh dALRCHE YiE20:A¢ R NG 1P Hhe RIESERLIIMEMIAN LIS PASSINRIR Provide a cooling

system and a cooling method that enable preventing breakdown of a coolant pump. Brief Description
of the Dra H@@P@Wa configuration diagram of a cooling system in a first embodiment according
to the present invehiiohidGuatiR a, flowebjedtstidriie g e pracdas én toni sl ibgdsivilefsa coolant pump,
baseg-on signal Iqui I $0rs; EI@, I a9 Qg}g %Q q{ B %f g‘g,klpgfsé/stem in a
secsﬁ()j 30%5#16%%%?5&%%%?%%15%% %ﬁées%r%tseorﬁ I:“ﬁllventllgn; ? FI%.%%% alcg%(lgguration diagram of a
cooling sy§féﬂﬁ¥hte?m#@embodiment according to the present invention; FIGS. 5A and 5B are

illustrations showirtg, @thRirExABIeSf Hsjeiet Isvelsepanrg Ubeddnaeolidansysterns according to the
invention, %Vpe%reexilr% invention, a cooling system includes: a coolant liquid detection unit
for individually detecting whether or not a liquid level of coolant hiquid
stored in a coolant liquid storage section is higher than or equal to
respective plural heights including a first height and a second height higher
than the first height in the coolant liquid storage section; and a control unit
that changes a rotation speed of a motor of a coolant pump, corresponding to
a detection result that is input from the coolant liquid detection unit.
20 According to the present invention, it is possible to provide a cooling
system and a cooling method that enable preventing breakdown of a coolant

pump.

Brief Description of the Drawings
FIG. 1 is a configuration diagram of a cooling system in a first
embodiment according to the present invention;
FIG. 2 is a flowchart showing a process in controlling drive of a
coolant pump, based on signal from liquid level sensors;
FIG. 3 is a configuration diagram of a cooling system in a second
30 embodiment according to the present invention:
FIG. 4 is a configuration diagram of a cooling system in a third
embodiment according to the present invention:
FIGS. 5A and 5B are illustrations showing other examples of liquid

level sensors used in cooling systems according to the invention, wherein



FIG. 5A shows a case of using three liquid level sensors and FIG. 5B shows a case of using an
ultrasonic sensor as a liquid level sensor. Detailed Description of the Preferred Embodiments
Embodiments according to the present invention will be described below in detail with reference to the
drawings, as appropriate. The same symbol will be assigned to an element common to respective
drawings, ang ovarkdpping-desaripfiaiwgl theaniiidedd Hist Evabediment IO Gobiyshaton of Cooling
System FIG. 1 is a configyration diagram of a cqoli i irst embodiment. As shown in
FIG.1,a c%gﬁrsma cs)ys em=100 ?#cjf: ldes %{%%llrlﬁgrly;s% e %&2%%}4?%?0’%9%%% secondary-side system 100b.
The primary-side system 100a includes a heat source device 1, a cold storage tank 2, a cold water

pump 3, a three-way vajygi4ilaadIbs:pimanyoside Batrtaegfendtirihidmika condenser 5. The

secondary-side syste Ob includes the secondary-side heat-transfer t tﬁ: 2 of.the condenser 5, a
coolant liquid tank%‘?’?gjg%f&?ﬁﬁu?ﬁﬁo?&%% " \95%&%‘%? g Yrci‘&&é)ﬁtgllﬂ bty

e seconcf“ary-side system
100b is nobplovidedletithl asdthcorfipressototlan dxpahsisn vakey emd Bdsists henstoral circulation

cycle by d@%ﬁ%éﬁ‘%ﬂ%@%&%@i t4/RETEIBnBARR NAtal %H%@gmi%c&amgbg} g¥aporated by the

evaporator 8 moves up, and coglant condensed by the condenser 5 moves down by gravity. The
heat sourceV PR EcART IR PP 881t to the cold storage tank 2, using for example a
heat pumpHiysielinisadenmfitsing a heat pump cycle, the heat source device 1 is provided with a

compressoy (net shown hown), an expansion valve (not shown), and an
fa i R

evaporator _ € heat pump cycle, a high temperature and high 30 pressure
coolant discharged’ ﬂ@nﬂth%%é?ﬁﬁ?é%é?lﬂ@v@é%fﬁé)g@r%% system in a first

embodiment. As shown in FIG. 1, a cooling system 100 includes a primary-
side system 100a and a secondary-side system 100b.

The primary-side system 100a includes a heat source device 1, a cold
storage tank 2, a cold water pump 3, a three-way valve 4, and the primary-
side heat-transfer tube 5h; of a condenser 5. The secondary-side system
100b includes the secondary-side heat-transfer tube bhz of the condenser 5,
a coolant liquid tank 6, a coolant pump 7, and an evaporator 8.

Incidentally, the secondary-side system 100b is not provided with a

20 compressor or an expansion valve, and assists a natural circulation cycle by
driving the coolant pump 7, wherein, in the natural circulation cycle, coolant
evaporated by the evaporator 8 moves up, and coolant condensed by the
condenser 5 moves down by gravity.

The heat source device 1 (chiller unit) supplies cold heat to the cold
storage tank 2, using for example a heat pump cycle. In case of using a heat
pump cycle, the heat source device 1 is provided with a compressor (not
shown), a condenser (not shown), an expansion valve (not shown), and an
evaporator (not shown).

That is, in the heat pump cycle, a high temperature and high

30 pressure coolant discharged from the compressor flows into the condenser
and exchanges heat with external atmospheric air. Further, a medium
temperature and high temperature coolant flows into the expansion valve
from the condenser and is depressurized. Then, a low temperature and low
pressure coolant flows through a pipe 1a (see FIG. 1) into a heat transfer

tube {(not shown) disposed in the cold storage tank 2 and evaporates by
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and exchanges heat with external atmospheric air. Further, a medium temperature and high
temperature coolant flows into the expansion valve from the condenser and is depressurized. Then, a
low temperature and low pressure coolant flows through a pipe la (see FIG. 1) into a heat transfer tube
(not shown) disposed in the cold storage tank 2 and evaporates by exchanging heat with water. The

water is cagleRdnetischargingdieatdaineiaotantdn theahoa detctibeckheatahande
Incidentally, the heat source device 1. limited o a heat pump cycle of a steam compression
system. O é)}\ﬁl/é%efna%ga%q%%mc%eacéviﬁ%ﬁg% %%e%xé}z{;[aglo%?r’ce device 1, a heat source device which is,

for example, an adswidéovialbe thn hdhbsivmreppdevahdrasoriddimiie dyisea hegthugsed,

Further, thg hrat source devieg Jris prsterably drive i dsingdnaxpensiir RQNVEraLighi
predetermined amount of water is stored in the cold storag tanEZ. 10 The above-described heat
transfer tuB&hSPER ?Yécﬁrpaﬁggﬂ%%ﬂBrESIG?%‘fb‘f% % (BhiRAGIG 0 the pipe la. Then,

the water intherpolorsteiage tankdhiswooteg < onwthtom celtaimdemperatunedyyHreasekchange with a
low temperature c ?{EJPVE’HLQ}IE% g@&&s@e%%{écﬁ%‘ﬁ&?e}éﬂﬂ? m%ti)lg\(%—lqlegscribed heat transfer

tube. The cold water pump 3 includes a motor (not’shown) therein and pressure-transmits cold
water with @WW%@H@%&MW@%-the rotation speed of the motor, from the cold storage tank 2
through a pipe 3atowaihtbesondensesdnt bewatation speadahtbharotdrdtoeaptyolied y a control

devicey10.,60T1e Wes vy xalve 45 comededii 5 DRs.9:304 2 ploe 41 DgNchgY rom thepipe
3a. Upon instrction from the control device 10, the three-way valve Separates a part from the cold
water flowislg faem thelobeond unnily theparhéainn e dipembhe ovasercmaliseehe flow rate of

cold water flgwing throKghithe pive dawhhe condenseredsivaastheprmanssiHahgat-transfer tube
5h1 whose Qr‘ﬁ end communicates Wiﬂi thefgl(i)pe_ 3a and w ozg the other eé;}%i%con;‘;‘nunicates with the
Hificat

pipe 4a, ant therJOSHHARR S RId HR SPU ARG R SHOM HAR 1 6RE T o BL%ith a pipe 8a
and whose eeabiiner- daskedrmthbnicateswsittr dwipe 5a. Herein, in order to increase the efficiency in 30

heat exchange betcen fhe.cold water flawing throughinsidedhe prmaty hide healansfer tube Shl

and the coolant flowing through inside the secondary-side heat-transfer tube 5h2, the primary-side
heat-transieFeRiBE iR HE selkbRddRy- S e HoHarre CRIBE BrR draediedbeetP it as to contact

each otherspeed of the motor, from the cold storage tank 2 through a pipe 3a toward
the condenser 5. The rotation speed of the motor is controlled by a control
device 10.

20 The three-way valve 4 is connected with a pipe 4a and a pipe 4b
branched from the pipe 3a. Upon instruction from the control device 10, the
three-way valve 4 separates a part from the cold water flowing from the pipe
4a to make the part flow in the pipe 4b in order to adjust the flow rate of
cold water flowing through the pipe 3a.

The condenser 5 includes the primary-side heat-transfer tube 5h;
~ whose one end communicates with the pipe 3a and whose the other end
communicates with the pipe 4a, and the secondary-side heat-transfer tube
5hs whose one end communicates with a pipe 8a and whose the other end
communicates with a pipe 5a. Herein, in order to increase the efficiency in

30 heat exchange between the cold water flowing through inside the primary-
side heat-transfer tube 5h: and the coolant flowing through inside the
secondary-side heat-transfer tube 5hz, the primary-side heat-transfer tube
5hj and the secondary-side heat-transfer tube 5hy are disposed such as to

contact each other.



That is, the condenser 5 condenses the medium temperature coolant gas flowing from the evaporator
8 through the pipe 8a into the secondary side heat-transfer tube 5h2, by cooling the coolant gas by the
cold water flowing from the cold storage tank 2 through the pipe 3a into the primary-side heat-transfer
tube 5h1. The secondary-side heat-transfer tube 5h2 of the condenser 5 is connected through the

pipe 5a to the top %t@@@oamcim&g@@%Mﬂ@mmmmmtmm@émaeu@pmmhe coolant
liquid tank 6. The cool?ﬁ]t "qﬁigf tank 6 st sgﬁ%ola Ilg)sld séate fjcovg from O the condenser 5

and is dlsp%%% foWer than't PErs d is'madestch att‘rzue coolant

O
at IS arran

condensed:isle theatondensar &@m&mﬁ@n&@@gé@@ma@a@laﬁs Imuidiernoldewdbrvn inside the pipe
5a by gravmsv@ﬂ?g%&%ﬂé Réne qerlant ligHid samlSueh tIMUPHRY hs:RAtAR pArian.ef the coolant

liquid tank 6 is connected through a |pe 6a to a suction opening (not shown) of the coolant pump 7.
That is, andf§errahtraniige ét accompanying the drive (suctioning and discharging of
coolant liquid) of tﬁ&emﬂm@mmﬁ&mmﬁtﬂm@emm&hm tiguichbtatda6eftovsthrough inside the

D o o comRHaR NI e ST SRen, yg}o% BLBHIR A GRENANIT Afahonn in FIS 1

in the coolant liqui ere are prOV| level sensors Si; S2, as coolant liquid detection

units, for detEEREEREEe w&%&qwma&wwv’éf%&%%&gﬂérémh fhe coolant liquid tank 6 is

higher than or equah@@arzﬁ@lelﬁimmammmes ctiaealiciig leVR|sienserte Slo®znarértiguid level
sens s of Ioat Wltcht (f\ id Ieve{i :fens fafl at swi %h t)%[%eﬁ ns,and closes a micro
SWItC (not OWn %%St%e gré‘wti/ angl%ﬁeebuoyanli Force 0 acﬁ)oa (Xrll own at?‘nast moves up and down
correspondinrzanchahde inale $igeidtievethacedataliyo rdgresdddeyiphiorcoefswsencliquid level of

coolant 30(iguid Sierer! %f@ﬁ@ﬁ%‘%'W%ﬁ”ﬁ@iﬂ@%é’@m@ﬁd@%@ ifiguid lByel’. As
described above, in case of usi g I| d le %lgsj;ﬁ%@ at switch type as the liquid level sensors

Si, S2, thegﬁﬁ}’btfl’e% S8 EGF troI uni1O0 if the coolant liquid level is
higher than or equBhlirthelreidgtat bﬂtﬂﬁmqmﬂﬁnﬁlmﬁﬁﬁé&z@imﬂbﬁquﬂﬁdmﬂeG is connected

through a pipe 6a to a suction opening (not shown) of the coolant pump 7.
That is, arrangement is made such that, accompanying the drive (suctioning
and discharging of coolant liquid) of the coolant pump 7, coolant liguid in
the coolant ligquid tank 6 flows through inside the pipe 6a and moves toward
the suction opening of the coolant pump 7.

20 Further, as shown in FIG. 1, in the coolant liquid tank 6, there are
provided hiquid level sensors 81, S2, as coolant liquid detection units, for
detecting whether or not the liquid level of coolant liguid stored in the
coolant liquid tank 6 i1s higher than or equal to a predetermined height.

The liquid level sensors S1, 82 are liquid level sensors of a float
switch type. A liquid level sensor of a float switch type opens and closes a
micro switch (not shown) by the gravity and the buoyant force of a float (not
shown) that moves up and down corresponding to a change in the liquid
level.

Incidentally, in the description below, the liquid level of coclant

30 liquid stored in the coolant liquid tank 6 may be described as 'coolant liquid
level’.

As described above, in case of using liquid level sensors of a float
switch type as the liquid level sensors S1, 82, the liquid level sensor S1
outputs signal ON to the control unil0 if the coolant liquid level is higher
than or equal to a height H1. If a coolant liquid level is lower than the
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height H1, the liquid level sensor Si outputs signal OFF to the control unit 10. The liquid level
sensor S2 is arranged at a position (height 112) higher than the height H1 where the liquid level
sensor Si is disposed. The liquid level sensor S2 outputs signal ON to the control unit 10 if a coolant
liquid level is higher than or equal to the height H2. If a coolant liquid level is lower than the height H2,

the liquid Ig\gb8eMser $2 RIS SIaNakQES: OThe skl LG igdf hediauigdavel of coolant

liquid stored in the coolant 10 liquid tank 6 is lower than the height H1, the liquid level sensors Si and
S2 respectively output signal OFF to the control unit 10. Further, if the liquid level of coolant liquid
stored in the coolatthliglidiidrie Gelsseigher §ears oresugédoahe peighiod XlanghowER)than the height

H2, the 'iq@J%l@é’ﬁ%ﬁﬁﬂ%%%&&%ﬁP@%&Q%&IH%&%@%& Wk J4): anqdhg diguidilevelsensor S2

outputs si%un OFF to the control unit 10. Still further, if the liquid level of coolant liquid stored in the
coolant liqhid SRS 5 #EREF AR Oistdai e hlighthe somg st el rbarssia i and s2
respectively uiid it &g nahciiide the seirte] wiltdAhMbred detdis Wit be-cdseritieguatdeisl brief, the
control unit 10 20 steps the coola: 7.when a.signal from the liquid level se i has turned to
OFF, and t Seg%vgﬁlé%?r%élu%gsﬁg %ﬁlillr%g@%%ﬁlele%g%ﬁf %%l}grer? Ss %ﬁér?’ g é%%réf %ro%%5 {hagsl%%ﬁ evel sensor
S2 has turitbd ¢l TAYidRid level sensors Si and S2 (coolant liquid detection units) are arranged,

as described aboverigtdifferameights lHiang ddAdnthe cealanidiquid ianrkdylke following reason.
For example, in case that the liquid leve] sensor Siis arranged at the height H1,.and the liquid level
conshl 52 HHER THARGLH, AL SR CAERoSERI Eabe AL I CTateh LeRORS: are
frequently sevitchéty flom ek stigerlaodOmpsatlyingpmovingnip Hid moving down of liquid level. In this

case, corresponding{q 30 QN/QE T signals 0Py iy el leypl $39s0feSiodidiving and stopping
of the coolant pump 7 are frequentlg\ repeated, wastefu:jgg%éel%%nsumptlon Is caused and the coolant
|

pump 7 maABEAEBE S THENSHE 3BaLoRYR hHPaHs lABGeCEERE BNt height in
addition tolbésfiquitlesial Senddrlsiel sensor S1 outputs signal ON to the control unit

10, and the liquid level sensor S2 outputs signal OFF to the control unit 10.

Still further, if the liquid level of coolant liquid stored in the coolant
liquid tank 6 is higher than or equal to the height H2, the liquid level
sensors S1 and S2 respectively output signal ON to the control unit 10.

More details will be described later. In brief, the control unit 10

20  stops the coolant pump 7 when a signal from the liquid level sensor S1 has
turned to OFF, and thereafter resumes driving of the coolant pump 7 when
a signal from the liguid level sensor S2 has turned to ON.

The liquid level sensors S1 and S2 (coolant liquid detection units)
are arranged, as described above, at different heights H1 and H2 in the
coolant liquid tank by the following reason. For example, in case that the
liquid level sensor S1 is arranged at the height H1, and the liguid level
sensor S2 1s not arranged, signals ON/OFF, which are input from the liquid
level sensor S1, are frequently switched from each other, accompanying
moving up and moving down of liquid level. In this case, corresponding to

30  ON/OFF signals input from the liquid level sensor S1, if driving and
stopping of the coolant pumyp 7 are frequently repeated, wasteful power
consumption is caused and the coolant pump 7 may break down. This is the
reason for arranging the liquid level S2 at a different height in addition to
the liquid level sensor S1.

Setting of the heights H1 and H2 will be described later.
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Setting of the heights H1 and 112 will be described later. The coolant pump coolant pump 7
pressure-transmits coolant liquid flowing in from the coolant liquid tank 6 toward the evaporator 8, and
is arranged lower than the coolant liquid tank 6. Further, the discharge opening (not shown) of the
coolant pump 7 communicates through the pipe 7a with a heat transfer tube 8h of the evaporator 8.

That is, accompanyifg ¢hsi SV e (SHEHR BRE PasharosQlseelaptdiguishiofdna ceolantRump 7,
coolant liquid is pressyre-tr nsmltfdt 'o%gﬁgdthe llilge aﬂt,%ﬁagd the evaporator 8. The evaporator 8
evaporated G80RH By NEALBL AL @’é% b6 & £ AR P af i Miitioning, and is

arranged_ MQh@qgedrﬂmemhmmham?aMcpMpMSS E@@lﬂd,eﬁlwiﬂisaﬂam@ Thg fan 9 rotates,
upon an nsiuietion (remsoNddlenieg A Kouakieradilh smpriats Aliichs 0 the room,

and blows gut theair toward the heat transfer tube 8h. Then, the high temperature air, which has been

blown out towardhre et transfer fute gt ekéhafyee metotiscHaiak Re AECHRIR oW B perature

coolant liqyisk flomirg thkaugh dnsidd dbiehgatdfansientubg8id) afdhis blialameumhd room as low
temperature ajr. . ;. On,the other hand, the low t erature, coolantliquid flowing through inside the
heat trans1£e0r(z)atll?bnet 1é%/é(l;lbso‘r’)al{?esss ﬁ/e#ergtnes%h%gﬁg%ﬁﬁ%% %ﬁgﬁl%sﬂargﬁ%a#%%%%he high
temperatueyaraadondves through the pipe 8a toward the condenser 5. The pipe 8a communicates

with the secondaryrside hegbEansk e SHR 0LRSANEENSRI SxchaTiewammldasice 10 is
configured with an electronic cjrcuit including.a CPU, a RAM, a ROM, and various inteffaces, and

integilly CHSIEHTE GoNg LIt ¥BGOE R B BBRS HRTREED BETBILIAR LBbling system
100 such thatlantvithrac&rtaith termperatarerddieppondiad) withsefientheltarkis Blown out from the

evaporator &, ., T GOiral devies &0 £oRtrelshe feiation sReethot she motarpat shown)

incorporated in thé cold water pump 3, the opening degree of the 30 three-way valve 4, the rotation

speed of tHETRFY2ENE (e IRE LS tiataihgiti areerash tiaviseraiurhaSpdaw dif fotrhf evaporator
8. The contrahtgviceube santMis:iheaketaigh speadaftie matownehshawhgénchbipetatac in the
coolant pump. 7 responding to.inputs from the,above-descri iquid leve re Sf and S2.
Circulationgé%&%%%irlﬁslxge r]Cetf"nl |aslf%1t§tuegoef rlfnxc%%lggsé%r?gag)gﬁgﬁi%%% %8(%1@3?’[?‘%&8%?’5 stored at

least up totgapreighurecnoinaichalas flgwinankwusivindadibe beaicpipes, whtcRh
communicgtes Wik she,kattom aertienaf ke sealantliguichiankié, and the pipe 7a are filled with

I operating the codlESy BT G AnELEoltor BEVIEE T e M SHEA SEbHee of he three-vway
valve 4 suthitbagbollsiktehfidves ivitasfontradte Bbrrasponditig foyabsetttensberagereritho the
primQ@"SiQEéﬁaﬁbsorption from) the high temperature air and moves through the
pipe 8a toward the condenser 5. The pipe 8a communicates with the
secondary-side heat-transfer tube 5hz of the condenser 5.
The control device 10 is configured with an electronic circuit
including a CPU, a RAM, a ROM, and various interfaces, and integrally
controls the cooling system 100. Further, the control device 10 controls the
cooling system 100 such that air with a certain temperature corresponding
to a set temperature is blown out from the evaporator 8.
The control device 10 controls he rotation speed of the motor (not
shown) incorporated in the cold water pump 3, the opening degree of the
30 three-way valve 4, the rotation speed of the fan 9, and the like so that air
with a certain temperature is blown out from the evaporator 8. The control
device 10 controls the rotation speed of the motor (not shown) incorporated
in the coolant pump 7, corresponding to inputs from the above-described
liquid level sensors S1 and S2.

Circulation of Coolant



transfer tube 5h1 of the condenser 5, and drives the cold water pump 3. 10 Further, the control device
10 rotates the motor (not shown) incorporated in the coolant pump 7 at a predetermined rotation
speed. In this case, the coolant pump 7 sucks coolant in the pipe 6a with a pressure corresponding to
the above-described rotation speed, and pressure-transmits coolant in the pipe 7a toward the

evaporator 8. ftilhfuither the.gensral.deuiced iates thastamdiaia csitain Rigtian speed.

When the coolant pump 7 is driven, coolant liguid in the pipe 7a is. pressure-transmitted toward the
heat transféf® %#?ﬁ%h@%&ﬁ&%&%&l%ﬁh i figh G %‘[’El}"é%aﬁa %’o?‘% ¥i&taken in by the

rotation of i:hgidé) fdniS:ipipdtnevdpohaton@ndisctaiees idat lny heat exphange witthiew temperature
coolant flowng, by oAl e HEAY YanslBL SR a0d InRig Wi GLLIDING ROMAC hedayy temperature

air. Thus, indoor air Ich Is the gbject of air conditioning, is cooled. On the other hand, coolant in the
heat transfat el sberne oak ByiheafBrianilyeomernhynthsnisahtorarss devicevhporates to
become medium tg¢mpeEatiie: gadlartgas of Bisstaelaniyakdevws: thitalghdasideatiagipe 8a, flows into
the secondary-side heat:transfer.tube 5h2 of the condenser 5, discharges_heat eat gxchange with
cold wate ST?‘O%V?R 8 %Iﬁgu%%ﬁ%}?h%f [%lfr]l{ran%%/?sei de Heat: ¥§n£ elfct% ti)%%%(i()fgaﬁfc? q&% rfei)é%/w%c‘)%ltlﬁe{;}ses 30 to
become low flempertaner ronlantigaith 2 setTtharp ehatapevaieddibeanolzntidumd thoves down in

thﬁ pipe S%X%hgf@yi%@@t%ﬂaﬁ g@fﬁ@ éBﬂH%rfé%ﬁlﬁg)_tdmigd@% @hé%?%bvﬁﬂa@ﬁﬁﬁ%g&?@yde is ;}btatinedd
wnerein c anl evaporate e evapaqQrator o IS condense e conaenser o, porarily store
g (ol i e RSO A e e S e
evaporatortBe coolantqrdingly, asaqm@égtﬂmwmgogyﬁ@msp@@ds ﬁneﬂﬁé@_ma‘aﬂu’rbethe coolant liquid
level in the Goplantlighy tvﬂ@i&c@gscmzm@'ﬁ?wgﬁ%%@%a&%%@@%Q@mpenm@weven when a

failure has occurred on the cooling system 100, the coolant liquid level in the cqoolant Ii% id tank 6 may
drop. As atCebite 6t dgerribrdipba e ies bR dmie Sk R BRI 4 e giﬁg portion of
a pipe andyipeldat teaks duh«causing sherceolant liquid level in the 10 coolant liquid tank 6 to drop.
As another example G /RISAA EBRE ke lEMRPIBIIE SOR PARYE £RRiRlsievice 101s not

appropriate, a part'of coolant iguid” does no
rotation speed.

When the coolant pump 7 is driven, coolant liquid in the pipe 7a is
pressure-transmitted toward the heat transfer tube 8h in the evaporator 8.
Herein, high temperature air (indoor air) is taken in by the rotation of the

20  fan 9 into the evaporator 8, discharges heat by heat exchange with low
temperature coolant flowing through the heat transfer tube 8h, and is blown
out in the room to be low temperature air. Thus, indoor air, which 1s the
object of air conditioning, is cooled.

On the other hand, coolant in the heat transfer tube 8h absorbs heat
by heat exchange with high temperature air, and evaporates to become
medium temperature coolant gas. This coolant gas flows through inside the
pipe 8a, flows into the secondary-side heat-transfer tube 5hz of the
condenser 5, discharges heat by heat exchange with cold water flowing
through in the primary-side heat-transfer tube 5hi, and thereby condenses

30  to become low temperature coolant liguid.

Then, the above-described coolant liquid moves down in the pipe 5a
by gravity and is stored in the coolant liquid tank 6. In such a manner, a
cycle is obtained wherein coolant evaporated by the evaporator 8 is

condensed by the condenser 5, temporarily stored in the coolant liguid tank



evaporate in the evaporator 8 to remain in a liquid state, and the partial remaining coolant liquid does
not return to the coolant liquid tank 6, resulting in a drop in the coolant liquid level in the coolant liquid
tank 6. If the coolant pump 7 continues to drive with the above-described state continued, the
coolant pump 7 breaks down by the above-described running dry or cavitation, which causes a drop in

the cooling;CapRCHy:-PhLhs, coNling: SYSIR MM 1A% 2NN REdES IR AV YidSCh Rvevanththe cooling system

100 in the present embodiment performs the following process. Process by Cooling System FIG.
2isa row@ﬁ’éﬁ@W&ﬁﬁr@ a process in controlling drive of a coolant pump, based on signals from liquid
level sensors.  AlvsteinglPladiecoatohdaeviobnng sletermined whizthefroom&adusignal from the

liquid level SOK S| | slanal fr [ .5l F (step S101 -> Yes), in
other wordé%ﬁ?%@%ﬁéﬁt I%&% gﬁeﬂ%é@%&ﬁw&%&é%t\é%k%g%ﬁo%%l%?the height H1, the

process byt ekl etice o prorbbesHblstep S102. 30If the signal from the liquid level sensor Si
is ON (step S101 -HNa)vir oFieswedsif-thepoetant-ligdidete) indhegeglantiqlid, tahk 6 is higher
than or equal to the. height H1, the.process hy,the.contral device 10 progeeds tqQ ste 4. n
step S.102,C ﬂ"?éa(%pn 1r_% %?ér:l/?éfee ngllg%g ﬂ%%%51 N %Ol??nzgig That éﬁ%é %gn%%!egg\ﬁacge%%goutputs a
signal thatsmekes fduntatibarspeetaasththatctor aekol tostieeap b afed oTiRdn A GtOF iNdt shown)

incorporategd indhe: CAAANIANAdaks odNCideRIAl tRCeSAIMIME dsd eaHieh fram the time when the
signal js input to the co&ant [igumg) 7.to the time when pressure- transmission of coolant by the coolant

pump & coffplamh St FHRTS fs'BélRBse a flow of coolant liquid is generated before and after the
coolant pump 7 at fredimehwhendhepdbaledescibedsignal iboutfurigrethtuceonwoltdavice 10 and

impellers _(Bgett% QURHREIBAAING n He: caqlan PP 4 sankinreda ol [Alighy nerta.
10Accordingly, the height H1 shown in FIG. 1 is’set to a height that .
evaporate in the evaporator 8 to remain in a liquid state, and the partial
remaining coolant liquid does not return to the coolant liquid tank 6,
resulting in a drop in the coolant liquid level in the coolant liguid tank 6.

If the coolant pump 7 continues to drive with the above-described
state continued, the coolant pump 7 breaks down by the above-described
running dry or cavitation, which causes a drop in the cooling capacity of the
cooling system 100.

20 In order to avoid such an event, the cooling system 100 in the
present embodiment performs the following process.

Process by Cooling System

F1G. 2 is a flowchart showing a process in controlling drive of a
coolant pump, based on signals from liquid level sensors.

In step 8101, the control device 10 determines whether or not a
signal from the liquid level sensor S1 is OFF. If the signal from the liquid
level sensor S1 is OFF (step 8101 — Yes), in other words, if the coolant
liquid level in the coolant liquid tank 6 is lower than the height H1, the
process by the control device 10 proceeds to step S102.

30 If the signal from the liquid level sensor S1 is ON {(step $101 — No),
in other words, if the coolant liguid level in the coolant hiquid tank 6 is
higher than or equal to the height H1, the process by the control device 10
proceeds to step S104.

In step S102, the control device 10 stops the coolant pump 7. That is,

the control device 10 outputs a signal that makes the rotation speed of the

9



ensures, at the minimum, the amount in which the coolant pump 7 transmits coolant during the time
from when the liquid level sensor Si, which is arranged lower, has stopped detection of coolant liquid
until pressure-transmission of coolant liquid by the coolant pump 7 completely stops. Incidentally,
the height H1 may be set higher than the above-described height to make a larger allowance. In

step S103,,1h6,coRigqY|Ee: hOWFIRIDINGSIVhEIDET RE NG Seinakipmhetomid rvel sensor S2 is
ON. If the signal from the liquid 20 level sensor S2 is ON (step S103 -> Yes), in other words, the

coolant quﬁﬂﬂ%%lﬂﬁ% €oolant liquid tank 6 is higher than or equal to the height H2, the process by
the control device Iri:fitenesids, ta stepatl Odne is tethesidriabiroth¢hetiquidhievebhsensor S2 is OFF
(step S103 -> No), in othe 0 liqujd level in theycoolant liguid tank 6 is lower than the
height Hz,%ﬁg%?%%éggﬁ/ﬁ%%%%?ﬁg? %ﬁ%ﬂ%o re![)urns to steep Sloéﬁ% Herein, the height H2 is set

sufficientlythigranispianied appkakbEHIsePRlsghRIP ThEoreplstalis&topthe i¥eidnce between the
height H1 gpghthe: hemhiH2 issetsmiaihidrive:anersten ¢idhe caalanitoumbd axd fiequently repeated,

which is not desirable in a point gf view of maintenanc and power consumptiop of the coolant
pump 7. pmﬁ’r?s&e% éﬁﬁp e Contro e%/%éf eigl %Srf:\ll%s%pes lt.gono%ﬁ% Bﬁrﬁ)ﬁl glﬁﬂ%? Ee the control device
10 rotates thetmdtdetiat Showmd) ingorheratetirsthrerooolanerrmptedin e detdtmined speed.
Advantage,limy, 7 Bhide 0ol NgSeiesn 4QPHNLNS, RiRseM embodiment, the control device 10 stops

the coolant pump 7 or resumes driving, of the coolant pu , hased on sigpals.from the liquid level

sensdPs Si and SZAW%‘[‘? ,%ﬂe&mgﬁ’rﬁﬁﬁh@%é dférﬁﬁéoﬁebsiﬁ%‘éoc%gﬁwmq g'%ank 6 becomes
lower thandhed&e?gfﬂtkﬁh,esigﬁﬁkmﬁﬁ,is:belmk)ﬁmmithwﬁqcﬂidﬂh&/ebsémbpsmwmch is arrapged lower,
e e PAASHER 16, R0d AR IALIRIEHAAPIBBNMEIRRRAILAD donsor 83 dESCTREd 00V,

the height H1 is'set to a at ensures, at the minimum, the amount in which the coolant pump 7

transmits coBIShtiSGERARRPhOTTAE Pom Umiaethdaigsidaavel elast Siawdctiharranged lower, has
stopped dgiestian- ot seatanidiguid il Qresshiierdans issionlaitqolanp ifuiddpldbel goolant pump 7
completelys%})%%§. |

Incidentally, the height H1 may be set higher than the above-
described height to make a larger allowance.

In step 8103, the control device 10 determines whether or not a
signal from the liguid level sensor S2 is ON. If the signal from the liquid

20 level sensor S2 is ON (step S103 — Yes), in other words, the coolant liquid
level in the coolant liquid tank 6 is higher than or equal to the height H2,
the process by the control device 10 proceeds to step 5104.

If the signal from the liquid level sensor S2 is OFF (step S103 — No),
in other words, the coolant liquid level in the coolant liquid tank 6 is lower
than the height H2, the process by the control device 10 returns to step S102.

Herein, the height H2 is set sufficiently higher than the above-
described height H1. This is because, if the difference between the height
H1 and the height H2 is set small, drive and stop of the coolant pump 7 are
frequently repeated, which is not desirable in a point of view of maintenance

30 and power consumption of the coolant pump 7.

In step S104, the control device 10 drives the coolant pump 7. That
is, the control device 10 rotates the motor {not shown) incorporated in the
coolant pump 7 at a predetermined speed.

Advantage 1

10



Thus, even when a failure has occurred on the cooling system 100, it is possible to surely supply
coolant liquid from the coolant liquid tank 6 toward the coolant pump 7 until pressure-transmission of
coolant liquid by the coolant pump 7 stops, regardless of the cause of the failure. Further, as described
above, the height H2 where the liquid level sensor S2 is set sufficiently higher than the height H1

where the lower liquidlevel sensqt Sids.armngedh Ageordingbmins avaiding dieduantsepeat 20 of drive

and stop of the coolant pump 7,it Is possible to prevent the coolant g;fmp 7 from breaking down and
reduce waSfefticpbW TR R HRROATHyRRB Bob RINT G 7. Arivinggt DG soalthiRg @AVE of the
coolant pubizdd aa eaotant fguid ihsthivpd dilthelcanlantdiqiidiiadSd. at least up to the height H2, it is

possible to ensured syfiert e, 19 AEMAGE1o,10RRING, o e £O0IANE PR 1jqusdn Such 2

manner, in the cooling system present embo , It IS possible to surely prevent the

coolant pubaplr frbareoreaking dokrraueohaihibhdidnssral/ Brs PriB Wolteratie, in a data

center or i like 1ii8] ReSSIHIEID stahbhaperatetbechaling, SytBcbYdrdGianeimproyadhe reliability
of equipment. Second Embodjment FIG. 3 is a configuration diagram of a cooling system in a
second erﬁgl&%ﬂ?etﬁ?g@%%%‘r%% %%S&r}é%gﬂ?%ﬁéﬁ%%nﬁpl%the cooling system 100 in the first

embodiment, the ekagermob8dsibrangd atagiushidnhighdothdretbbicboldrtrpwrgs 74see FIG, 1). A

cooling sysiem LA9A i SeLORth AIMPGHIMENHS HITESEER hakh IN7heL00ling syeiam100A, an
evaporator 8 is arranged IO\%yer tha aeg%?I nt pump 7, and a pipe ¢ ting the coqlant pump 7 and

onnec
the eVAporAtSPaBikER Hee S LERH SrHqumS el sengey sé%%r‘% &hiddiéft is similar to the
first embodowent lnethenpeidtde cnlyi diffefenchafr btk firdt eprbesiment avik iésdescribed, omitting

descriptioncg(gl%\{&r%ﬂ@q) qhts. cqolaLQ%g?R atc%ﬂ@@ezeﬁgjemg-transmits coolant liquid toward the
, the coola In g

evaporator nt pump 7 1s accordin %},ﬂln neral; disposed lower than the evaporator 8.
However, depending&h BREBowHITD s 61 thre Tmetstiation erviksnirehnfrarelam Kiddthat the

coolant puiBRdsisiseanged-dlighRepihianctitemaRgatofBm the coolant liquid tank 6
toward the coolant pump 7 until pressure-transmission of coolant liquid by
the coolant pump 7 stops, regardless of the cause of the failure.

Further, as described above, the height H2 where the liquid level
sensor S2 is set sufficiently higher than the height H1 where the lower
hiquid level sensor S1 is arranged. Accordingly, by aveiding frequent repeat

20  of drive and stop of the coolant pump 7, it is possible to prevent the coolant
pump 7 from breaking down and reduce wasteful power consumption by the
coolant pump 7.

That is, in resuming drive of the coolant pump 7, as coolant liquid is
stored in the coolant liquid tank 6 at least up to the height H2, it is possible
to ensure a sufficient time from driving to stopping of the coolant pump 7.

In such a manner, in the cooling system 100 in the present
embodiment, it 1s possible to surely prevent the coclant pump 7 from
breaking down due to running dry or cavitation. Thus, for example, in a
data center or the like, it is possible to stably operate the cooling system 100,

30 and improve the reliability of equipment.
Second Embodiment

FIG. 3 is a configuration diagram of a cooling system in a second
embodiment according to the present invention. In the cooling system 100
in the first embodiment, the evaporator 8 is arranged at a position higher

than the coolant pump 7 (see FIG, 1). A cooling system 100A in a second

11



In order to handle such a case, the cooling system 100A in the present embodiment is configured such
that the pipe connecting the coolant pump 7 and the evaporator 8 includes a standing coolant tube 7b,
wherein the standing coolant tube 7b is extended up to a height higher than or equal to the height H2.
In the cooling system 100A, when coolant circulation is appropriately performed, a pipe 6a, the

standing cea|aBkiuhe.{ B andaaiRa ¢l filaghwitherplanidiguic: 6inolant baxing syanerated by
heat 20 exchange with high temperature air in the e;/%gﬁrator 8 moves u%.ln @E#Ipe Sf %% coolant gas
toward a cbhderistr .loweﬂgl%ﬂw?ifsﬁ R PR decthfbd SR ECTIK ARG tRE CYIARE liquid level in
the coolanpkinmlj;dTmﬁ@ﬂm@nbemn&im}/gdm&natﬁelﬁéightcbdﬂanmrmofbeyice 10 stops driving of
the coolant pump 74 sirgilacly 19 e, G839 Aes e d; aRoYe (S8 HGs Llmb odhihillis faoment, as

described above, the pipe 6a, the standing coolant tube 7b, and the pipe_ 7c are filled with coolant
liquid. Ot EaHRES coRlE R fRIRIERE ‘b‘i’ﬁéhf“cfﬁ%@é%ﬁﬁ%r‘ﬁﬂ%%ﬂﬂh@evamrmor 8.
On the othemhandy iheserig poriowfdia genlani-3@diquid column in the standing coolant tube 7b is
coolant whose inngy, liquid,changes inphase, depending on thepressure. state rns into a gas
phase due to preszfjhr% (é)lg%ﬁgﬁ onnfgrmgéeg’ﬁ%rais%%%?t%ﬁ%t?ﬂ%ltﬁ}leé %gfﬁgjr?avgﬁ%@%éding coolant

tube 7b aneVeeopiser7s. Fecerdingly PEBNG i Greisn Gk chbeR e BRATHdraRtIally moves

down fromgihe-pasitionposhemnain BiGe S onspaHenily osPHirNidigditidna sefkrin amount moves to
the %of??lam Ii(kui tank 6 side such that.the pressure q&%jﬂe@go the]lco%Iant quind column in the

standig cOOTARALABEATENS ’Pﬂgeﬁ}gsgﬁ%ealﬁpﬁigﬁst% codfartHgtiatn the tddlant liquid tank 6
balance witimeadedthegher tHeorttier, cooglanttiguitl in a secondary-side heat-transfer tube 5h2 of the

condenser 5 flows oy gravitythraush the.Rine aaInAdhe Aealaat iauid 180 Gn tne Accordingly, in

case of stopping the coolant pump 7, the coolant liquid level in the coolant liquid tank 6 is raised by
coolant liqBEEABWRGTRCIOTRERY 1 StHRrRg Cabrt habd e Bine srPesRHERsErSCo0laRnt sych a
manner, theueaplanidif ticklevalporthe £solaskitiid tanlad igradualyrisesail, wHen e coolant liquid

e e RSO USASA G S A VS R SR g ) v 1
to the height H2.

In the cooling system 100A, when coolant circulation is
appropriately performed, a pipe 6a, the standing coolant tube 7b, and a pipe
7c are filled with cooclant liquid. Coolant having evaporated by heat

20  exchange with high temperature air in the evaporator 8 moves up in a pipe
8a as coolant gas toward a condenser 5.

Herein, if a failure has occurred on the 100A and the coolant Liquid
level in the coolant liquid tank 6 drops to become lower than the height H1,
a control device 10 stops driving of the coolant pump 7 similarly to the case
described above (see FIG, 2).

At this moment, as described above, the pipe 6a, the standing
coolant tube 7b, and the pipe 7c are filled with coolant Lquid.

Thereafter, coolant liquid in the pipe 7¢ moves down by gravity
toward the evaporator 8. On the other hand, the end portion of the coolant

30 liquid column in the standing coolant tube 7b is coolant whose inner liquid
changes in phase, depending on the pressure state, and turns into a gas
phase due to pressure distribution formed by a disposition structure
including the standing coolant tube 7b and the pipe 7c. Accordingly, the end
portion of the coolant liquid column gradually moves down from the position

A shown in FIG. 3. Consequently, coolant liquid in a certain amount moves

12



In the cooling system 100A in the present embodiment, even in case that the evaporator 8 is arranged
lower than the coolant pump 7, it is possible to quickly raise the coolant liquid level in the coolant liquid
tank 6 upon stopping the coolant pump 7. 20Incidentally, in case that the standing coolant tube 7b
were not provided and a pipe 7a (not shown) connecting the coolant pump 7 and the evaporator 8 is

arranged SUchas:ip Re diigeirrdawmard iewardihe gyapeeaiard, ps frliowing.gvent occurs. That
is, if the opera{tlon f the, coplant pump 7 is stgppegggyd this %ﬁ%ls left as it is, coolant liquid in the
Hho i

coolant liqGRPERK 8HYGS SiRg fifew ABE R s (@é”dﬂ’é‘?ﬁéﬁrﬁnd a state that
coolant liquigpkiadtsttreddnithe dopladtiliqilid tanksbbeprsd bra thistchst s thethoolaht pump 7
becomes ir@ Q& State of running dry at the time of start of the next operation, a failure is thereby
caused. Different from this case, the cooling system 100A in the present 30 embodiment is configured

such that the pipe EsiReetiry herddémrtpmminsr and e sldp Sebittanefaadeise bapbing coolant

tube 7b. Agherdbngiyneyen fMoeastihalitrn evapeiglorBdpasapgad jowes thatuthelcpelant pump 7, it
is possible,to zi\{vgid an event that the coolant liquid level in the coolant liquid tank 6 drops after

tank &, . . . . .
pressure-transmission of coolant liquid by the coolant pump 7 is stopped. Thus, it is possible to
prevent the coolanfgempizdhonitbeeaking tonpitade noobing ayrep GavikatiernlEatther, by quickly

raising thel?%ﬁlﬁ%@%yh%'ﬁY@'chIBﬁtCBalé’{H ligHid 638k -5 MROT S IQRAING: e GROMRRERIFMA 7, itis
possiléle to.s ort%r%ethe tlfriﬂe from_the sto z;}gbe %‘ﬁg% coola&ge%umgj to a resume of operation, and
reducd a dioPint BeCBBMYSEHHRRY 67 8f %s‘ﬁgﬁﬁ AL Third Embodiment FIG. 4is a
configuration diagramsafh gonhngreysthm indshirdiemiddimbng abeordihapto lilyeigrésaht invention. In

the cooling sysieAR0AQIn i sl smibadimani ciylag a6 he AROlA AR eis catolled.

corresponrﬁg to s;l‘gl]na[s from the liquid level sensors S land 52 (see FIG. 1). A cooling system 100B in
the third effodbsdrt GigErRTER HAPA eURBItEIERa O Rottrtie anvig dleydsoldhepump 7,

correspondingttehsigoals dlateadiffereatiahpse shutergensohd toolantAsuthg thifdeeriticdiment is
similar to tgedfirsttemb%diment in other points, only differences from the first embodiment will be

described, orﬁiﬁ%@%%scription of overlapping parts. As shown in FIG. 4, a coolant liquid tank 6 is
provided with the In the cooling system 100A in the present embodiment, even In case

that the evaporator 8 is arranged lower than the coolant pump 7, it is
possible to quickly raise the coolant liquid level in the coolant liquid tank 6
upon stopping the coolant pump 7.

20 Incidentally, in case that the standing coolant tube 7b were not
provided and a pipe 7a (not shown) connecting the coolant pump 7 and the
evaporator 8 is arranged such as to be directed downward toward the
evaporator 8, the following event occurs. That is, if the operation of the
coolant pump 7 is stopped and this state is left as it is, coolant liquid in the
coolant liquid tank 6 flows down toward the evaporator 8, which is disposed
lower, and a state that coolant liquid is not stored in the coolant liguid tank
6 occurs. In this case, as the coolant pump 7 becomes into a state of running
dry at the time of start of the next operation, a failure is thereby caused.

Different from this case, the cooling system 100A in the present

30 embodiment is configured such that the pipe connecting the coolant pump 7
and the evaporator 8 includes the standing coolant tube 7b. Accordingly,
even in case that the evaporator 8 is arranged lower than the coolant pump
7, it is possible to avoid an event that the coolant liquid level in the coolant
liquid tank 6 drops after pressure-transmission of coolant liguid by the

coolant pump 7 is stopped.
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differential pressure sensor 11. The differential pressure sensor 11 is 20 provided with, for example,
piezoelectric elements Q1, Q2 on the both sides of a diaphragm to output a difference (differential
pressure) between pressures applied to the respective piezoelectric elements QI, Q2, as a detection
value. As shown in FIG. 4, in the coolant liquid tank 6, the piezoelectric element Q1 is disposed at

a height lower tharrar,eauakte assieighiHiraneiheniezeriestic pipmahb RDis dispesed at a height
higher than or equal to a height H2. As the heights Hi, and H2 are similar to those described in the first
R LB T O RHE 8 GorT 10T NSO e Dl BB

embodime Fé88on for ISpo ‘IeZOIS}e ric elements Q1 and
Q2 at 30 pasilions hgwEkddesdescriivecvisi o midksiid pessilfiedettmpiseatbateactagcoolant liquid

level in the,caglan ghidiankefisdns HRoR'cHL Atk Siale theldis 6aolapt (auidiaelys the heigh
H2, distinguishing these states from other states. Incidentally, if the piezoelectric. element Q1
were dispdSeBiRt AtHGS RIS PEraH SRCIP RS r?ar&mq#%@%ﬁmms ﬁ%‘?g‘ﬁ‘t%%\%ﬁn FIG. 1, a
detection vdlukdoyoblendifierentiall p@ssure sensor 11 detected when the coolant liquid level has
become the;hei n etection value detected when the coolant liquid level has become height
H1 substﬁ%ﬂ??ﬁoaﬁ%gch other. In this case, it is impossible for the control device 10 to
distinguish a state ¥4t tAdcacenisguntievd es pecohietiding gre i Trent 4%58e that the coolant

liquid levelhasranme Hhedgight dhe prosRiOCRSSRYIte choling systaie 3paRBwillde described
belo Whent détection tr{al e that i ir{put fr%@eﬂﬂgi}f;rgntﬁal $r§%%u58nste9 8311 has 10 become
lower than'Or Fes %‘% eSLire P v%i’clﬁgc%rrespon 810 B'State thac ootan liquid is stored up to the

height H1,dmeresmomd ey toesignstspi ahe toeatianicf ke vabrsmpsshbend H2dpserBidd ibthe coolant

pump 7. a Jherealianonhenendsiestiomyaiusihaldmiaputiiramthe ciffarentinbpeessrie sensor 11
has become higher than or equal to a pressure P2 which orres%)onds 0 a state thq%céqolant liquid is
féf’t%é"rﬁb%&? ¥

stored up EERE Y RPIZOIR S BIRRB Cd & 9 PR BB tHETETSRGH d8htally, the
above-desgritiéfd prassirerBds B2 asaahtdibed by

Asg the third embodiment is similar to the first embodiment in other
points, only differences from the first embodiment will be described,
omitting description of overlapping parts.

As shown in FIG. 4, a coolant liquid tank 6 is provided with the
differential pressure sensor 11. The differential pressure sensor 11 1s

20  provided with, for example, piezoelectric elements Q1, Q2 on the both sides
of a diaphragm to output a difference (differential pressure) between
pressures applied to the respective piezoelectric elements Q1, Q2, as a
detection value.

As shown in FIG. 4, in the coolant liquid tank 6, the piezoelectric
element Q1 is disposed at a height lower than or equal to a height H1, and
the piezoelectric element Q2 is disposed at a height higher than or equal to
a height H2. As the heights H1 and H2 are similar to those described in the
first embodiment, description will be omitted.

The reason for disposing the piezoelectric elements Q1 and Q2 at

30 positions as above-described is to make it possible to detect a state that the
coolant liquid level in the coolant liquid tank € is the height H1 and a state
that the coolant liquid level is the height H2, distinguishing these states
from other states.

Incidentally, if the piezoelectric element Q1 were disposed at a
position (referred to as a height H3) higher than the height H1 shown in

14



testing or the like, and are stored in advance in the storage section (not shown) of the control device
10. 20Although an example using the differential pressure sensor 11 has been described above,
arrangement may be made as follows. That is, piezoelectric elements QI, Q2 are arranged at the
respective positions shown in FIG. 4, electric signals are output from the respective piezoelectric

o thess aet e embodiment,
rom these electrical signals. Advaptag e cooling system in resent embodiment, the
control deWcléeTOt%ﬁrF%%]ﬁtPalQ?M?Jeo‘f%ﬁ%h?&ﬁ%%ﬁ% %eé%aﬁ‘é ﬁ&%@tgeze gi%%tion value that is
input from vlaéﬁ.f@&raﬁa&pwém&seDMﬂi@@ﬁjfﬁvei,hhe b'feméehtﬁglei@ii‘gnts Ql, Q2 are
disposed s RTINS A BIAKG i Acshic 1 detat o saie D e gplaauidenel i the coolant

liquid tank 6 Is and a state that the coolant liquid level is'the height H2, distinguishing
these stateOHIR! Graicedbto thidnaddoArbniR That thesackept Ak ket Wiether or not the

coolant liqgigklavel th dne-celelant liguid tarkabdslowehthasbbieolighid e dldight lktoasd whether or
not the co%lﬁg lén%l?tlﬁ?l is higher than or equal to the height H2. Thus, when the coolant liquid

level in the'Coolant Tiquid tank 6 has become lower than the height H1, the control device 10 can stop

driving of the coolahtpenspcbblint pophing systewhdABevedbhmdngertbrd dalssvedfdremas become
higher than, of.egtiabipJhr.baRRt Hadbeiaepiotde\ic.1003a1 /e RuBadridng f thenerolant pump 7.

That js, the cooling system 100B in the present embodiment can surely prevent the coolant p 7
from Dleal G aBio 1 G5 HORG LEORTE o RERUET Sl FOnp oM chRSIR U ank 6 nto the
coolant putha cMMEH@édm%orgd @mur@smm &Eb(ﬁhmgptmtmé (ﬂﬂqmiﬂwmmn have been
described gROYEINEESPGCHYE SMPAIManiR STbadimanie asaoring 0 4ae jryspfien are not limited to

the above description, and various changes and modification can be made. . ,
hereafter, when a detection value that is input from the differential

pressure sensor 11 has become higher than or equal to a pressure P2 which
corresponds to a state that coolant liquid is stored up to the height H2, the
control device 10 resumes the rotation of the motor.

Incidentally, the above-described pressure P1, P2 are obtained by
testing or the like, and are stored in advance in the storage section (not
shown) of the control device 10.

20 Although an example using the differential pressure sensor 11 has
been described above, arrangement may be made as follows. That is,
piezoelectric elements Q1, Q2 are arranged at the respective positions
shown in FIG. 4, electric signals are output from the respective piezoelectric
elements directly to the control device 10, and the control device 10
computes a differential pressure from these electrical signals.

Advantage 3

By the cooling system 100B in the present embodiment, the control
device 10 can control driving of the coolant pump 7, corresponding to a
detection value that is input from the differential pressure sensor 11.

30 Further, the piezoelectric elements @1, Q2 are disposed at positions
that make it possible to detect a state that the coolant liquid level in the
coolant liquid tank 6 is the height H1 and a state that the coolant liquid
level is the height H2, distinguishing these states from other states. Thus,
the control device 10 can accurately detect whether or not the coolant liguid

level in the coolant liquid tank 6 is lower than or equal to the height H1,
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For example, in the above-described first embodiment and the second embodiment, two liquid level
sensors are arranged in a coolant liquid tank 6, however, without being limited thereto, three or more
liquid level sensors may be arranged. 20For example, as shown in FIG. 5A, a liquid level sensor 53
may be arranged between the liquid level sensor Si and the liquid level sensor S2 described in the first

embodiment,q whLJMhHSFRRE the dsslishievehaanseis B 1o Sragpactively eutRytdetection signal
of coolant P;%J% {Joghe control device 10. In case that the liquid level sensor Si does not detect coolant

liquid and 4evel sensor S3 does not detect coolant liquid either, the control device 10
determines that th&haslanhliguitidevell isiolvgntidavtbkihaibtebidl amdisjops triving bithe coolant

pump 7 INRBeAG IS IRKChaRARONS 2R dRlaciafeanlany IaHIdien 3 fbmbaud level sensor

S3 has detected coolant liquid, the control device 10 determines that the codlant liquid level is higher

than or eqtiBfePHeHeRjHER ZogkicRumBs danAgareRd ke semeptitigwd leveln such a manner, by

arranging the-Henieblelaksensen SBipblwedn therigyithlevetsetsop i 8] the kauiddével sensor S2 so
that the co&trol delvéce 10 Eerform cantrol 1a,ad_ldescrfbe aboveeven in an event that one of the three
evice can 00

liquid level'sensors has a g’lﬁfrne% e coRtrol device 10 cgﬁ%lgnzr'ol driving of the coolant pump 7,

based on signals fidmathe, direconisni aidteve 1$8H3 orstixc pargivighe o dbsient pathp 7 can be
further Surglyrmg\fﬁ@mmﬁbm&m;qﬁﬂw froryBReskatBQuUEh, I iheakoye wrgariped first to third

embqdiments, driving of the coolant 7 is stopped when the coolant liqyid level in the coolant
quuic;% nk ' e¢BH Sltcﬁﬁ%#fﬂ%&ﬂ%%@gﬁ?ﬁfﬁ%o%gﬁﬁ%ig Ko f—‘e%‘%ﬂ%}ile%‘_uﬁlo? example, in
case of usiMgditatrBzdiopgitelevel sensors, shown in 10 FIG. 5A, the following control may be

performed. That iscfien s coolank isbicsley ebiias heeome anentlin the et H2 (S2: signa

OFF) in the coolant liquidtank 6, the control device 10 drives the motor (not shown) of the coolant
pump 7 at RRSEHIEH HE¥A 12 TREP RS THNRE IR HT 6o ATOBOSINF BFhBRITAIEBEIHERIBAS When, the
coolant liquightauebin dhe soolantitieditbtenk Sblbes decormeiowes tidaratieeidhiddd{S2d53: signal
OFF), the %%‘éri%lc% %/(;%ec%% be made.
For example, in the above-described first embodiment and the
second embodiment, two liquid level sensors are arranged in a coolant liquid
tank 6, however, without being limited thereto, three or more liquid level
sensors may be arranged.
20 For example, as shown in FIG. 5A, a liquid level sensor S3 may be
arranged between the liquid level sensor S1 and the liquid level sensor S2
described in the first embodiment.
In this case, the liquid level sensors S1 to S3 respectively output a
detection signal of coolant liquid to the control device 10. In case that the
liquid level sensor 81 does not detect coolant liquid and the liguid level
sensor S3 does not detect coolant liquid either, the control device 10
determines that the coolant liquid level is lower than the height H1 and
stops driving of the coolant pump 7.
In case that the liquid level sensor S2 has detected coolant liquid or
30  the liquid level sensor S3 has detected coolant liquid, the control device 10
determines that the coolant liquid level is higher than or equal to the height
H2, and resumes driving of the coolant pump 7.
In such a manner, by arranging the liquid level sensor S3 between
the liquid level sensor S1 and the liquid level sensor S2 so that the control

device 10 performs control as described above, even in an event that one of
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rotates the motor at a rotation speed v3 that is lower than the rotation speed v2, and when the coolant
liquid level becomes lower than the height H1 (S2, S3, Si: signal OFF) thereafter, the control device 10
stops driving of 20 the coolant pump 7. In such a manner, the control device 10 decreases the

rotation speed of the motor of the coolant pump 7 step by step as the coolant liquid level in the coolant

Lilquid t_anktfﬁ@@%l%?e ﬁcﬁu@?w% ;@Jaﬁs%&%t?@é @B&Fﬂ&éﬁn@%@@bth%g@&%tm &e@l%n\fﬁawggn a

etection sjgnal of goolant liguid is input from the liquid leyel sensgr the contyol device 10 may

control the"MSt8Fts r&ﬁtgoﬁ I P&Rﬁ%h’s %%%%@?&%.ffom a?ﬁ SRR FRME Yhe control

device 10 lnerdasesdhe rdtationspesd tdiftheatzotb poftipe comtahe funiper sterehy step as the coolant

liquid Ieveb%ggmgiggq%w%ﬁ%go@v%es. Still further, arrangement may also be made as follows.
' h

That is, thé time length from when the_control device 10 has stopped driving of the coolant pump 7

until the control dEWEERE8: rakhprgly e 4B e dessiRRe fUM Bt 2o e PIRBRIE KD time length
taken by adiseiiry thetbealasldigtidieielinstbeppethnticnichankddrar guedkighl hiltiethe height H2
is measured for plural.times;(far,example, three.ti , lural time
lengths, th%ogi_/aer%agl %lsérr%aggege 0 Otr‘rgéB %cl)(éféerﬁ Jf%@u%sc%ge}?%%g%ql ﬁle%%gﬁr&%%gggﬁtﬁ% t%(g{average
rising spedtnitedcButaetpump 7 is continuously driven. In this case, the control device 10 controls

the rotation speedof;the Mmoo (netahewnhefibe koolani-nimAd isveh dbatihe, diappingmsspeed of the

coolant liguid-Jeyel caused. by transmission of coolant by the,coglant pump 7 hecomes lower than the
aboﬁédes%%eé%v@gg%ﬁ% lélgﬁgélégﬁh%ta (?gt%g %%fké?rl&eéiévice#d tiew 3? % setﬁg)r%%ﬁon speed of
the 10 moionsol thatelneasreuntef kovtartiser theithiengh tHd 260k peild S sarébgansmitted by the
coolant puggp £, PECAMESAAWES, than dhe: Amauntiof egolanidiauid peswRitimehe colant liquid

moving down from the condenser 5 to the coolant liquid tank 6. hus, without stopping driving of
the coo|anﬂﬁnﬁeﬁlﬂéwdarffﬁgatﬁ%tgfamaase&e}cﬁ{%& & thecasoy BriBsApRR SPSiftEs), it is
possible tartasftinmerialsgnd-dovwtemperature air in the room. Further, although, in the first embodiment
and the second When, the coolant liquid level in the coolant liquid tank 6 has
become lower than the height H3 (82, S$3: signal OFF), the control device 10
rotates the motor at a rotation speed v3 that is lower than the rotation
speed v2, and when the coolant liquid level becomes lower than the height
H1 (82, 83, S1: signal OFF) thereafter, the control device 10 stops driving of
20  the coolant pump 7.

In such a manner, the control device 10 decreases the rotation speed
of the motor of the coolant pump 7 step by step as the coolant liquid level in
the coolant liquid tank 6 drops.

Further, in a state of rotating the motor at the rotation speed V3,
when a detection signal of coolant liquid 1s input from the hiquid level sensor
S3, the control device 10 may control the motor to rotate at the rotation
speed v2 (v2 > v3).

In such a manner, the control device 10 increases the rotation speed
of the motor of the coolant pump 7 step by step as the coolant liquid level in

30  the coolant liquid tank 6 rises.

Still further, arrangement may also be made as follows. That is, the
time length from when the control device 10 has stopped driving of the
coolant pump 7 until the control device 10 resumes operation of the coolant
pump 7, in other words, the time length taken by a rise in the coolant liguid
level in the coolant liquid tank 6 from the height H1 to the height H2 is
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embodiment, the liquid level sensors Si and S2 are arranged on the side surface of the coolant liquid
tank 6, the invention is not limited thereto. 20That is, as shown in FIG. 5B, arrangement may made as
follows. That is, an ultrasonic liquid level sensor S4 is arranged on the ceiling surface of the coolant
liquid tank 6, a time length from when an ultrasonic wave is discharged from the liquid level sensor S4

until the uligasanicenave setinschack afterdeing reflipcied binibe lignish syHface is measured, and the
coolant liquid level is d tecéed, based gn the time length. . In this case, the.control device 10
compares maﬁ%éﬁ@f‘ﬁﬁ fégbﬁsﬁﬂﬁ §%ﬁ§é’§ Séfémﬁ%%eésﬂ:ﬁaetﬁ%%% H&eribed heights
H1, H2 (, deddiB),dudicediralsddbiyigl oftlibcavtamgeurnmivg bpsed, alieswiteithpwopparison. What

is claimed jg gmﬁiglqg{{gqfﬂﬁggh‘comprising: an evaporator for evaporating a coolant by heat
exchange with indoor air'that is an object of air conditioning; a condenser for cooling and thereby

condensing the coblattigvas6rdtas trireldlrisralOreanddslaitrgtiedtomgresscibhhat
communicaiesorithdhelnardeosehardStaiep thecgaianhlitiuid flewihgppframpeeCofideaser; a

coolant pump.that communicates with the coolant liquid stora eJF segtion and pres: restransmits the
: ?1%) '/
coolant Ilqﬁf) }t%é\a/tafri(ﬁl%@&é%‘?g&r% gﬁ h{) ctc])f%%%rfl |%S(L}%1f ov&:l%(g)g%f{nn ro%%g €00 arﬁtﬁqw storage

section; becqwss|ipw figlikpactbetbousitRicHBRIGUENAGEIEHIRG WhetHer or not a liquid level of the
coolant liquid storepiigithe goolamtdianidsioiage seaionisshighershanas sguad torrgapective plural

Storalb SoBHARY A STt CHFHat -RAHER R FoLaHint BBBe t OMIBtLr B coolant pLmp.
correspongirggtomee detectionttedubivtiheisdnjsuttironmih & cootant dis lidvdetdotiorthumit

amount of coolant liquid per unit time, the coolant liquid moving down from

the condenser 5 to the coolant liquid tank 6. .

Thus, without stopping driving of the coolant pump 7 {except during
the stoppage periods of the above described plural times), it is possible to
continue to send low temperature air in the room.

Further, although, in the first embodiment and the second
embodiment, the liquid level sensors ST and 52 are arranged on the side
surface of the coolant liquid tank 6, the invention is not limited thereto.

20 That is, as shown in FI1G. 5B, arrangement may made as follows.
That is, an ultrasonic liquid level sensor 54 is arranged on the ceiling
surface of the coolant liquid tank 6, a time length from when an ultrascenic
wave 1s discharged from the liguid level sensor S4 until the ultrasonic wave
returns back after being reflected by the liquid surface is measured, and the
coolant liquid level is detected, based on the time length.

In this case, the control device 10 compares the heights of the
coolant liquid surface detected by the S4 and the above-described heights
H1, H2 (, and H3), and controls driving of the coolant pump 7, based a result

of the comparison.
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20 2. The cooling system according to claim 1, wherein the coolant liquid detection unit comprises
plural liquid level sensors including a first liquid level sensor that detects whether or not coolant liquid
with a liquid level higher than or equal to the first height is stored in the coolant liquid storage section
and a second liquid level sensor that detects whether or not coolant liquid with a liquid level higher
than or eqys, i the-Bgeesd aeight is stored in the coolant liquid storage section, and wherein the
control unit; A stogis rotatign of the motor when coolant liquid is not detected by the 30first liquid
level sensdr; and * “C78&iES i B thé Hotor when coolant liquid is detected by the second
liquid level sensor a3. Ehercooling Systormpacediding todaim by heat grdreirethe ddolant liquid

detection ypit SOMRESES & PresR diference aangehalranged at the coolant liquid storage section,
and wherein the control unit: stops rotatign of the motor when a detection value by the pressure

difference sensor HaBEEBHTE oW EP I S HRFTE Y R Jrasitretat i e Blessure at a time when
coolant liquichiscstorat! vp thetoe fisair-htight; and thereafter resumes rotation of the motor when a

detection value by atr}:% ﬁ%%?ﬂ(ﬁxt?gfgﬁ%ge%%@?%nhﬁ?aQ%Bmﬁg%ggﬂewﬁ}tﬂr&%ual to a second

pressure that is a pressure at coolant liquid Is stored up to the 10second height. 4. The
cooling syseH ISR oResbPRasiths Teglant hqwg%ﬁﬁl‘aﬁo}ﬁeﬁé‘%}ﬁn@%ﬂiﬁ@%ﬂ%éiant pump and the
evaporator includes g standipatuberhatismstandiagtdp 0 ehheighideigharligandosieaugs to the second
heigl%b > 'g\e% ?(!irrll 9 ]E[)Q'ggs%){eqt%g%gﬁ%‘csg’ %fleer%oolant liguid toward the evaporator, the
coolant liquid flowing in from the coolant liquid storage section;
a coolant liguid detection unit for individually detecting whether or
not a liquid level of the coolant liquid stored in the coolant liquid storage
section is higher than or equal to respective plural heights including a first
height and a second height higher than the first height in the coolant liquid
storage section; and
a control unit that changes a rotation speed of a motor of the coolant
pump, corresponding to a detection result that is input from the coolant
liguid detection unit.
20
2. The cooling system according to claim 1,
wherein the coolant liquid detection unit comprises plural liquid
level sensors including a first liquid level sensor that detects whether or not
coolant lignid with a liquid level higher than or equal to the first height 1s
stored in the coolant liquid storage section and a second liquid level sensor
that detects whether or not cooclant liquid with a liquid level higher than or
equal to the second height is stored in the coolant liguid storage section,
and wherein the control unit:
stops rotation of the motor when coolant liquid is not detected by the
30 first liquid level sensor: and
resumes rotation of the motor when coolant liquid is detected by the

second liquid level sensor.

3. The cooling system according to claim 1,
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wherein the cooling system includes: an evaporator for evaporating a coolant by heat

exchange with 20 indoor air that is an object of air conditioning; a condenser for cooling and
thereby condensing the coolant evaporated by the evaporator; a coolant liquid storage section
that communicates with the condenser and stores the liquid flowing in from the condenser; a

coolant pump that gopaunigates yithihe coolastdiquid siaragemsgetion anskpressure-transmits the
coolant liquid, toward the eva qrator,é,he Cﬁlaan%\iiﬁflow#‘u%in from thF\. coolant liquid storage
section; a COBRRTERGUIAHNLAHEAGST BF HRTc NG WHEIN? SFRSES R5Gi-YBvel of the coolant liquid
stored in the coolaattiquitestarageesantionlisiB8@higher than or equal to a predetermined height; and a

controlunit, the cogfiyes FEAAAR,CARSIAGAIEHERS Phercc RANHAN Selpofipg:uedher of not the

liquid level of the coolant liquid stored in the coolant liquid storage section is higher, than or equal to
respective HIFAPRERIFESREIGARG LA HETGAT ARAYeuonat HaigHEG RER HidRBAHE Reight in the
coolant liguighsteragetseaiivn, ®hdn coothandiggidystbeeohtuyl thitha fotatibaigheedrof a motor of the

coolant pump, corgsponding (0.8 detestion resuls 1At 13 0RVHrem Ihg.Seelank Uy dgpection unit
the pressure difference sensor has become higher than or equal to a second
pressure that is a pressure at a time when coolant liquid is stored up to the
10  second height.

4. The cooling system of any one of claims 1 to 3,

wherein a pipe connecting the coolant pump and the evaporator
includes a standing tube that is standing up to a height higher than or equal
to the second height.

5. A cooling method for a cooling system,
wherein the cooling system includes:
an evaporator for evaporating a coolant by heat exchange with
20  indoor air that is an object of air conditioning;

a condenser for cooling and thereby condensing the coolant
evaporated by the evaporator;

a coolant liquid storage section that communicates with the
condenser and stores the liquid flowing in from the condenser;

a coolant pump that communicates with the coolant liquid storage
section and pressure-transmits the coolant liquid toward the evaporator, the
coolant liquid flowing in from the coolant liquid storage section;

a coolant hiquid detection unit for detecting whether or not a iquid
level of the coolant liguid stored in the coolant liquid storage section is

30  higher than or equal to a predetermined height; and

a control unit,

the cooling method comprising the steps of*

individually detecting whether or not the liquid level of the coolant

liquid stored in the coolant liguid storage section is higher than or equal to
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respective plural heights including a first height and a second height higher
than the first height in the coolant liquid storage section; and

changing, by the control unit, a rotation speed of a motor of the
coolant pump, corresponding to a detection result that is input from the

coolant liquid detection unit.
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