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particularly, to a so-called crossed-fin-and-tube type heat

exchanger in which heat transfer tubes penetrate a plurality of flns
arranged siwe9Bg9R6de, in a crossed -~ manner. 10 BATKESTIIR? ART
In heating the inside of a roomby neans of a heat punp type air
conditionerr enmploying a refrigerant circuit, its indoor heat
exchanger is nmade to function as a condenser and its outdoor heat
exchanger is made to 15 function as an evaporator. In this case, a
representative UEZBEEH el BHMERFSS6apabl e of functioning as a
condenser is a crossed-fin-and-tube type heat exchanger, and its
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20 - such as alumnum having a good heat conduction are
arranged$§?£%% |l el with one another at predeterm ned PCT/JJPNI&r'Iys\al S,

and a pl of hairpin type heat transfer
- 2- tubes 11 are inserted in the fins with their end portions
connected to one anot her by U shaped comruni cation tubes 12. Wth
this arrangenent, a plurality of heat transfer
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tubes 13 and a plurality of heat transfer tubes 14 are 5 aligned, in,
staggered formas a whole, at an upwi nd half
hal f 40b, wamgsast2é/el y, of each of the

directions, the reckiR{TERORES

40a and a downw nd
plurality of PCHIPMIO3IT29

Then, after convergi ng fromthe two verti cal
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In this heat exchanger, a refrigerant froma conpressor flows
through an-inlet tube 9 and diverges in 10 two vertical directions to
flowinto the downw nd heat transfer tubes 14, at which the
refrigerant exchanges heat with air A passing the fins 40.
Therealter the rEEEEraBYE S &b 1o, AT EINNRG BRI FHE BT 3B or
tubes 13. The refrigerant that has flowed into the upw nd heat
transfer 15  SEGHESNIBUI & IR B@EiRalg€d Weat with the air A passing the
fins 40.



tube 8 and returns to the conpressor by way of a pressure reduci ng

devi ce and an evaporator. 20 The tenperature of the
refrigerantwo J8/101d6ng t hrough the heat exchanger graduRCTAPW®3T2®ases
“according as it passes through the heat transfer tubes 13 and 14
whil e exchanging heat with the air A Fig. 11 is a diagram

showi ng the tenperature at several portions of the hairpin 25 type heat
transfer tubes 11 and the U shaped comuni cati
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tube 12 in the aforenmentioned prior art heat exchanger. The

connection structure of the hairpin type heat transfer tubes 11 and
t he U shapwd 9gasreeni cati on tube 12 is shown on t he | eicr/Iramos7se de of
the figure, and their tenperatures 5 are shown in the graph on the
ri ght-hand side. The tenperature has the highest val ue of about
90 [err]Cin the vicinity of the inlet tube 9. On the ot her hand,
t he . tenperature has the | owest value of about 30 [err]C in the
vicinity of theB@EetfIERXNT04 &yperature gradually 10 decr eases
along the flow path of the refrigerant fromthe vicinity of the
nlet tube O Lo tIOMELITIY T LS qUARESEE L ORT AER SO BMD—5
exchange between the refrigerant and the air A shown in Fig.
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tenperature change at portions B and C encl osed by dashed 15 l i nes.

"This is because the heat transfer tubes (inlet vicinity heat
~transfer twioessy9izea | ocated in the vicinity of the i RCEAOPINIBT99 and
- having the highest tenperature and the heat transfer tubes (outlet
-vicinity heat transfer tubes) 13a located in-the vicinity of the
outlet tube 8 and 20 havi ng the | owest tenperature are arranged cl ose
to each other and they share the sane fins 40. That is, in regard
to the portion BAHBEMN AR ULILY TiTTHAL transfer tubes 14a are
arranged cl ose to and above and bel ow t he outl et vicinity heat
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-4- which flows through the inlet vicinity heat transfer tube
l4a is transferred via the fin 40 and inparted to a

super cool edVPEIA6Whi ch fl ows through the outlet vicinity PCT/IP97R322}
transfer tube 13a, so that a significant tenperature 5 rise occurs.
In regard to the portion C, the outlet vicinity heat transfer
tubes 13a is arranged close to and above and bel ow the inl et
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t.he supercool ed Iiquid which flows through the outlet 10 vicinity heat
transfer tube 13a is also inparted, transferred via the fin
40, to the wopsnbrst ed gas which flows through the | RGUIRIIGINAPL Y
heat transfer tube 14a, so that a significant tenperature fal
occurs. Wiaen t he heat conduction via the fins 40 as descri bed
above occurs 15 between the inlet tube 9 side and the outlet tube 8

si de, the thermal efficiency of the condenser is significantly
reduced by the unGeDERBEEE\L Rl Lt &g XK In view of ~ the
above, t here has been conventional | y proposed an inproved heat
exchanger as shown 20 in Fig. 12, OLnMihtanbILé[)ltﬁm slits 41 are
provi ded bet ween the upw nd heat transfer tubes 13 and the downwi nd
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of the fins 40 (e.g., refer to Japanese Patent Laid-Open 25 Publ i cati on

No. HEI 3-194370). However, when the
slits 41 aWOIs49AR6i n Fig. 12 are provided at the fi rRCHIRITHIG
bending rigidity of the fins 40 is degraded in a direction in which
the fins 40 are arranged (i.e., in the direction in which the heat
transfer
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5 tubes 13 and 14 are inserted) as shown in the figure. This

has consequently led to a problemthat the workability is reduced
i n handl i nyg dspropEeess-formed fins 40, inserting the RETAPIMO3IPpe
heat transfer tubes 11 into the stack of fins 40 and ot her

oper at i ons.

Furthernore, the fins 40 are 10 def ormed during these

wor ks, and this causes problens that - t he heat exchangi ng ablllty
of the heat xchanger is reduced and that th
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The present invention has been devel oped to
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heat exchanger capable of securing a sufficient rigidity of
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the fins while preventing the possible occurrence of unnecessary
heat conduction via the fins. 20 . In order to solve the

af orenment i omesiosoioeet , t he ‘present invention provi des BCHERR7/03729
exchanger of a crossed- fin-and-tube type wherein a plurality of

fins are placed side by side, a plurality of upw nd heat transfer
t ubes penetrate an upwi nd half of each fin and are aligned in a
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specified direction in the upwind half, a plurality of downwi nd heat
transfer tubes genetrate a downw nd hal f of each fin and are aligned
in the doW@%Bd9R&I f in a direction substantially ideETERN/03BIt he
direction in which 5 t he upwi nd heat transfer tubes are aligned, and
t he upw nd half is thermally separated fromthe downw nd half by a
plurality of cut lines which are arranged, spaced from each ot her,
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RRICREMES & LTREET SEABTRBIICUINRL 5 2R 38858
BL7c, ChiZERICHRESE & U TRET AEABTHRBS RIS
L2ICLTH&,
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15 In this _heat exchanger, since at |east one,
preferably all, of the plurality of cut |lines are extended in a

di recti on WOt98A8K6t i ng t he ch the cut PAT/ RT3
arranged, it is possible tumuﬁlﬂnmnuumm“ degradation in the bending
rigidity of the fins that wll® 20 " é&au%e the bending of the fins

wth the direction of arrangenent of the cut lines serving as a
center of the bendi ng. Thus, it isa%ossigle to secure the rigidity
of ' the fins while preventing the HE @Bl e occurrence of

unnecessary heat conduction via the fins.

1. WMO74> (10, 100) £#BL, TORLMER (10 a,
1002) KHHOBRLUERE (13) +EESLTRESMICENT
BEic, ZORTFMES (10b, 100Db) KENORTRESRE (1
4) *BEIHTLRERLUERE (13) EBESHICEFLTRD.
EOREEFMIZEWVICERBZEZEBWTEF S W EHOUE®R (15) i
E>TER74> (10, 100) OREMERE (10a, 100a) &
BTR¥SE (10b, 100Db) &AWt/ IA-IDRT 4 VvF 2
— THOBIERETH > T LEUMR (15) 05554 &b 1M,
LR (15) OEFIFE (X) EXET3HRCERSHTNSS
RS ET B RTRE,

2. FEALAERE (13) tATRERE (14) &, 24ELT
FRREMB XSRS h. LREROUER (15) 3. ERBET3
BAERESE (13) LATHERE (14) tOBMIELBRISNBE
#ic, mE (13) (14) OhOMEREIMEER (20) EXELTE
BINTOEI LERMET ZHRE 1 OBTHRE,

3. LERELMEME (13) EETHESRE (14) i, 2oAES
HW 1 CRENIBABRCRE NS5, LEUNR (15) &, LEEK
B8 (20) e LTEOENW2 TRENFHEISER S h. 1o
0. 4SW2/W1s1. 3MRDUDC &EBEET HHKE 2 OB
B,
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=7 I'n an enbodi ment, the upwi nd heat transfer tubes

ara (he dovndnd reat L AN lﬂﬂﬂmlﬂ[ e % Dot weerrammR AR

adj acent upw nd heat transferctube nd® 5 downwi nd heat transfer tube,
and extended intersecting an | magi nary |ine which connects centers
of the mutually adj acent upwi nd and downw nd heat transfer tubes.

In this case, because the cut Ilggs are Brov across _the

g nary 11 s v RIS 62 Ock ol L (4 Sk i NG E

transfer tubes (and t he

D) Lompit SHARSHOEREL 12 L. 35 LEUNS (1
5) MEEE (20) LREFEANSEER (20) Lk 3ATH
ERE (14) OLEABRE COEMEL2ELEEE, 0. 2512
/L150. 8HAROAOT EEBMETIHRE2OBTHE,

5. BRBIETOUNTyY (162, 17a;18a) HEHTsEH
ootz yY (162, 17a; 18a) OERHREEBRAHEN

 RETBISRSNAWEH (16, 17;18) # B4 (10
0) PREAES (100a) EETRES (100b) LicZhEhE
i Sh. LEUEE (15) i, BLAONES (16, 17) SETFH
OVIHEE (1 8) LOMITERSI N AP/ SN TINSE Z LY
L3 BHRE 1 ORKHRE,

6. LEGHENRLUERE (13) CATHERE (14) SOl
FECET5BEWS &L, ERUNR (15) MERSH3HAD LE
WRAFOBEWL & Lice, 0. 4SW4,/W3s0. ORI
C L ERMET BHRES ORRTRS. |

7. LEEEMERE (13) RZATHERE (14) OEFHFHIR-
KBDASTERE (13514) OBLEMOEREL3 &L, 4 LE
EFISRCR - 2B EAERE (13) & LEVNR (15) Eohom
OERAELAELIES, 0. 3SL4/L3sS0. THROTO- %
BB LT SIRTE 5 ORSTAR,
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transfer tubes, , fins is .

isurely prevented. di nent, the upw nd heat

transfer tuWe39819126 and t ! !llﬂmﬁlt ransfer tubes ar BCERAB/B®Ihave
Ical v

an 15 approximately iden manetes whose magnitude IS
represented by WL, each cut line is extended in a region centered on
the i magi nary Iine and having a width represented by W2, and an

i f 0.4 W2/ WL
Aobording o t hi s SonEER BTV EENS lador &d@tﬁﬁﬁﬂmi‘*ﬁb*ﬁﬁﬁéété‘#mwl

the fins is avoided under the no conditions while
more surely pref@h n@ 1 Bﬁel'iiﬁﬁﬂMQ%bW?h%arﬁon&ﬁEﬂ gnrv(d OI‘Q)
fins. Assum ng that_a di stance between nutually facin 25
outer peripheral REREF¥H (1h0 Apw nd iBeal PR LA ® FHEHE (1 6, 17

ko> THRENLT 4 vERS (19) BRTAEHRE (1 4) DR LRI

ERENTVE I L2FHET HHREA D DRRRE,

9. LEBRLAGEHE (13) REATHERE (14) OEAHFHLE
RO ES1oDYR (15) DERAEEMLTHAEEZILLUILL
E5°<0=<1T75°THHILE2RYULTEHRE2 OBTHRE,

10. BEBEET38R (15) X, LERLAERE (1 3) X3AT

BESE (14) OBFAIFRE. AW ARICRRETALIHOERINT
N3 LEBHETIHRE OBRIZHRE,
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--8-- ' and downw nd heat transfer tube on the |nag|nary line is LI

and that a di stance between a point at which the cut |ine I ntersects
t he i magi ndVQIPAKR6and t he outer peri pheral - portion ofPGTARIHBIRAN nd
heat transfer tube on the inmginary 5 line is L2, then an expression
of 0.2. [err] L2/L1 T[err] 0.8 preferably holds. Wth this

arrangenent,- the possible

Fig.1

Fig.2
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occurrence of unnecessary heat conduction via the fins can be still
nore surely prevented. . I n anot her enbodi nent, the upw nd
hal f and %998’19’&5ani nd hal f of each fin are formed with r 2CTEBITBTY ons
havi ng cut edges which protrude into an air flow path and extend in
a direction intersecting a direction of air flow, and the cut |ines
are arranged in a mddle portion forned bet ween the upw nd raised
portions and the downwi nd raised 15 portions. In this

case, the heat exifan i ability, or performance, is enhanced
by t he rai sed Qgii' ns. ‘Furthernore, the degradation in the
S

rigidity of the fins reduced while preventing the possible
occurrence of 20 unnecessary heat conduction via the fins.
Assuming that the mddle portion has a width W

10
13

~14
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i'na direction in which the upw nd heat transfer tubes are

| ateral ly romthe downw nd heat transfer tubes and
region in &ﬁ?%ﬁg{%e cut lines are extended has a 25 Wi dtlfFW”’ﬂ”[zﬁe
direction in which the upwi nd heat transfer

-9- tubes are laterally spaced fromthe downw nd heat transfer

tubes, then an expression of 0.4 [err] WA/ WB [err] 0.9, preferably,

Fig.4
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hol ds. In this case, it is possible to avoid the 5 oo
degradation in the rigidity of the fins while nore surely preventi ng

t he unneceswasg/igiedit conduction via the fins. PCT/FRa7IOBE9NOI €,
assum ng that a di stance between the centers of the nutually

adj acent upw nd and downw nd heat transfer tubes in the vertical
direction in which the 10 upw nd heat transfer tubes or the downw nd
heat transfer tubes are aligned is L3 and that a di stance between

t he centers Jh nd heat transfer tube and cut line in

the direction of ali nfﬁgrnthe upw nd heat transfer tubes or the
downwi nd heat transfer tubes is L4, an 15 - expression of 0.3 [err] L4/L3
[err] 0.7, preferably, may hol d. In this case, the possible
occurrence of unnecessary heat ction via the fins is still nore

Fig.5B
(B
Fig.5C
18-
Fig.5D
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In.. an  enbodi ment , a higher-terrperattjre refrigerant flows

t hrough the downw nd heat transfer tubes 20 and a |ower-tenperature
refrigeranWVO%18%$ through the upwi nd heat transf erPGIARIFIRAG t he
upw nd half of each fin . is formed with a fin connecting portion
which is interposed bet ween two upwi nd rai sed portions and which is
| ocated on an upwi nd side of the downw nd heat transfer tubes.

- 10 - -

Fig.6
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Wth this arrangenent, part of the higher- tenperature heat of the.

downwi nd heat transfer tubes is transferred to the upwi nd half of
the fin vi Wo 98891260 connecting portions. This erEH/ERHT03729
prevention of an 5 abnormal drop in tenperature at those
portions of the upw nd half | ocated between the upw nd heat
transfer tubes. Therefore, a sufficient heat exchanging ability, or
a good per formance, is secured. In an enbodi nent,
assum ng that an angke e 10 between the direction in which the
upwi nd heat transf 4%7, tubes or the downw nd heat transfer tubes are
- aligned and a . rection in which the at |east one cut line is
extended is [err], then an.- expression of 5 [err] 175[err] holds.
Preferably,
11} 04
#
a
1.05}
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Fig.9
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mut-uakly adjacent cut |lines are extended in such a manner 15 that they

intersect the direction of alignnent of the upw nd heat
transfer tWD®8/18126t he downwi nd heat transfer t ubes i rPGEIRIINIRY
directions. In this case, the unnecessary heat conduction via the
fins is still nore surely prevented and a sufficient rigidity of the
fins is also secured. 20 BRI EF DESCRI PTI ON OF THE DRAW NGS

Fig. 1 is arefrigerant circuit diagramof a heat punp air
condi ti oner which enpl oys the heat exchanger of t he present

i nvention;

Fig. 10
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Fig. 2 is a perspective view of an enbodi nent of t he heat exchanger ,
of the present invention; Fig. 3 is afront view of a part
of a fin of Wihe8/19126 embodi ment shovvn in Fig. 2; 5 PCT/IIPYIBIY 4
is a front view of a part of a fin of anot her enbodi ment of the heat
exchanger of the present I nvention; Fig. 5Ais a
perspective view show ng the construction of a cut line forned at
the fins shown in 10 Figs. 3 and 4;

Fig.12
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Figé: 5B, 5C and 5D are perspective views show ng nodi fication

._.eéxanpl es of the above cut |ine; Fig. 6 is a graph show ng
-a relationship between .. the configuration of a cut line and the heat
exchanger 15 per formance, the graph show ng val ues of the heat
exchanger performance for each value of W2/WL when it is assuned
t hat t he heat exchanger performance for W2/ WL.=0 has a val ue of
1.0; Fig. 7 is a graph showing a relationship between 20
the configuration of a cut line and the heat exchanger per f or mance,
t he graph showi ng val ues of the heat exchapger ) ‘performance for each
val ue of L2/LI when it is assuned that t he heat exchanger
performance for L2/L1=0.5 has a val ue of 1.0;
DESCRIPTION

A HEAT EXCHANGER FOR AN AIR CONDITIONER OR THE LIKE

TECHNICAL FIELD
The present invention relates to a heat exchanger
5. for use in an air condiﬁioner or the 1like and more
particularly, to a so-called crossed-fin-and-tube type heat
exchanger in which heat transfer tubes penetrate a
'plurality of £fins arranged side by side, in a crossed

manner.

10 BACKGROUND ART .

In heating the inside of a room by means of a
heat pump type air conditioner employing a refrigerant
circuit, its indoor heat exchanger is made to function as a
condenser and its oﬁtdoor heat exchanger is ‘made to

15 function as an evaporator. In this case, a representative
of the heat exchangers capéble of functioning as a
condenser is a crossed-fin-and-tube type heat exchanger,
and its prior art example is shownlin Fig. 10. In this
heat .exchanger, a -plurality of fins 40 made of a metal,

20 such as aluminum, having a good heat conduction are
arranged in parallel with one another at predetermined

intervals, and a plurality of hairpin type heat transfer



-_121- Fig. 8 is a graph showing a relationship

‘bet ween the configuration of a cut line and the heat exchanger
performance, the graph show ng val ues of the heat exchanger
performance for each value of WH WB when it is assuned that 5 t he heat
exchanger performance for W/ WB=0 has a val ue of 1.0;

-2 -

tubes 11 are inserted in the fins with their end ‘portions

connected to one another by U-shaped communication tubeé

12. With this arrangement, a plurality of heat transfer

tubes 13 and a plurality of heat transfer tubes 14 are

5 aligned, in a staggered form és a whole, at an upwind half.

40a and a downwind half 40b, respectively, of each of the
plurality of f£ins 40. |

In -this heat exchanger, a refrigerant from. a

compressor flows through an inlet tube 9 and diverges in

10 two vertical directions to flow ‘'into the downwind heat

transfer tubes 14, at which the refrigefant exchanges heat

with air A passing the fins 40. Thereafter the refrigerant

flows into the upwind heat transfer tubes 13. The

refrigerant that has flowed into the upwind heat transfer

15 tubes 13 further exchanges heat with the air A passing the

fins 40. Then, after converging from the two vértical

directions, the refrigerant flows out through an outlet

tube 8 and returns to the compressor by way of a pressure

reducing device and an évaporator.

20 The | temperature of the refrigerant flowing

through the heat exchanger gradually decreases according as

’it passes through the heat transfer tubes 13 and 14 while

exchanging heat with the air A. Fig. 11 is a diagram

showing the temperature at several portions of the haifpin

25 ﬁype heat transfer tubes 11 and the U-shaped communication



Frgf 9is a graph showi ng a rel ati onshi p between t he configuration

..of a cut line and the heat exchanger performance, the graph show ng
val ues of the heat exchanger 10 performance for each value of L4/L3
when it is assuned that t he heat exchanger performance for
L4/1L3=0.5 has a val ue of 1.0; Fig. 10 is a
perspective view of a prior art heat exchanger; 15 .
Fig. 11 is a graph showing the tenperature at’ : each portion of heat
transfer tubes of the prior art heat exchanger; and
Ftg. 12 is a perspective view of an inproyed exanmpl e of the prior
art heat exchanger. .20 BEST MODE FOR CARRYI NG OUT THE | NVENTI ON

tube 12 in the aforementioned prior art heat exchangér.
The connection structure of the hairpin type heat transfer
tubes 11 and the U-shaped communication tube 12 is shown on
thg left-hand side of the figure, and their temperatures
5 are shown in the graph on the right-hand side. The
"temperature has the highest value of about 90-°C in the
vicinity of the inlet tube 9. On the other hand, the
temperature has the lowest value of about 30 °c in the
vicinity of the outlet tube 8. The temperature gradually
10 decreases along the flow path of the refrigerant from the
vicinity of the inlet tube 9 to the vicinity of-the ouflet
tube 8 by the heat exchange between the refrigerant and the
air A. As. shown in Fig. 11, disorder occurs in the
teﬁperature change at portions B and C enclosed by dashed
15. lines. This is because the heat transfer tubes (inlet
vicinity heat transfer tubes) 14a located in the vicinity
of the inlet tube 9 and having the highest temperature and
the heat transfer tubes (outlet vicinity heat transfer
tubes) 13a located in the vicinity of the outlet tube 8 and
20 having the lowest temperature are arranged close to each
other and they share the same fins 40. That is, in regard
to the portion B, the inlet vicinity heat transfer tubes
14a are arranged close to and above and below the outlet
vicinity heat transfer tube 13a located on the lower side.

25 - Therefore, the high-temperature heat of a superheated gas



Entodi nents of the heat exchanger of the present invention will be
‘described in detail with reference to the _ acconpanyi ng draw ngs.

- T3 -
heat

Fig. 1 is a refrigerant circuit diagramof a
punp air conditioner provided with a refrigerant circuit.

Inthe figure, a reference nuneral 1 denoteés a conpressor,

10

15

20

25

which flows through thé.inlet viciniﬁy heat transfer tube
l4a is transferred via the fin 40 and imparted to a
supercooled liquid which flows through the outlet vicinity
heat transfer tube 13a, so that a significant temperature
riée occurs. In regard to the portion €, the outlet
vicinity heat transfer tubes 13a is arranged close to and
above and below the inlet vicinity heat transfer tube 1l4a
on the upper side.~ Therefore,'the low-temperature heat of
the supercooled 1liquid which flows through the outlet
vicinity heat transfer tube 13a is also imparted,

transferred via the fin 40, to the superheated gas which

~flows through the inlet wvicinity heat transfer tube 1l4a,

so that a significant temperature féll occurs. . When the
heat conduction. via the fins 40 as described above occurs
between the inlet tube 9 side and'the outlet tube 8 side,
the thermal efficiency of the condenser is significantly
reduced by the unnecessary heat flow.

In view of the above, there has been
conventionally proposed an improved heat exchanger as shown
in Fig. 12, in which a plurality of sliﬁs 41 are provided
between the upwind heat transfer tubes 13 and the downwind
heat transfer tubeé 14 so that the slits 41 thermally
separate the upwind halves 40a from the downwind halvés 40b
of the fins 40 (e.g., refer to Japanese Patent Laid-Open

Publication No. HEI 3-194370).



a reference nuneral 2 denotes a four-way selector valve, a 5 reference
.nuneral 3 denotes an indoor heat exchanger provided with an

i ndoor fan 7, reference nuneral 4 denotes a pressure reducing
device, such as a capillary tube, and a reference nuneral 5 denotes
an out door heat exchanger provided with an outdoor fan 6. Also, a
reference nuneral 10 8 denotes an accunul ator. When executing a
heat i ng operation with this air conditioner, the four-way sel ector
valve 2 is switched to the solid line side to drive the conpr essor
1. Then, a refrigerant flows from 5the conpressor 1 through
t he i ndoor heat exchanger 3, pressure 15 reduci ng device 4 and out door
heat exchanger 5 and is thereafter fed back to the conpressor 1.
The i ndoor heat exchanger 3 functions as a condenser and the outdoor

‘heat However, when the slits 41 as shown ih Fig. 12
are provided at the fins 40, the bending rigidity of the
fins 40 is degraded in a direction in which the fins 40 are
arranged (i.e., in the direction in which the heat transfer

5 tubes 13 and 14 are inserted) as shown in the figure. This
has consequently led to'a problem that the workability is
reduced in handling the press-formed fins 40, inserting the
hairpin type heat transfer tubes 11 into the stack of fins
40 and other operations. Furthermore, the fins 40 are

10 deformed during these works, and this causes problems that

the heat exchanging ability, or performance, of the heat

exchanger is reduced and that the ventilation resistance

increases.

DISCLOSURE OF THE INVENTION

15 The present invention has been developed to solve
the aforementioned problems, and its object is to provide a
heat exchanger capable of securing a sufficient rigidity of
the fins while preventing the possible occurrence of
unnecessary heat conduction via the fins.

20 In order to solve the aforementioned object, the
present invention provides a heat exchanger of a crossed-
fin-and-tube type wherein a plurality of fins are placed
side by side, a plurality of upwind heat transfer tubes

penetrate an upwind half of each fin and are aligned in a



exchanger 5 functions as an evaporator. Fig 2

.schematically shows the construction of the above indoor 20 heat
exchanger 3 which functions as a condenser in the heat i ng

oper ati on, wherein conponents sinlar to those of the prior art
heat exchanger. shown in Fig. 10 are denoted by the sane reference
characters. The structure of this . - I ndoor heat exchanger 3 is
simlar to that of the prior art 25 shown in Fig. 10 except for the
configuration of the fins - 14

- -6 -

specified direction in the upwind half, a plurality of
downwind heat transfer tubes penetrate a downwind half of.
each fin and are aligned in the downwind half in a
direction substantially identical to the direction.in which
5 the upwind heat transfer tubes are aligned, and the upwind
half is thermally separated from the downwind half by a
plurality of cut lines which are arranged, spaced from each
other, in a specified direction, characterized in that at
least one of the cut lines is extended in a direction

10 ihtersecting'the direction of arrangement of the cut lines.

Assuming that an angle made between the direction
in which the cut lines are arranged and the direction in
which the at least one cut line extends is 8, preferably, a
relationship of.5° = 8'5 175° is satisfied.

15 In this heat . exchanger, since at least one,
preferably all, of the pluraliﬁy of cut lines are extended
in a direction intersecting the direction in which the cut
lines are arranged, it 1is possible to reduce such a
degradation in the bending rigidity qf the fins that will

20 . cause the bending of the fins with the direction of
arrangement of the cut lines serving as a center of the
'bending. Thus, it is possible to secure the rigidity of
the fins while ' preventing the possibie occurrence of

unnecessary heat conduction via the fins.



10. - That is, a nunbér of fins 10 nade of a netal, such as

al’um num having a good heat conduction are arranged side by side
in parallel with each other at specified intervals, and a plurality
of hairpin type heat transfer tubes 11 are 5 inserted in the fins 10
with their end portions connected to one anot her by U shaped
communi cation tubes 12. Wth this arrangenment, a plurality of heat
transfer tubes 13 and a plurality of heat transfer tubes 14 are
arranged in a - vertical direction, in a staggered formas a whole, -
at an 10 . upwind half |0a and a downw nd7hal f |0b, respectively, of

the fins 10. The refrigerant fromthe conpressor 1 flows t hrough an
inlet tube 9 and diverges in two vertical directions to flowinto

t he downwi nd heat transfer tubes

In an embodiment, the upwind heat transfer tubes
and tﬁe downwind heat transfer tubes are Iarranged in a
staggered form as a whole, and each cut line is located
between mutually adjacent upwind heat transfer tube and
5 downwind heat transfer tube, and extended intersecting an
imaginary 1line which connects centers of the mutually
adjacent upwind and downwind heat transfer tubes.
In this case, because the cut lines are provided
across the imaginary lines and in each of spaces between

10 the wupwind heat transfer tubes and the downwind heat
transfer tubes, the unnecessary heat conduction wvia the
fine is surely prevented. |

In an embodiment, the upwind heat transfer tubes
and the downwind héat transfer tubes are made to have an

15 approximately identical diameter whose magnitude is
represented by Wl, each cut line is extended in a region
centered on the. imaginary line and having a width
represented by W2, and an expression of 0.4 = W2/W1 < 1.3
holds.

20 According to this Constrﬁction, the degradation
in the rigidity of the fins is avoided under the normal
working conditions while more surely preventing the
unnecessary heat conduction wvia the fins.

Assuming that a distance between mutually facing

25 outer peripheral portions of the upwind heat transfer tube



14, .at which the refrigerant exchanges heat with air A 15 passi ng the
frns 10. Thereafter the refrigerant flows into t he upwi nd heat
transfer tubes 13. The refrigerant that has flowed into the upw nd
heat transfer tubes 13 further exchanges heat with the air A paSS|ng
the fins 10. Then, after converging fromthe two vertical
directions, the 20 refrigerant flows out through an outlet tube 8 and
returns to the conpressor 1 by way of the pressure reducing device

4 and the evaporator 5. Next, the fins 10 of the above

I ndoor heat exchanger 3 wll be descPibed in detail with reference
to 25 Fig. 3. In the figure, reference nuneral 13 denotes the

and downwind heat transfer tube on the imaginary line is L1l
and that a disténce between a point at which the cut line
intersects the imaginary 1line and the outer peripheral
portion of the downwind heat transfer tube on the imaginary

5 line is L2, tﬁen an expression of 0.2 < L2/L1 = 0.8
preferably holds. With this arrangement, the possible
occurrence of unnecessary heat conduction via the fins éan
be stiil more surely prevented.

In another embodiment, the upwind half and

10 downwind half of each fin are formed with raised portions
having cut edgeé which protrude into an air flow path and
extend in a direction intersecting a direction of air flow,

.and the cut lines are arranged in a middle portion formed
between the upwind raised portions and the downwind raised
i5 portions.

In this case, the heat exchanging abilitf, or
performance, is enhanced by the —raised ©portions.
Furthermore, the degradation in the rigidity of the fins is
reduced while preventing the possible occurrence of

20 unnecessary heat conductioh via the fins.

.Assuming that the middle portion has a width W3
in a direction in which the upwind heat transfer tubes are
laterally spaced from the downwind heat transfer tubes and
that a region in which the cut lines are extended has a

25 width W4 in the direction in which the upwind heat transfer



- 15 - upwi nd heat transfer tube and reference numeral 14 denotes

the downw nd heat transfer tube. The figure shows the

cross-sections of the heat transfer tubes. These heat " transfer
tubes 13 and 14 have an identical diameter, the 5 magni t ude of which is
represented by WL in the figure. 1In the sane figure, a reference
nuneral 15 denotes a cut |ine. The cut |ines 15 each extend
intersecting an imaginary |line 20 whi ch connects the centers of the
nmut ual |y adj acent - upw nd heat transfer tube 13 and downw nd heat
transfer -9 -

tubes are laterally spaced from the downwina heat transfer
tubes, then an expression of 0.4 =< W4/W3 s 0.9, preferably,
holds. |
In this case, it 1is ©possible to avoid the
5 degradation in the rigidity of the fins while more sﬁrely
preventing the unnecessary heat conduction via the fins.
'Furthérmore, assuming that a distance between the
centers of the mutually adjacent upwind and downwind heat
transfer tubes in the vertical direction in which the
10 upwind heat transfer tubes oﬁ the downwind heat transfer
tubes are aligned is L3 and that a distance between the
centers of the upWind heat transfer tube and cut line in
the direction of alignment of thé upwind heat transfer
tubes or the .downwind heat transfer tubes is 14, an
15 expression of 0.3 s L4/L3 = 0.7, preferably, may hold. 1In
this case, the possible occurrence of unnecessary heat
conduction via the fins is still more surely prevented.
In an embodiment, a higher-temperature
refrigerant flows through the downwind heat transfer tubes
20 and a lower-temperature refrigerant flows through the
upwind heat transfer tubes, and the upwind half of each £in
is formed with a fin connecting portion which is interposed
between two upwind raised portions and which is located on

an upwind side of the downwind heat transfer tubes.



10 - tube 14. ~Assunming that a distance between nutually

..confronting outer peripheral portions of the upwi nd heat transfer
tube 13 and the downw nd heat transfer tube 14 on the imaginary |ine
20 is L1 and that a di stance between the outer peripheral portion of
t he downwi nd heat transfer tube 15 14 and an intersection point at
which the cut Iline Intersects the imaginary line is L2, the
i ntersection point is located in a position satisfying the
fol |l ow ng rel ati onshi p: 0.2 [err] L2/LI [err]
0.8 20 Further, the cut line 15 is praogided in a region centered
on the inmaginary I|ne 20 and haV|ng a wdth W2 which satisfies the
follomnng rel ati onshi p: 0.4 [err] W/W [err] 1.3

With this arrangement, part of the higher-
temperature heat of the downwind heat transfer tubes is
transferred to the upwind half of the fin via the fin
connecting portions. This enables prevention of an

5 ' abnormal drop in temperature at those portions of the
upwind half located between the upwind heat transfer tubes.
Therefore, a sufficient heat exchanging ability, or a good
performance, is eecured.

In an embodiment, assuming that an angle made

10 between the direction in which the upwind heat transfer
tubes or the downwind heat transfer tubes are aligned and a
direction in which the at least one cut line is extended is
§, then an expression of 5° < 8 =< 175° holds. Preferably,
mutually adjacent cut lines are extended in such a manner

15 that they intersect the direction of alignment of the
upwind heat ;ransfer tubes or the downwind heat transfer
tubes in opposite directions. In this case, the uhnecessary
heat conduction via the fins is still more surely prevenﬁed

and a sufficient rigidity of the fins is also secured.

20 BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a refrigerant circuit diagram of a heat
pump air conditioner which employs the heat exchanger of

the present ihvention;



Furtﬁer, assum ng that an angl e nade between the cut line 25

15 and a
vertical direction in which the downw nd heat
- 16 - transfer tubes 14 are aligned is [err], the cut line 15 is

provided within a range of 5 [err] 175[err] so that the

adj acent cut

lines 15 intersect the direction in which the downwi nd heat transfer

tubes are arranged, in the nmutually

- 11 -

Fig. 2 is a perspective view of an embodiment of

the heat exchanger of the present invention;

Fig. 3 is a front view of a part of a fin of the

embodiment shown in Fig. 2;

5 Fig. 4 is a front view of a part of a fin of

another embodiment of the heat exchanger of the present

invention;

Fig. B5A is a perspective view showing the

construction of a cut line formed at the fins shown in

10 Figs. 3 and 4;

Figs. 5B, 5C and 5D are perspective views showing

modification examples of the above cut ‘line;

Fig. 6 is a graph showing a relationship between

the configuration of a cut line and the heat 'exchanger

15 performance, the graph showing values of the heat exchanger

performance for each value of W2/Wl1 when it is assumed that

the heat exchanger performance for W2/Wl=0 has a value of

1.0;-

Fig. 7 is a graph showing a relationship between

20 the .configuration. of a cut line and the heat exchanger

performance, the graph showing values of the heat exchanger

performance for each value of L2/Ll when it is assumed that

the heat exchanger performance for L2/L1=0.5 has a value of

1.0;



5° " reverse directions, as shown in Fig. 3. |Its concrete shape IS
‘~prOV|ded by an eIongated hole as shown in Fig. 5A. It Is to be
noted that the downw nd heat transfer tubes 14 and t he upw nd heat
transfer tubes 13 are arranged nmutually . . paral l el to each other, and
this means that the cut lines 10 15 are provided at sane angl es
relative to the vertical direction in which the upwi nd heat transfer
tubes 13 are aligned as relative to the direction in which the
downwi nd ~heat transfer tubes are aligned. In the
heat exchanger constructed as above, the 135 plurality of cut lines 15
are extended at the fins 10. The - cut lines 15 are arranged al ong
the vertical direction in whi ch the downwi nd heat transfer tubes 14
and/ or the upw nd heat transfer tubes 13 are aligned, and the
directions in which the cut |ines extend nake specified angles of
5[err] to Fig. 8 is a graph showing a relationship between

the configuration of a cut line and the heat exchanger
performance, the graph showing values of the heat exchanger
performance for each value of W4/W3 when it is assumed that

5 thé heat exchanger performance for W4/W3=0 has a value of
1.0;

Fig. 9 is a graph showing a relationship between
the configuration of a cut line and the heat exchanger
performance, the graph showing values of the heat exchanger

10 pérformance for each value of L4/L3 when it is assumed that
the heat exchanger performance for L4/L3=0.5 has a value of
1.0;

Fig. 10 is a perspective view of a prior art heat
exchanger;

15 Fig. 11 is a graph showipg' the temperature at
each portion of heat transfer tubes of the prior art heat
exchanger; and

Fig. 12 is a perspective view of an improved

example of the prior art héat exchanger.

20 BEST MODE FOR CARRYING OUT THE INVENTION
Embodiments of the heat exchanger of the present
invention will be described in detail with reference to the

accompanying drawings.



20 .

175[err] relative to the direction'fn whi ch the downw nd and/ or

.upwind heat transfer tubes are arranged. . Thus, the
directions in which the cut lines 15 extend, do not coincide with
the direction X in which the cut lines are arranged. This avoids

the degradation in the rigidity of 25 the fins which will cause the

bendi ng of the fins with the

17 -

10

15

20

25

- 13 -

Fig. 1 is a refrigerant circuit diagram of a heat

'pump air conditioner provided with a refrigerant circuit.

In the figure, a reference numeral 1 denotes a compressor,

a reference numeral 2 denotes a four-way selector valve, a
reference numeral 3 denétes an indoor heat exchanger
provided with an indoor fan 7, reference numeral 4 denotes
a pressure reducing device, such as a capillary tube, and a
reference numeral 5 denotes an outdoor heat. exchanger
provided with an outdoor fan 6. ‘Also, a reference numeral

8- denotes an accumulator. When executing a heating

~ operation with this air conditioner, the four-way selector

valve 2 is switched to the solid line  side to drive the
compressor 1. Then, a refrigerant £flows from the
compressor 1 through the indoor heat exchanger 3, pressure
reducing device 4 and outdoor heat exchanger 5 and is
thereafter fed back to the compressor 1. The indoor heat
exchanger 3 furnctions as a condenser and the outdoor heat
exchanger 5 functions as an evaporator. Fig. 2
schematically shows the construction of the above indoor
heat exchanger 3 which functioﬁs as a condenser in the
heating operétion, wherein components similar to those of
the prior art heat exchanger shown in Fig. 10 are denoted
by the same reference characters. The structure of this
indoor heat exchanger 3 is similar to that of the prior art

shown in Fig. 10 except for the configuration of the fins



direction X of arrangenent of the cut lines serving as a center of
..t.he bendi ng. Consequently, it is possible to enhance t he

wor kability in handling the fins 10 and also to prevent the
reduction of the heat exchanging ability and 5 the increase of the
ventilation resistance which are caused by the deformation of the
fins 10. Furthernore, in the above heat exchanger, by
providing the fins 10 with the cut lines 15 between the upw nd heat
transfer tubes 13 and the downw nd heat 140- transfer tubes 14, the
possi bl e occurrence of ‘unnecessary ' heat conduction fromthe downw nd
half |ob to the upw nd half 10a of the fin 10 is prevented. Al so,
assum ng t hat the dianeter of the heat transfer tubes 13 and 14 is
WL and that the width of a zone in which the cut lines 15 are 15
provi ded is192, dihadxprsessa onumiped. df[ Eing 10/ Madesofata afdter)., such as

aluminum, having a good heat condﬁct:ion are arrangéd side
by side iﬁ parallel with each other at specified intex:vals,
and a plurality of hairpin type heat transfer tubes 11 are
5 inserted in the fins 10 with their end portions connected
to one another by U-shaped communication tubes 12. With
this arrangement, a plurality of heat transfer tubes 13 and
a plurality of heat transfer tubes 14 are arraﬁged in é.
vertical direction, in a staggefed form as a whole, at an
10 upwind half 10a and a downwind half 10b, respectively, of
thé fins 10. The .refrigera'.-nt. from thé compressor 1 flows
through an inlet tube 9. and diverges in two vertical
directions to flow into the downwind heat transfer tubes
14, at which the refrigerant exchanges heat with air A
15 passing the fins 10. Thereafter the refrigerant flows into
the upwind heat transfer tubes 13. The refrigerankt- that
has flowed into the upwind heat transfer tubes 13 further
exchanges heat with the air A passing the fins 10. Thén,
after converging from the two vertical directions, the
20 refrigerant flows out through an outlet tube 8 and returns
to the compressor 1 by way of the pressure reducing device

4 and the evaporator 5.
Next, the fins 10 of the abové indoor heat
exchanger 3 will be described in detail with reference to

25 Fig. 3. 1In the figuré, -reference numeral 13 denotes the



W-th this arrangenent, the unnecessary heat conduction is . surely

..Suppressed, and a sufficient performance, or heat exchanging ability
i s di splayed, as shown in the graph of - Fig. 6. Furt her nore,
because of W2/W. [err] 1.3, the 20 degradation in.the rigidity of
the fins 10 can be avoi ded under the normal operating conditions.
Furthernore, an expression of 0.2 [err] L2/L1 [err] 0.8 is
satisfied so that the cut lines 15 are each provided in a center
portion of the i magi nary |ine 20. Wth this arrangenent, a
suf ficient _ - 15 -

upwind heat transfer tube and reference numeral 14 denotes
the downwind heat transfer tube. The figure shows the
cross-sections of the heat transfer tubes. These heat
transfer tubes 13 and 14 have an idenfical diameter, the
5 maénitude of which is represented by W1l in the figure. 1In
the same figure, a reference numeral 15 denotes a cut line.
The cut lines 15 each extend intersecting an imaginary line
20 which connects the centers of the mutually adjacent
upwind heat transfer tube 13 and downwind heat transfer
10 tube 14. Assuming that a distance between mutually
confronting outer peripheral portions of the upwind heat
transfer tube 13 and the downwind heat transfer tube 14 on
the imaginary line zb is Ll and that a distance between the
outer peripheral portion of the downwind heat transfer tube
15 14 and an intersection point at which the cut 1line
intersects the imaginary line is L2, the intersection_point
. is 1located in a position satiéfying the following
relationship:
0.2 = L2/L1 < 0.8
20 Further, the cut line 15 is provided in a region centered
on the imaginary 1line 20 and having a width W2 which
satisfies the following relationship:
0.4 s W2/W1 =< 1.3
Further, assuming that an angle made between the cut line

25 15 and a vertical direction in which the downwind heat



-18-- heat exchanger. performance is displayed, as shown in the
.graph of Fig. 7. Fig.” 4 shows anot her enbodi nent of the
heat exchanger of the present invention. In Fig. 4, conponents 5
simlar to those of the enbodimrent shown in Fig. 3 are denot ed by
t he sanme reference characters. In this heat exchanger, upw nd

. raised portions 16 and 17 are formed at an upwi nd hal f 100a of each
fin 100, and downwi nd rai sed portions 18 are formed at a downw nd
hal f 100b of the fin 10 100. These raised portions 16, 17 and 18 are
of the so- called slit type, forne%iPy raising a part of the surface

transfer tubes 14 are aligned is 64, the cut line 15 is
provided within a range of 5° = 6 =< 175° so that the
adjacent cut lines 15 intersect the direction in which the
downwind heat transfer tubes are arranged, in the mutually
5  reverse directions, as shown in Fig. 3. 1Its concrete shape
is provided by an elongated hole as shown in Fig. 5A. It
is to be noted that the downwind heat transfer tubes 14 and
the upwind heat transfer tubes 13 are arranged mutually
parallel to each other, and this means that the cut lines
10 - 15 are provided at same angles relative to the vertical
direction in which the upwind heat transfer tﬁbes 13 are
aligned as relative to the direction in which the downwind

heat transfer tubes are aligned. |
In the heat exchanger constructed as above, the
15 plurality of cut lines 15 are extended at the fins 10. The
cut lines 15 are arranged along the vertical direction in
which the downwind heat transfer tubes 14 and/or the upwind
heat transfer tubes 13 are aligned, and the directions in
which the cut lines extend make specified angles of 5° to
20 175° relative to the direction in which the downwind and/or
upwind heat transfer tubes are arranged. Thus, the
directions in which the cut 1lines 15 extend, do not
coincide with the direction X in which the cut lines are
arranged. This avoids the degradation in the rigidity of

25 the fins which will cause the bending of the fins with the



of- each fin 100 (see Fig. 5B). Their cut edges 16a, 1l7a and 18a
..protrude in the air flow path of the air A so as to I ntersect the
ait flowdirection A Further, at the upwind 15 half [100a of the fin
100, a fin connecting portion 19 i nt er posed between two upwi nd
rai sed portions 16 and 17 | ocated at the nobst downwi nd side is
formed on the upw nd side (the left-hand side in Fig. 4) of the
downwi nd heat transfer tubes 14. In a mddle portion of the fin
100 20 formed between the downw nd raised portion 18 | ocated at

t he nost upwi nd side and the upwi nd rai sed7portions 16 and 17

| ocated at the nbst downwi nd side, there are arranged a plurality of
“cut lines 15 which each intersect an inmagi nary |l i ne 20 connecti ng
the centers of the nutually adjacent 25 upw nd ‘heat transfer tube 13

and downw nd _heat transfer _ )
direction X of arrangement of the cut lines serving as a

center of the bending. Consequently, it is possible to

enhance the workability in handling the fins 10 and also to

prevent the reduction of the heat exchanging ability and

5 the increase of the ventilation resistance which are caused
" by the deformation of the fins 10.

Furthermore, in the above heat exchanger, by
providing the fins 10 with the cut lines 15 between the
upwind heat transfer tubes 13 and the downwind heat

10 transfer tubes 14, the possible occurrence of unnecessary
heat conduction from the downwind half 10b to the upwind
half 10a of the fin 10 is prevented. Also, assuming that
the diametér of the heat transfer tubes 13 and 14 is W1 and
that the width of a.zone in which the-cut lines 15 are

15 ‘provided is W2, an expression of 0.4 = W2/W1 is satisfied.
With this arrangement, the unnecessary heat conduction is
surely suppressed, and a sufficient performance, or heat

exchanging ability is displayed, as shown in the graph of

Fig. 6. Furthermore, because of W2/W1 < 1.3, the
20 degradation in the rigidity of the fins 10 can be avoided
under the normal operating conditions. Furthermore, an

expression of 0.2 s L2/Ll1 =< 0.8 is satisfied so that the
cut lines 15 are each provided in a center portion of the

imaginary 1line 20. With this arrangement, a sufficient



- 19-- tube 14. Assuming that the niddle portion has a lateral

W dth WB, the cut lines 15 are provided in a central part of the

m ddl e portion and within a lateral width W which satisfies the
fol |l ow ng expression: 5 0.4 [err] WA/WB [err] 0.9

The direction X of arrangenent of the cut lines 15 is approxi mately

parallel to the direction of alignnent of the

- 18 -

"heat exchanger performance is displayed, as shown in the
graph of Fig. 7.

Fig. 4 shows another embodiment of the heat

exchanger of the présent invention. 1In Fig. 4, components
5 similar to those of the embodiment shown in Fig. 3 are
denoted by the same reference characters. In this heat

‘exchanger, upwind raised portions 16 and 17 are formed at
an upwind half 100a of each fin 100, and downwind raised
portions 18 are formed at a downwind half 100b of the fin
10 100. These raised portions 16, 17 and 18 are of the so-
.called slit type, formed by raising a part of the surface
of each fin 100 (see Fig. 5B). Their cut edges 16a, 1l7a
and 18a protrude in the air flow path of the air A so as to
intersect the air flow direction A. Further, at the upwind
15 half 100a of the fin 100, a fin connecting portion 19
interposed between two upwind raised portions 16 and 17
located at the most downwind side is formed on the upwind
side (the left-hand side in Fig. 4) of the downwind heat
transfer tubes 14. In a middle portion of the £fin 100
20 formed betweeﬁ the downwind raised portion 18 located at
the most upwind side and the upwind raised portions 16 and
17 located at the most downwind side, there are arranged a
plurality of cut iines 15 which eaéh intersect an imaginary
line 20 connecting the centers of the mutually adjacent

25 upwind heat transfer tube 13 and downwind heat transfer



downwi nd heat transfer tubes 14 and hence approxinately parallel to
-~t-he direction of - alignnment of the upwi nd heat 10 transfer tubes 13 as
wel | .  Then, assumi ng that a distance bet ween the centers of the
upwi nd heat transfer tube 13 and t he downwi nd heat transfer tube 14
in the direction of : alignment of the tubes is L3 and that a di stance
bet ween the centers of the upwi nd heat transfer tube 13 and the cut
15 line 15 in the same direction is L4, the cut line 15 is

provided in a position for which the fongpﬁgg expressi on hol ds:
0.3 [err] L4/L3 [err] 0.7 ' Further, “the cut lines 15 are provided so
that an angle [err] 20 made between the direction X in which the cut
lines are arranged and the direction in which the cut |ine extends
S within a range of 5[err] 175[err] and that the nutually

tube 14. Assuming that the middle portion has a lateral
width W3, the cut 1ines 15 are provided in a central part
of the middle portion and within a lateral width W4 which
satisfies the following expression:
5 . - 0.4 s W&4/W3 = 0.9
The direction X of arrangement of the cut lines 15 is
approximately parallel to the direction of alignment of-the
downwind heat transfer' tubes 14 and hence approximately
parallel to the direction of alignment of the uéwind heat
10 transfer tubes 13 as well. Then, assuming that a distance
between the centexrs of the upwind heat transfer tube 13 and
the downwind heat transfer tube 14 in the direction of
alignment of the tubes is L3 and that a distance between
the centers of the upwind heat transfer tube 13 and the cut
15 line 15 in the same.direction is L4, the cut line 15 is
provided in a position for which the following expression
holds:
0.3 s I4/L3 s 0.7
Further, the cut lines 15 are provided so that an angle 8
20 made between the direction X in which the cut 1lines are
arranged and the directién in which the cut line extends is
within a range of 5° < 6 s 175° and that the mutually
adjacent cut lines 15 are extended in the mutually reverse

directions.



adj acent cut lines 15 are extended in the nmutually reverse

~directions. - 20 -
In the heat exchanger constructed as above, the rai sed portions 16,
17 and 18 are provided on the surfaces of the fins 100 and their
edges 16a, 17a and 18a are nmde to protrude in the air flow path of

the air A Therefore,

- 20 -

In the heat exchanger constructed as above, the
raised portions 16, 17 and_ls are provided'on the surfaces
of the fins 100 and their edges 16a, i7a and 18a'are made
to protrude in the air flow path of the air A; Therefore,

5 the fins 100 have a high heat dissipation efficiency, and
hence an improved heat exchanging ability. Then, by
providing the heat exéhanger having the thus improved heat
exchanging ability with the cut lines 15, the unnecessary
heat conduction via the fins 100 is prevented.

10 Furthermore, similarly to the embodiment described wiﬁh
reference to Fig. 3, the cut lines 15 are arranged along
the direction in which the downwind heat transfer tubes 14
or the upwind heat transfer tubes 13 are arranged, and the
direction of extension of the cut line makes the specified

15 angle of 5° to 175° relative- to the direction of
arrangement of the cut lines. Therefore, the directions of
exteﬁsion of the cut lines 15 do not coincide with the
direction X of ‘arrangement thereof, which enables the
avoidance of the reduction in the rigidity of the fins 100

20 which may cause the fips to be bent ‘along the directioﬁ X
of arrangement of the cut lines. Consequently, the
workability in handling the fins 100 is improved.

In the above heat exchanger, the cut lines 15 are
provided between the upwind heat transfer tubes 13 and the

25 downwind heat transfer tubes 14 at the fins 100, thereby



5 - the fins 100 have a high heat dissipation efficiency, and hence
an. inproved heat exchanging ability. Then, by provi di ng the
heat exchanger having the thus inproved heat exchanging ability with
the cut lines 15, the unnecessary heat conduction via. the fins
100 IS prevented. 10 Furthernore, simlarly to the enbodi nent
described with reference to Fig. 3, the cut lines 15 are arranged

al ong . the direction in which the dowmw nd heat transfer tubes 14

or the upwi nd heat transfer tubes 13 are arranged, and the di rection
of extension of the cut line nakes the sped¥ied 15 angle of 5[err]
to 175[err] relative to the direction of ~arrangenent of the
cut lines. Therefore, the directions of extension of the cut lines
15 do not coincide with the direction X of arrangenent- thereof,

whi ch enabl es the . : .
preventing the wunnecessary heat conduction from the

downwind half 100b to the upwind half 100a of each fin 100.
Furthef, a relationship of 0.4 = W4/W3 is made to hold,
where W3 is the width of the middle portion formed betweeﬁ
5 the upwind raised portions 16 .and 17 and the downwind
raised portions 18 and W3 is the width of the zone in which
the cut lines 15 are provided. With this arrangement, the
unnecessary heat conduction_is infallibly suppresseqd, andl
as shown in the graph of Fig. 8, a good performance, or

10 heat exchanging ability, is displayed as in the case of the
aforementioned embodiment shown in Fig. 3. Furthermore,
with the restraint of W4/W§ s 0.9, the degradation in the
rigidity of the fins 100 is avoided. Further, with the
restraint of 0.3 = L4/L3 =< 0.7, the cut lines 15 are each

15 located in the center portion of the imaginaxry line 20.
Therefore, in this case, a good heat exchanger performance
or heat exchanging ability is also exhibited as shown in
the graph of Fig. 9, as in the cése of the aforementioned
embodiment shown in Fig. 3.

20 Since the fins 100 provided with the raised
portions 16,:17 and 18 have a good ability to exchange heat
with the passing air A, the temperature tends to drop
particularly in those portions that are located between the
upwind heat transfer tubes 13 at the upwind half 100a, and

25 this sometimes leads to an insufficient display of the heat



avoi-dance of the reduction.in the rigidity of the fins 100 20 whi ch may

cause the fins to be béent along the direction X of arrangenent of
the- cut |ines. Consequently, the -~ workability in handling the

fins 100 is inproved. In the above heat exchanger, the -cut
lines 15 are provi ded between the upwi nd heat transfer tubes 13 and

the 25 downwi nd heat transfer tubes 14 at the fins 100, thereby

- 22 -

exchanging':ability. However, since the fin connecting
portions 19 are provided on the upwind side of the downwind
heat.transfer tubes 14 in the present embodiment, part of
the high*tempefature heat of the downwind heat transfer
5 tubes 14 through which the higher—temperature refrigerant
flows is transferred to the upwind half 100a by way of the
fin conﬁecting portions 19. Therefore, an abnormal
temperature reduction at the aforementioned portions of the
upwind half is prevented, which allows the heat exchanging

10 ability to be improved. |
Although the concrete embodiments of the present
invention have been described above, the present invention
is not limited to the aforementioned embodiments, which can
be modiﬁied within the scope of the present invention. For
15 example, instead of providing the cut line by the elongated
hoie.as shown in Fig. 534, it is acceptable to form the cut
line 15 of a slit type as shown in Fig. 5B in which a part
of the fin is raised, or a louver type as shown in Fig. 5C
in which a side portion is sunk'(or raised), or a burring
20 type .as shown in Fig. 5D in which a flange is provided
around the elongated hole. In either case, the cut lines
15 are provided at the fins 10 and 100, and the cut lines
15 prevent! the unnecessary heat conduction from the
dowﬁwind halves 10b and 100b to the upwind halves 10a and

25 100a of the fins 10 and 100. Although the above describes



pfeVenting the wunnecessary heat conduction from the ~ downwi nd

- half 100b to the upwind half |100a of each fin 100. Further, a
relationship of 0.4 [err] WO/WB is nade to hold, where WB is the
wi dth of the mddle portion formed between 5 the upwi nd rai sed portions
16 and 17 and the downw nd rai sed portions 18 and WB is the wi dth of
the zone in which the cut lines 15 are provided. Wth this
arrangenent, the unnecessary heat conduction is infallibly
suppressed, and as shown in the graph of Fig. 8, a good
performance, or 10 heat exchanging apjlity, is displayed as in the
case. of the : af orenenti oned enbodi‘ttent shown in Fig.. 3.
Furt her nore, with the restraint of WA/WB [err] 0.9, the degradation
~in the rigidity of the fins 100 is avoi ded. Further, with the

restraint of 0.3 [err] L4/L3 [err] 0.7, the cut Iines 15 are each
the case where the cut lines 15 are provided in the indoor

heat exchanger 3 which functions as a condenser in the
heating operation, the cut lines may be provided in the
outdoor heat exchanger 5 which functions as a condenser in

5 the cooling operation.

INDUSTRIAL APPLICABILITY
The heat exchanger of the present invention is
used for a heat pump type air conditioner or the 1like

provided with a refrigerant circuit.



‘15" . located in the center portion of the imaginary line 20.
.Therefore, in this case, a good heat exchanger perfornance or heat

exchanghﬂg—abLLL_M_L§~§L§9rexh|blted as shown in- t he graph of Fig.
I'm'e case of the a orenenti oned enbodi nent shown in Fig. 3.
portlon ”

mlﬂumﬂy fins 100 provided with the raised
, ave a good ability to exchange heat wth

t he passing ai t A the* tenperature tends to drop particularly in
those portions that are | ocated between the upwi nd heat transfer
tubes 13 at the upw nd half 100a, and .25, . this sonetines leads to an
I nsufficient display of the heat -

CLAIMS

1. A heat exchanger of a crossed-fin-and-tube type
wherein a plurality of fins (10, 100) are placed side by
siée, a plurality of upwind heat transfer tubes (13)
5 penetrate an upwind half (10a, 100a) of each fin and are
aligned in a .specified direction in the upwind half, a
plurality of downwind heat transfer tubes (14) penetrate a
downwiﬁd half (10b, 100b) of each fin -and are aligned in
the downwind half in a direction substantially identical to
10 the direction in which said upwind heat transfer tubes (13)
are aligned, and said upwind half (10a, 100a) is thermally
separated from said downwind half (10b, 100b) by a
plurality of cut lines (15).which are arranged, spaced from
each other, in a specified 'direction, characterized in

15 that:
at least one of said cut lines (15) is extended
in a direction intersecting the direction (X) of

arrangement of the cut lines (15).

2. The heat exchanger as claimed in Claim 1, wherein
20 said upwind heat.transfer tubes (13) and said downwind heat
transfer tubes (14) are arranged in a staggered form as a
whole, and each cut lihe (15) 1is 1located between the

mutually adjacent upwind heat transfer tube (13) and



- 22 .
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exchanging ability. However, since the fin

ons 19 are provided on the upwi nd side of the
“‘I“I““umn"ansfer tubes 14 in the present  enbodi nent, part of
nper at urse heat of the downw nd heat transfer 5 tubes 14

through whi ch the higher-tenperature refrigerant flows is
transferred to the upwind half |1 00a by way of the fin connecting-

portions

Therefore, an abnornal ' tenperature reduction at

t he aforenenti oned portions of the upwi nd half is prevented, which
allows the heat exchanging 10 - ability 4% be inproved.

10

15

20

downwind heat transfer tube (14), and extended intersecting _
an imaginary 1line (20) which connects centers of the
mutually adjacent upwind and downwind heat transfer tubes

(13) (14).

3. The heat exchanger as claimed in Claim 2, wherein
said upwind heat transfer tubes (13) and said downwind heat
transfer tubes (14) .are .made to have an appfoximately
identical diameter whose magnitude is represented by W1,
each cut line (15) is extended in a region centered on said
imaginary line (20) and having a width represented by W2,

and an expression of 0.4 = W2/W1 s 1.3 holds.

4. ~ The heat exchanger as .claimed in Claim 2,
wherein, assuming that a distance between mutually facing
outer peripheral portions of said upwind heat transfer tube
(13) and downwind heat transfer tube (14) on said imaginary
line. (20) is Ll and that a distance between a point at
which the cut line (15) interéects said imaginary line (20)
and_ saia outer peripherél portion of said downwind heat
transfer tube (14) on said imaginary line (20) is L2, then

an expression of 0.2 s L2/L1 < 0.8 holds.

5. The heat exchanger as claimed in Claim 1, wherein

said upwind half (100a) and downwind half (100b) of each



Al though the concrete enbodi ments of the present I nvention have been
~descri bed above, the present invention is not [imted to the

af or enengp ' s, which can be nodified within the scope
of the pnmmllﬁ“‘mﬂnﬂm For 15 exanpl e, instead of providing the cut
‘line by the &l dngdted * - hole as shown in Fig. 5A it is acceptable to
formthe cut line 15 of a slit type as shown in Fig. 5B in which a
part of the fin is raised, or a |ouver type as shown in Fig. 5C

in which a side portion is sunk (or raised), or a burring 20 type as
shown in Fig. SDin which a flange is proygded around the el ongated
hole. In either case, the cut |ines 15 are provided at the fins 10
and 100, and the cut |ines 15 prevent the unnecessary heat
conduction fromthe downwi nd halves | 0b and 100b to the upw nd
hal-ves 10a and 25 | 00a of the fins 10 and 100. Although the above
descri bes fin (100) are formed with raised portions (16, 17, 18)

having cut edges (16a, 17a, 18a) which protrude into an air
flow path ‘and extend in a direction intersecting a
direction of air flow, and said cut lines (15) are arranged
5 in. a middle porfion formed between the upwind raised

portibns (16, 17) and the downwind raised portions (18).

6. The heat excharig,er as claimed in C‘laim' 5,
wherein, assuming that said middle portion has a width W3
in é direction in which said upwind heat transfer tubes
10 (13) are laterally. spaced from said downwind heat transfer
tubes (14) and that a region in which the cut lines (15)
are extended has a width W4 in the direction in which said
upwind heat transfer tubes are laterally spaced from said
downwind heat transfer tubes, then an expression of 0.4 s

15 W4/W3 = 0.9 holds.

7. The heat exchanger as claimed in Claim 5,
wherein, assuming that a distance between the centers of
the mutually adjacent upwind and downwind heat transfer
tubes (13, 14) in the direction in which the upwind heat
20 trénsfer tubes (13) or the downwind heat transfer tubes
(14) are aligned is L3 and that a distance between the
centers of the upwind heat transfer tube (13) and cut line

(15) in the direction of alignment of the upwind heat



Sheat
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excha

‘uc case where the cut lines 15 are provided in the indoor

functlons as a condenser in the heati ng
i WEHI es may be provided in the out door heat
s unctlons as a condenser in 5 t he cooling operation.
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15
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- 27 -

transfer tubes or the downwind heat transfer tubes is L4,

an expression of 0.3 s L4/L3 = 0.7 holds.

8. The heat exchanger as claimed in Claim 5, wherein
a high_er—temperé.ture refi‘igerant flows through . said
downwind heat transfer tubes (14) and a lower-temperature
refrigerant flows through said upwind heat transfer tubes
(13), and said upwind half (100a) of each fin (100) is
formed with a fin connecting portion (19) which is
int;er-posed between two upwind raised portions (16, 17) and
located on-an upwind side of the downwind heat transfer

tube.s (14) .

9. The heat exchanger as claimed in Claim 2, wherein
assuming that an angle made between the direction in which
the ﬁpwind heat transfer tubes (13) or the downwind heat
transfer tubes (14) are aligned and a direction in which
said at least one cut line (15) is e#tended is f#, then an

expression of 5° = f s 175° holds.

10. The heat exchanger as claimed in Claim 9, wherein
mutually adjacent cut lines (15) are exténded in such a
manner that they intersect the direction of arrangement of
said upwind heat transfer tubes (13) or said downwind heat

transfer tubes (14) in opposite directions.
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1"NDUSTRI AL APPLI CABI LI TY : The heat exchanger of the present

invention is used for a heat .punp typé air conditioner or the like
provided with a refrigerant circuit.
- 24 - CLAI MS
- 28 -
ABSTRACT

In a heat exchanger for use in an air conditioner or the
like, a plurality of fins (10) are provided in paraliel,
and a plurality of upwind heat transfer tubes (13) and a
5 plurality of downwind heat transfer tubes (14) penetrate
the fins (10). Both the upwind heat transfer tubes and the
downwind heat transfer tubee. (13, 14) are arranged in

respective rows in approximately identical directions and

in a staggered form as a whole. Cut 1lines (15) are
10 provided between the upwind heat transfer tubes (13) and
the downwind heat transfer tubes (14). The cut lines (15)

are arranged in a direction identical to the direction in
which the heat transfer tubes (13, 14) are aligned, and
extended in a direction intersecting the direction (X) of
15 arrangement thereof. With this arrangement, a sufficient
rigidity of the £fins is secﬁred while preventing the

unnecessary heat conduction via the fins.



1. A heat exchanger of a crossed-fin- and tube type wherein a

plurality of fins (10, 100) are placed side by side, a plurality
of upwind heat transfer tubes (13) 5 penetrate an upwi nd hal f
(10a, 100a) of each fin and are - aligned in a specified direction in
the upwi nd half, a plurality of downw nd heat transfer tubes (14)
penetrate a - downwi nd half (I0b, 100b) of each fin and are aligned in
the downwi nd half in a direction substantially identical to- 10 t.he
direction in which said upmﬁnd heat transfer tubes (13) are aligned,
and said upw nd half (1pa, |s thermal |y separated from said
downwi nd half (I Ob, )ﬁ%gn plurality of cut lines (15) -
whi ch are arranged, space ron1 4each other, in a specified
direction, characterized in 15 ;
—t
5™ '3 83\
7




" at |least one of said cut lines (15) is extended in a direction

I ntersecting the direction (X) of - arrangenent of the cut lines
(15). 2. - - The heat exchanger as clainmed in Claiml, wherein
20 ~ said upmnnd heat transfer tubes (13) and said downw nd heat

transfer tubes (14) are arranged in a staggered formas a whol e,
and each cut line (15) is |ocated between the mutual |y adj acent
upwi nd heat transfer tube (13) and

Fig.3

10~
13

~14




+-25-7 downwind heat transfer tube (14), and extended intersecting

an imaginary |ine (20) which connects centers.of the nmut ual |y
adj acent upwi nd and downw nd heat transfer tubes (13) (14) 5

: The heat exchanger as clainmed in Claim2, wherein sai d
upw nd heat transfer tubes (13) and sai d downw nd heat - transfer
tubes (14) are made to have an approxi mately I dentical dianeter
whose magnitude is represented by W, each cut line (15) is
extended in a region centered on-said 10 i magi nary |ine (20) and having

a wdth represented by W2, ~and an expression of 0.4 [err] W/ W

[err] 1.3 holds. f:' ‘4
| 10.4
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4. - The heat exchanger as clained in Cam 2, _ wher ei n,

- assum ng that a di stance between nmutually facing out er peri pheral
portions of said upwi nd heat transfer tube 15 (13) and downw nd heat
transfer tube (14) on said inmaginary line (20) is L1 and that a

di stance between a point at which the cut line (15) intersects said
i magi nary |line (20) - and said outer peripheral portion of said
downwi nd heat transfer tube (14) on said imaginary line (20) is L2,
then 20 an expression of 0.2 [err] L2/L1 [err] 0.8 holds. 5

The heat exchanger as ?F?i ian Caiml, wherein - sai d upw nd hal f
(1 00a) and downw nd ha of each o _ o

15.
=

Fig.5B
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Fig.5C

EEr

Fig.5D

15%1_4



.- 26 -

path and extend in a direction intersecting a

fin (100) are fornmed with raised'portions (16, 17, 18) .
having cut edges (16a, 17a, 18a) which protrude into an air

and said cut lines (15) are arranged 5

bet ween

t he

upw nd

rai sed portions (18).
in Caim 5,

rai sed
6.

Fig6
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- wherein, assum ng that said mddle portion has a wdth W3 : in a
‘direction in which said upwi nd heat transfer tubes 10 (13) are

| aterally spaced from said downw nd heat transfer tubes (14) and
that a region in which the cut lines (15) are extended has a width
Wl in the direction in which said - upw nd heat transfer tubes are

| aterally spaced fromsaid downwi nd heat transfer tubes, then an.
expression of 0.4 [err] 15 WA/ WB [err] 0.9 holds. 7. The
heat exchanger as claimed in Caim 5, . wherein, assumng that a
- di stance between the centers of - the nutual ly adjacent upwind and
downw nd heat transfer tubes (13, 14) in the direction in which the-
upwi nd heat 20 transfer tubes (13) or the downw nd heat transfer tubes -

‘Fig.8

1.1
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RATIO
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' Fig.9

1.0
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"(14) are aligned is L3 and that a di stance between the : centers of

the upwi nd heat transfer tube (13) and cut |ine o (15) in the
direction of alignment of the upw nd heat
S - 27 - transfer tubes or the domnmnnd heat transfer tubes is L4,

an expre55|on of 0.3 [err] L4/L3 [err] 0.7 holds.
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8. The heat exchanger as clainmed in Caimb5, wherein - a

hi gher-tenperature refrigerant flows through said 5 = downw nd heat
transfer tubes (14) and a | ower-tenperature refrigerant flows

t hrough said upwi nd heat transfer  tubes (13), and said upw nd half
(100a) of each fin (100) is formed wth a fin connecting portion
(19) which is - -interposed between two upwi nd raised portions (16, 17)
and 10 | ocat ed on an upwi nd side of the downw nd heat transfer

tubes (14). 9. The heat exchanger as clained in daim 2,
wherein assum ng that an angl e nade between the direction in which
t he upwi nd heat transfer tubes (13) or the downw nd heat 15 . transfer

tubes (14) are ali gﬁgnqul rection in which 'said at | east one

cut line (15) is ext err], then an
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expression of 5 [err] 175[err] holdgmepi# i 10. TREC Re@™excha
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di h sz : ' i i ]
rrangorent of | AR AR N T ARSI, o T

0L 966G- 0

ap
RS
o)

A

dovynwi nd heat  transfer tubes (14) in opposite directions.
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(57) Abstract

A heat exchanger used for an air conditioner, wherein a plurality of fins
(10) are provided in parallel, through which a plurality of windward heat 10-A
exchanger tubes (13) and a plurality of leeward heat exchanger tubes (14) are 13\,0
passed. The heat exchanger tubes (13, 14) are provided so as to extend in .

substantially the same direction in a generally staggered manner. In the
intermediate portions of the fins which are located between the windward heat
exchanger tubes (13) and the leeward heat exchanger tubes (14), cuts (15) are
provided. The cuts (15) are arranged in the same direction as the heat exchanger
tubes (13, 14) and extend in the direction which crosses the direction X in
which the cuts are.arranged, Owing to this construction, the unnecessary
transfer of heat via the fins is prevented, and, moreover, a sufficient level of
rigidity of the fins can be secured. '
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