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(67)  The present invention prevents a refrigerant
from accumulating in a refrigerant flow path in a heat
exchanger as much as possible. This evaluating device
is for a heat exchanger (100, 200) including a heat ex-
changing unit (10) that causes a refrigerant to circulate
through a plurality of multistage refrigerant flow paths
(11, 12, 13, 14) arranged in a vertical direction, and per-
forms heat exchange between the refrigerant and air; a
refrigerant header (40) that allows a gas phase refriger-
ant to circulate therethrough and is connected to a first
end side of each of the plurality of refrigerant flow paths
(11, 12, 13, 14); a plurality of capillary tubes (214, 21,
215+, 21 cpottom) that are connected to respective sec-
ond end sides of the plurality of refrigerant flow paths
(11, 12, 13, 14); and a distributor (50) that joins the plu-
rality of capillary tubes (21,4, 2155, 214--.s 21¢pottom) at
a joining position. The evaluating device is provided with
a determination unit that determines, for each of the re-
frigerant flow paths (11, 12, 13, 14), whether the refrig-
erant has accumulated in the heat exchanging unit (10)
on the basis of a relationship between a vertical height
of the refrigerant flow path (11, 12, 13, 14) at an outlet
of the heat exchanging unit (10), afirst pressure loss (Pri)
of the refrigerant in the refrigerant flow path (11, 12, 13,

14) of the heat exchanging unit (10), a second pressure
loss (Pci) of the refrigerant in the corresponding capillary
tube (214, 2152, 214,---» 21 gpotiom)> @nd a vertical height
(hi) from a bottom edge of the heat exchanging unit (10)
to the vertically lowermost refrigerant flow path (14).
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EP 3 431 904 A1
Description
Technical Field

[0001] The presentinvention relates to a heat exchanger evaluating device, a heat exchanger evaluating method, a
heat exchanger manufacturing method, and a heat exchanger designing method.

Background Art

[0002] A known heat exchanger is provided with a plurality of multistage refrigerant flow paths arranged independently
in a vertical direction, and a refrigerant distributor to which a first end side of each of the plurality of refrigerant flow paths
is connected via a capillary tube (refer to Patent Document 1, for example).

[0003] Patent Document 1 discloses a method of adjusting a height from a bottom edge of a lowermost refrigerant
flow path to a top edge of a lowermost capillary tube to prevent a liquid refrigerant from accumulating in the lowermost
refrigerant flow path and causing an excessive increase in the degree of subcooling when the heat exchanger functions
as a condenser.

Citation List

Patent Document

[0004] Patent Document 1: JP 3985831 A
Summary of Invention

Problem to be Solved by the Invention

[0005] In Patent Document 1, the connecting positions of the plurality of refrigerant flow paths and the capillary tubes
connected thereto are spaced apart at a constant interval across an entire region of the overall height of the heat
exchanger in the vertical direction. As a result, a distance in the vertical direction between the connecting position of the
uppermost refrigerant flow path and the capillary tube, and the connecting position of the lowermost refrigerant flow path
and the capillary tube substantially matches the overall height of the heat exchanger.

[0006] Thus, a large difference exists between the pressure of the liquid refrigerant from the connecting position of
the uppermost refrigerant flow path to the refrigerant distributor caused by its own weight, and the pressure of the liquid
refrigerant from the connecting position of the lowermost refrigerant flow path to the refrigerant distributor caused by its
own weight. In consequence, the equalized pressure achieved after the liquid refrigerants from the plurality of capillary
tubes join together in the refrigerant distributor increases, making it difficult for the liquid refrigerant to discharge from
the lowermost refrigerant flow path to the capillary tube and resulting in problematic accumulation of liquid refrigerant
in the interior of the refrigerant flow path.

[0007] In light of the foregoing, an object of the present invention is to provide a heat exchanger evaluating device, a
heat exchanger evaluating method, a heat exchanger manufacturing method, and a heat exchanger designing method
capable of significantly preventing a refrigerant from accumulating in a refrigerant flow path of a heat exchanger.

Solution to Problem

[0008] A first aspect of the present invention is a heat exchanger evaluating device for a heat exchanger including a
heat exchanging unit that causes a refrigerant to circulate through a plurality of multistage refrigerant flow paths arranged
in a vertical direction, and performs heat exchange between the refrigerant and air, a refrigerant header that allows the
refrigerant in a gas phase to circulate therethrough and is connected to a first end side of each of the plurality of refrigerant
flow paths, a plurality of refrigerant distribution tubes connected to respective second end sides of the plurality of refrigerant
flow paths, and a refrigerant distributor that joins the plurality of refrigerant distribution tubes at a joining position. The
heat exchanger evaluating device is provided with a determination unit that determines, for each of the refrigerant flow
paths, whether the refrigerant has accumulated in the heat exchanging unit on the basis of a relationship between a
vertical height of the refrigerant flow path at an outlet of the heat exchanging unit, a first pressure loss of the refrigerant
in the refrigerant flow path of the heat exchanging unit, a second pressure loss of the refrigerant in the corresponding
refrigerant distribution tube, and a vertical height from a bottom edge of the heat exchanging unitto the vertically lowermost
refrigerant flow path.

[0009] According to the first aspect of the present invention, it is determined, for each of the plurality of multistage
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refrigerant flow paths arranged in the vertical direction, whether the refrigerant has accumulated in the heat exchanging
uniton the basis of a relationship between the vertical height of the refrigerant flow path at the outlet of the heat exchanging
unit, the first pressure loss of the refrigerant in the refrigerant flow path of the heat exchanging unit that performs heat
exchange between the air and the refrigerant, the second pressure loss of the refrigerant in the refrigerant distribution
tube, and the vertical height from the bottom edge of the heat exchanging unit to the vertically lowermost multistage
refrigerant flow path.

[0010] Thus, whether the refrigerant has accumulated in the heat exchanging unit can be simply determined using
the information of each location through which the refrigerant passes.

[0011] When the heat exchanging unit is made to function as a condenser and subcooled liquid is determined to have
accumulated in the heat exchanging unit, the accumulation in the heat exchanging unit can be eliminated and a decrease
in a condensing capacity of the condenser can be prevented by adjusting the relationship between the height of the
refrigerant flow path of the heat exchanging unit, the pressure loss of the refrigerant in the heat exchanging unit, the
pressure loss of the refrigerant in the refrigerant distribution tubes, and the height of the lowermost refrigerant flow path.
[0012] The determination unit of the heat exchanger evaluating device according to the first aspect of the present
invention may determine whether the refrigerant has accumulated in the heat exchanging unit on the basis of an ex-
pression below, given hi as the vertical height at the outlet of the heat exchanging unit, Pri as the first pressure loss, Pci
as the second pressure loss, h,.,m, as the vertical height from the bottom edge of the heat exchanging unit to the
vertically lowermost refrigerant flow path, p as a refrigerant density, and g as a gravitational acceleration.

[Expression 1]
< Fri + By
Pg

hi + hbormm

[0013] This determination is simply made on the basis of the conditional expression.

[0014] A second aspect of the present invention is a heat exchanger evaluating method of a heat exchanger including
a heat exchanging unit that causes a refrigerant to circulate through a plurality of multistage refrigerant flow paths
arranged in a vertical direction, and performs heat exchange between the refrigerant and air, a refrigerant header that
allows the refrigerant in a gas phase to circulate therethrough and is connected to a first end side of each of the plurality
of refrigerant flow paths, a plurality of refrigerant distribution tubes connected to respective second end sides of the
plurality of refrigerant flow paths, and a refrigerant distributor that joins the plurality of refrigerant distribution tubes at a
joining position. The heat exchanger evaluating method includes a first step of acquiring information on a vertical height
of each of the refrigerant flow paths at an outlet of the heat exchanging unit of the heat exchanger to be evaluated, a
first pressure loss of the refrigerant in the refrigerant flow paths of the heat exchanging unit, and a second pressure loss
of the refrigerant in the refrigerant distribution tubes; and a second step of determining, for each of the refrigerant flow
paths, whether the refrigerant has accumulated in the heat exchanging unit on the basis of a relationship between the
vertical height of the refrigerant flow path of the heat exchanging unit, the first pressure loss, the second pressure loss,
and a vertical height from a bottom edge of the heat exchanging unit to the vertically lowermost refrigerant flow path.
[0015] The heat exchanger evaluating method may determine whether the refrigerant has accumulated in the heat
exchanging unit on the basis of an expression below, given hi as the vertical height at the outlet of the heat exchanging
unit, Pri as the first pressure loss, Pci as the second pressure loss, hy.om @s the vertical height from the bottom edge
of the heat exchanging unit to the vertically lowermost refrigerant flow path, p as a refrigerant density, and g as a
gravitational acceleration.

[Expression 2]

. B+ Py
hi< _ﬂ”‘;é"“l'+hbottom

[0016] A third aspect of the presentinvention is a heat exchanger manufacturing method for a heat exchanger including
a heat exchanging unit that causes a refrigerant to circulate through a plurality of multistage refrigerant flow paths
arranged in a vertical direction, and performs heat exchange between the refrigerant and air, a refrigerant header that
allows the refrigerant in a gas phase to circulate therethrough and is connected to a first end side of each of the plurality
of refrigerant flow paths, a plurality of refrigerant distribution tubes connected to respective second end sides of the
plurality of refrigerant flow paths, and a refrigerant distributor that joins the plurality of refrigerant distribution tubes at a
joining position. The heat exchanger manufacturing method includes manufacturing the heat exchanger that satisfies
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an expression below, given hi as a vertical height of the refrigerant flow path at an outlet of the heat exchanging unit,
Pri as a first pressure loss of the refrigerant in the refrigerant flow paths of the heat exchanging unit, Pci as a second
pressure loss of the refrigerant in the refrigerant distribution tubes, h,.0m @s a vertical height from a bottom edge of the
heat exchanging unit to the vertically lowermost refrigerant flow path, p as a refrigerant density, and g as a gravitational
acceleration.

[Expression 3]
Bt R
Pg

hi + hbotzom

[0017] A fourth aspect of the present invention is a heat exchanger designing method for a heat exchanger including
a heat exchanging unit that causes a refrigerant to circulate through a plurality of multistage refrigerant flow paths
arranged in a vertical direction, and performs heat exchange between the refrigerant and air, a refrigerant header that
allows the refrigerant in a gas phase to circulate therethrough and is connected to a first end side of each of the plurality
of refrigerant flow paths, a plurality of refrigerant distribution tubes connected to respective second end sides of the
plurality of refrigerant flow paths, and a refrigerant distributor that joins the plurality of refrigerant distribution tubes at a
joining position. The heat exchanger designing method includes designing the heat exchanger that satisfies an expression
below, given hi as a vertical height of the refrigerant flow path at the outlet of the heat exchanging unit, Pri as a first
pressure loss of the refrigerant in the refrigerant flow paths of the heat exchanging unit, Pci as a second pressure loss
of the refrigerant in the refrigerant distribution tubes, hy.om @s a vertical height from the bottom edge of the heat
exchanging unit to the vertically lowermost refrigerant flow path, p as a refrigerant density, and g as a gravitational
acceleration.

[Expression 4]
< i +Fi
Pg

hi + hbottom

Advantageous Effects of Invention

[0018] The present invention achieves the effect of preventing a refrigerant from accumulating in a refrigerant flow
path of a heat exchanger to the extent possible.

Brief Description of Drawings
[0019]

FIG. 1 is a system configuration diagram of a heat exchanging system according to the present invention.

FIG. 2 is a function block diagram of an evaluating device according to the present invention.

FIG. 3 illustrates an example of a heat exchange model during use as a condenser in a case where a distributer is
below a bottom surface of a heat exchanger.

FIG. 4 illustrates an example of a heat exchange model during use as a condenser in a case where the distributer
is above the bottom surface of the heat exchanger.

Description of Embodiments

[0020] A heat exchanger evaluating device, a heat exchanger evaluating method, a heat exchanger manufacturing
method, and a heat exchanger designing method according to the present invention is described below with reference
to the drawings.

[0021] FIG. 1 illustrates a system configuration diagram of an evaluation system 3 of the present embodiment. The
evaluation system 3 includes a heat exchanging system 1 and an evaluating device 30. While the evaluating device 30
according to the present embodiment may be used to evaluate an outdoor heat exchanger (heat exchanger) 100 or an
indoor heat exchanger (heat exchanger) 200, the example described below is for evaluation of the outdoor heat exchanger
100.

[0022] The heat exchanging system 1 is a system that connects the outdoor heat exchanger 100 and the indoor heat
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exchanger 200 by a refrigerant system to circulate the refrigerant.

[0023] Examples of the heat exchanging system 1 include an air conditioning system in which one or a plurality of
indoor heat exchangers are connected to a single outdoor heat exchanger. Other examples of the heat exchanging
system 1 include a heat pump type hot water supply system that uses a CO2 refrigerant.

[0024] As illustrated in the system configuration diagram in FIG. 1, the heat exchanging system 1 includes the outdoor
heat exchanger 100, the indoor heat exchanger 200, a compressor 210 that compresses a refrigerant, an accumulator
220 that removes liquid components contained in a high-temperature, high-pressure refrigerant gas, a four-way valve
230, and an expansion valve 240, with these being connected by refrigerant piping.

[0025] The heat exchanging system 1 illustrated in FIG. 1 allows selective execution of a cooling operation that cools
an indoor area and a heating operation that heats an indoor area by switching a circulation direction of the refrigerant
by the four-way valve 230.

[0026] When the heating operation is performed, the four-way valve 230 sets the circulation direction of the refrigerant
so that the refrigerant compressed by the compressor 210 is introduced into the indoor heat exchanger 200, causing
the indoor heat exchanger 200 to function as a condenser, and the refrigerant heat-blocked and expanded by the
expansion valve 240 is introduced into the outdoor heat exchanger 100, causing the outdoor heat exchanger 100 to
function as an evaporator (the direction indicated by the solid arrows in FIG. 1).

[0027] On the other hand, when the cooling operation is performed, the four-way valve 230 sets the circulation direction
of the refrigerant so that the refrigerant compressed by the compressor 210 is introduced into the outdoor heat exchanger
100, causing the outdoor heat exchanger 100 to function as a condenser, and the refrigerant heat-blocked and expanded
by the expansion valve 240 is introduced into the indoor heat exchanger 200, causing the indoor heat exchanger 200
to function as an evaporator (the direction indicated by the dashed arrows in FIG. 1).

[0028] As illustratedin FIG. 2, the evaluating device 30 includes an acquiring unit 31 and a determination unit 32. FIG.
3 illustrates a refrigerant system of the outdoor heat exchanger 100 as viewed from the side.

[0029] The acquiring unit 31 acquires information on vertical heights hy, hy, h;, hyoiom Of refrigerant flow paths 11, 12,
13, 14 at an outlet of the heat exchanging unit 10 of the heat exchanger (outdoor heat exchanger orindoor heat exchanger)
to be evaluated from a bottom edge of a heat exchanging unit 10, a first pressure loss of the refrigerant in the refrigerant
flow paths 11, 12, 13, 14 of the heat exchanging unit 10, and a second pressure loss of the refrigerant in capillary tubes
21c1’ 21c2’ 21c1 21cbottom'

[0030] The determination unit 32 determines, for each of the refrigerant flow paths 11, 12, 13, 14, whether refrigerant
has accumulated in the heat exchanging unit 10 on the basis of the relationship of the vertical heights of the refrigerant
flow paths 11, 12, 13, 14 at the outlet of the heat exchanging unit 10 from the bottom edge of the heat exchanging unit
10, the first pressure loss, the second pressure loss, and a vertical height from the bottom edge of the heat exchanging
unit 10 to the vertically lowermost refrigerant flow path 14. Specifically, the determination unit 32 determines whether
refrigerant has accumulated in the heat exchanging unit on the basis of an expression below, given Pri as the first
pressure loss, Pci as the second pressure loss, h,om as the vertical height from the bottom edge of the heat exchanging
unit 10 to the vertically lowermost refrigerant flow path 14, p as a refrigerant density, and g as a gravitational acceleration.

[Expression 5]

B+ B
hi < . + potiom

[0031] The basis for use of the formula above is explained below.

[0032] When the Distributer is Below the Bottom Surface of the Heat Exchanging Unit:

As illustrated in FIG. 3, the outdoor heat exchanger 100 includes the heat exchanging unit 10, the refrigerant distribution
tubes 21, a refrigerant header 40, and a distributor (refrigerant distributor) 50.

[0033] The heat exchanging unit 10 causes the refrigerant to circulate through the plurality of refrigerant flow paths
(circuits) 11, 12, 13, 14 arranged in a vertical direction, and performs heat exchange with air blown by a blowing fan (not
illustrated) provided to the outdoor heat exchanger 100.

[0034] The refrigerant flow paths 11, 12, 13, 14 are tubular members formed by a metal member made of copper for
example, and flow paths that circulate the refrigerant are formed in the interiors thereof.

[0035] The heat exchanging unit 10 can be, for example, configured as a fin and tube type heat exchanger in which
the plurality of refrigerant flow paths 11, 12, 13, 14 are inserted through insertion holes in a plurality of fins (not illustrated)
having plate-like shapes, being made from aluminum, and being disposed consecutively in the horizontal direction.
[0036] The refrigerant header 40 is piping that allows the refrigerant in a gas phase to circulate therethrough and is
connected to a first end side of each of the plurality of refrigerant flow paths 11, 12, 13, 14 at a first connecting position C1.
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[0037] When the outdoor heat exchanger 100 functions as a condenser, the refrigerant header 40 supplies the refrig-
erantin a gas phase to each of the plurality of refrigerant flow paths 11, 12, 13, 14. On the other hand, when the outdoor
heat exchanger 100 functions as an evaporator, the refrigerant in a gas phase is supplied from each of the plurality of
refrigerant flow paths 11, 12, 13, 14 to the refrigerant header 40.

[0038] The refrigerant distribution tubes 21 include capillary tubes 214, 215, 21;... 21;p0ttom» €ach being connected
to a second end side of the plurality of refrigerant flow paths 11, 12, 13, 14 at a second connecting position C2.
[0039] The distributor 50 is a device that joins the capillary tubes 214, 21, 21... 21 po1om at @ joining position C3.
The joining position C3 is disposed below the bottom edge of the heat exchanging unit 10 in a vertical direction (that is,
up-down direction in FIG. 3) orthogonal to a mounting surface of the outdoor heat exchanger 100.

[0040] When the outdoor heat exchanger 100 functions as a condenser, subcooled liquid discharged from the second
connecting positions C2 of the plurality of refrigerant flow paths 11, 12, 13, 14 is supplied to the capillary tubes 214,
210, 214 21 ypotiom» @Nd guided to the joining position C3 of the distributor 50.

[0041] On the other hand, when the outdoor heat exchanger 100 functions as an evaporator, subcooled liquid dis-
charged from the joining position C3 of the distributor 50 is guided to the capillary tubes 214, 215, 21;... 21¢potiom. aNd
supplied to the second connecting positions C2 of the plurality of refrigerant flow paths 11, 12, 13, 14.

[0042] As illustrated in FIG. 3, the vertical heights of each of the refrigerant flow paths 11, 12, 13, 14 at the outlets of
the heat exchanging unit 10 from the bottom surface of the heat exchanging unit 10 in the vertical direction (up-down
direction in FIG. 3) orthogonal to the mounting surface of the outdoor heat exchanger 100 are set as heights hy, h,, h;,
hbottom'

[0043] FIG. 3illustrates an example of a heat exchange model when the heat exchanger is used as a condenser. The
up-down direction in FIG. 3 matches the vertical direction given the mounting surface on which the outdoor heat exchanger
100 is mounted as a reference.

[0044] Inthe present embodiment, the heat exchanger is used as a condenser and therefore the refrigerant flows from
left to right as viewed on the paper surface of FIG. 3. The refrigerant passes through the refrigerant header 40 in a gas
state, subsequently passes through the heat exchanging unit 10 in a two-phase state, and lastly passes through the
capillary tubes 214, 21, 21;... 21p0ttom iN @ liquid state, with the refrigerant from each of the refrigerant flow paths
joining at the joining position C3 of the distributor 50.

[0045] In FIG. 3, each subscript represents the number of refrigerant flow paths (circuits), and "bottom" refers to the
lowermost refrigerant flow path. Here, Pri denotes the pressure loss (Pa) in each of the refrigerant flow paths, Pci denotes
the pressure loss (Pa) in each of the capillary tubes, h denotes the height (m) from the outlet of each of the refrigerant
flow paths to the bottom edge of the heat exchanging unit 10, hp denotes the height (m) from the bottom edge of the
heat exchanging unit 10 to the bottom edge of the distributor 50, Pin denotes the inlet pressure (Pa), and Pout denotes
the outlet pressure (Pa).

[0046] In the refrigerant header 40, the refrigerant is in a gas state and therefore has low density. As a result, a position
head pressure pgh is negligibly small compared to the pressure loss Pri in the refrigerant flow paths 11, 12, 13, 14 and
the pressure loss Pci in the capillary tubes. Further, upon comparison with the refrigerant flow paths 11, 12, 13, 14, the
refrigerant header 40 has a shorter piping length and a larger inner diameter than those of the refrigerant flow paths 11,
12, 13, 14, making the pressure loss in the refrigerant header 40 also negligibly small. Thus, the inlet pressures Pin of
each of the refrigerant flow paths 11, 12, 13, 14 can be assumed as equal.

[0047] Further, the outlet pressures Pout of each of the refrigerant flow paths 11, 12, 13, 14 are designed as equal,
and therefore the outlet pressures Pout can also be assumed as equal for the refrigerant flow paths 11, 12, 13, 14.
Furthermore, as long as heat is suitably exchanged in the heat exchanging unit 10, the refrigerant in the capillary tubes
2151, 210, 2155+ 21 gpotioms 1S IN @ liquid state, and thus the refrigerant density p can be assumed as equal in the
refrigerant flow paths 11, 12, 13, 14.

[0048] From the above assumed conditions, the relationship between the inlet pressure Pin and the outlet pressure
Poutis expressed as Formula (2) below from Formula (1). Here, p is the refrigerant density (kg/m3), and g is gravitational
acceleration (m/s2).

[0049] [Expression 6]
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Pout = By —{By + P —pglhy +hp)} (N
=Py =B + Fp —pg(y +hp))}

=By — B+ Fei—pg(hi +hp))

=fn— {Prbottom+ Pcbottom_ Pg U”boz‘z‘om+ hD)} (2)

[0050] Here, the relationship between the uppermost refrigerant flow path 11 and the lowermost refrigerant flow path
14 will be examined. Because the outlet outputs Pout are equal for each of the refrigerant flow paths, Formulas (1) and
(2) above are equal. Thus, Formula (3) below holds.

[Expression 7]

By - {F1+F1-pg (h 1t hD)} =Py - {Prbottom+ Febottoni—Pg (hbon‘om+ hD)}
A 1t Pcl —pg (h 1= hbottom) = Prboz‘tom+ PCbottom 3

[0051] Here, the pressure loss is a function proportionate to the square of the refrigerant flow path Gr (kg/h) as shown
below. Note that A is a friction coefficient, L is a piping length (m), d is a piping inner diameter (m), A is a piping cross-
sectional area (m2), ¢ is a two-phase multiplier coefficient, and x is a dryness.

[Expression §]

L Gr?
P=A— (Single phase region, capillary tube portion)
dn p 42
L({1-x)" . : :
P= ¢2 —( *) Grz (Two-phase region, refrigerant flow path portion)
L™ g 2% A2

[0052] Thus, the refrigerant flows to the lowermost refrigerant flow path 14 as long as Py, ttom > 0, @and to the lowermost
capillary tube 21 510m a@s long as Pgyoiom > 0. As a result, the conditional expression for the flow of refrigerant without
liquid accumulation in the lowermost refrigerant flow path 14 is Formula (4) below.

[Expression 9]

Prbotiom + Febortom >0 (Where, Foponom >0 And  Fepopuom >0 ) (4)

[0053] When Formula (3) is substituted into Formula (4) described above, Formula (5) below is achieved.
[Expression 10]

Py +Fpy —pg(hy ~Mposiom > 0
P + Py > pg(h | = hposiom) (5)
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[0054] From Formula (5) above, it is understood that a flow of refrigerant will exist in the lowermost refrigerant flow
path 14 and liquid accumulation will not occur as long as the sum of the pressure loss of the uppermost refrigerant flow
path 11 and the pressure loss of the capillary tube 214 is greater than a liquid head pressure differential of the uppermost
refrigerant flow path 11 and the lowermost refrigerant flow path 14. The relationships between the second and subsequent
refrigerant flow paths 12, 13 from the uppermost stage and the lowermost refrigerant flow path 14 can also each be
found using a similar procedure. From this, it is understood that liquid accumulation will not occur in the lowermost
refrigerant flow path 14 as long as Formula (6) below (Formula (7) upon conversion) is satisfied in all of the refrigerant
flow paths 11, 12, 13.

[Expression 11]

P+ P > pglhi — hponom) ©)

+ P,

P.. .
hi < -—EL 4 Rbottom (N

[0055] When the Distributer is Above the Bottom Surface of the Heat Exchanging Unit:

[0056] FIG. 4 illustrates an example of a heat exchange model when the heat exchanger is used as a condenser.
Unlike FIG. 3, the distributor 50 is disposed in a position above the bottom edge of the heat exchanging unit 10 in a
vertical direction (that is, up-down direction in FIG. 4) orthogonal to the mounting surface of the outdoor heat exchanger
100. In the following, descriptions of locations having the same configuration as that in FIG. 3 will be omitted, and
differences therebetween will be mainly described.

[0057] Here, the liquid head of the refrigerant at the capillary tube 21,1 Of the lowermost refrigerant flow path 14
will be examined. In the lowermost refrigerant flow path 14, the refrigerant moves upward and thus the liquid head works
to decrease pressure. While the refrigerant is positioned higher than a top edge of the distributor 50 at this time, the
position decreases to the top edge of the distributor 50, causing the pressure to eventually increase by hp - hygtiom-
Thus, the relationship between the inlet pressure Pin and the outlet pressure Pout is expressed as follows.

[0058] [Expression 12]

Poyr =By ={P + Py —pglh 1 —hp)} (8)

P b+ Fi—pglh —hp)}

= P;'n - {Prboz‘tom+ I chottom™t PE (hD - hbottom)} (9)

[0059] Similar to the case where the distributor 50 is below the bottom edge of the heat exchanging unit 10, the outlet
pressure Pout are equal for each of the refrigerant flow paths 11, 12, 13, 14, and thus Formulas (8) and (9) above are
equal. As a result, Formula (10) below holds.

[Expression 13]

By —{B1+ B —pg (hy— hp)y=Fy,— {Prbottom"' Febottomt P (hp— hbottom)}
B+ Py —pglhy ~hpthp - hbottom) = Fpottom™ Pcbotmm
P+ R =81 —Mponom = Brbottom™ Feporrom (10

[0060] Here, Formula (10) is equal to Formula (3) above. Accordingly, the exact same procedure as the process for
deriving Formula (6) is used. When Formula (10) is substituted into Formula (4), the formula becomes Formula (11)
below, and Formula (11) and Formula (5) are exactly the same.
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[Expression 14]

Prl +Pcl -'pg(h 1 _hbotton) >0
By + Py > pglh 1 —Mportom an

[0061] When the second and subsequent refrigerant flow paths 12, 13 from the uppermost stage and the lowermost
refrigerant flow path 14 are treated in the same manner, Formula (12) is found, and Formulas (12) and (6) are the same.
It is then understood that liquid accumulation will not occur in the lowermost refrigerant flow path 14 as long as Formula
(12) (Formula (13) upon conversion) is satisfied in all of the refrigerant flow paths 11, 12, 13.

[Expression 15]

Pi + P.i > pg(hi = hportom) (12)
P+ P,
hi < 4 S o +h (1 3)
og bottom

[0062] Neither Formula (6) derived when the distributor 50 is assumed to be below the bottom edge of the heat
exchanging unit 10 nor Formula (12) derived when the distributor 50 is assumed to be above the bottom edge of the
heat exchanging unit 10 includes ho which represents the height from bottom edge of the heat exchanging unit 10 to
the top edge of the distributor 50.

[0063] This indicates that liquid accumulation is not related to the height position of the distributor 50 when the heat
exchanger is used as a condenser, and liquid accumulation will not occur as long as the sum of the pressure loss of
each of the refrigerant flow paths 11, 12, 13, 14 and the pressure loss of each of the capillary tubes 214, 21,,, 21...
21 pottom 1S greater than a liquid head pressure differential of each of the refrigerant flow paths 11, 12, 13, 14 and the
lowermost refrigerant flow path 14.

[0064] The action of the evaluating device 30 of an air-conditioning device according to the present embodiment will
be described below with reference to FIGS. 1 to 4.

[0065] A heat exchanger already manufactured serves as the evaluation target, and the information acquired include
the vertical height of the refrigerant flow paths 11, 12, 13, 14 at the outlets of the heat exchanging unit 10 of the heat
exchanger to be evaluated, from the bottom edge of the heat exchanging unit 10, as well as the first pressure loss of
the refrigerant in the refrigerant flow paths of the heat exchanging unit, and the second pressure loss of the refrigerant
in the capillary tubes 214, 215, 21... 21¢pottom-

[0066] Whether refrigerant has accumulated in the heat exchanging unit 10 is determined in accordance with whether
Formula (7) (Formula (13)) holds on the basis of the acquired information.

[0067] When Formula (7) holds, it is determined that refrigerant has not accumulated in the heat exchanging unit 10.
When Formula (7) does not hold, it is determined that refrigerant has accumulated in the heat exchanging unit 10.
[0068] When it has been determined that refrigerant has accumulated in the heat exchanging unit 10, the value of
each location may be adjusted so that Formula (7) holds. Examples of ways for remedying accumulation include changing
the path assembly method of the refrigerant flow paths 11, 12, 13 of the heat exchanging unit 10 (that is, changing the
circuit lengths of the heat exchanging unit 10), and adjusting the lengths of the capillary tubes 214, 215, 21;... 21 pottom:
[0069] As described above, according to the heat exchanger (outdoor heat exchanger 100 and indoor heat exchanger
200) evaluating device, the heat exchanger evaluating method, the heat exchanging manufacturing method, and the
heat exchanger designing method according to the present embodiment, whether refrigerant has accumulated in the
heat exchanging unit 10 is determined on the basis of the relationship between the vertical heights hy, h,, h; of the
plurality of multistage refrigerant flow paths 11, 12, 13, arranged in the vertical direction, at the outlets of the heat
exchanging unit 10, the first pressure loss of the refrigerant in the refrigerant flow paths 11, 12, 13, 14 in the heat
exchanging unit 10 that performs heat exchange between the air and the refrigerant, the second pressure loss of the
refrigerant in the capillary tubes 21,4, 21,5, 21... 21pottom: @nd the vertical height from the bottom edge of the heat
exchanging unit 10 to the vertically lowermost multistage refrigerant flow path 14.

[0070] Thus, whether refrigerant has accumulated in the heat exchanging unit 10 can be simply determined using the
information of each location through which the refrigerant passes.

[0071] Further, the outlet heights of the heat exchanging unit 10 for the refrigerant flow paths 11, 12, 13 above the
refrigerant flow path 14 can be simply determined on the basis of the lowermost refrigerant flow path 14 using the
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expression for determining refrigerant accumulation.

[0072] When the heat exchanger is made to function as a condenser and subcooled liquid is determined to have
accumulated in the heat exchanging unit 10, the accumulation in the heat exchanging unit can be eliminated and a
decrease in a condensing capacity of the condenser can be prevented by adjusting the relationship between the heights
of the refrigerant flow paths 11, 12, 13 of the heat exchanging unit 10, the pressure loss of the refrigerant in the heat
exchanging unit 10, the pressure loss of the refrigerant in the refrigerant distribution tubes (capillary tubes) 21, and the
height hpoom Of the lowermost refrigerant flow path 14.

[0073] While the evaluating device in the above embodiment has been described as a device that evaluates whether
refrigerant has accumulated in the heat exchanging unit 10 for a heat exchanger that has already been manufactured,
the present invention is not limited thereto. For example, the evaluating device may be used in the stage of designing
the heat exchanger.

[0074] Specifically, when the information on the height h; of each of the refrigerant flow paths 11, 12, 13, 14, the first
pressure loss in the refrigerant flow paths 11, 12, 13, 14, the second pressure loss in the capillary tubes 21 4, 21,
21 21 gpottom» @nd the height h, t10m Of the lowermost refrigerant flow path 14 from the heat exchanging unit 10 derived
in the design stage is substituted into Formula (7) above and Formula (7) holds, no refrigerant accumulation is assumed,
and the design process transitions to another design process or the like. When Formula (7) above does not hold,
refrigerant accumulation is assumed to have occurred, and the accumulation can be remedied by returning to the design
procedure, adjusting the heights hy, h,, h;, hyoom Of €ach of the refrigerant flow paths 11, 12, 13, 14 at the outlets of
the heat exchanging unit 10, adjusting the circuit lengths, and reselecting the capillary tubes 214, 21, 21.... 21 pottom:
[0075] Additionally, as another example, the evaluating device may be used in the stage of manufacturing the heat
exchanger.

[0076] Specifically, when the information on the height h; of each of the refrigerant flow paths 11, 12, 13, 14, the first
pressure loss in each of the refrigerant flow paths 11, 12, 13, 14, the second pressure loss in the capillary tubes 214,
210, 214-.- 21 cpoitom @nd the height hypiiom OF the lowermost refrigerant flow path 14 from the heat exchanging unit 10
obtained in the manufacturing stage is substituted into Formula (7) above and Formula (7) holds, no refrigerant accu-
mulation is assumed and the manufacturing process proceeds.

[0077] When Formula (7) above does not hold, it is determined that refrigerant accumulation has occurred. The heat
exchanger can then be manufactured so that Formula (7) above holds by adjusting the heights hy, h,, h;, hyoom Of €ach
of the refrigerant flow paths 11, 12, 13, 14 at the outlets of the heat exchanging unit 10, adjusting the circuit lengths,
and reselecting the capillary tubes 214, 21,5, 214... 21¢pottom-

[0078] The embodiment of the present invention has been described above in detail with reference to the drawings,
but the specific configurations are not limited to the embodiment, and design changes and the like that do not depart
from the scope of the present invention are also included.

Reference Signs List
[0079]

1 Heat exchanging system

10 Heat exchanging unit

11, 12, 13, 14 Refrigerant flow path

21¢4, 21, 21G;... 21 cpottom Capillary tube

40 Refrigerant header

50 Distributor (refrigerant distributor)

100 Outdoor heat exchanger (heat exchanger)
200 Indoor heat exchanger (heat exchanger)

Claims
1. A heat exchanger evaluating device for a heat exchanger comprising:

a heat exchanging unit that causes a refrigerant to circulate through a plurality of multistage refrigerant flow
paths arranged in a vertical direction, and performs heat exchange between the refrigerant and air;

a refrigerant header that allows the refrigerant in a gas phase to circulate therethrough and is connected to a
first end side of each of the plurality of refrigerant flow paths;

a plurality of refrigerant distribution tubes connected to respective second end sides of the plurality of refrigerant
flow paths; and
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a refrigerant distributor that joins the plurality of refrigerant distribution tubes at a joining position; the heat
exchanger evaluating device comprising:

a determination unit that determines, for each of the refrigerant flow paths, whether the refrigerant has
accumulated in the heat exchanging unit on the basis of a relationship between a vertical height of the
refrigerant flow path at an outlet of the heat exchanging unit, a first pressure loss of the refrigerant in the
refrigerant flow path of the heat exchanging unit, a second pressure loss of the refrigerant in the corre-
sponding refrigerant distribution tube, and a vertical height from a bottom edge of the heat exchanging unit
to the vertically lowermost refrigerant flow path.

The heat exchanger evaluating device according to claim 1, wherein the determination unit determines whether the
refrigerant has accumulated in the heat exchanging unit on the basis of an expression below, given hi as the vertical
height at the outlet of the heat exchanging unit, Pri as the first pressure loss, Pci as the second pressure loss, hyoom
as the vertical height from the bottom edge of the heat exchanging unit to the vertically lowermost refrigerant flow
path, p as a refrigerant density, and g as a gravitational acceleration:

[Expression 1]
< P+ Fei
Pg

hi + hboztom

Aheatexchanger evaluating method of a heat exchanger comprising a heat exchanging unit that causes a refrigerant
to circulate through a plurality of multistage refrigerant flow paths arranged in a vertical direction, and performs heat
exchange between the refrigerant and air, a refrigerant header that allows the refrigerant in a gas phase to circulate
therethrough and is connected to a first end side of each of the plurality of refrigerant flow paths, a plurality of
refrigerant distribution tubes connected to respective second end sides of the plurality of refrigerant flow paths, and
a refrigerant distributor that joins the plurality of refrigerant distribution tubes at a joining position, the heat exchanger
evaluating method comprising:

a first step of acquiring information on a vertical height of each of the refrigerant flow paths at an outlet of the
heat exchanging unit of the heat exchanger to be evaluated, a first pressure loss of the refrigerant in the
refrigerant flow paths of the heat exchanging unit, and a second pressure loss of the refrigerant in the refrigerant
distribution tubes; and

a second step of determining, for each of the refrigerant flow paths, whether the refrigerant has accumulated
in the heat exchanging unit on the basis of a relationship between the vertical height of the refrigerant flow path
of the heat exchanging unit, the first pressure loss, the second pressure loss, and a vertical height from a bottom
edge of the heat exchanging unit to the vertically lowermost refrigerant flow path.

The heat exchanger evaluating method according to claim 3, wherein whether the refrigerant has accumulated in
the heat exchanging unit is determined on the basis of an expression below, given hi as the vertical height at the
outlet of the heat exchanging unit, Pri as the first pressure loss, Pci as the second pressure loss, hy o @s the
vertical height from the bottom edge of the heat exchanging unit to the vertically lowermost refrigerant flow path, p
as a refrigerant density, and g as a gravitational acceleration:

[Expression 2]
hi< Bith

+h
ng bhottom

A heat exchanger manufacturing method for a heat exchanger comprising a heat exchanging unit that causes a
refrigerant to circulate through a plurality of multistage refrigerant flow paths arranged in a vertical direction, and
performs heat exchange between the refrigerant and air, a refrigerant header that allows the refrigerant in a gas
phase to circulate therethrough and is connected to a first end side of each of the plurality of refrigerant flow paths,
a plurality of refrigerant distribution tubes connected to respective second end sides of the plurality of refrigerant
flow paths, and a refrigerant distributor that joins the plurality of refrigerant distribution tubes at a joining position,
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the heat exchanger manufacturing method comprising:

manufacturing the heat exchanger that satisfies an expression below, given hi as a vertical height of the refrig-
erant flow path at an outlet of the heat exchanging unit, Pri as a first pressure loss of the refrigerant in the
refrigerant flow paths of the heat exchanging unit, Pci as a second pressure loss of the refrigerantin the refrigerant
distribution tubes, h,.om as a vertical height from the bottom edge of the heat exchanging unit to the vertically
lowermost refrigerant flow path, p as a refrigerant density, and g as a gravitational acceleration:

[Expression 3]

pi < it A

+h
pg bottom

Aheat exchanger designing method for a heat exchanger comprising a heat exchanging unit that causes a refrigerant
to circulate through a plurality of multistage refrigerant flow paths arranged in a vertical direction, and performs heat
exchange between the refrigerant and air, a refrigerant header that allows the refrigerant in a gas phase to circulate
therethrough and is connected to a first end side of each of the plurality of refrigerant flow paths, a plurality of
refrigerant distribution tubes connected to respective second end sides of the plurality of refrigerant flow paths, and
a refrigerant distributor that joins the plurality of refrigerant distribution tubes at a joining position, the heat exchanger
designing method comprising:

designing the heat exchanger that satisfies an expression below, given hi as a vertical height of the refrigerant
flow path at an outlet of the heat exchanging unit, Pri as a first pressure loss of the refrigerant in the refrigerant
flow paths of the heat exchanging unit, Pci as a second pressure loss of the refrigerant in the refrigerant
distribution tubes, h,.om as a vertical height from the bottom edge of the heat exchanging unit to the vertically
lowermost refrigerant flow path, p as a refrigerant density, and g as a gravitational acceleration:

[Expression 4]
Pri + B

hi< + hbottom
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