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ABSTRACT: An experimental investigation was executed to determine the capacity degradation
due to non-uniform refrigerant distribution in a multi-path evaporator. In addition, the possi-
bility of recovering the capacity reduction by controlling the refrigerant distribution among re-
frigerant paths was assessed. The finned-tube evaporator, which had a three-path and three-
depth-row, was tested by controlling inlet quality, exit pressure, and exit superheat for each
refrigerant path. The capacity reduction due to superheat unbalance between each path was as
much as 30%, even when the overall evaporator superheat was kept at a target value of 56C.
It may indicate that the internal heat transfer within the evaporator assembly caused the par-
tial capacity drop. For the evaporator having air mal-distributions, the maximum capacity re-

duction was found to be 8.7%. A 45% capacity recovery was obtained by controlling refri-
gerant distribution to obtain the target superheat at the outlet of each path.

Key words: Evaporator(%%7]), Superheat(# <€ x), Capacity(-& %), Multi-path(t}% #2), Re-
frigerant flow rate(§ol%-=F), Air flow rate(s %)
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Fig. 1 Schematic of experimental setup.
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Fig. 2 Schematic diagram of refrigerant path.
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Table 1 Test conditions

Superheat at each circuit (C)

P 1 Air fl
arameter oW Top Middle Bottom  Overall
) ) 5.6 56 5.6 56
Non-uniform refrigerant Uniform constant 16.7 16.7 16.7 16.7
distribution o
16.7 16.7 5.6
@ @ @ @
Constant
. . onstan 56 56 56 56
Non-uniform air flow rate © @ @ @
Reduced due to block
educed due o blockage o 56 56 56

m Top circuit superheat was adjusted to set the overall superheat at 5.6C.
@ Superheat was not adjusted (the expansion valve unchanged from the superheat at 56C with uni-
form air flow).

22 ME = P AlF uY fgE s A, wige] Aol E
TRz EFYEN 59 2o 3o 7

79 PPN AFLEE 267CE LAF 7] t2A Jetdat? Fig.3e Azda 439
3, o]&3 2X(dew point temperature)® 4.7C o] o3 S2A &3 FHEES} A2 a2
ojgtg A HM AR YA(dry coil) A1FE AA 288 Ze A% A%d HgE Jedd. Case

3ttt 429 AEL 267TC9 ATFE&ES 158C A%} Case B= 2+ f29 /MEzdce 294ds
9 ol&d & FUAAM At FL7 ¢ £ Zz} 56T 167CE2 24E W 2479 &

FoA AEdE $E5LE 489CT9 #HYE 83T Fg Uedth Case C= T ¥ 3d F29
A4 AETsh FAF @S AL F AR BF EFo)H 67T HARE %W, BT H2A
stom, 2970 A 72Ce AP T ARFAE 2Vale FHALE 5602 44
UYL HES 2AARAT $o)5h Case Co A% 48 #29 &7A

zwrle 7604 2 fzd 9@ Addds A7k 23dEE et 4 f29 &7 %
o BE $27 §HQ AHd 2HAEE & dEr 2430 w w2 27 ZolH v

ok

F AgA7e 2g9e dAsglen, 4 Adx 2z AAgo) AA Z7bste ZTwr)e 3L 2
¢ Z%g Table 19 Ve 2279 JF
A FrIEE7E T B9 FHUY AdR 7500
o BEE ~HAHAE A ABRS o ol s
%T’} %ﬁ L’TEH] 7}_ ‘:}t —?—-0]] EH?:T} }'{:}@% W g::(B:::s::;z.erﬂt]::;:::tﬂ?supemeatsare5.6°C
AdHoz ANy ojm Awiol sighig) 6500 Top circuitis adjusted to control overalt
B suHE 127904 269 Wz WA _ 1 Fupamesa1€7C
FRYY B/EEY RE U@ 4PN @ 2]
A4S 1A A5 A s ¥EE 5 8 ss00 ] ..
o] FE%o] YA A %ol WP A¥e 24z S -
Fa Rk 8000 RPN
. e

4500 - i
3. @% 2 nw .

T en Conep P
31 3719 AETEEJ} FAH AL Superheat case

Fig. 3 Capacities with different superheat com-
o0 f2 ZU7d4 Zt 25 EH43s 4 binations at uniform air flow.



1046

A ZxEYt BE AFLE7 56T(Case Aol
A 16.7C(Case B)E 718 et F2¢719 ¥
g2 2% F2sYch Case ColA FHd=
£ 56TCE FAHXH W8 32 Case Aol H
gte] 30% ZAAsAT ole AEE & FH E
s 29} 24 E EAse Ad F2 Ao
o] WEZHQ gAddo] TSP HEY Rez
gdadh

Fig. 4w #HEgXx9 Wzle} T3 W3l &
duPs)e) £%L F¥ 1300m’h, RE HIE
7t 56T 24& 7IEoexs AdUdYd £3H=
el Zolth g AL (cutting) FLVE
ZF & Aol (Fig.29] AA%) AL Adg Ao
t 2 £FdA4 EE #4957 56T Case
AdiA F FE71(7" 2 M7 B (non-cutting)) 7}
A2 FAS Aeg Yeldd. 28 #HIE0) 167
T Case B 2%, F%°] 1300 2 1700 m*/hQ
Z94 AY FE71E 8BAE FE7)d Hl3ly
zkzb 102% 2 23% 2 &S ey,
AY F27)9 AS Aqdzrt F8E o
Zo X3 He 22450 YTFE Y
Mol J¥E FA FHET JFE
o BaZel Zu A B FHNA dRES
Z7v871 ol FFol Ftd ol F7)
z QALAFT 375t BE FAE 26N
&3] F7HR e, o) Wang et al”9 @7
ARt FAE AFL dedt % 2 Fd=
7t 3 A AY FL% aAY Fdv)9

o=
&7
2=

=EES B

@2 o7t Tkt Y. ol HIA®W FE/IL A
g FLUld Hdte] FF9 TR AT dTEF
4 Case A : All supetheat is 5.6°C Dmmmmﬂ
13 Case B : All superheatis 16.7°C 1 Cutting fin
’ |Baseline conditions : Case A and 1300 m'h for not cutting coil )
12 /1700mlh
14 1300 m'h \
e \
: A
2 QHW L
3 o.a~}_ :
@ ] \— ]
0.7-—1
0.6 +—
05

CaseA CaseB CaseA

Superheat case

CaseB
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Fig. 6 Superheats with different air velocity
ratios at a constant air flow rate.
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Fig. 7 Capacities with different air velocity ra-
tios at reduced air flow rates.
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Fig. 8 Capacities with different air velocity ra-
tios at reduced air flow rates.
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