UAC] Technical Reports, Vol.8 (2021), pp. 53-61

53

| BB - HiiEs

BEEHI7I VL — V7V I BT 2 E %

BE R Al gt RH

%@‘{‘ **Y

AT S A S N ¢ I O

Technological Development of All-Aluminum Heat Exchangers for
Cooling-Only Air Conditioners™

Hikaru Eda**, Tomoaki Toyama™***, Sayo Fukada™*, Shiro Katahira®*** and Yoshihiko Mizuta™**

1. 1IUBHIC

ZEHREOB IR VSN TW L HFCHIZ X 5 H
BRIBZALB 1L 0720, HEFCH B B 1 B 23 EIF 1912
HEHOENTBY, ZZREOBGEACALIAL 2o T
%0 F72, COBEHREBIROBA DS, O H T
ANVF—ALAEE o T D, ZREOEG LS
LFOEZANF—LIZBWT, BT EE LK
BHETHY, ZWEHESHREGONY - SRl
CROLN TS, BEHEFO/NT - FPERRIbIZ X 5
ZERROB LB XA AV F L HWE LT,
87 Vv 7 a—RIESRE (DU PR #8#ids, Fig. 1)
PEHEEDTVD, TLVIZY AT L — T 1 ¥
BXOMBEMEZIEICE DES LR

Fig. 1 Parallel flow heat exchanger.
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Fig. 2 Corrugated fin.

Fig. 3 Multiport flat tube.
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Fig. 4 Definition of various geometric parameters on
louvered fin.
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Table 1 Specifications of tested louvered fins.

Louver | Louver Fin Fin Louver Fin
pitch angle pitch height | length | depth
P 0 P H, L D;
(mm) | (deg) | (mm) (mm) | (mm) (mm)
1 27
L 0.7 30 1.0, 1.3 7.6 6.0 139
3 33
4 27
5] 09 30 10, 1.3 7.6 6.0 139
6 33
7 27
z 11 30 1.0, 1.3 7.6 6.0 139
9 33
10 | 7.6 5.6
11 09 30 1.0, 1.3 111 9.0 139
12 17.0 14.6
13 82
E 0.95 285 1.0, 1.3 7.6 6.0 10.1
15 139

Table 2 Experimental condition.

Water side Inlet temperature T 50

Dry bulb temperature T 25

Air side Wet bulb temperature T 16
Frontal air velocity m/s 1.0, 2.0, 4.0
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Fig. 5 Comparison of Colburn j factor between measured
value and conventional correlations.
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Fig. 6 Comparison of Colburn j factor between measured
value and original correlation.
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Fig. 7 Performance improvement rate by optimizing
louvered fins.
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Fig. 8 Effect of channnel shape on performance of the
heat exchanger.
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(a) Trapezoid near triangle

(b) Trapezoid near rectangular

Fig. 9 Cross section view of multi port flat tubes with
trapezoid channels.

Table 3 Specification of tested multi port flat tubes.

Channel shape - Rec Ribl Rib2

Channel width mm 0.54 0.54 0.54

Channel height mm 0.84 0.84 0.84
Cross sectional area mm? 7.8 7.3 7.2

Wetted perimeter mm 482 55.9 65.7
Hydraulic diameter mm 0.64 0.52 043
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Fig. 10 Cross section view of multi port flat tubes.

Corrugated fin

Fig. 11 Schematic diagram of heat exchanger.

Table 4 Experimental condition.

Type of experiment Condensation | Evaporation
Dry bulb 9
temp. C 35 27
. Wet bulb o
Air side temp. C 24 19
Frontal air |, /o1 15 20,25 | 1820 25
velocity
Saturation | ¢
temp. C 45 155
Refrigerant| Iplet quality | — - 0.2
side
Superheat K 20
Subcool K 5 -
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Fig. 12 Heat transfer rate with frontal air velocity during
condensation.
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Fig. 13 Refrigerant side pressure drop with mass flow
rate during condensation.
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Fig. 14 Heat transfer rate with frontal air velocity during
evaporation.

e
o
o
o

=

500

100f

a1
(=}
T

—_
(=]

(&)
T

—O— Rectangular
—A— Rib1 (Upper)
—4—Rib1 (Lower)
—— Rib2 (Both)

Refrigerant side pressure drop, Ap.: / kPa

—_

10 50 100
Mass flow rate, mrs/ kg/h

Fig. 15 Refrigerant side pressure drop with mass flow
rate during evaporation.
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Fig. 18 Schematic of calculated parallel flow heat
exchangers.
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Table 5 Specification of calculated parallel flow heat

exchangers.
A B C

Pass pattern - 22-15-10-5 | 32-10-6-4 40-5-4-3
Number of tube - 52
Number of pass - 4

Core width mm 680

Core height mm 466

Core depth mm 14

Table 6 Air side condition.

Dry bulb temperature T 35
Wet bulb temperature T 24
Frontal air velocity m/s 08,1.0,1.2

Table 7 Refrigerant side condition.

Refrigerant - R32
Pressure MPa 3.14
Saturation Temperature T 50
Inlet Superheat K 25
Outlet Subcool K 50, 85, 12
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Fig. 19 Calculated results of heat transfer rate on pass
pattern A.
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Fig. 20 Refrigerant temperature distribution of pass
pattern A on frontal air velocity of 1.2 m/s.
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Fig. 21 Calculation result for effect of pass pattern on
heat transfer rate.
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Experimental result for effect of pass pattern on
heat transfer rate.
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