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A study of heat transfer characteristics on the Multi-pass Heat exchanger
with Minichannel
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ABSTRACT: This research focused on the multi-pass heat exchanger using the
minichanne! possessing the spring fin. An air-water was used as working fluid. The
characteristics of liquid single phase heat transfer were verified. The compact heat
exchanger (heat transfer area density : A= 2,146 m?/m®), based on the shape of
header(Top combining header), 63 minichannels (2, : 1.4 mm, L : 0.25 m) and the air

side adopting the copper wire spring fin, was fabricated. The heat transfer area density
of the air side was improved up to 161% when compared with the conventional fin-tube
heat exchanger that adopts the heat transfer tube with the inner diameter of 5 mm.
With regard to heat transfer performance, heat transfer rate per unit volume increased
up to 142% when compared with the fin-tube heat exchanger adopting the heat transfer
tube with the inner diameter of 5 mm.

Key words: Compact Heat exchanger(F®E G g 7]), Multi-pass(thEA]), Heat transfer
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Table. 1 Dimension of spring fin heat exchanger
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Fig. 1 Schematic diagram of spring finned heat exchanger.

.o =AM~
| _t=05mm 098 m (straight length = 8.4 m)

(a) Copper wire spring fin

(b) Spring finned tube
Fig. 2 Specification of spring fin.
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Fig. 3 Schematic diagram of experimental apparatus
for liquid single phase heat transfer experiment.
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Table. 3 Test conditions for liquid single

phase heat transfer experiment

Air velocity [m/s] 1, 1.5, 20
Inlet air temperature [T] 20 (£0.5)

Inlet air relative humidity  [%) 20%

Inlet water temperature [TC] 50 (£0.5)

Inlet water mass flux  [kg/m’s] 200, 300, 400, 500, 600

Table. 4 Accuracies for measuring data

Measuring Error Note
sensor

Temperature P _

(T-type TC) +0.3C

Differential | , V=1 m/s: 6.5% Inclined~vertical
pressure . V=15 m/s: 2.9% manometer
(test section) Vam2 wis: 1.6%| Owyer, MARLIL M-80)

: : Va1 n/s: 0.81%
Differential | 4, =1 m/s ¢

Inclined-vertical

pressure mm Va=15 mfs: 0.36% manometer
(nozzle) Va=2 m/s: 0.2%| Owyer, MARLIL M-80)
Absolute

pressure 0.025% of reading PTK{PPIZ(B%%C)R

(refrigerant side)

Relative + 29 Delta OHM

humidity ¢ (HD 2008 TO)

ﬂowgﬁgtser + 0.1% of reading Oval
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Table. 5 Dimensions of spring fin heat exchanger

Dimension size.
Heat transfer area of air side [m*]] 0.832
Heat transfer area of tube side [m?]] 0.069
Front air area [m?}] 0.098
Minimum free flow area [m?]| 0.035
Minimum free flow area / Front air area [-]} 0.356
Length of air flow direction [mml| 4.398

Table. 6 Mass flux and Re number for header and

branch
Gh(-afler Gl)rangh Reheader Rehranch
{kg/m?s] [kg/m’s] [-] [—]

200 101 1981 1001

300 152 2972 1502

400 202 3962 2003

500 253 4953 2504

600 303 5944 3004
A AFFE (G W& Reynold
(Re‘hcader )9'}— ] J‘:]-O“ /q ‘4 XEI %]:%é:—( Gbranch)g% Re
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Fig. 4 Heat balance of the validation test for
single phase heat transfer rate.
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Fig. 5 Variation of single phase heat transfer rate
with frontal air velocities and inlet heating
water mass flux.
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(a) Convective heat transfer coefficient for air side.

o
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(b) Overall heat transfer coefficient for air side.
Fig. 6 Variation of air side heat transfer coefficient with
frontal air velocities and heating water mass flux.

Single phase heat transfer
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Fig. 7 Comparison of the proposed correlations for j
and f factor and experimental results at dry
surface condition.
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Fig. 8 Comparison of heat transfer performance
conventional louver fin heat exchanger and
the spring fin—minichannel heat exchanger.
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