o=2 DOI: https://doi.org/10.5293/kfma.2025.28.5.005
© Original Paper ISSN' (Print): 2287-9706

HE 2ES flot SIELio|l= Husy] d5 Al 23 Tz

o = S
2 F ds Al
MSeFT - Arfjet - =L

Development of a Heat Pipe heat Exchanger Performance Test Rig
for Waste Heat Utilization and Thermal Performance Test
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ABSTRACT

This paper aims to establish core technologies for heat pipe heat exchanger systems that effectively recover waste heat from
high-temperature industries. To this end, it was developed a heat exchanger thermal performance test rig capable of accurately
simulating high-temperature hot gas environments above 200°C. During the initial commissioning of the test rig, severe
temperature deviations at the inlet were identified and improved to within 1°C through the installation of flow control baffles
and straighteners, thereby ensuring the reproducibility and reliability of the test results. Using the developed test rig, the thermal
performance of three prototype heat pipe heat exchangers with and without fins was evaluated. The test results showed that
the copper-copper fin type heat exchanger achieved a maximum performance improvement of 47.3% (maximum effectiveness
of 81%) compared to the bare copper type heat exchanger, clearly demonstrating the difference in thermal performance due to
the attachment of fins. Next, the difference in thermal performance due to changes in NTU was experimentally verified in heat
exchangers of the same copper-copper fin type heat exchanger. Additionally, through thermal shock reliability testing, it was
confirmed that the effectiveness of the heat exchanger prototype remained stably within 1.1%, verifying that long-term reliability
can be ensured even under harsh operating conditions. This study provides an important technical foundation for the
commercialization of high-temperature waste heat recovery technology and is expected to contribute to increased energy

efficiency and reduced carbon emissions.
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Fig. 1 Heat pipe heat exchanger used in the experiment (a)

HPHX installed in test rig, (b) Copper type HPHX without
fins, (c) Copper—Copper fin type HPHX, (d) Magnified
picture of (b), and (e) Magnified picture of (c)
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Fig. 2 Heat pipe heat exchanger thermal performance test rig
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Table 1 Test results of bare copper type HPHX case(NTU=2.5)
e ew 24z EES FEE
- . FEhergy
my, m, T;L Jin ];L Jout Tc“,z n ]z:,out Q}z ("2(1 €, € balance
(kg/s) (kg’s) (©) (©) (©) (©) (kW) (kW) ‘
Ref. Cond. 0.166 0.143 199.1 101.2 19.8 475 16.52 16.54 0.546 0.547 1.00
Tﬁh —30% 0.118 0.143 198.2 89.4 19.6 40.9 12.98 12.80 0.609 0.601 0.99
m —15% 0.142 0.143 198.9 86.0 19.8 44.5 14.87 14.79 0.575 0.571 0.99
mh +15% 0.193 0.143 199.5 106.3 20.4 50.7 18.25 18.19 0.520 0.519 1.00
mh +30% 0.218 0.144 199.5 110.3 20.7 53.5 19.76 19.69 0.499 0.497 1.00
fnc —30% 0.165 0.099 199.1 105.2 19.7 572 15.76 15.56 0.523 0.517 0.99
'nr —15% 0.166 0.123 199.0 102.7 19.8 51.2 16.25 16.13 0.537 0.533 0.99
75% +15% 0.165 0.165 199.0 100.2 19.9 439 16.62 16.46 0.552 0.546 0.99
mc +30% 0.166 0.185 199.0 99.5 20.1 41.5 16.77 16.59 0.556 0.550 0.99
Table 2 Test results of Cu—Cu fin type HPHX case (NTU=2.5)
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