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Abstract - In order to improve the heat efficiency of the general residential boiler, we performed an experiment
of condensation heat transfer to air pre-heating exchanger adhered to the condensing boiler. In this study, surface
roughness was imposed on the surface of stainless steel by etching. And in order to evaluate the heat transfer
performance on each plate, the counter flow heat exchanger fabricated with polycarbonate in used. As a result,
on etching treated plate’s overall heat transfer coefficient is higher than the original plate. And etching treated
plate during 60 seconds with etchant is the to average 15% compared to bare stainless steel. And we studied
the heat transfer enhancement factor through the analysis of surface characteristics using AFM..
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Fig. 1. Schematic diagram of counter flow exchanger
and flow systems
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Fig. 2. Test section
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Table 1. Operation conditions

Parameter Hot side Cold side
Inlet temperature(C) 80 20
Flow rate(lpm) 10, 15, 20 0.08
Heat exchanger _ _
4x1073 4x1072
area(m?)

Table 2. Composition analysis of etchant

Chemical species CAS No. wt(%)
Sulfuric acid 7664-93-9 <11
Sodium nitrate 7631-99-4 <7

Inhibitor - <5
Nonionic surfactant - >2
Water 7732-18-5 <80
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Fig. 3. Overall heat transfer coefficient of the original
stainless steel plate
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Fig. 4. Overall heat transfer coefficient compared with

etching plate(30s)
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Fig. 6. Overall heat transfer coefficient compared with
etching plate(90s)
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Fig. 8. Arithmetical mean deviation of the profile

Table 3. Surface roughness according to etching time

No. Test section R, (1m)
1 Original plate 0.041
2 Etching 30s 0.180
3 Etching 60s 0.304
4 Etching 90s 0.383
5 Etching 120s 0.582

ghe Z7kshe AR molont ol Agke] 908}
12029] AIBAAE 71 Z7Hgo] Tha wolx= 7
S BT 5 YAk oleF 14 AR F3) w1
ofFon AAW FAANDATE

AA Ses g Atk

X
X
N
N
NS
e
ol
v B

3.3.2 WA W3}

Table 4¢] o7|#] 2] 51 &4 2980 o
XEIIAM @& A4 dolHE H5-elsivh
3 W= 7hE, AR 24z} 40molt) Yeke] #
o] 1600 o o7& g Al HHA F7HS
2k 14.9% ~17.4%31C). o1 Al7ko] 9029} 1202

fi (2N ol
flo X o o

N



0 £ o
20

= ipapk
||:|-1|:|l

5 ¢ o

- L] d i

©
Fig. 9. Rough surface topography and region histogram
of the original stainless

Table 4. Composition analysis of etchant

Geometric area : 1600pum?
No. Test Surface Surface area
section area(um?) ratio(%)
1 Original 1608 100.5
2 30s 1838 114.9
3 60s 1840 115
4 90s 1878 117.4
5 120s 1858 116.1
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Fig. 10. Rough surface topography and region
histogram of the etching plate(60s)
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