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Effects of Surface Texture on Cooling Curve during Quenching of Heated

Metals in Subcooled Water

Michiharu NARAZAKI, Sedakaisu FUCHIZAWA and Masamitsu INABA

Synopsis :

The effect of surface texture on the characteristic temperature during quenching of silver, nickel and
SUS 304 stainless steel cylinders in still subcooled water has been investigated. The following results
were obtained,

1)The surface texture of specimen does not affect the cooling characteristics at initial solid-liquid contact
stage and next vapor blanket stage. But the characteristic temperature and its dependence on liquid
subcooling are strongly affected by the surface texture.

2) The characteristic temperature becomes higher with increase of surface roughness and liquid
subcooling. Even if the surface roughness are nearly equal, the characteristic temperature is affected by
the surface geometry which varies with the methods of surface finish.

3)If the surface of specimen is sufficiently roughened, the characteristic temperature becomes higher
with increase of liquid subcooling and its dependence on liquid subcooling shows a similar tendency to
that of HenrY’s equation. On the other hand, if the surface is sufficiently smooth, the characteristic
temperature approaches to the values predicted by hydrodynamic model by BERENSON.

Key words : cooling curve ; heat transfer ; characteristic temperature ; subcooling ; surface texture ; surface

roughness ; surface geometry.

1. #

WARDO B - ZRIC X B BBREDR LR L wHE,
ThHLLEBESH, 535-%H#, P bMFH, 27
L—6%H, IR MEHLZ EOZBEEHEIREORRTEE
BOFHAIC LBV HHEIEONDOT, S OLEA
W EOBMIE, $OEE 7T & R IBITHEIRMM O
SREISE 7 A ORARIECHVLORTWS. L L,
EBRIZINLOGHE*HACTHREROGHZIT IR
Kuﬁﬁﬂﬁﬁﬁﬁwﬁ%?&mbt%aWii%HT

WBENEL, Lioho CREMES, REMRLE Lok
Eﬁh#ﬂﬂﬁﬁutmxv& S BT b h B
HRBLTBLIEPBROTEEL SIS,

W P I O BUZ B RUT T R &, R ER1L,

HEHzEOREHRROFEEIZOWTE, ERALDY,

Cuowpnury & Winterton®, Mercy & WiNTERTOND), PETER?Y,

i LY, HEO oMESESF DS, ChosovTh
DA S BB EAEE I RIZTREEROEE Iz 2w
Zl, BLUKREM S oMM ELRET S
CEEZOVTREFEF-HLAEEREIBOATVRILHD
D, FRPHZOWTIEHELZERIBO R TV,
2, BEGSHBREICB W TEHEE O/ S IR
TRREICEL CRARESBRE L 82w PG T 5
BT b biEtRED 3, SHROGHELRES TS
BLBEELETHH IO bOLT, FOMICRIFTE
EHROEZEIVI ZICHS I ERA TR,

O TRFICRIZTTERTFOF @kﬁ\ﬂ'ﬂi
Nisuio® 12 & » TEH SR TWD X IKHKE Ot
TN TE7. BraoFied? B EELZERERICBWT
HHEFERE BT HRHERE &AL OEMIT b
LEWEMSEL, CoEEEMELA T AREME,
BAME S, %77 — VEE EORRT A BT RR

PRIEE 4 ARSEHARKICTRE PRTHE 9 A 6 HEM (Received Sep. 6, 1989)
*  FEREASETSE (Faculty of Engineering, Utsunomiya University, 2753 Inshiimachi Utsunomiya 321)
*2 FEREAKZITH#E T (Faculty of Engineering, Utsunomiya University)
*3 FEREREAEE (B M TERSEE(H)) (Graduate School, Utsunomiya University, Now Matsushita Electric

Industrial Co. Ltd.)



BRSEE Y77 — VAKBPICEG L RO EMEIHRIC RITTREM & 8 X OHEIRoEE 903

THETAHIELEERLTWS, EHRETRFAICBITALEH
WHAMBEE O EBEMIC D W Tik Hery'? ® Yao &
Henry!?, Gunnerson & CronENBERG!?, iy & 1314 7 &
ZLOMEEZENEHLTWAS. Z0 XS 2B
RBAERE OM & R RN 2 MM (Mg, chs
%I LT RERBMMBR, LFFER) 2 & OREMBMF
MERRAFICE L BB INDEBTTHY, ThYRIC
JEHBETRAFCNAOORFICKRECEESRDI LN
FH S5,

DEo X 2ERICLSL, ABREICBWTR, Rk
R & U TRELE O ATERIFEIRET T b 2 Rl
FREZE D LiF, Fo@dlke LTERS — ML mH
HThBKEHSLREGHEZIY LIiFT, BEiblgd
TRACEL CEIJRGHELBGPETLRES b
HEFEREE (2 BT RERHAR O &I o v TR
BRETLER, FHZARZHRZOTIZCHET ..

2. B FH &

2-1 &R
Fig. 1 KWAERICH W A ERB X OTEERT.

AEETIE, HFEHRECRIZTHAIER - TEOREIC
SWTHE LB OBR w5 &, BR-TE0E
L, MERRO T —F—BOELEBD AT
Ke¢LT, BEFE10mm EE 30mm, L TFHmAIERE
OftEE V.. AR oMEE L TRERERBLUER
HBLDOEE BT A 2012, HEIFICHEREZEC. S
THERWESIRICB TS5BS 2wl (FE
99.99%), M=y &V (FEEE 99.7%), A7 >~ L X454
(SUS304)  3fEEEHV:. ThHo) bERIZRD
BUZEHS X, REARILP D LZVHETCH L0, GH

4
i; #1.5
H #3
M3x0.35 |‘
m_— Support tube
i (Silver tube)
o (I
)
i @ 1.0 sheathed
CA thermocouple

30

|_— Specimen

Fig. 1. Shape and dimensions of specimen
(Sectional view).
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Table 1. Surface roughness of specimens uni-
directionally polished with emery paper of various
grade or lapped with #500 carborundum compound.

Surface finishing
Specimen materials Emery | Emery | Emery | Emery | C#500
#3000 | #800 | #320 | #240 | Lapping
Silver Rnee | 0.28 | 0.86 | 3.0 | 5.3 4.6
(99.99%) | g, — loss |26 | 47 | a5
Nickel Ruee | 0.10 | 0.37 | 1.0 | 3.4 3.3
(99.7%) R, — | 0.37 | 0.99 | 3.2 2.8
Stainless steel | Rmer | 0.10 | 0.33 | 0.46 | 2.3 —
(SUs304) | p — | 0.33 | 0.46 | 2.0 —

Ryix (um) : Maximum height of irregularities
R, (um) : Ten point height of irregularities
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a) Typical cooling curves at water temperature 30°C

b) Typical cooling curves at water temperature 95°C

Specimen : $10 X 30 mml cylinder, polished with various emery
papers parallel to vertical direction

g 8 8 8

Temperature

Rpax(pm) : Maximum height of irregularities
Fig. 2. Effect of surface roughness of specimen
on cooling curves in water quenching.
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Fig. 3. Effect of surface roughness on character-
istic temperature in water quenching of silver
cylinder.
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a) Unidirectionally polished with # 240 emery paper b) Lapped with #500 carborundum compound

Photo. 1.
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SEM image of surface of silver specimen.
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a) Typical cooling curves at water temperature 30°C

b) Typical cooling curves at water temperature 95°C

Specimen : $10 X 30mml cylinder, unidirectionally polished
with # 240 emery paper or lapped with # 500 carborundum
compound

Fig. 6. Effect of surface finish of specimen on
cooling curves in water quenching.
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Fig. 7. Effect of surface finish on characteristic
temperature in water quenching of silver cylinder.
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Fig. 8. Effect of surface finish on characteristic
temperature in water quenching of nickel cylinder.
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