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Water Cooling Technologies for Steel Pipe Production Processes
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Abstract

Water-cooling technology is applied in various pipe heat treatment processes for high-grade
pipes, especially in quench processes. Roughly 4 types of industrial water quench processes have
been developed to solve the technical issues to uniformly quench pipes. Water sprays type, espe-
cially, has several merits of its flexibility and high controllability of flow rate, and so on. Nippon
Steel & Sumitomo Metal Corporation (NSSMC) has been developing the technology to quantify
and to analyze the heat transfer performance. By applying the analyzed heat transfer data to the
boundary condition, NSSMC has been also developing numerical simulators of pipe quenching.
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Cooling methods for steel pipes

‘ Wter pra

HOADTRGINEN D720, FHmEHIG SR 720
DOHE % [l S & L ERERAE T L\,

BEGHIE T I FEHNI Ny FULER (G ELE) 2585
L72bDTH A0, SE2HEEMNZELANT L7200
)= K& A4 N EOMEERFF 2S5 L, AUELH B A5 LY
BV, TAUSK L, R GG 25515 A 1
(¢) Ny ANEHITH L 0, ZOFATIIIEIEZ B &
NCERELZZERZY Y7y ME B ESEONR 5
P ORFEOKEFHRT I EICLY, BEGHERSED
DTG HE— L A EG HEE 255 2 e TE D,
—HCREFHINIEE L 2D SERIIKEOHEIKE A
THIEEEE L VWD, S E O o558 < BEA S A
DT,

B 1(dD)IRTATL—iElid Ny 738 @E R0 vwg
NOFRITH ST RELRGH T TH S 1./ AV OFEEH
REE TR CORBENE L, W, 55w, s
EHMIZIL UK E AR T 528 TE %, — /T
J 2V OEE ST AGEY) T & UL — G HWEAHER T &
v, Fo ) ANVHER SO0 REFH L TBLLE
W5

2.2 ARIEHm, SHE L AWEAFFMO ML >R
FEIPIAL TR ST 2 818 OB HIEAT 12 B3 % 224l i
IO TH v TORNIE, K% & OARIFIeH%E
IZBWTIE, BIET Tl <72 X9 128 O KRG TH O IEX Bk



MERE T O+ X 2B T KA

D7D EREN LR REREEE T LN HL L, F/2

KEFEOGHHFERR I T A N EOM»HH LW & A—F

TRk EZ N D, FoEIIBWTE, BEHd

WCEARETAEMNTH A 72012, ZEEOHMEEL L THE

Lo h, BENTHELSINLILGENLSNEEZDS

N5, ENOHKMAEEORIR T, S ORAT R LR LD

— IR CAFHM DS EHIAN SN TR ITEE v 19,
—7J, L4 (1990 £~ 2012 4F) OB G B IZET

BEINEF R R L2 2 A, 58 OB AH M %2t

6T A EN TV, 209 BEHIBAE L Tldks

WD LD %L (87%), ZDMDEHEE LTIIH AT = v

b,oA AN, JEARER, R (54 Fa—uk &) i

VoL, G HHEE LM E T TREDOZRA % WIRD,

KEHGLZIAAMRA) v MSKEWOEEZBND,
KRG BB L IR L2 4 BRI SN D 4D, v

NLE LSS 2HAMTH LA, NEGSH G, B—

WEI S (FRCEE O MAS DB IE), 5 E0 EEHIE

ML COHFMAPTHEINTVS, HEHHOHER»S,

DX LA L v FHPBIE SN,

OF I FEHNE 1990 FAEFIEF L CHFESNTED,
C OISR A TH o E A BN D, T3
FOHFRELT, 2HPEDOR) v T I FIZEEL 2
A

QAT VL —HNIERZHDIT HELRLHBTEY, @L<
BHENTVIHMNTHILEER D, Ty —VF
RILCEY R TV Enn, HlERGHIE & OMED B
Vo

@IFEHHE, b ANGHOBEEEIIBES Thhwv, =
NS DOHMII KR THEGHT2HITHORLZ L
ML, HIEEGEHZ: EOFHE M LI wWicn L
ZHN5b,

3. MBHEFLICH T3 HESHEIM;M

3.1 HEDOE & & AR

HrH SR BT B E RIS OWT, B2 EVE)
PREMNLERMO—EREBIOIE7O—E2HBNM LT
52 INHDOTREO—RIE, KGBEAZRMEIILDET
%R 4 OBILBL AR 2 fiff 2 T b 4D Z DK HEST R
D70, FHEORBEMOBEA SN T VL, BM21FZ2D—
BITH Y, REKE, ATL—K&G%EDEHHE—FIZG
U CTE M/ NS R BRI RE R B 2 HESE L T\ B,
OB CERFHIL2GHEE T - LY, DTS
WD L) B HrEE i Z FEREL, KRR ARR O
i Ial—YarE®qFIVEREL TV,

3.2 KA EEFHmEAM
B 2ok B, SATHIZ BV TR OB REDS
A \ZZALS B 72012, IRIGHERBED ML B0 #TH

— 113 —

BESIIBWTIE, K2ofEEHRHBEEZIICLOLT
2 Wy PR EBR A © b I B il AR D 72 s AT A & BT & 3R
fFLC& 7

RIS PERIAR O RARAIRFZE 1L 1930 £ Takob R4k 1L
LOWIGERERE LT, WEICED F THA RIFZE R
SNTW5D O, RO E LCRE RV SIRNIE, o
BB A IR QG HK B E N THEZICRE T 285 Th
570, WIEHENEATH 5 10,

—75, S E OHHIERILIFREEOmWBIR TH
5o TbH, FEMKH FIMIHZRL) 26 EHENARE) T
ubie, BRI, EEo
ATEREDS D) (K13), KEHIZ TS OIFHITLREASE AN
BT LY ENTNOREICZBIT 2888 CER T
YA IVTIL, MRA BN OKEERE, AY Y’ 7,
KA, WOECE, WOEAEEE, SR, SR RTIREE, Sk
IREE, &5) [CEAENA0, & TORFZHERNICEE
L7 a A iR O IZ 72 B EICH B EF R 5o

H AR SRS 17 2% OBEEBFHAMT R BT, ZHOBIERE
PEREAR S R 2 H U L L, I RE IS
U CKEFRE L KROFEOERIFEIELY L TW15 9% flz
EA TV =G HOEZLE N B 5 BYEREIIOWT, K
HEE B L O RAE O 55k B X ORI o E Rl

0. Diam.=114mm
Length=500mm

Water taTnk

(J Water jet

K2 HESHNAERES
Experimental equipment of cooling pipes

Iy -
—_— © c
< slg S
& =8 i o
E 104 0|2 , 5
= 104 2 3 1 2
E c|l.E ! %)
- Qo i 3
c l.E 1 <
k9] MG ! o
ix(:;) Z|m ' z
© 3+ .i. ., Film boiling
8 o o\
— ! g £ £ :
3 3lel 3\
c Slg 2\,
g 103 g3 s
bt s|gl =
© 0|3 [}
0] S |2 g
I Z [l £

I | >
0 100 [9f 1000

Metal Surface Temperature [°C]

X3 LR
Boiling curve

ooH 8 E 4 #4015 (2015



SEENE 7Ot X BT B AR

KEGZTW5, GBKEVHREZEENTHLZ L L,
H§IRRE D3 U BE T HIMRA AN AN 22 BTN EER A D B o

—J, HABWAES BV T SO I FE R % i
METERE S L2 L TRAT L T % 810, HERERY 70 353
REMTHLHDOD, —HOMZE TIEERITTER NG 2
LTS OIS BlIZE, BRI Z K
FAZERIEAKE T 556 ORI IS COWmHIEEIZ OV T,
Bromley DA RITCAE A % Pitshman & 2SHLR L 72 EKTCEE
HAEZHALTND Y,

NSO 2T HEL, CoBHHIITEEL
oo, fiMEREOmES (ks BRubE, s,
MHEH) BGE DT T ALERD L. T OVEEIZIEM
Thb) A, MO T TEREWI Y, &
MR RIZ L - TIBEARAXOFHMHINTH 720§ 55 LD
PN YA

FHEESICBV T, M2 AT L —KE
DR 7K s R K A A 4 28 B i H & BRI 5 4 3R
FERL, KEEKBOZELZERFEML 720 BYFIHTIC
H72) THIEFEFHT A2 LT, Jelko@EHEHEDY
BT OREHES 2 HH S 2B FEE RS L7,

ZAHM# (Biphasic curve) &1, WA TEFRS LS IR
TR T o0
. h,—h, . h,—h
"o ltexp(m (T,-T) 1+exp (m,(T,-T)) "’

(1)
ZZT h DERERBURE (W/m¥/K), T ASHbr iR
(C) THy, MIEHIRETH D, ZOREE HTIEN
1, AT O RIREI BT 5 BUZE R & T
WREZR D) R, SARBUTGENFEO Y B & (JIEAS L 7215
I HECHRENDH L, $DE, by, hy, h, T, m,
T, m, (3 IE IR EGE A A5 D BRELREL, X
BURZE OB ZEREL, IS OB ERE, ZiEiE T
DM SO FIIRE L EHE, BRI COLI SO
P RTNRE SEHEISHIE T2 (K4), /27 Ty FinE
T 3R T—RIZTRA BN %,
T =T,+™/, )

DER DR A3 AT 77 1k TR ib i ek & B A i e 38 % 45 e
L TG 5720, ZO558Ex FAEETITH 2, 824
muYy 7 CHEIDEET D Lz, il Ik L
Ty T FEPBERENLE V) SR DH 7, EHIC,
FARED S B 2 ER T G AL L DPHEETH B —
FHHIHE CIL AR 2 — A0 AR T 2720,
D& A Z PR T E DR EDE D %o

T ICBREREGHIHBRO S #H 2 /R T REINZA
7=V EIZWHERE LT, SUS310S =R L 72,
DOFHNEFERE A 7 — )V OABAMEZ XY FHI7— & OB
WAELET T2 MIT L7200 THbD, 15mmED
YE - L,

h=h

-
—

-
—

#oH & fE 4 F o#c 4015 (2015

— 114 —

18000
16000
14000
12000

Experimental data
- h ]
Approximated biphasic curve

hZ _hl 3 1

e ep(m (Ts=T,) " 1+exp(m, (T, ~T5)

=h,

Coefficient of heat transfer [W/m?/K]

10000 i
8000 F - : Approximated exp. curve
! h=C-exp(m-Ts)
6000 .
4000 |
2000 || h
0 * 7: I __________ -
0 200 400 600 800 1000 1200 1400
Temperature of metal surface [°C]
F4 ZARSHRIC & B BB ER DR

Approximated boiling curve by biphasic curve

=1 BEREBEHAREREMG
Experimental conditions to identify heat transfer
coefficients of water spray

Steel plate Grade SUS310S
(test section) Size T15xH120x %324 mm
Water spray Water flux W 80 - 1400 L/min/m?
(coolant) Water temperature 7, 13-50°C
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