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ABSTRACT

Coolingability of coolants is important factor in cooling processor heat treatment of steel, Using standard
apparatus and method defined in the Korean Industrial Standard three different shapes of probe were
designed, ie, cylinderical, spherical and square on shape with same volume of standard probe. Distilled
water and sodium aquious solutions with different concentration of NaOH, NaCl and NaX0Os; were
examined. Estimation of coolingability of each quenchants for the probes of cylinderical, spherical or square
shape, the cooling rate is greater square, cylinder and sphere in order. Coolingability of sodium aquious
solution of NaCl, Na:COs; and NaOH is found generally greater then that of distilled water. Effectiveness of
ingredients is in the order of Na,CO;, NaOH and NaCl. In both solutions coolingability increases in 20%,
5%, and 10%in order. Analytical results obtained from Finite Element Method were compared with
experimental ones and found as practically satisfactional.

LM g s wstgt. Z ARE0e WA P4,
=, Adde) 94 2 27 5ol L worz,

fo mlo w2 rlo

AT AAHLE 4oz Jdad e 20 A whiez YAIAE Fae WA WAy
sodolezoz BH, deolEe 4% =& s AFHeE HAR 4 Yo Ase AAE4H W
dolE BAYSE deslt ArdHTAe A%d F ¥ ol 24T 4 US Aeldh oo #¢ APz
Hon szdols wHE desle ArdgTde Ak AYAE) FAM sl Lisd 4y

alalA APAA B4 LY vl2elolE 23
= #3 (quenching) & A5 spehdAL Bal o}
2 WAAY oejslx 89lel o8 gEEAI} o}

A, v AR dAdAn WAL 43844 g2y
st AlYue LEyTE Fikn Aol Az 9
Aol A A=A Fahe o] A=sln gl



b——.

a2y Az Afe Yasd vlAe ARIAES
FE3 2 AYAE T4 o, FA9 A4S
€ AEd 34T AAelA A A 2 FHH
of & ¥ AHGES AdH oz wlx Faopt &
o 4% dWzbAle WZAEA @l H.J. French
, M.A. Grossmann?, %’é HF D50 FalA o
2 dfded o AHE W H} Ak, £33 LEBAS
< ol ¥ A¥Hoz L“4‘3‘ Ag 253 Y7L
YA ds Was dysided sy, T84, 244
P Fe oAeiriA &2A9 YA g A dFE
et
2 Aol AA dAzlof olgs: AR
dALEr FAE £599%9 UFAPAEL, KSHA
2 f YA Agayd el F#4d 2APdA g A
Ao AF, AAFE 9 1Yo AYdger AzEe] A
£3ldo. obg¥ AYE F3ed dold WHAFAE ol
E3lo] WA A4S veble dALAS, 2
FTREE Y PAEEEE T 23 wiAA dd
5 dbA g g5 g 49 (Finite Element Method)
o3 TA3e YA il B A gxd
35 AlAbstel A9 Aae) vlmdgd.

2. 42445 oMY ¥ reesy 2HsY

2.1, 3zc A|AE{(Lumped system)oll o8t HH

Yoz YrE AxPNE Ao A1PHPeR

S 1
N _gqazy gazie 935 93
L LS L EE
9E — dga2g Aol FUsE WY oA
ojch, 1yt

dE _ dws |, dwv

T__T +4dt_ .................................... (2)
EE

ﬂvé—hftwrk Wy _ rk

dt = sha OorK, dt VISCOUs wo

MEBTHREE 54, 4% 1992/225

@_M-N(eH_P_)d_mi .................. (3)

Bl Az 9y A AMA A3

> (e + 2) M _ 49 0153 5¢ eiuet
i=1 t

0
o o|2g & ATl 4847

Sws _ Wy

“at - a0

olug

o] Ashe, =g

%%__h'S(Ts—Tw) .............................. (5)
LT — ©
olgt. & A WAA HHANE HEHe e

AN 499 22, ARe DA ol
WAe Wstae Agat da dabdsie) wael
£ Aoz AROsgY) BEel 948 BEa. ae
g

%:d_%{g ............................................. )
e

—h-S(Ts—Tw)zp.v.c%%“., ................... (8)
o] Hr}.

A% Q)AL oldx WA ezcF(Lumped
type) o™

Q:_h'S(Ts_Tw>

it e (9)

7t ek AsiAeld dT/dt & Lagrange 54 3.7bc}a)
Aol 9Jzte] A% IATAAY PG, wd A
hate 2 d477teket Faideh. gtk (9)4lelA



226/AAA UE§A 480 A Sel BY AT

negative ¥ 57} &AL A9 ZEo| vire ditoz
o] Fof ArtE ou]o|c},

2.2. §3AYE  (severity of quench)®} 4dZtsm
(cooling rate)

gF3ds HE 3= 9ol Grossmanno] 9
g H=h/2k s $BES] A4d H=h/k7l ot
£ dAtolde Ad dA4e Yrlz B, HHE|
A<tdr WHE AL o714 he FHdARAS
W-m?2-C oo k& @ALE(W-m-C Yolc},
Yh4Ee 44 BeleeAx dge A7e Dk
DAz Al el odle] AAE, AdF4
(hwat flux, W/m*)& wej=d e} odeko} Hilg A
a3t

2.3. wetayol o3t 2deol sy

& A5 Alde SFae] g iz 4L

X9} Y Zel dislo “H’a'°|“i Febd 1/44 e
stdeh, neEAle A% dAAAE d4she =d
£ FA47l oA 7} € o3 2o

(1) Ao HAL FubA 4 (isotropic material) o] c}.

(2) Ad3 WA 2Ae5e dFebe] SAgD
(fullquenching) &ct.

(3) Exdistel & AHy YA FH 4L
Akl ghect. B3 o d4& FTHY 4 gle Ay
A, AAzA f 271248 483 2o

SEFEER

ch=%ai<k re ﬂ) 8<k 8T> {10)

o 0 0z
t>0yul

—

b) ZAAzA
JoT oT

ksz+kTLz+h(TS"Tw)— """"" (11)
SiellA t >0
JT _ A
?_0’ 72 = (12)
Se, Ssoll M

c) 271&4
Ts = Tin Rl | T (13)

A7l k& A5 HAEE, pr UE, cv ¥d,
Tsz A" 25, t& A7 Lo L AAHANA 9

ol drt o] IFASE AHE AR A

AM vector & z, rZ abolel ubakedd (direction
cosine), he Aldd Fw9 dAGE, Tue Y249
27155 vehich. 23ln AuiAA s AAzAE
Galerkin method o] 4-&3}od o] Ab8} (discretization) 3}

TSN
) [Weds =0

+ff[k L1+ %2 s + (T, -

e (1)4E Aelae wd Al dd 24w
B4

[K]{T} + [Ks]{T} = {P} ........................... (15)
2 o714,
K] = [[[ (BIDI(Blav + b [ rNVIN] s

[Ksl=p-c /ff r[N]J*[N] dv
Ph=h-Tv [[ rIN] ds

(T} = {9T/4t)
[N] = [Nl N2 Na]

Ni N Ny
r T r
Bl =
(5] Ny Ny Ns
z z z
rk 0
D]=[ ]
[ 0 rk

o o] $HY £ vk FW dAY A4E APe
3ol 2 YAAet #8 42% ol gsgdend, @
A vl {THE 44 8Himpleit) 32

BN
~N
B
e
mlo



BOEE TREEE 54, 4% 1992/227

[or ) T

-

(A :

—(Vr{ - ]
e M =
! J

i Probe

s Heater

Multirecorder

Tube furnace

i Qunching bath

Digital multithermometer
Automatic temperature controller

||[}
=]

OODmTMR LT

Fig.1. Schematic diagram of experimental apparatus.

3.4 ¥

CAEER Y AEUY

“é’#*—‘r 1& AZebr] A7 A4¥AEAe Mis+ Fig.
29 2, ANEZ(F) &+ WA 80mm 97 300mm g0
650mm 2 A AR Zoln ALEHYL 220V, -4‘4]‘“
A2 4 8Kwolth, ®g 2HEZEE 810 £5CE F4
3t7) sted wlE7s el FHEA AolE: aFdHoz
# g sl += P.D.I. (Proportional-plus-Derivative-plus
-Integral) WhAlel 255 247 (C) 5 A&, 4

Sphere Cylinder Square

Fig.2. Configuration of the probes.

Huhe APA(P)E sfd2o] Y3 807 +3CHA
A FbdE E 10 AL §A 4 71% 7k A digital
multithermometer (D) & Agd £x5 &g F 744
23 F4E dn A4 %‘411](13)01] AdAe
B A A7k Ao WE L83 mutirecoder
(M) oz 71Zaich AgAL KSTFA% 598 47
o 94F, A7 o FHo AHw Imm HACA &%
Hate A YA €58 FFF, 5%, 10%
9 20%2 $5% w347 NaCl, NaOH % NaL0s
F&AE 2000 ml ve] Ao gol F¥A F5o] Yk
2 HAE AA AR o83t

3.2, NgHHE

Agse] AR &5 9% ¢ JBE AEdHe
o Fig.3-& Ag#e] 43 A45 Jehladd. A
e A2sr] Hitd Adde F9-E #600 M sHo]
H2 gl o5 s dglen, *]’{ﬂﬁ Ay
A 3’*#’1*177}11 ®3mm e} =2 FHE H F 79
ARl ol e =¥ °=1TrTa AAZ 7 A
Al Eoled Huoz AFsich A4
®0.4mm ¢ CAdAdE =H1x A A ¥
FAEEE 2-way of#to] Yo ‘]‘E o
AFJ 3t condenser welding machine 2.2 4
Fob A A ek H AgHe Ay 9
g of 1200074 A 7H5d A ser L2
D24 CAdAds
multirecoder ol lead A28 A48 %ic},

5
o
g]
ow

=2 “1‘1

o r1o i r-\
<

Ao o]

o2 fri

b

=

FE o
oX

b

]

digital multithermometer 2}

N

4
|
| NFLIM=100
/ /| nroin=s6

—

W
|
i
)
N

e o1 -
51|78 1AV
<A = -
s v /
//) Vvl
Rt = 4
o Y
r

St

Mol | Mesh screen

Fig.3. Finite element model and mesh screen tempera-

ture analysis.



208/0H A HEFA +EAe) YAY T AY AT
4. M ¥ Mo nF

Fig.4 £ 20C &40l g 45, A4+ o 73
AgHE *4%— yrteAdg vad ageld. dFst
T8 Agde 39 1@E}°] (pearllte) el 7o (¢
700~500C H2)elA 0.1~0.32 7 AdH A7 7
Aoz FAE IAAAE ioM v} 2.8l Abo] & (mar-
tensite) el (% 300~200C #F)elH= 78 4l
HHo] Y53 APy 062 A= wA Y7z
AA5Y AdAe FodeTdeld dAsA =d o
ZaA4L vepdch o474 AzE, 45 9 THY &
Az Yzte] o] Fo)AE 4 4 ledl 1 olfE
= kAol BAE do ERALAY FrITe] Ay
5 el AE A wde] FHHez AAstn
o] o AAA7Rl AP A Yol (¥ 0,
3L 78.5mm’ 9 AAFEHL 79.2mm?) o AW
o vk W 3Hgo] BAS wFolrt.

20C 2549 YAIHez Y 10C HAHez +
g WA+ s 77 =A% Fig.5& 27 Wzl
w5 wAldlA BAE FHE FrgeE oldd w
P4 s Jeda, 2 3 Aok (600~5007C)
AAHA WAL Es} Agste] dulF A T
& 750C/sec., YFHL o 620C/sec. % AAFY
o of 240°C/sec. 359 HunAE ey dFsHAl=
én &z e w48 A4

Fig.6-2 20C FF5olA 72 4o Ao g
399 dAYE, 9F Fdes YM5EL FHF

T

l° o au o L

Tesperature (C)

Time ( sec.)

Fig.4. Cooling curves of the distilled water at the
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Fig.7. Cooling curves of the various probes shape in the
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Fig.11. Cooling rate curves of squre probe in each
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(Bath temperature ; 20°C).
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Fig.14. Comparision of experimental cooling curve
with analytical cooling curve by F.E.M. at
cylinderical probe.
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