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Heat Transfer Phenomena in Immersion Cooling of Heated Steel
Plate and Influence of Water Stirring on Heat Transfer

Synopsis:

Masashi MITSUTSUKA and Keiji Fukupa

When an immersion method is used for the cooling of heated steel products, it is important that the
characteristics of this method are made clear. In order to measure the values of heat transfer coefficient
between a specimen and coolant, and to clarify the influence of coolant stirring on heat transfer, 28 x 550 x
1 000 mm? steel plates of about 930°C have been immersed into still water or stirred water.

The main results obtained are summarized as follows:

(1) When a specimen is immersed vertically into water, the maximum of heat transfer coefficient between
the specimen and water («) is, in kcal/m?-h-deg, (5—7) x 10® for still water, (7~9) x 10? for stirred water
by air flow, and (10~12) x 103 for stirred water by water flow.

(2) 1In a vertical immersion into still water, « is considered to be a function of the surface temperature
of a specimen, 6, and the height from the lower edge, H, as indicated below.

a=10@+5:0).[1.0—-k(H—10)]

Where a,b, and £ are constants which depend on 6.
(3) When a specimen is immersed vertically into still water, « decreases with increasing the size of the

specimen.

(4) The stirring of coolant by fluid flow is effective for the accelaration of the heat transfer and the

water flow method is superior to the air flow one.
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(b) Air stirring method

@ Specimen
® Temp. measuring position (*‘X”’ mark)
® Water or air supplying pipe
@ Header pipe
® Nozzle (““Q’’ mark) inner diameter :
Watersseeeeee 12.7mm
QAIr eereeeennnen 6.5mm

Fig. 1. Schematic diagram of the stirring methods
of cooling water in a vessel.
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(® Temp. measuring position (Center of thickness)
® Hole for thermocouple (diameter : 3.5mm)
Thickness of specimen : 28mm

Fig.2. Specimen.
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Specimen : low carbon steel 28550 % 1 000mms3
Initial temp. of specimen : 890~930°C
Average temp. of water : 22~30°C
Cooling method : vertically immersed
Falling velocity of specimen : 200mm/s
H : Height from lower edge of specimen (mm)

Fig. 3. Relation between « and @ for vertical
immersion cooling of a heated steel plate
into still water.
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Note
O @ : Still water
X @ : Air stirring
Flow rate : 1150 1/min
Pressute in header : 0.03~0.14kg/cm?2-G
@ ® : Water stirring
Flow rate : 1 200 1/min
Gtlet velocity : 10~ 14m/s
Experiméntal condition : same as Fig. 3

Fig. 4. Influence of the forced stirring of cooling
water on cooling effect.
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Experimental condition : same as Fig. 3
Fig. 5. Relation between a and H for vertical
immersion cooling into still water.
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Air flow rate : 1 150 N1/min
Experimental condition : same as Fig. 3

Fig. 6. Influence of the water flow rate for forced
stirring on the cooling rate.
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¢t 11 sec, ® 923, @ 936, ® 929°C

t : 75, ® 353, ® 452, ® 578

P @ 689, @ 803, ® 810

¢ 105, @ 182, ® 223, ® 297

¢ 45 @ 524, ® 650, ® 696

Note

¢ 1120, @ 132, ® 137, ® 150

Specimen : low carbon steel, 28x220X220mm3, Initial temp. : 936°C, Water temp. : 84°C

t :time from immersion, Shutter speed : 1/ 1 000s
Cooling method : horizontally immersed
Temp. measuring position :

(@¢++++e++«lmm from upper surface in the nelghbourhood of specimen center

««middle of thickness
«+lmm from lower surface

@.--.
®..-.

/7

Photo. 1. Boiling state in a process of horizontal immersion cooling into still water.
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Note
Specimen : low carbon steel, 28x550% 1 000mm3
Initial temp. : 905~925°C
Water temp. : 26~28°C
Depth from water surface : 700mm
Temp. measuring position :
[ RITEIPL 1 mm from upper surface
««middle of thickness
@)seeveeces 1 mm from lower surface
Falling velocity of specimen : 200mm/s
Cooling method : horizontally immersed
Temp. of specimen : average of two experiments

Fig. 7. Cooling curves of a steel plate horizontally
immersed into still water.
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200°C £H8). &b &, TOREHESRTIE, KEDOE
NI, FTRY 2M), co LBl >T, &
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a=ay [1.0—k-(H—10)] -eereeeeeeeeeee (1)
kg ¥
EF 5. 2T, ald, 0s OBKT
aw:m(wb'ﬁg) ................................. (2)
a, b:%E ¥
Ths5 @D ). (2) Xz (1) XhAT S L,

Os:9;, H:H D a 1%, ,
a =[10@+0) 1.11,0—k- (H—10)] -~ (3)

Table 1. Constants of the experimental equation of
a which represents the effects of s and
H in a process of vertical immersion coo-
ling into steel water.

Range of Value of constants
surface
temperature
°C) a b k
50~ 90 | 2.640x 10 5.271x10-3
90~110 | 1.018 23.29
110~150 | 3.326 2.308 2.0x10-3
150~200 | 3.376 1.975 0.0
200~250 | 3.550 1.104 0.0
250~300 | 3.859 0.1306 0.5
300~350 | 4.202 —1.273 1.5
350~400 | 4.342 —1.676 3.0
400~450 | 4.338 —1.665 3.5
450~500 | 4.342 —1.674 3.5
500~550 | 4.407 —1.804 4.0
550~600 | 4.435 —1.855 5.0
600~650 | 4.423 —1.835 5.0
650~700 | 4.129 —1.382 5.0
700~750 | 4.211 —1.500 5.0
750~800 | 3.761 —0.8993 5.0

*) Experimental équation : a=10@*b-) .[1.0—~k (H—10))
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T OBHHEORE, RRC s A AE IR OW R R & i
THZENRBEETHS. L7eh>T, 28x550x 1000
mm3 A E Y 930°C i imEh L, 20~30°C OEfikKkE
BT EE E 223K R T 5 ER 2TV, RO
EREER.

(1) RN OBERESHGOMREER ald, K
TIRE 0s LRBNMEOEKTHD, MAE, 6s:
200~350°C O#EFICFEL, (5~7)-10% kcal/m2-h -
deg TH 5.

(2) @k (FtRmsEEEs) ~OBEREH RO

I

aly, FibkOBEX D REL, LZOMKMER, 0s: 150

~350°C DOEFEICIFEL, ZRBEHER (7~9) 103, K
$#R2% (10~12) -102kcal/m?- h -deg TH 5.

(3) HIANOBEFEHERGD a 1T, 0 LA
T S50EM H oBETH Y, ch b2 LD

a=100+809 .[1.0-k(H—10)]
[H]:Qm, a, b, k:%E ¥
TH5. ZOROEMAHKFAE, H<100cm TH5.

(4) WSEiEMM%EZ 20~30°C 0¥ b/KiIc EEICEET
LD ald, HMERKEL BB T OoNTHEDST S, £
Pz, NIVERBITHELN a2 KEMITICERT 51
LT, FEHREBETRER B

(5) ﬁ%@&%ﬁ%ﬁ,%ﬂﬁﬁ%iﬁmﬁﬁb,
ZOBBNE, KBH>SERBE ThB. REL, &
E W7 BREE, B S HROBURES fi (Lt
W7,

(6) TBRMHE A EKCKBCRET 51, BUzEE
B/O “LE/THE O-E, SRBIAL 850, 203
KBBE L b >N THEAT 5.
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