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ABSTRACT

The present study describes the cooling performance of two kinds of water mist systems used in
fire extinguishment. The cooling is necessary for the prevention of an auto re-ignition of the power
transformer. A heat source for such the re-ignition is the accumulated thermal energy in the dielectric
oil from the transformer core. Because of the weight of the real core, reduced-scale experiments are
carried out. A similarity analysis is also performed to determine the discharge time of the water mist
systems from the experimental results. The discharge time to prevent the re-ignition in the real-scale
transformer is estimated about 12 hour from the similarity analysis of the reduced-scale experiments.
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Fig. 1. Cooling characteristics required to prevent re-
ignition.

Table 1. Outline of the small- and full-scale energy budgets
(core temperature = 700C)

Scale [ Core |[Core dimensions;| Oil Energy of
weight | height/width/ | volume core
(kg) depth (m) (liter) ()]
1/18 9 0.13/0.13/0.13 79 5,724
1/9 82 0.37/0.13/0.21 36 26,502
1/5 480 | 0.66/0.24/0.39 | 214 154,560
1/3 | 2,222 | 1.10/0.40/0.64 | 989 715,484
1/1 | 60,000 [ 3.30/1.20/1.92 | 26,700 | *19,320,000

*Heat of 10 MW fire for 5.3 hours.
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Fig. 2. Temperatures of the transformer core in the 1/18-
scale model.

e 279 7ZE3 vE ddde] 3z 2
HAe] 2% Al 9t oA 7] wEoltt 34_04
9o HE 257} 370°Co) 7] Wil 150% ZelA
AAZ o]2gk Fide] Azt

A3 gAgAtole] AATL FUERAA UhF
o} A WFe AR o] Fo|AA HA, Y 27
ogt HAlel MT Aol &AL 7|2 7P Fig.
2¢F 7ol Hde) Mw A2 ¥4 @ F Ut
28 AMde AEFRS AR A E4st

[‘

3.2 &AM aiiM
wetr] shAlel] tigk nlEFg ashdRle] A oA
A ax|ojol & ARAIAL g3 e Jgoz Ay
ofofgith: 1) W7] WiRolAe BAH 3 HARAl4
Y, 2) W] SFolX e vl st te] A
A T WA BAE oS B 2o dae
Fasa gomy sl Qo) Aw Qo) AF A
2 Yoz ) olgd AgE B A7 Ulg W
o Y= o, WAl AR Alole) IAY BAS
Mahe Ane Bx2 At o8 9o Fig 3% 2
ok 54 mde TS
7] 2 E HA 4f=1°ﬂ/‘H HE

o

}"N‘ f-}l-z

grgoe] 2

Core : Ky o Tx,) Dielectric oit T (1) Constant
Qg:?dljita;t«;iﬁ Very strong temperature
fnitiai ftion * Ti boiling heat transfer T
C h e e e
X

Fig. 3. Heat transfer model in a power transformer.



71 Skl ot

Aol AE GHB st} F2 9FL W) HE
of the A (1sk ol Al WAL A 5 AP,

* 2
L _ 7T (osx"<1) )
ot ox*
o] 7)ol A
T*=T—TB’ X*=§, t*=a—lt
T, - Tg L L
é’“«l 2n, T AARY HF 25, = Al

2, o Aol AFAAS, LS
ofck. w2hA 7] F7M e} Ak

2 2 2
t= Ly, tryn = Ly tin = (LN) 2
oy oy 1

5
B4e) hwA 2ol
i_|

A7ty AETFENAL AIZF FolH, g
IN 4 28 47 doizd A7k Hxo|t}

?—71 FZH M vlEg o] o ol dojuAl &
3, @A Ax gzige] FAE ¢ o] ML+
dﬁi %E% ZH| Aot 3—;1 9 Az gALLe UF
A vls) 2A & 5 A7) w2l Mo ARy
Qe T 4 G ol 2 ATk

M _ 1 Ty =1 3)

dt’

& 7] ol M
T*—‘: T—Tw’ X*:i, t*= ht
T.,-T, L pC,L

e BAlel Hlg, o A4 U, he AAfo
N dHg Agold. A AL HEel as
G A O A @ ol 4EFES} FaT

2] A7 A EEo] dofiT)
t= ELt teun = ELL[*, tyn = PEL(.L_/N)(“ @
h fu h h

tan = Nty 3271
trn = Nty 5 F71

T3
[ ()

®

4 (5% olgal] Bapuel AWAREIE A%
3 PAE A YRR D7) PAE 2712059
F7177b8] BEG ARk W1FE Dolof Sk, Fig. 29

gud

O 2SpAlAE)e] 28 L HE

3S 54102 (Part 2) 39

[
ol

transtormer core

0.83H SO coe2
i H . core 5 core

0.38H T

+ e oi2
AL

_Oll =
0011 | am

0.47H l

| o
f w "l
H : Height of real transformer
H_E : Mockup Height for reduced modet

o
m
It

core 1

-+

0.374 Diefectric oil

Fig. 4. Reduced mockup and thermocouple tree in core and
oil bath.
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Fig. 5. Typical photos of the cooling experiments.
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Fig. 6. Cooling simulations for the reduced-scale models.
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Fig. 7. Prediction of full-scale situation.
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Table 2. Estimated cooling times required to prevent re-ignition

Oil type Scale System SpOTltaIIIG.:OHS Safe-open ti.me(hr)
re-ignition Small-scale  [Prediction for full-scale
o High pressure O 1.06 11.37
Low pressure O 0.97 10.62
Mineral oil s High pressure O 1.77 10.39
Low pressure O 1.65 9.80
1/3 High pressure O N/A N/A
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