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An Experimental Study on Ultrasonic Spray Cooling of Heat Pipe Condenser
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ABSTRACT: In this study, the spray cooling heat transfer and working characteristics of
the screen wick heat pipe with ultrasonic spray cooling system in condenser were experi-
mentally investigated. The heat pipe was made of copper tube 300 mm long with inner di-
ameter of 11.1 mm. The evaporator and condenser lengths of heat pipe were 40, 200 mm and
the wick structure consists of two layer of 100 mesh copper screen. The experimental results
show that the ultrasonic spray cooling increases the heat transfer rate on the condenser sur-
face, and the total thermal resistance of heat pipe system decreases remarkably. A comparison
is made for the two working fluids, water and ethanol. The surface temperature of the etha-
nol tube in evaporator section becomes higher than that of the water tube. Thus, the experi-
mental result shows that water is more useful than ethanol as the working fluid because of
increasing the operational limit within this experimental conditions.

Key words: Heat pipe(3|E3}o}Xx) Screen wick(23Z 38 4), Ultrasonic spray cooling(ZS 3
P-FW7}), Thermal resistance(®@ A &), Heat transfer(8d &)
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Fig. 1 Schematic of experimental apparatus.
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Fig. 2 Wall temperature profile of heat pipe.



80

90

X w
E
=
]
o
E

= %

0

Spray Cooling

-8 Water, Wick, 90°
- ©- Water, Wickless, 90°
O Ethanol, Wick, 90°
O Ethanol, Wickless, 90° --- s

O
: [m}
oo |
i L -
i %’"Q,@
;0 C)@ @7
m| % B e
s il
0 10 20 30 40
Q (w)

Yelyz &S ¢ 4 i
Fig. 30l & %39}

= The)t 2F 718
H

AE dsidth FURs 3579 37 LE

Atol =
FH A7t
ol &g 9

@Rt FAEFE Forsta gl
£ FE ¢ C

©

5
Ay ol 25 2

~50C A=

eEelE Yehin 8% AYAHERE @

T A

ot FUW A9 2ANA B F

Riotat (K/W)

Wick, 90°
Wick, &
Wickless, 90°
Wick, 80°
Wick, 45°
Wick, 5
Wickless, 90°
—o=-Wick, 90°
—x -~ Wick, 5°
—e— Wickless, 90°

Solid symbol : Air 2
Often symbol : Spray A
Line : Calculated data o
| i O

A

o]

320 340 360 380 400
Ta (K)

(a) Working fluid : water

FRAZ AT A7} SEdolZ A LA
o] ool Fue LEAol} RA H: A
oz gugth T# 1gels AEsolxL ¥
o o AU A9 AYHA e ArolE
Y s|Estolze] ya AYARE WA UehhY

om rlo|E3F F|Ego]xol ALt g
eEol7t wlad i gt A ¢ £ 9
. ole sEdolx uie igd 9 Tzt

segolze AAFE F7H77 HEA Ro
2 woEn B9 a9 ¢ & SlEe 2u
o ooRee AFHAZ AEAUL A7 Ao
A% 2 dgUa geom, o dues o
HEAS7F 20T wol 49 FE $AEATY
A 44¢ vA7] HEQ Ao woEn
Fig 4olE SEsto|X Azde HA IAY

R ™ ©EH9 25 TQ}-.J DA A

FA30E Jehddoh £ 2goe AAdF 3

Z4yAg o848 Aol U@ ol2d ANARE

9 ool 45 vnags. G o) e

A A DAY Ryuol B 2d@e okel
€ ol g3t A

AT i
Ry = —Q&LL (2)

ANM AT < TEHS BHLE HAG T,

1000 -
Wick, 90°

Wick, 5°
Wickless, 90"
- Wick, 90°

Wick, 45"

Wick, 5
Wickless, 90" |
-—o—Wick, 90°
~—x~—Wick, 5

~—o— Wickless, 90"

Solid symbol : Air
Often symbol : Spray
Line : Calculated data

ovéﬁbon

Rtotal (K/W)

Ta (K)
(b) Working fluid : ethanol

Fig. 4 Thermal resistance of heat pipe system.
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A%+E h, £FIY ARLAFE b2
s, AN de $Eve 3
o obdhsl g ol g3tel Azttt

th'Ac'(Tmc_Too) (5)

£8 Fig. 5()de 33 445 F99 €4
2o BF 718 A7FAHCVE ydoz Yy
e, Fig. 5(h)ole F#3YF F99 72E
WZH(mist cooling)ol #3% Kuwahara et al.®'d]
A4 Z o]&3td Ae AAE dHdeoz g
o] B A¥gZdxe vluwstgth. Kuwahara et
al.9] AgAe ofgfe} 7,

—'—q —
Y}

0.026 - 4774 G g™ (6)
W, AH(6)e ol 8F AN A8 B¥ 5
% U=1m/s& ddagen, E779 ¢34
£ 103 40kg/m’hel ¥ 7HA & APt
AN A34E JeRld B Adgde ¢

p

A vhgt Zo] WA 30mme 45F YA
2 Wil slETqo|LE A, o] AFF o
AN E2FRE THIAAST. EFHFS AT
F 330cc AEE FHEHRALH, YA 5
g EFAde] AR &HF ¥ FEITu
NHAEE e A9 G=40kg/m’h A= AARFH
25z 9ok 2y A AN $5% EHe
FESE J% 3 WY FHE e A
Nake el oEgel Ao, v YA
% F ARl G=10kg/m’ho2 A A
@ Zgsh MY & A Ak £ 53
sohe $YgHde] BRuYz FdgAss)
A dehda s ¢ & dow, oe ¥A

2 gadd,

Oi\:loﬂ

i<

Z Aade] A
o

(2) 5%

g 71 A9 e
AN A GAg]

W, ole FHYUE

I

g A7 AQUFAA B ohe Byt
QAME $53 9roel gagel F¥s7) o
g9 Aoz Bedd adY $ER FUR
o BE eEAelE 71271 A 9L ¥
%3 Pee ¢ F AN

@ FEFAT 23 @2 A9 )z
QoA ZuRg W £ SEo|LY WA FH
2EE el F97t 2A dehtn 99e @ 4
A ole AFHFAY AEAFE vEd
2HA7 dolN e §E SREAS 5o AL
A7) HE Aoz woAr

7l

¥ oaRs aRdgAwy 49¥y d7A9
(2001-000-00038-0) 2. & 8 HRLow oo &7
A elelr] ZAE P,

1]

-

aF

1. Chi, S. W., 1976, Heat Pipe Theroy and Prac-



5 50]

=

oo
Y
Bt
1o

tice, MacGraw-Hill, New York.

. Peterson, G.P., 1994, An Introduction to
Heat Pipes: Modeling, Testing, and Appli-
cations, John Wiley & Sons, Inc.

. Imura, H., Kusuda, H., Ogata, J., Miyazaki,
T. and Sakamoto, N., 1979, Heat transfer in
two phase closed type thermosyphon, J.
Heat transfer Japanese Res., Vol.8-2, pp.
41-53.

. Kim, Y.C., Nishio, S. and Ohkubo, H., 1996,
Spray cooling with formation of liquid film
(Film-boiling heat transfer of liquid film
flow), Trans. JSME (B), Vol. 62-594, pp.734-
739.

. Nishio, S. and Kim, Y.C., 1998, Heat trans-
fer of dilute spray impinging on hot sur-
face, Int. J. of Heat and Mass Transfer,
Vol. 41, pp. 4113-4119.

10.

3 A dF 83
Kim, Y.C., Riu, K.J. and Seo, T.W., 2000,
Measurements of heat transfer distribution
in spray cooling of hot steel plate, Korean
J. of Air-Conditioning and Refrigeration En-
gineering, Vol. 12-10, pp. 886-893.

Kim, Y.C. 2001, Study on minimum heat
flux point in spray cooling of hot plate,
Korean ]J. of Air-Conditioning and Refrige—
ration Engineering, Vol. 13-10, pp. 974-981.
Kuwahara, H., Nakayama, W. and Mori, Y.,
1981, Transactions of JSME, Vol. 47-414, pp.
326-335.

Morgan, V.T., 1975, The overall convection
heat transfer from smooth circular cylinder,
Advances in Heat Transfer, Vol. 11, pp. 199-
264.

Fujii, T. and Koyama, S., 1978, Transactions

of JSME, Vol. 44-377, pp. 118-126.



