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Abstract — Augmentation of CHF by ultrasonic vibration in water pool is experimentally investigated under
pool boiling condition. The experiments are carried out using copper coated plates and distilled water. Mea-
surements of CHF on flat plate heated surface were made with and without ultrasonic wave and with vari-
ations in inclined angle of the surface and water subcooling. Experimental apparatus consists of a bath,
power supply, test section, ultrasonic generator, and data acquisition system. The measurements show that
ultrasonic wave enhances CHF and its extent is dependent upon inclination angle as well as water subcool-
ing. The rate of increase in CHF increases with an increase in water subcooling while it decreases with an
increase in inclination angle. Visual observation shows that the cause of CHF augmentation is closely related
with the dynamic behavior of bubble generation and departure in acoustic field.
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Fig. 1. Schematic diagram of pool boiling experimental apparatus.
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Fig. 2. Schematic diagram of heating surface.
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Fig. 3. Bubble movements around heated surfaces
with a heat flux of just below CHF (upward: q=3100
kWi, qo=3211 kW/m?; vertical: ¢=2650 KW/m’,
qeur=2774 kW/m?*; downward: q=520 KW/m’, qcys=542
kW/m?).
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Fig. 4. CHF versus surface orientation.
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Fig. 5. The rate of increase in CHF versus inclina-
tion angle.

Cenr r113(0)=0.02670%%,

E Aol 24 5L -] AdsarAiEo] Al
I3t AR FARE FeE Holi glon) AlHe] A
AP E7} 2k of ol M= B AEe] A3kl A v
g}, gk, Ohtake 5] Akt HAAA& E Alg
A AR 3t =2719) Kol olovt Wzt AR v
T AR o g Tk

Fig. 5= o2 Zx9] F7hgl w8l 453 2 e
vehle 0°@RF HabelMe] 3he A3 2 e
9] Z2g3} 7} wE CHF %718 vl 3
Fgwel A FhPer} 5CelM 40°C7HA] W 3E b
CHF 37}8-2 8790114 126971 ¥Wi3kslede}. CHF %
7Fge #pEr) ol wel Frtse e vt
Wik o] Al 259 712l Al WA Yot
71845 CHF &l 2 <3k v]x|= 7S A3t
o}, ol#gt fale Sl wel FH 9ol wiskEl o
A4, B3 EE cavitation 7| ¥2] ofsFolelar giEcl,
cavitation FAbell sl AlH F¢2) W77} mekE 1,
E3kslo] Aapd oz e $xle] AR Jeh =
o} cavitation F=2] F7h= Y=L SIS S0t
e AeR ouiA g B AdedME spert Fot
8 w2 2] cavitation 71¥E7F HEAHAA. F 2
571 Z715kl wel cavitation HEE= E%10m, #py 5°C
M cavitation 7127} 9] JE=A| Akt

Zrzslol o2 gk B, 255} 713l A] AHAL
Zho] oY o FHNESAE ellim 90° AARIA F
28IE JeEPI gt spelEHe)A ) 1l v vl
o] AAbtEe] 2 dFE A vk ek o] ¥
A2 £3fHE f-F(acoustic streaming) <] W3} @fiE4]
Ao 2 gdn) g wke. xSale] zlfulela) )
g 9x)elct. of2igt wiX|oM ST 5 ¥ W

Foz FAEo 283} zFo] glot sivlete 7tge
FHolle YEAl] 93 Addf dAoR 5 uek
o8 FRA] fFe] P wpeix Fidwie] At
A7} A FkE 45 2SI f50] JFke
Aoz aolrlA He Aeleh ST 3ol o
Ak FRAdol| vlAe edgke 7ldma) 23ute] Atz
=7} Aol 78S AXA Dot o]#gt o-F= 7}
dwlo] 815k & ©l CHF Z71&o] Fho| Arfzte] &
7V CHF $71&0| 3tashe 7ot 4 83
%o) 7}dwo] 318k w) CHF 2 87~126% %713}
G, Aol 9074 Z713kll wel CHF 7%=
7ragr 7o Jepdel gk, HARe] o°~10°2 WE}
t 9ol X CHF Z7Hgo] §43] Fashe 1o
epdet. A=) o7t wslRicia i Sl
59 ool oMW FAF] WIS A= AAHAE
skom], B Al ZAeA CHF @Al 332 v|A+=
= o2 7197} S-S ouldie). o|9} o] A W
I e 5 e AAEAN 7] M 2 A
71Zue] #FEA ot} Zidde] slgF v o, 71%
7} uigko 2 shEle] A 71wl o|€E7] ¢
e ERPRLE o)L 4 YRS 7)ES) Aol F
3] Ao g} wlek 7| Zuks gFEial sl v E
AEE & e 9] 7l 7)1 F 7igdelA
A o= 3 = gl Alolr) o)Ed AL I o,
257} 5L CHF 3l & 93-S & Z22 A7
e}, aeh} idme)] AAR gled, Rl 7%= -
3 w7 rtdm-g el vlaelx GA olgdd 4 9l
& Aot a8|mE 7ldue] 7)80]4 ¢lem CHF &
Aol gt Zgufel 2k2 9] o3k ZhAEHA FH
Aojct,

.4 =

E Aol Me Aaale 2hy ERlE 2N 2
o] 7} 1A &3} AFo| CHF 1A= od8ke- o)3fi3t
37}, e} AR WA spax 225E v
3153e el 718HA] dske wie] CHF ke EAsioict. A
g ZAshe o 2o

(1) 285} ZFCE ¢lgt CHF 4. 7|x2] A
o olete| FAe| FH= slet A FE B3l &
=39 f-50] ZHd g AXEE 712 ATl & o
S F1 9lSo] BAHUT 253 7E A, E 71E
e Zvnte] Ae] JAEH o) FnlE oA 7]
Z9} SY gl WAl B3 Fxla) wid
ol Aoz Az}

(2) 229} 713 Al o] FY=er} $U1E45E CHF

Energy Engg. J (2003), Vol. 12(2)



o

144 A8 - A

Z7hgol Z7eklck oA T S7HE4E W7t
A ol 7)ofake AHold 7 Z 491 2715 o

el ZoE A 4.

(3) 71E=e] 718717} 3FaF =HeA] 2] og W
o wie}l 233} 7pAlel &3t CHF Z7}&e] 3add)

7|

o

o] =H2 20023% &AL EAT] =)o) 5} A
598 (KRF-2002-003-D00453).

6
AE71&
g R
he  : 713 )

P
Qenr . ﬁﬁ]@‘ﬂ—ﬁ:(CHF)
Qenr g0 453 18k Hge] CHF

0 ARIEER 0, 4% 180) 8

o : A

p : E3f oA w=

o ER M A= ?
D28 10

1. Bergles, A.E.: “Enhancement of pool boiling”, Int. J.
Refrig., 20, 545 (1997).

2. Wong, S.W. and Chon, W.Y.: “Effects of ultrasonic
vibration on heat transfer to liquids by natural con-
vection and by boiling”, AICHE J., 15, 281 (1969).

3. Park, K.A. and Bergles, A.E.: “Ultrasonic enhance-

ofux|zE M12d X2z 20034 63

11.

-k

ment of saturated and subcooled pool boiling”, Int.
J. Heat Mass Transfer, 31, 664 (1988).

Tida, Y. and Tsutsui, K.: “Effects of ultrasonic waves
on natural convection, nucleate boiling and film
boiling heat transfer from a wire to a saturated
liquid”, Experimental Thermal Fluid Science, 5, 108
(1992).

. Kim, Y.G., Kang, S.M., Kang, B.H. and Kim, H.Y.:

“Effect of ultrasonic vibration upon pool boiling heat
transfer”, Proceedings of the SAREK 2002 summer
annual conference (2002).

. Ohtake, H., Takano, K. and Koizumi, Y.: “Study on

ex-vessel cooling of RPV (Critical heat flux and
enhancement of CHF induced by ultrasonic wave on
inclined surfaces)”, Proceedings of the 8th Interna-
tional Conf. on Nuclear Engineering, Baltimore, USA
(2000).

. Nomura, S., Murakami, K. and Sasaki, Y.: “Streaming

induced by ultrasonic vibration in a water vessel”,
Jpn. J. Appled Physics, 39, 3636 (2000).

. Zarembo, L.K.: “High-intensity ultrasonic fields, ed.

L.D. Rozenberg”, Plenum Press, New York, 135
(1971).

. Zuber, N.: “Hydrodynamic aspects of boiling heat

transfer”, AECU-4439 (1959).

Vishnev, LP: “Effect of orienting the hot surface
with repect to the gravitational field on the critical
nucleate boiling of a liquid”, Journal of Engineering
Physics, 24, 43 (1974).

El-Genk, M.S. and Guo, Z.: “Transient boiling from
inclined and downward-facing surfaces in a saturated
pool”, Int. J. Refrigeration, 16, 414 (1993).



