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Abstract

In the present study, the correlation between the Nusselt number and Reynolds number was developed for forced convec-
tion and nucleate boiling region in spray cooling. Also the effect of droplet subcooling on spray cooling heat transfer was
investigated. Full cone spray nozzles were employed for spray cooling experiment, and water and FC-77 were used for devel-
oping the correlation. From the experimental results, the correlation between the Nusselt number and Reynolds number based
on droplet-flow-rate was developed. The correlation shows good predictions with £30% error for water and FC-77.

7|54y T, :Ag™e] FH2% ()
Ta : BFAAS ELE [C)
D AHRFUE [m(m's)] P o oAl R Lkglm]
dn ;AR BEHA [m] pa Al AAAIS [ke/ms)
h  ALASWM CI, qVAT: AT; : ALEAS AR SRR, Ty
he 1A QRAYALWMCC], q'/ATas A - AR AL LEE, T
ke :ERARY DAEAG [Win'C] ATy : 4 2] 2P, TarTr

Nug : Nusselt=, (hdm)/kq
Nug" : 4 Nusselt, (hdm)/kq

Pry : EFHA) ] Prandtls 1. M B
Q : EFIAA FF [ms]
q" XY E€4% [Wm] HAE vHstste] 129 =AE YA 5
Req : Reynolds<, (pDdm)/pd 74714 B Idx8, AE 2 A7 F597H 4
Tr  EFAAE] 2= [°C] FRo] WA, %% Gy § B Eokd &8
=3 ok Y7 vEE %L%%"é% A ] H]FF
S A i A3k s R 2ztel @AREgel A ke 2l
E-mail : yeung@andong.ac.kr HREd, dn5I, %]_O]Oég—l:], ] Fdd e
TEL : (054)820-6013 FAX : (054)820-5092 old £ don, dAu5Pddz} Holgde AA UA




144 /JOURNAL OF ILASS-KOREA VOL. 13 NO. 3 (2008)

-23(Critical Heat Flux, CHF)3, 22|31 Ho|9g 9=
) 5d 9] A FHAERFE(Minimum Heat Flux,
MHF)do| 27 Exletes 2102 d&A At o5 7+
Zke] ggelre] HLYEALS ¥ g 2=9%

S7HE dfrgel w vl T89 ouE AU 9l
o dAE S9 A dAEE 2 A LE7F o
400°C o]’de] AL2FolA o] FoA L glom, o] 7
Folle dee] 22 WYl ARE A Tulsdd S
MHFH 29 gojo] sigse Foe] dadE4]
- FR3Th oloks thEA AR WA ] B
T A AAVEe o= FHlE 3 CHFY F9
g5l vl F38kH, FC %UHE o]-&-3ke] xA}
AR Wske Aol oMz =9 875
Afrs 58 LT o FANF ‘;l fﬂiﬂl:@@A a4
GEe] v T8 fuE THE Alos AT,

2 B e Yzha] %H AA e AolE flsiM

= o QALEE B8 sekss 2ol vl
§ Fas0, 2PYY BRI B QA4S0 A
oZ

2 AZtEARE O Fol A

= =

= 53] 2R, Ao 2719 2 o] dAYES
o Hlid 2 G vIAE Ao deiA A, 2
Ao AAE HA St FEARY DA 2

2Y7Ee) A4S Qo] £ Jdde) APA A7
# FAAAHOT el 9 AT Aol S\zeled o
HEFol e BRYZ AAVRACIL o) U
A 2ol A0 LehtE QA% 4RO A
Srareict.

Nug= 045 - Re,*® - Pry (1)

9] AelA Nui's 429 HYPwe] 7|x3 AGE
I Ao HFAHOR A== 74 NusseltFol™,
Res= HA9] fFdmel QF o] HuAHoZ FH T
= ReynoldFelt}. ©] A2 AP} vlws & 3F-E
des & AR s dLgel #3 Wang and
ShilV, Kim et al.(?9] A7olA] A9k 43t A}
gk Fejolm, 25| ATeA ARME ZAF =S
drgel ek JAAE o] FEE e S 9l

= C+Rel" Prp 2

Wang and Shiv AT+ ZAZFE C=0.054, a=0.84,
b=1, Kim et al-> C=0.068, a=0.8, b=1Z A2} T}. 2]
(D)2 b3 AU FEA G 3 3e o2
Nussult7¢} Reynold & A eldtell dojr] A=A o] F+

A7, AF o FHFAE 58 F&3slo] E3}A5E YE
WAL} o3 e d#He] AFAde= Ao f3ie, H
T2, L5 52 23 FALFE o] 835l £7Y
7 B SEAES & A5 e e e
Ro=w FoE )
E AFolM e AT 9 dnj5gdgea] dutao
ga3 = e BYYg gAY 43S sl
S Z5RA

] S 98 2, FC-77198
]’%‘5} ?‘i“]‘?‘]/gz} }étéﬁe T::\%‘ O]‘Q‘Ol'oiotq, \-v:‘-r‘
AR o] FFL 2.99x107°~10.98%1070 m’/s, H-F-H =) <]
SIE 25~55°C, A S] %727 (SMD) 100~200
um=z A ste] AT

hu L

>~r_l')|J
&
0%
4

2. MR A YUY

Figure 1] 2849 A= Uepf 2k & A7
AME WA HWF k) Po] B ALgEe] 4L
Zasrglom, FC-77o) et A@ghe AT
2 ZAusgnh A8 9 uhHe Mol §ALE)
B2 7N E 71}@1]:'0‘] A&7 2 o), 3}5 7““{? ﬂ

V722222
WSS

\

/
%
?
7
.

%
777 A

® Spray Nozzle @ Reservoir Tank @ Heater
Tank @ Pump ® Filter ® Power Supply @
Data Logger Flow Meter @ Pressure
Sensor @ Heat Exchanger

Fig. 1 Schematic of experimental apparatus
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Fig. 3 Spray boiling curves for different flow rate



146 /JOURNAL OF ILASS-KOREA VOL. 13 NO. 3 (2008)

10000
Working Fluid : Water
0=4.98x 107 m®/s
o 1000
O
~
=
T 00
. Ti ,C
o o 25
& 40
F° O 55
10
1 10 100 100
TS - Tf 3 °C
(a) correlation of q" and ATy
10000
Working Fluid : Water
0=4.98x 10 m%/s
T ,C
e 025
° © 40
= 100 085
- o O
o u [ 8@
e
Rohsenow [14]
100 -
1 10 100
Ts - Tsat , T

(b) correlation of q" and ATy

Fig. 4 Spray boiling curves for different subcooling
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