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Numerical study on the effect of secondary nucleation on spray cooling

WANG Ya-qing, LIU Ming-hou, LIU Dong, XU Kan
(Department of Thermal Science and Energy Engineering , University of Science and Technology of China , Hefei 230027, China)

Abstract: Based on the fundamental principle of spray cooling and bubble-droplet dynamics, a numerical
method was developed to study the heat transfer characteristics of heated surfaces with bubbles on them,
and the effect of secondary nucleation, secondary nucleation coefficient (o) and secondary nuclei range
coefficient (B) on spray cooling was specially studied. The results indicate that increasing the secondary
nucleation (&) could result in a rise of the heat flux, but the heat flux does not increase obviously any more
when q« is greater than 6. The extreme point is reached when f equals 8, and increasing or reducing the 3
could weaken heat transfer. Compared with the results of Cho, Ponzel, for the cases of a=6, =3,5,8,
10, it was found that f=8 can achieve the best result. Therefore, the prime a, 8 are 6 and 8.
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2.5 K-k HFEE
W55 55 V3 F R AR B (5) 45 1 I DG RN AR
K. (RIS 20 2R e S A P VAR TR 42 ok 31 Ak T A
FR L, TS AT B S B . AL Ok, AV R VA =2
() G R Rl E 2, BB TR AR, — Ao
ML FRIRG Z 18] 15 /N e — Il FUE I, S
AR A ), B
Rpp =y Xry <1 (8

ToiES
@

B4 FiFELESEEER
Fig. 4 Model of droplet puncturing bubble

Hod, R AR AN =22 [R5 O M 1
FH, BRI A R | WS AT O 5y, MR 2K
15 0 AR 22 8] I LR . AR A i K e
R N T N 7 S TR Dl N WL 1)
WEJG  FAT 23— AN S5 ] o, 5, A T BEAT BT 0
KM=, o 1 COARTR DX aT— S B 2 s
— AN A 2 (R A R T (R B AR R B4 5256, AR SC
TR AF®EM . 0. 7e—3s.

T =[] B 9 4 T sl /N T A2 2 A
P AR A il 4% S T R R SO TR A A
TR , 500 A B e — . R gk
ELZHEH T, AR S ST RS W —
A R FEARSCHT R, iR A T A B
fih , TA R HOWE SR A B — 8T I AR I H AR BN B
AT L 0 5 TR B

V, =V, +Vo=>dj, = di +di=d, = Jdi +d3
9
H,d) dy ody, 53 R BERTNE AR ER, W

REBEE T EAR/N T AVF 8 f R AR
HARIR 24 IR (5) Y SR R YRS UK, L B
T BN A e L e K R VR AR I S I e B 1 T
BB

REJEHH

Bs5s SaRaKE
Fig. 5 Model of bubble merging
2.6 HmPRE

RS T BRTER SIS T 7™ 2 BT
A E B AR, 220 i 30 0 I VR R A . PRI . <
MR RN B R EOR. TR R GF
M an U R K. BTl R R R RS E AR
IR AL, BHGR gn iR

gy = (oo XV, X hi) [t oicetsime (10)
Horb o, NARTEE V, BRI FL ol e 5 BE TAT 114
LRy ARG Lot AP 25 R
LG R 2 (] e [ [F .
3 WEAE

AR E2E K Ar=0. 01 ms, BASB ] 25
AT Ar X AR I AT L GRS B RERIL
RGBT 22 (60 AH LA . SR 4 RO
R RACAZ A A% U AR R 22 1T BE AL 0 A . %00 B
I R 045 TR0 22 9] P 2 A A AR T [ . AR
AR

IO R A O S R i<
O i A 2P DU AT 7 A S

CID AU IR (5) 3 H DG R AR .

CID TN 2R < Z ) BE B /N T e A 2 R
3G BRI P ARRR IR () TH R4
(VAR S R L U A=

VO AR MAFR 3o Fev/r i Fe KA #2x A 3h
BT T, LA B Bl % ok T e i iy
.

VO BRI E] A PR BEHIL ™ AR, 0 2R
A A B 0 R X (8) , I Wl e, LA R
B s T i TR AR ) A e / 3
ARIEHIEH LB /NG, B W S R



% 44

HALRTF 7 = R AZ " AR5 T A 20 ¥ 6 AR ) 395

URBAZ 2 BT [ 2R R 1 AT AR B 2 4G
4 HESRRIE

AR BRI BT FC-72, it i
1,85 mL/s, AR 15X 15 mm? , Fe K 1
TRPEE K66 °C. Horp h=150X10 ° m,y=1,7, =
0. 7Te—3s. RN S ALming . H L 540 bhm 9 & 1
FEES H=30 mm. WM 55 1M FE 0= 60", B 112
dy=0. 41 mm, k2 AP=6 bar.

4.1 BIZREITIRARI T

HHEE R R o RIS [
S A% T PR 2R B0 5 (L B R S PR B B A R 15 O T
B WA H XA ERE R I, & p=1.81 6,7 H o
BT 1,2,5,8 F1 12 B f4 g

15

._.
~

—
w
T T T

heat flux / (W-cm™)
S
1

—

—
T
1

—_
(=
o

2 4 6 8 10 12
secondary nuclei coefficient ()

Bo HRSHZFHHIXER
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