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Abstract: The liquid film serves as the primary medium directly involved in the spray cooling process and
capturing its flow characteristics are crucial. However, accurately capturing these characteristics is extremely
challenging due to strong interference from the interaction between droplets, liquid film, and heated wall. As a
result, the spray cooling and high—efficiency heat exchange mechanism has not yet been essentially clarified. In this
study, we investigated the imaging quality of HFE-7000 and HFE-7100 liquid films to establish an appropriate
testing and diagnostic approach for the liquid film dynamics, including the coupled factors such as built—in
sensitivity parameters of cameras, shutter speed and aperture combinations, and sampling strategies. The method
yielded favorable results for various surfaces. The ADD—-type error analyses based on standard liquid films was

proposed to determine the bias and random errors associated with relevant parameters. The morphologies, wetted

WFEH: 2024-03-04  fEEIHHA: 2024-03-21

BEMESE: B (1991—), 5, [+, BITF5E 51, xiaozhao@imech.ac.cn

FE—1EE: BEB1(1997—), & i+ 534 , chenyin@mail.dlut.edu.cn

E&WE . FEEEABTHITTH (2022YFF0503500); 1 ERIMT AR AA 62 TR H (2022QNRC001); [F1 5 1 482564351 H (52106077)
SIAARST: BRol, &7, LD, s, 2Rl s A . W55 12 B T 3 et U il S 0 Ak R A O Z3 BT D]. AL T2% 3, 2024, 75(8): 2734~
2743

Citation: CHEN Yin, ZHAO Xiao, DU Wangfang, YANG Zhugqiang, LI Kai, ZHAO Jianfu. Optimization of diagnostic method for liquid film dynamics
in spray cooling and heat transfer characteristics analysis[J]. CIESC Journal, 2024, 75(8): 2734-2743

hE4NM  https://www.cnki.net



o5 8 3 - 2735 -

www.hgxb.com.cn

area, and contact line length of HFE=7100 spray under different heat fluxes, pressures, and nozzle heights were
obtained to explore the mechanisms governing spray cooling. It was observed that the isolated wetted areas
decreased with the increasing surface temperature while the contact lines exhibited either a decreasing or

occasionally an increasing trend under certain operating conditions. Furthermore, the connection between liquid

o [ %71

film dynamics and heat transfer characteristics was discussed and verified.

Key words: spray cooling; liquid film flow; isolated liquid film; error analyses; HFE-7100

i =7

HL T e e R SO AE N TR BE B4R
AT R 23 O R A5 R & Jre 1 e L2 A1 Bt B
AR T4 R 1 K R, PG B R SR L 2 15 3
11000 W/em™, 33X 45 B 5 I0 i 1 A TS B SR Al
KRR TEIA WP AR B AR 58 25 v A A
h B ERRE ) R 0 R e L R i e SR A A
PR 2 22 K

HAR BT R H B O 2 U TR R
JEE AHRZ BT I T e S5 S A W T o
AT i R 55 A R ARV I RE Y
SO L, PAH DX 55 v 205 e A B A% 1 BILBR AT 5
HRANFE 43 o 3 3k — AR 1 it DR 7% vl o A
TR B 5 | 7S B0 i e A D K 2, 3R T A R —
U S AR e AT e AL 52 %, i H S R F ST
BrARR.

TE 5% 55 ¥ FIAR IR DX (A ATE Il P08 i 5
LR i R B2 5 300 F 2 B, HAERA
R AR R TR H SRR PRI A 4
SR H R ITFIRAMIGE o SR TR L H A 22 A0 i <O
ST 3T L W5 55 Ve B0 R T IR | 25 A TR0 X R
T A T8 LA B B 3R 45 265 ] A IF 58 e Al R
FIRIE o BRE PEWLEE AN, [ EITVR R A 3 E
it A AT AR P e LUR 7 1 - COWR B P 3 11 i
10 (Rini 5) 5 (M 25 F1 iR BEAH A FII0 5 Q%
TR | Bl AN R B R E ) (Gambaryan—Roisman
2P, Kyriopoulos™, Hou %5, Martinez—Galvian %5,
Hsieh 25 1 Zhao 55*) 5 (3 {1 1 11 A 1 5 fih £&
(Horacek 252", Zhao 25 2F1 Sodtke 25 ; (MW I3 5
B (Zhao 555 3 ¥R I Ui 2 1o 72 TC 5 240 2 B i
(Kyriopoulos™, Zhao 5E)

TRBER S R R A 2 BT B R R R BRI %
RN G 1 = R LA oY 1 R 208 . R A
BAEL B 6T I T 4 T W P ) ) 27 AR i T 5 1 AR GBI
GE AR TR G AN SR HT  , A TR R B

https://www.cnki.net

AR BEE T —E Bl AP — P
HE TR e B A, LIS OB A B 41l
PR IHT L 3 T B0 VRN B A Al 7 e B SN )
O RSN 1 2 R R UE I 58 3 A1 AL LB,
FEALAE  OTEAN R S AR P S 2 B
AR — RSB E B 347 05 15 QR
ENGLAT R R R | S A E SRR 2T
{1 4 TR AR e fih 2 S AL ML s OIS AL AR IE S
BB SRR A LR 3R

1 ZRARGE T *®

1.1 EWERS

B (a) IR I SE 56 R 48 2 TR R4t .
W BB B R PR R 4 AR R e B R R
g8 M W R G4l . W EN T ik R
(MicroPump GIN21)IK3l, 2430 pm ROuE eI g 5
5% 1 (Spray system TG SS 0.3) 7% Az 5L HE L 055
IR IR g 43 9 e 4 26 # ) (Omega TJ36-
CASS-116U-6) Fil J& Jj 1% [& 4% (Danfoss AKS 32) I
ito LRTAA ™ AR R 28 UK EE 248 E B as il T 7
(1R V4 B 457 TRT AL, ¥ B T SRR VA T e HEVR AL
M S A I R R A R T A
it T

B 1 () T ok 4 i B 1 e 55 s 1, s N R )
0.1 MPa, il #AA5E B i B e i #0  R R R 2 A
B e B R 1 ELAR AR 43 3114 10 mm AT T mm, 3
HAAALER P R R E R AR 0~12 VI
JE A=A 0~48 W I . fiE 77 JE 0.5 mm, [ FH
K10 mmx 10 mm , fef 75 TAT 300 o T s ek 5 A Al il
FIPEE IR, 22 (8] 45 8] B e A7 3 4~ B 1) (K
) AR WL 1(e) o T RER BREECR 0.5
mm , F] A A 5 BAeE (O SR Y IR B 4 ) T SR T
.

S 72 G4 ) FERCHE R 4 R NI compactDAQ [
— RIS



+ 2736 -

BI5

o [ %71

N | NIcDAQ L

Fron i R B
s cp §
NIeDAQ

.
Vi
s (
B g
Bz i
T S|
1 HAAL

(b}
K1
Fig.1
1.2 REEFENE

TR = 3 AL (Baumer, VIXT—17M.1)
#, E TSR R AWK 700 Ws, 43 HER 1600 12
Zx 11001583, Bt/ 9 pmx 9 pm.

P85 58 WU 5 20 G EAT 5 Ab B L 52 IO
WS Iy R . R AE BAL BRI 2 s, 1 SE
B2 W RO R BAT i LROR B e 3R T
ARSI, PR EAT A A AL 3 3 48 e A R
7 4 TR 1140 5 18 145 e VR R 2 T 2 ) 114y 10 9 5 )
JH Canny 57 1R 20 Z& | 45 310 42 firh 28 55 4 % 5 38 2o
Edge fill J) B8 K 3 4] /9 £ filh 28 0 47 B0 58, )
Regionprops PRI£{CK 15 #2181 HAT A R 30 B0 B
EE | VAT Lk AT A TN Y 7 (= S N | NV
HEE v ISR i S8 BRI R, BT Sl AE i
HH P ] ] R A 1 PRI b 9 [)— IIRSZ B, 2 1

https://www.cnki.net

(a)

Hift24 VA

- 1

ol
B U5,
RA WA
il : i
[ \:;f;‘:_:: 1()
.\(\;;;.;;:?\‘ rar
::5‘,\:?» 0
10
(¢

S G SRy S B T (LA :mm)

Schematic of experimental system and apparatus (unit: mm)
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Fig.2 Schematic of image processing
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Fig.3 ADD type of error analyses: bias and random errors
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Fig.4 Calibration for bias generated from image processing by standard isolated films
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