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Abstract: The effect of vibration environment on critical heat flux (CHF) of spray cool-
ing was studied. The point-based CHF model under vibration environment was built by defi-
ning factor which represented the degree of deviating from the inscription state, based on the
CHF model in normal environment. Three operation modes were compared, and the opera-
tion mode one had 0. 98% and 1. 17% increase in the period-average CHF compared with the
others. In the operation mode one, the curve of CHF showed a bimodal structure, and the
minimum CHF of the second half of period was larger than that of the first half of period.
The minimum CHF was 3. 02% lower than the maximum CHF. The larger vibration ampli-
tude led to the greater decrease of the CHF. The average CHF with 1. 0 mm amplitude was

W75 H 89 :2016-08-08
ESIH fis 54 (20132851034
TEE R : 1988 ), B 1 Lk, BN T & $Of L T PRR AT 5T .

SRR L R EWT X5, 55, IR 3 PR T B85 12 0 9 I 5 ot %5 BE R AU [T, A &= 3 J1 % ik, 2018,33(3) : 597-603. WANG Ze,
XING Yuming, LIU Xin, et al. Model of critical heat flux for spray cooling under vibration environment[ J]. Journal of

Aerospace Power,2018,33(3):597-603.



598 i o= 3

AN S ¢

% 33 &

1. 74 % lower than that with 0. 2mm amplitude. The influence of spray angle was discussed.
The average CHF showed 4. 83% and 16. 21% drop in 55. 8° and 90° cases respectively, com-

pared with 30° spray angle case. The difference between the minimum CHF of the second

half of period and maximum CHF was smaller in larger spray angle case. Using nozzle with

small spray angle could reduce the negative effect of vibration.
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spray cooling; critical heat flux (CHF); vibration environment;

point-based model; sinusoidal vibration
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Table 3 Initial spray height and phase angle
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2 11.99 n/2

3 11. 99 3n/2

5 AT LA HY L B IR 8 A 0N 3 T AR
B - 2 CHE il £ 7 F 22, Bir DL ¥ i ik
R 3 Bl T AR AR 3R 22 BEAH 2280 X T AR TS
IR AUEE = NS O F 2 S N 3 PO R S (D
A Al 725 A D7) ) R ) o S T A )

153

—=—d, =0.200 mm
d, =0.861 mm

152 — 2\

~ 151} L

5 T~

% 150 TG
5 .

S 149+ N

148 F —e-d, =0.500 mm~.__
v d, =1.000mm T

147 . . .
S o7 AT 2 VAN
AR

K5 AR PRI A% 1 TARBR) A 91 ¥ CHF #%93% mm
Fig.5 Effect of the operation mode on the average CHF

under different amplitudes

T BRI BT RS IREE T T AR HURT e Y
JE 3P 2 CHF 3 37 3% 2R F IR 301 i 007 5 1 5§ 251X
AT R WA TAERS L DUR R SR8 T
PEREA 1 45

AL T o A 2 TG 4R Bl B TR K T s
5 DX ek 1 BRI 21 J] 83 1A S 00N I 25 R R0
P B e 55 [ A D) T 3R, R R A 55 X
P T RGIR R T i o S U 5 DX e A U A T

HHAZE L B Ok

PR2h W CHE (1) 748 {k 52 30 000 25 4, I
Bl 6, W25 X I 7E 4 ) - fir & N U0 3R, B
PLOT/2 Je T Ik 2 B A5 J5 300 o9 de K 2 . T
SR Dt 1 B W T L o il
6B, W% 55 B 1 b iy X i B /)N CHF S i/
Je 3R TE 1/4 A TR Ak QI T B BUTS fe/MEL
Je 2 FE 1T o 2 TET i Wt S5 VR S8 8 S RE I L W 55 U o
P4 et 5 ud /N CHF 4608/ 5 18 K, 7 3/4
A b Q237 B BUS B /ME . R TR 28 30
HR S S 5 A 1 [ R % 25 L 42 b ok X S v AR A
R T LA 2 T 3 e AN AR O 8 R R e R A A
R HE . BL f=15Hz.d,, =0. 861 mm #fg 5} 5%
PFR 6, AP CHE SR {E R 148. 201 W/em” , fi
BB R 152. 6837 W/em® , 254k 3. 02%,

153

152ix X Zl
1 |
\ [

\ fy i
i ] o

AU

X W

0 02 0.4 0.6 0.8 1.0
T

Kl 6 CHF Jil ] A8 fh h £
(f=15Hz,d,,=0. 861 mm)

—_—
o
—

—
4
(=]

q/(W/cm?)

148

Fig. 6 CHF variation curve in the vibration period

(f=15Hz,d,,=0. 861 mm)

3.3 iREEER T

Wi A i R 1 1 R L A A s oA DR A 0 R
JEI R, CHF ih 2 i B2 722 Ak, By DAAR i O
CHF ik, J& 1% CHF ik, W B 7 F1El 8,
JAF-1 CHF Fifi 4% i 4% R 525 L v TR, 15
Hz &4 F .do, =0. 2mm #XF do, = 1. Omm R IR
FAF R 0 JE IS CHF #2855 1. 74 %,
3.4 BE#ANZIE

o3 W4 B0 PR B8 T 8 55 4 AR 4 55 v A CHF
IR0, B4 f=15Hz,d,, =0. 861 mm ff N ik 3)
F.

Wit 5 25 B AR O 1S ORI N CHEF & ) 48
X CHF #3800, W 9 FIE 10, PRk W55 55 4
FABRO 58 55 320 G T o B R L 0 % T o U o A



602 it = PR 533 %
154 160
—-—dorp:l.OOO mm —-—d07p=0.861 mm .
153} —d, =0.500mm ——d, =0.200 mm ol
152F = ™~
. £ 150}
E 151} = .
= <, 145F .
2 150t .
= i& J = \\\
\ / 140 - N
149 F s /! 0 ~
"!..v!‘ \\\
148 ! 135 -
147 — . . . . . 30 40 S0 60 70 80 90

0 0.2 0.4 0.6 0.8 1.0
T

K7 PRiES R CHF 195209
Fig. 7 Effect of the vibration amplitude on the CHF

1520F =
1515} N

151.0F

/(W/cm?)

1505 F N

ave

q

150.0 |

1495

149.0 ! . !
0.2 0.4 0.6 0.8 1.0

d, /mm
"

8 HRIE N AW CHEF gy (f=15Hz)
Fig. 8 Effect of the vibratin amplitude on
the average CHF ( f=15Hz)

165
160F N
I e
Bl S el
E 1as| 0=55.8
S
140 -
~ ,“/‘\“‘\& - o
C N A0 o
130 L \.‘“v" L L 1 1
0 0.2 0.4 0.6 0.8 1.0
HT
P9 W55 4 S %) CHF 152w
(f=15Hz.d,,=0. 861 mm)
Fig. 9 Effect of the spray angle on the CHF

(f=15Hz.d,,=0. 861 mm)

HAK L BT L CHF 8/, 0=155. 8,90 %} 9=30°
f ik CHF 4% 3 R B 4.03% F1 14. 56 % , F- 3
CHF 435I F B 4. 83% Fil 16. 21 % . 1 H. W5 55 4
B i R 1% 5 e R R L R Sy [RDBR SR A o
R AH TR 9 W5 T O 5 P9 DR S A A R B

0/(°)
Bl 10 Wik %t JH 391728 CHF [ 80
(f=15Hz.d,,=0. 861 mm)

Fig. 10  Effect of the spray angle on the average CHF
(f=15Hz.d,,=0. 861 mm)

H T IE 55 4 £ 14 K L 855 10 2% X I8 4 4 A
T S W 5 X s AU 2 T T 0 I 5% U A
1 R AT T L JEL M0 T B i R A S 300 P e
K CHF F [/ .

25 TR L SR T 55 HE AR /)N Y 55 I RE 18 /)N
TR B0 IS 55 v I S HG  RE  A

T

=A

1) JEF i 1k IR BE AR, g ST IR G| AN
i 5 PR o B2 A0 B 9 UIRR A5G 0 3 AR i 4
Pz PR E W1 55 v A0 AR Ty vk, EE S IR B B4R T e
FEVH CHF 5 L i,

2) YRS A B X055 % H CHF 152 38/

3) X 3 PR sh TAERL . IR S A5 T
N7 R FH % 25 X338 9 U0 1 9 3 - o7 1 1Y) T AR
LIRS R CHF,

4) PR R, R N CHE A%, 8 17 3
CHF A%,

5) ME 55 HE A /IN 1) IS W R 08 sl /)N 3R T R B %)
Wi A H CHF 52 ,

S 3k :

[1] PAISM R.CHOW L C. Surface roughness and its effects
on the heat transfer mechanism in spray cooling[J]. Jour-
nal of Heat Transfer,1992,114(1):211-219.

L2] JF4EHR,TH. %2, %, Jo0h M X B85 % 50 5050 5
WA A5 LT ]. A2 3 Jy 2441, 2016, 31(5) : 1113-1120.
ZHOU Nianyong, WANG Yu, JIANG Yanlong, et al. In-
vestigation on experimental correlations for aircraft spray
cooling system in non-boiling area[]]. Journal of Aero-
space Power,2016,31(5):1113-1120. (in Chinese)

[3] CADER T,WESTRA L J,EDEN R C. Spray cooling ther-

mal management for increased device reliability[ ] ]. IEEE



%3 ES

PRAE IR S PR BT T 25 v J0 A IR S A O 2 R A A 603

[4]

[5]

[10]

[11]

Transactions on Device and Materials Reliability, 2004, 4
(4):605-613.

KIM J. Spray cooling heat transfer:the state of the art[J].
International Journal of Heat and Fluid Flow, 2007, 28
(4):753-767.

SILK E A,GOLLIHER E L,SELVAM R P. Spray cooling
heat transfer: technology overview and assessment of fu-
ture challenges for micro-gravity application[J]. Energy
Conversion and Management,2008,49(2) :453-468.
SHEDD T A,PAUTSCH A G. Spray impingement cooling
with single and multiple nozzle arrays:Part [ visualization
and empirical models[ J]. International Journal of Heat and
Mass Transfer,2005,48(15):3176-3184.

CABRERA E,GONZALEZ ] E. Heat flux correlation for
spray cooling in the nucleate boiling regime[ ] ]. Experi-
mental Heat Transfer,2003,16(1):19-44.

ORTIZ L., GONZALEZ ] E. Experiments on steady-state
high heat fluxes using spray cooling [ J ]. Experimental
Heat Transfer,1999,12(3):215-233.

ESTES K A, MUDAWAR 1. Correlation of Sauter mean
diameter and critical heat flux for spray cooling of small
surfaces [ J ]. International Journal of Heat and Mass
Transfer,1995,38(16) :2985-2996.

MUDAWAR I, ESTES K A. Optimizing and predicting
CHF in spray cooling of a square surface[ J]. International
Journal of Heat Transfer,1996,118(3) :672-679.
VISARIA M, MUDAWAR 1. Theoretical and experimen-
tal study of the effects of spray inclination on two-phase
spray cooling and critical heat flux[J]. International Jour-

nal of Heat and Mass Transfer, 2008, 51 (9/10): 2398-

[12]

[13]

[14]

[15]

[16]

[17]

[18]

2410,

VISARIA M,MUDAWAR 1. Effects of high subcooling on
two-phase spray cooling and critical heat flux[]]. Interna-
tional Journal of Heat and Mass Transfer, 2008,51(21) .
5269-5278.

VISARIA M, MUDAWAR 1. A systematic approach to
predicting critical heat flux for inclined sprays[J]. Journal
of Electronic Packaging,2007,129(4) :452-459.

VISARIA M, MUDAWAR 1. Application of two-phase
spray cooling for thermal management of electronic devices
[J]. IEEE Transactions on Components and Packaging
Technologies,2008,32(4) :275-283.

SRR Mk W 55 VR I B BIIE K FL AR 1R 6E 5 Ve ) SR B Y
[DJ. P44 . 74 %2 B F A £ K%, 2009,

GUO Yongxian. Spray liquid-film flow theory and experi-
mental study of spray cooling of electronic devices[ D].
Xi'an:; Xidian University,2009. (in Chinese)

GUO Yongxian, JIA Jianyuan, CHANG Jiantao, et al.
Nozzle track and CHF prediction of spray cooling for in-
clined sprays[ R ]. Piscataway, NJ; Annual IEEE Semicon-
ductor Thermal Measurement and Management Symposi-
um,2008.

WANG Ze,XING Yuming, LIU Xin,et al. Computer mod-
eling of droplets impact on heat transfer during spray cool-
ing under vibration environment[ ] ]. Applied Thermal En-
gineering,2016.,107.:453-462.

HSIEH C C,YAO S C. Evaporative heat transfer charac-
teristics of a water spray on micro-structured silicon sur-
faces[ ] ]. International Journal of Heat and Mass Trans-
{er,2006,49(5/6):962-974.

(h#.et #)





