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ABSTRACT

In the present work, a series of numerical calculations have been conducted on the cooling of a hot surface
using an air/water mist jet. In some cooling processes, such as in the glass-tempering process, direct contact
between the cold water drops and the hot surface should be avoided, because this may cause surface cracks due
to the sharp temperature gradients. Thus, the main focus of this study is finding the appropriate operating
conditions for maximum cooling without direct contact between the drops and the surface. A series of numerical
experiments have been performed, and, at the same time, those results were compared with those of the previous
experiments for verification purposes. The effects of droplet impinging velocity, hot plate temperature, and liquid
loading ratio for mono-dispersed drops of various sizes were studied in detail.
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Table 1 Conditions for the mist flow calculation

Ty (K) 500, 700
Vin (m/s) 0.39 - 19.05
Droplet size (pum) 10 - 80
Liquid loading ratio
1.64, 2.81, 4.75
(VVliq/ Wairs%)

Table 2 The fractions of evaporated droplet streams
with different droplet sizes (Vi, = 3.9 m/s,
Liquid loading ratio= 2.81 % )

Drop size The fractions of the drops
(pm) evaporated (%)
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Fig.4 Augmentation of average heat transfer coefficient for
two-phase, stagnation, mist flow with increase in
the water/air mass ratio

- 71 —



| AHF FE AEe] Wt B4 B AT
87, A4, A5E

o] o} gA dold F 7] WEo|th ¥iA
o dAAFE Fr)Y sEo| Bt T JIFS
a, e o3 7tE 9ES gA WA Urk 2 A
Hof| Hlsl| WYzt ALREE HA| o o] FolFS
2 s Fde) 23 dAGo] EojEo WL A
wol Eolge & & UTh FIE, Table 2] &&
1A Xt A TRl diEl, e 48 =7
2291 A, At FollA FUEE Ao v&
< FASAY ; Bop & AFY A7t FEo] o
Z dojde & £ ok a2y ZU7F E 4F4)
oG Wzto]l 4 F& ARE ofUth 1 olf&
Ao A AFHRo], 12 Hiol| HFHo| RTIF
o2 Q& HH mA] A4S AH T& 2T
F Q7] wWiEeln, B AT It A H
55 Hgfjorsts Afolth dE Eol, 4HAr}
40 pum o] 7%, Fig. 4°4 & ¢ A=zl ¥4 A
o o] A FUtEE ASR 4 Fo] Hd,
o] AHo 1 FAH}e| FEE s A
o] F43| 45| WEolth JEE Fof

A RS 3 &
=
=

ol 1
Aol sl Awrrz
4. YT AWY SN P HU ME

Lo FgS AHry 93
st th. Fig.sol yebd 2

& 7 37 £=7F 39 misd A, HE
% 2 ZEA T 1

2=t 5

of
o
H
= 12
2
o
l
7
)
o
o
2
o
N
=
At
o

Hu2 dAAS oA Fdo] HE HF9
P 2xo] #AGQCl A9 W3t gA H
Aolth. a8y 2719 £57) /108 Fojt= %
A (039 m/s)o 2 Ze EAd thal AakS 33
H, o 259 Aold @& WYzt AT zo|rt
A YEbES Fig 5 B3 ¢ & Utk 1 9
fre 3719 =5 7 £57F AokEsE, 4

AAFY FAZE AAZ] wWEolth (039 mis
A, 1700 ym BES] FARE dFo] Hth) 19

p
fu.
p
fu

1549

Dropletsize T =500K T=600K T=700K

14d | 10um —u— - m- L}
’ 20 um —0— - o- =
30 um —— - e L

htwo phase / hsingle phase

.'_;_’____'-'_I-_.'- _____
b ; y y ! T T
15 2.0 25 3.0 3.5 4.0 4.5 5.0

Water / Air Mass Ratio (%)

(a) Vi =3.9 m/s

Dropletsize T=500K T =700K
10um —u— - =
30um —0— -0
70um —— -

1.34

®--~""" .
R

hlwo phase / hswng\e phase

T T T
15 2,0 25 30 35 4.0 45 5.0
Water / Air Mass Ratio (%)

(b) Vi = 0.39 m/s

Fig. 5 Effect of the plate temperature on the heat transfer
enhancement for different inlet velocities

- 72 —



ol  F=IIANEEI A, A4, A5E
HEol, 37 £=7F Z7] wiigo] Lol o3 &3
o= Ao &£r  mE3I Zola AAAZ HE 1 oqax X Direct Collision
= A7to] &7}sHA] "t g 2o _9_1:7]_ o= 18- Z‘\\ ® Non-Collision
AATS 257t %7] w e, wo oA o] 161 B
FEE & U He Aotk :Lai‘ji LSS B U 281%
2 (70 pm)= Hel TSR G Pz o]g= § ] .\
2= o) 3 10
T Ke)
o g
> [ ]
= 6
42 WY HF J|F M (Mistjet cooling Jd .
map) 2] e

(non-collision cooling limit conditions)E& UYERH Z
oty HH I PR FE AFEE Fig2o] FAF0
m)l A 0.05mA] & (bottom wall)7}A] HZo] EzH
(trap)o] EH W] ZZo] P How HYIF
Atk F, dF o FHo] EUAY AAE WA
7EA HH of Ho] EfE HH 7t 00]
I non-collision®] ¥ i1, H2o] Fko] A ¢F
o} o}z Hol] Eo) ‘31"%‘ 3 collision A E)7} =
o e #AY @ x| Ave A4 FEol
EAske A5 ‘/}E}‘iﬂ Zolth =

i

fe A z
27 27 57 27190l me W A= =
oET. Wz, B7] £E7h 255 W7 #AE
Zrkstedl ol B/ =7 e B 9o
A2 AFe olgd Wel FsHe Uehhe
Reltt, Y AA FHFo] FATSF W7 @

a1

A7} ZrVelAwt, Z7beke A ¥tk (Fig 6).

o} FARSHAl, HHe 257t FUIEFE AH Y v
& 9 Y(non-collision region)©] It F7}sh= A
< 5 F Utk

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80
Drop size (um)

Fig. 6 Maximum useable drop sizes and velocities to

avoid collision
20 4 Liquid loading = 1.64 %
LX LY )¢ X Direct Collision
18+ \ ® Non-Collision
16 T = 500 K
144
@{
E 124
2 °
G 10
Re}
o
> 8 °
6
44 °
24 °
°
04 °

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80
Drop size (um)

Fig. 7 Effect of the plate temperature on the maximum
useable drop sizes

X A7 Avel 49
b E2ARRAAT, A% F Hle YojHE TL

= éﬂre H@lﬁ T dee FID F I,
S

iy
2
3
o
2y
_>‘i
£
B
_&
o

B =
g2tk FF, AFAA g A A=
GRS

=
Rt =
d5el 9P e BBl ¥4 5
= agsof & Ao=w AdHT



7 AAF FE A WH
L RFANANEHIAA, A4, A5E

E
=

el &

2 s AAAART seAzriedT AH
(ATOARI .2 3 A7dstolH, ofo ZAEY
Ytk

REFERENCES

1. Garciamoreno, C. J., Heat transfer in two-phase
stagnation point flow, A Thesis for a Master,
Univ. of Michigan, USA, 2012.

2. Martin, H., "Heat and Mass Transfer between
Impinging Gas Jets and Solid Surfaces," Advances
in Heat Transfer, Vol. 13, pp. 1-60, 1977.

3. Jambunathan, K., Lai, E., Moss, M. A. and
Button, B. L., "A Review of Heat Transfer Data
for Single Circular Jet Impingement," Int. J. Heat
and Fluid Flow, Vol. 13, No. 2, pp.106-115, 1992.

4. Burmeister, L. C., Convective Heat Transfer,
Wiley-Interscience, New York, 1983.

5. Lytle, D. and Webb, B. W., "Air Jet Impingement
Heat Transfer at Low Nozzle-plate Spacings," Int.
J. Heat and Mass Transfer, Vol. 37, No. 12,
pp-1687-1697, 1994.

6. Haider, A. and Levenspiel, O., "Drag Coefficient
and Terminal Velocity of  Spherical and
Nonspherical Particles," Powder Technology, Vol.
58, pp.63-70, 1989.

7. Ranz, W.E. and Marshal, W. R. r,
"Evaporation from Drops, Part L" Chem. Eng.
Prog., Vol. 48, pp.141-146, 1952.

8. Ranz, W. E. and Marshal, W. R., Jr,
"Evaporation from Drops, Part IL" Chem. Eng.
Prog., Vol. 48, pp.173-180, 1952.

— 74 —





