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Experimental study of frosting on horizontal plate
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and Reduction Technology, Department of Thermal Engineering, Tsinghua University, Beijing 100084, China)

Abstract: Frosting process on a horizontal plate was experimentally investigated in this paper. This study focuses
on several factors affecting the condensate water droplets freezing process and frost layer growth process, i.e. the
cooling surface temperature, the air temperature and humidity, and the surface type. The results showed that the
condensate droplets are smaller and freeze earlier with lower cooling surface temperature and lower humid air
temperature. The water droplets freezing onset time on the hydrophobic surface is about 13 min later than on the
bare aluminum surface, which means the frost process on the hydrophobic was delayed. The frost layer grows
faster with lower cooling surface temperature and higher air velocity.
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Table 1 Experimental conditions

Parameter Value
surface temperature 7.,/C -20,-15,-12;-13,-8,-5
air temperature T,;,/C -5,2
relative humidity RH 85%
air velocity u/m « s7! 0.92,0.62,0.31
bare surface contact angle CAy 89°
hydrophobic surface contact angle CAy 142°
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Fig.1 Pictures of water droplets freezing
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Fig.2 Pictures of frost crystal shape
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Fig.4 Water droplets on hydrophobic surface
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Table 2 Phase transformation driving force with RH=85%

Air temperature T,;,/'C Surface temperature 7,,/'C Driving force —Ag X 10773

2 -13 397
-8 242

-5 149

-5 -20 420
-15 258

-12 163

3.1 AEEREMNEEREKMNII

K 5 NfEANRIE Tw= -13, -8, —-5C, &%
R Ty=2°C, MXEE RH=85%, @72 iis
u=0.92 m * s~ (RISEIGAE T, 72 BT 2 v P B
[ 3G RAE . BT DA, Bl R g,
FEAWEL, 1 HA RS, fEAERKED.
X RN TR AR, KRR 0 T AL AR
AR IR B AR, T ELA T A, AR
&R E AT T A
32 BEREBENEREKNEN

K 6 NEAMRE 1,=-20, 15, -12°C, &
TR Ty=—5C, HXHEE RH=85%, &2
B 0=0.92 m +s ISEIGSE N, R R T R R
B [5] F 38 RR A



098.

T

SR 5 I 6, Tw,=—20C, Tuw=—S5CHIFEG
(Be=MiK) 5 r,=—13C, Ii=2CHifEm (&
5 =MD AHE, B AR ANA TR R =
A, BTRIRER G, SEERE . X2EB N
ASIREN AR, TR, BEEER
FKZESIRERCR, WS 5MERNS 2. B2
TESEFERE] =10 min B, AIHRE T,= —20°CHIFE
JE VB B, X RS WI,  V THT RE E
fiX, FESLEE TR EA T T MAK, FrllfE s
By R s

Tw=15C, Tu=-5CHifEm (EeHE 5
T,=8C, Tu=2CHifam (K5 HE- Mk, 7&
ZEFERFIE] +=10,20,30,40 min i, AHEEE T,—15
CHE = T3 B, T =50,60 min I, ¥ T
Tw=—8 CHE 2 T3 By o X 2R Ry, AL
REIYATH, FE b my E E A T T AR,
R Tw=—8 CIsciar, W2 R, K&
SRR, FrbA—ERtalfE, HAEEN TR E
LA

T,=12C, Tu=-5CHIFEm (KBl 6 FIEHE)
5 1,=-5C, Tu=2CHfE e (K 5 HIETTE) Lk,
RIERE Tw=12CHRERN TR ER . X2K
Ny BTHTERE Ty=—12CHE E U5 TE B TH J7 A POE A
K, MATHERE Tw—=S5CHRIZERUTHEEELER
KIKER EFREE M RKBR Z AR, W E AT
A A

TR 2 SRS A TR IR Z A SRR T,
PR AH SRS 7K 28307 i A 9 e AR AS IR AH AR Bk B 5
AR, VA THD L P e v BV 2 SR R s, KRR
FEER, SifEEikE. B2, 55mNEIHm
> ¥4 Tk P AT AR M TV ELVA T ) AR K

20k Tu=2'C, RH=85%, #=0.92 m-s"' .
a T,=-13C A
o I'=8C
1.5F 4 T,=5C A
] A
£ 10l °
~ A °
L]
0.5F o
L4 o
A ° o o
ﬂ ? 1 1 1 1
0 10 20 30 40 50 60
t/min

KIS 2CIas s ARV TR T/ 2 FEI ) 04
Fig.5 Frost growth with different cooling surface
temperature(7,;=2C)
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Fig.6  Frost growth with different cooling surface
temperature(7,;=-5"C)
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Fig.7 Frost growth with different air velocity
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