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Correlation of Critical Air Temperature for Frost Delay on a Cold Plate
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Abstract

This paper examines the critical air temperature at which frost formation does not occur on a cold plate in

order to improve the efficiency of a heat pump. The critical air temperature on test points is obtained from
numerical analysis and a correlation of the critical air temperature is derived as a function of frosting factors
(air absolute humidity, air velocity, and cold plate temperature) by least square method. Experiments are
carried out to verify the correlation proposed in this study, and the prediction obtained with the correlation
agrees well with the experimental data. Based on the correlation, we propose the non-frosting regions
according to frosting factors.

7|54y ag2A 2X}
o DOFFAS s
i BHE [kkgK] U AT [kg/ms]
D, FAAF [ms] o 2E [kg/m’]
k, 3719 dAZEAFT [WmK] o AT
kg @ FEIAEAT [WmK] ® Zama
H DRT @™ Fol [m]
By, EZAALAT [kg/m’s) AFE K}
B +3 29 [Wke] oo R
L Yzt gol [m] new,old : MZLzgk, oMzt
m, FT719 AFEE
Re,  : Reynolds number (u,;,L/v ) SHE A
s a4 ¢
T 2% [K] c N ed ]
u, v X, y- 3 5 [m/s) < P 74]%_3
y 20 $E [kykel £ Es
5 o AYE EW
T 28944, g9, dddgda NATSy grid : Az
Email : ksleehy@hanyang.ac.kr in AT
TEL : (02)2220-0426 FAX:(02)2295-9021 sat : X3 A
* 34, dddga gad AFEs - D 2o AxA

39, @R7ALATL NI AT AL w ==




b AE golstel 1HE
Abgol Z7pstar gl ol
wakAg wr shE
e Yz By o4F yx
Atk ¢EA dEz F AT
Electric-driven Heat Pump, EHP)S 4%
W Al e 9] =2 s FE7)
24 @ao] dojy} A2 JutsE o]
dr}, ol dFPZL Al2gle €8 HTe ?
17171 918t Zaoloixe] a3 dprs B8 &
A N FATIE Rl FARTE Fasit.
A zAst A BE L AL Fol A8
ek dAkel dmsrlel e s Hoke
FA AFE] FATW 0 Ao] g FA
AR Adsty] st QuEIloA e A4
(frost delay) 2 Ao B3 A3 E})\
Aol B84, 2 9t F FuE ‘é
719l B B4 Asle) me A4 Add &
Folt} (M o5 FW HFHZo] %E:‘?}ﬂ
Ago mAe 9FE Hosr] $isko
(hydrophilic) B B4 (hydrophobic) X ol
o Zrzt 2L FYstdack. 2 A%, Eug
¥4 Azt &4 Azl mAE k2 v
Ao g eyt HIoe E3 )y
WS QT AR 73‘3-‘1
719 A% #H7F &
T} 02D ol= %‘—%}71 AFE FREE
S$EE 72AA7I7] 98l P23 (desiccant)
Al(adsorbent)Z W] YT FEsifon,
2 23 wae 27 A4 9§ Alage #
I AA s AL T 5 UG

kl
o

O
@ 2

4 to b . X rH
Aty
=

N odf o o O &
O

2 @ g Ny 82 oM

dh X o o i
oo aE e R
o .
ox or % s‘ﬁ 2 o

P
o

.
X

0

i)
5
z

N
o

ml@iﬂ}ﬂ.ﬁ,ﬁ.&fﬂ&-{}i&

ol koo

g
f

bu

2

iy
_12 do oy o
L ot
e s

_L
R
-
X
0 2

okl ot @R

“1?

R 2o
¥ B
02:_8,0?;

to -
(o]
B
>
o
N
kA
£
S
s
o
ol
2 & of i

2 of
\
%

2

fRoox Mt ot o & XN NN
rE
=
%
[T
N
X
sy
¥
)
2

oy
rlr
Y
e
2
4
&
>
oX
o
a

cal air temperature)E o
A YA F7) exol i AL
&%, 7] 4% 2 9AY eE

D.Olt_',
4
b
Fo
1
e

X e Y A%
et&}7] %’43}04 A e
4 9L Fig. 1 & 20,
o) % H% GEHL AZ 300 mm
93r 150x150mm0111}. 4w 48 2 3719
257t 3@ &% (dew point temperature)ol] 1=,

Z7le 4@z 2ddA &SI ARG W
Zbd exrt WA o)dke A, F7) A §
Yz Lxold 23 FERT ¥& AY
#ado] dojdth.

f
:1_‘

by
0?-

N
—

271 A M2IB

B AFqMe 39 4% ¥ #3714 2
FEE PAAE Hosiglen, of f A ¢
Wy AR Ae o8 g,

af o

—(pu¢)=é——(a,~a§]+s,, 0

A eld Q% £5F, AU A4 2
Z719 AREE P dF 4,0, " S, =
Table 1 o} ztzh A=stgict.

FrIso R Mgz F4 HAUYT
He AARGAY 4 2 £3 Ag A v

Moist air rm wall
Ta n —)
wa,m -
143 —

Cold plate
‘ L A

Fig. 1 Physical domain of interest



1190 AT ARY olBE - A%E
Table 1 4, o4 and S, for general governing equation Table 2 Boundary conditions
Equations ¢ oy S, Inlet U=ty V=0, T=T,,,m,=m,,
Continuity 1 - 0 Outlet o, 2o T g ey
ox ox ox ox
u-momentum u u ~0p/ox om,
ColdPlate ~ T=T,m,=m,,(T), —==0
v-momentum v Y7, —0p/oy o
Duct _ _ ?1_ a'nw —
Energy T k, /cp 0 surface u=0,v=0, o 0, PV 0
Mass . m, oD, 0
concentration S goh 947 zde WS 2a =g
Basit) o] 7tudtely] st B9 2o wel AAHY, 75 0 7 Z(zero gradient
2 A9, BYEA, 28 SFolm, A Ay condition)2 7}Zcl WdZ4W 2= dASA #
zdo] L HAT waln, RE FHL = A=, YA FF715 E3gEd Qo
%74 el (quasi-steady state) 2 7H7-3} 1 T} o Y. HE RRAME HA2(o slip
OBy Meld Wz F5EE £370E $3y) ool HEE, HES SR Gl gl

=
2o wAEga JHsiged, £3719

A
FAA e g 2ohe
d*p
| =P 2
dy P
FT71259H AgF AT AGde 24 &

% () AR () e AdF FAS, duA o

2 oi)e A3 BEE ST,

ity = b, (w, = wy)

dy/

N dp, (3)
Py g

=my+mp

gelg AZAH HIF FAS 2EE te
gol 7% 4 gtk

_ i, _ m,
—yf|,+p— Ar, pf;+u—pfl/+7 A (4

1 / i3

Yy

1+At

2 Q7oA o =
(absorption coefficient)o] ™, A2lF Yy &
A% (k) & Lee Fol AAF A% Y=o
F2 A ® £Z79 FaAF (D) =
ASHRAE handbook & 3z3glod (9 g2xd4dd
A<= (h,) = Chilton-Colburn A2 RE] dojAc),

A e Hqsty) A BAXL Table 2

gz =99 54
[e: ]
=

Z

Ll

@

o HESY UE D Gzd wHolAe) 537
FE o g W, Aoz Q8 A4n:s
37-42% AARANNE I 2 2ARD] B
iz BEE BEAAF Ful, of F@AL o
23} 2o

or —k aT

om
.—1 +ph,D,—> )
oy

svwa.

y=y; y=y; y=y;

&[54 44

5[\_
AToME FEAHYRE o

B 8ato] Auy
4 4& o]at3lslm, SIMPLER ¢uzEe A&
sto} FAMAS FPsAT. M AR R 5

H4e welsted 27 8lxes ARAL 10 2

A A AR AL FASRH. F7-AHE
A" oA A BFLE RFA7)7] st
Mels B W 2Eg OE Adsgid. o o,

Az A Ao MES 29 Lx9 #EE

2]
S &7 &S A (significant  digit) 5 XFE]
ol gdow 4 &g Aoz FASHT.

new old

Y
TIIZW

x100% | < Lx107 6)
P 2




27 gokg ed 27 sl 97 FelAe
A APe Fdadd. ol Hgd WE
4<T,, <24°C, 0.00331< w,, <0.00431kgkg, . u,,

s 2 T=-100Col7], AN doin A=
4L T doix A F7 2= FBH
Arg GEET P4 GE ol AP @
A% 24 e FAsd 2P Fs F AAT
=A47F 0.1mm ol8td W, Aol dojuix e
Aoz AFgH.

31 AE Ex|

E AFdA AHgd 49 FAE Fig2 9 2ol
%}-28 & A (climate chamber), A|@%-(test section),
AR 2 £gRe FAse glon, & B
Egxoz A ¢ Y.V F2FEIIE A

PRz FUdHE 719 & FEE Aodde F
Hol}, "]?ﬁ—rt izt Hdoae A HEL
sgste noz, § - EFAME TV &-F
T2 =437 98 2z 9 A9 Ttype AU,
6719 ¥EE ZE thermopile E = AAE A
sy, F7)e 79 2L 8 FUFEH
233¢ 2EA380. Y45 Qe 2= %
&2 P Folw, vl dEd2HUE
(ethylene-glyco)} FHFFTE 5:59 FTFHZ

L
Honeycomb  Alr mix .
RTD " T limate chamber
Pump Pressure tap

Cooling plate

Flow meter
Refrigerator

Fig. 2 Schematic diagram of experimental apparatus

A AATNLE 4 1191
32 AE Y
Ago] A F7] L5 2 349 23 2=
7} A3 Al o]27) A 23 g Hstd Al

Aol Yzt BuL vdHBeR Ag. A 230l
AA el =esld A&d A
1 A2 Bore 23 Ags APsn, 1 o T
5= Juje 2L 3kg/min ot MElF FAE
Yzbd Ao ZRE 50, 100, 150, 200 L 250 mm Rk
2 9o Yo, & Yo 2 50, 75, 100mm 2|
oA wlolAZuE AoXE olRstd ZAT}
Aony, Qg NS FYA7] A 5H
wE =A5d Al FFL &g o] 9, vlo
azue Aol B 3l(probe)o] Ao Z& o ok
NelEe a5 AL =) 8 dARAF #
& o3y Toie oj&ddm, 3 2AE ol
98t EXI) ALE R EH‘A ERE AA ML
°‘ﬁﬁ} 249 379 & &%, 4F, vy 2
= 2 4% 52 (871549 GPB 7}5—% st
PC 2 A% AZHAUC.

4, Zun % oF

il

R

=

olN

ks

flu

2 dTdHE ne 7o o

o

Table3 L, (5x4%) orthogonal arrays

Humidity

Run Ratio Velocity Cold plate
[ke/kg, ] (ms] [c]
1 n* 1.5 -8
2 H 1.5 .10
3 H 1.5 -12
4 H 1.5 14
3 H 2.0 -8
6 H 2.0 10
7 H 2.0 12
8 H 2.0 -14
9 H 25 -8
10 H 25 10
1 H 25 12
12 H 2.5 14
13 H 3.0 -8
14 H 30 10
15 H 3.0 12
16 H 3.0 14

* H: Humidity ratio value with 5 levels
(0.00331, 0.00356, 0.00381, 0.00406, 0.00431 kg/kg, )
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Table 4 Frost formation with test conditions

Humidity

Frost formation

Run Ten}perature Ratio Velocity Coldn plate
(el [ke/ke, ] [m/s] (€] Experiment Correlation
1 0.00331 2 -10 F* F
2 8 0.00331 2 -10 F F
3 12 0.00331 2 -10 F F
4 16 0.00331 2 -10 N* N
5 20 0.00331 2 -10 N N
6 24 0.00331 2 -10 N N
7 0.00381 2 -10 F F
8 8 0.00381 2 -10 F F
9 12 0.00381 2 -10 F F
10 16 0.00381 2 -10 F F
11 20 0.00381 2 -10 F F
12 24 0.00381 2 -10 N N
13 0.00431 2 -10 F F
14 8 0.00431 2 -10 F F
15 12 0.00431 2 -10 F F
16 16 0.00431 2 -10 F F
17 20 0.00431 2 -10 F F
18 24 0.00431 2 -10 F F
* F: Frosting, N: Non-frosting
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