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A Study on the Design Parameters of a Flange to
Reduce Dew Generation on the Refrigerator Outer

Surface

Kim, Na Hyun

Department of Mechanical Engineering

Graduate School of Korea Maritime University

Abstract

The object of this paper is to reduce dew generation on the general

double door refrigerator.

On the refrigerator, there is gasket around door which has magnet. It
helps door to adhere on the body, but thickness of magnet is too thin
to adhere tightly. So cold air leaks from the refrigerator and it cause

dew generation on the flange that is middle of the body.

When the temperature of humid air is dropping to the dew point, dew
is generated on the flange. The leaked cold air from inside of the
refrigerator meets outside air relatively warm, temperature of outside air

is descending. After then, the temperature of surrounding air is



approach to dew point and dew is generated on the flange.

Flange is composed with steel plate, ABS, PU-foam for insulation and
hot-line. Mainly, dew 1is generated at bottom of the steel plate.
Currently, there is 35C refrigerant flow into the hot-line to maintain
the high temperature at bottom of steel plate. To reduce the dew
generation at the bottom of the steel plate, heat of hot-line sufficiently
delivery to bottom of steel plate. To increase the temperature at the

steel plate of flange hot-line should be contacted with the steel plate.

In this paper, the effects of hot-line shape and location, and spacer
of inner case are investigated. To increase the heat transfer from
hot-line to steel plate of flange, the near shape of inner case(ABS) in
flange region are suggested to insure the contact between hot-line and

steel plate.

KEY WORDS : Dew generation ©|< %3, Flange & A|; Refrigerator Y4

11; Hot-line €A1,
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Steel plate

Fig. 3 Cross section of refrigerator flange
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(a) Flange

(b) Flange including inside of refrigerator

Fig. 5 FE model of flange
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Table 1 Boundary condition for heat transfer analysis

(@) Thermal conductivity

Material | Thermal conductivity(W/m - K)
Steel 80
ABS 0.3

PU-foam 0.0185
Air 0.0242

(b) Applied temperature

Temperature
Outside 32 C
Freezer -18 C
Fridge ALy
Hot line 35 C

(c) Convection coefficient

Convection coefficient(W/m? + K)
Outside 8
Fidge 3
Freezer 8

(d) Dew point temperature

| Dew point | 29.16 C

13



el

coefficient: 8 W/m2-K
perature: 3 °C

Convection coefficient: 8
Ambient temperature : -18|

Convection coefficient: 8 W/m2K
Ambient temperature: 32 °C

(a) Flange

Convection coefficient : 8 W/m2K

Convection coefficient : 8 W/m2K -
temperature : -18 °C | Ambient temperature : -18 °C Ambient temperature : 3 'C

Convection coefficient : 8 W/m2K
Ambient temperature : 32 °C

(b) Flange including inside of refrigerator

Fig. 6 Boundary conditions applied in heat transfer analysis
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(@) Original model

(b) Short steel flange

Fig. 7 Comparison of two model having different steel length
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(@) Original model

(b) Short steel flange

Fig. 8 Flange including inside of refrigerator
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(@) Original model

(b) Short steel flange

Fig. 9 FE model of flange for two model having different steel length
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27431
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-18 Min

(@) Original model
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31217
27431
23645
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16.073
12287
85014
47155
092958
-2.8563
-6.6423
-10428
-14.214
-18 Min

(b) Short steel flange

Fig. 10 Temperature distribution of two model having different steel

length
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Fig. 12 Temperature distribution of two model having different steel

Temperature(°C)

Fig. 11 Temperature measurement

20
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Fig. 13 Temperature measurement

346
—=&— Original model
—#— Short steel flange
345 4
—_
O
—
g
=] 344 o
©
-
]
o
£
[0]
|_
34.3 o
342 T T T T T T T T T

Location of point

Fig. 14 Temperature distribution of two model having different steel
length
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(@) Original model

(b) Short steel flange

Fig. 15 FE model of flange including inside of refrigerator
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0014336 Max

0001024
15531e- 20 Min

(@) Original model

Q023222 Max
0021563
Q015904
Q018246
Qou6587
Q4928

(I E-i
0011611

4.3934e-20 Min

(b) Short steel flange

Fig. 16 Heat flux of two model having different steel length including

inside of refrigerator

14 > 1
24 . 2
29 > 3
49 » 4
e » 5
69 '

Fig. 17 Heat flux measurement



Heat flux(10° Wmm?)

—&— Qriginal model
—=&— Short steel flange

pi p2 p3 p4 ps p&

Location of point

(@) Freezer

—&— Orginal model
—=#— Short steel flange

Heat flux(10° Wmm?)

Location of point
(b) Fridge

Fig. 18 Heat flux of two model having different steel length including

inside of refrigerator
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(@) Circle

(b) Ellipse

(c) Rectangle

Fig. 19 Three model having different hot-line shape
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33.003 Max
27.136
23.664
20192
1672
13.248
97758
6.3038
28319
-0.64011
-4.1121
-7.5841
-11.056
-14.528
-18 Min

(@) Circle

35.004 Max
3L218
27432
23646
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16.074
12.288
8502
4716
093003
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-14.214
-18 Min

(b) Ellipse

33.004 Max
31218
27432
23646
19.86
16.074
12288
85019
47159
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Fig. 20 Temperature distribution of three model having different
hot-line shape
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Fig. 23 Interval of 0.5 mm between steel plate and hot-line
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(a) Circle (b) Ellipse (c) Rectangle

(base model)

Fig. 24 Interval of 1.0 mm between steel plate and hot-line

33

Collection



34.2 A%

Aol AR AL MY AHEH T HHAHE E
A " o] Ayl whet Fig. 25, Fig. 26, Fig. 279 e Aok

Fig. 139] point, 4% s}3o]x LE& Z4s}] Fig 2801 & Aol
A @xel @yel thE w LEREe] ofE Aol7t YA Lz A

3
=
&
ic)
K
o
o
=)
3
(14
o &

t gegel dag
7} B3] Yl Uit sAw dae A% sl WAATA %o
W gEdel We BAgy A4y @] AUE B e LEF of

34



15,002 Max
aar
27431
23645
10,458
16073
12287
85M2
47153
002045
<2 B56d
BH423
-10428
<14 214
-18 Min

(@) Circle

15.004 Max
nae
maaz
23646
1986
18074
12728%
B50¢
4716
083
<2858
8842
-1047%
-14 214
-18 Min

(b) Ellipse

25075 Max
31284
27493
Feklid

? 13511
o 1612
o 12329

853715
47464
093534
-2 8357
-66268
-10418
14.208
-18 Min

(c) Rectangle

Fig. 25 Stress distribution of interval of 0.3 mm between steel plate

and hot-line
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Fig. 26 Stress distribution of interval of 0.5 mm between steel plate

and hot-line
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Fig. 27 Stress distribution of interval of 1.0 mm between steel plate

and hot-line
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(@) Case 1

(b) Case 2
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(c) Case 3

(d) Case 4

Fig. 29 Analysis case of spacer interval
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Fig. 30 Temperature measurement section
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Fig. 31 Temperature distribution at section 1
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(b) Case 2
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(c) Case 3
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(d) Case 4

Fig. 33 Temperature distribution at section 2
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(@) Original model

(b) Short steel flange

Fig. 35 Comparison of two model having different steel length
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412 A%

BRI = ERAEE FASIL = 44 AsE U3 AT
of HiAAN IdEFE F= 449 Y= #AHEHEE F3to 3T
W Table 2 S 1 ABS_RS656H, Stainless steel

oA FAA ¥ TH A=
_]

PU-foame] EX4 & YER AT

Table 2 Young’'s modulus of flange components

Young’ s modulus (GPa)
ABS_RS656H 2.11
Stainless steel 193
PU-foam 0.0036

N
AT AHAEWEE ANSYS 12185 AR&ste] Fatdem, =1 ¥ #A4dR
E

#<2 Table 3o YERAAH.

Table 3 Moment of inertia of flange components

Case Part Moment of inertia (m*)
ABS_RS656H Iy = 8.58E-20
(a) Original model Stainless steel Iyy = 5.28E-21
PU-foam I,y = 1.95E-19
ABS_RS656H Iy = 8.58E-20

(b) Short steel :
Stainless steel Iyy = 4.64E-21
flange

PU-foam Iy, = 1.96E-19
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of g AHgste] T 7 271

8 7148 Table 49 YEeERA AT

Table 4 Stiffness evaluation for steel

Stiffness (10 N/m?)
(a) Original model 1.20
(b) Short steel flange 1.08

v [elNe)
o ZolEE AL AT AAT oA AT AA Aol 2
Y& FA onz A9 A HsiA HB R dolg Eole
Ao] epgatny.
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(a) Base line model

a

(b) Modified model

Fig. 36 Two model having different shape of ABS

60



WA ABSS| 34 WA F 44 WAE YT Aspelh FABIIE @
of A4 WA Fol AVekAW FAWY} P 2en 1 A%e o
23} 2ot

Table 5 Moment of inertia for ABS

Case Parts Moment of inertia (m?)
ABS_RS656H Iy, = 8.58E-20
(a) Base line model Stainless steel Iy =  4.64E-21
PU-foam Iy, = 1.96E-19
ABS_RS656H Iy = 8.57E-20
(b) Modified model Stainless steel Iy, = 4.64E-21
PU-foam Iy = 1.92E-19

ERES

UEFAITH Table 694 =

514 tigdst A%=E d2 =1d FAE

Table 50 2zt =71 ¥ y= #A
Table 5042 AYETHNEE
U-E ST

Table 6 Stiffness evaluation for ABS

Stiffness (10° N/m®)

(a) Base line model

1.08

(b) Modified model

1.08
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(a) Base line model
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(b) Modified model

Fig. 38 Assembly process for 2D
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(a) Base line model

(b) Modified model

Fig. 40 Comparison distance between ABS and steel
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(b) Modified model

Fig. 41 Modeling for comparison of assembly characteristics
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(b) Modified model

Fig. 42 Assembly process for 3D
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Fig. 44 Comparison distance between ABS and steel
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