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Numerical Study for Proposing Proper Rear

Heat Dissipation Space for Built-in Refrigerators

Hae-Been Kim

Department of Refrigeration and Air-conditioning Engineering,

The Graduate School, Pukyong National University

Abstract

The penetration of refrigerators is increasing and the energy
consumed by refrigerators is increasing. Most studies on energy
conservation in refrigerators focus only on factors that have the
greatest impact, and only on built-in refrigerators with natural
convection methods. Recently, however, refrigerators have been
forced to convect using cooling fans. In addition, unlike ordinary
refrigerators, the back heat dissipation space 1s more important
because the left and right heat dissipation spaces are limited.
Therefore, in order to save energy consumed In built-in

refrigerators, this paper proposes an appropriate back heat



dissipation space. The paper consists of experiments and numerical
simulations. Physical phenomena were identified by experiment and
data necessary for numerical simulation were collected. As a result
of the experiment, refrigerator operation time was 465 seconds and
electricity consumption was reduced by 6 W during one cycle. In
the case of integrated power consumption, 290 Wh can be saved.
According to numerical simulation, appropriate rear heat dissipation
space is proposed for refrigerators for 1~2 people and
refrigerators for 3~4 people. According to numerical simulations,
the appropriate back heat dissipation space for ‘refrigerators for
1~2 people’ is 9 cm, and the appropriate back heat dissipation

space for ‘refrigerators for 3~4 people’ is 10 cm.
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Table 1 Measuring equipment.

Measuring equipment picture Equipment name Purpose of use

Subject
Refrigerator to

experiment
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Fig. 1 Installation of the refrigerator.
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Fig. 2 Experimental schedule.
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Table 2 Power consumption and intergrated power consumption according to

the rear heat dissipation space.

2 cm 10 cm Difference
Operating time(Unit : s) 3,030 2,565 465
Power consumption(Unit : W) 69.5 63.5 6
Intergrated power
g p. 1,710 1,420 290
consumption(Unit : Wh)
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Fig. 5 Refrigerator cabinet modeling.

Table 3 Boundary conditions in simulation.

Boundary Condition
The top of the refrigerator cabinet Pressure outlet
The bottom of the refrigerator cabinet Pressure inlet
Refrigerator machine room supply Massflow outlet
Refrigerator machine room exhaust Massflow inlet

Viscous model Standard K-epsilon
Fluid model Ideal gas
Solver Coupled
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Table 4 Calculation and collection conditions.

Residual Absolute Criteria
Continuity 0.001
X-velocity 0.001
Y-velocity 0.001
Z-velocity 0.001

Energy 1e-06

K 0.001

Epsilon 0.001
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Fig. 6 Mesh of simulation modeling.

Table 5 Information on the mesh.

Boundary condition Type and Value
Mesh shape Mixed mesh, Surface Mesh
Mesh size 20mm

Number of mesh 900,000 ~ 1,100,000
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Table 6 Result of comparing between simulation and experiment in the case

of 2 cm
3 . . ) Difference
Experiment | Simulation | Difference
rate
Refrigerator machine
room supply 43.6 44.7 +1.1 2.5%
(Unit : °C)
Refrigerator machine
room exhaust 37.8 37 -0.8 2.1%
(Unit : °C)
Power consumption
. 69.5 69.7 +0.2 0.3%
(Unit : W)
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Table 7 Result of comparing between simulation and

experiment in the case

of 10 cm.
] ) ) ) Difference
Experiment | Simulation | Difference
rate
Refrigerator machine
room supply 354 -0.2 0.6%
(Unit : °C)
Refrigerator machine
room exhaust 30 -0.6 2%
(Unit : °C)
Power consumption
. .3 0 0%
(Unit : W)
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Fig. 7 The results of the 2cm rear heat dissipation space simulation.

_16_



Temperature oo o S ==
Contour 1 (T
.
L1

[c1 *

[ —= P e T e et

Fig. 8 The results of the 10cm rear heat dissipation space simulation.

25 A7 T Ud $ AgS AT A EHIA

251 X AlEH)A ¥H

2 ATeIME 1,29 7ATE PP 3-49 g Fael o)
dolde AAFAOH 7 Aold AL 20 Ak 3
Q1 25°Ce} o 54 MBI Ll 32CAH 2emB

==
F9 9§72 lemd Fgskel 2Pt

B
iz

25.2 ANEHIA A

1) =24 25C 2314 1291 7H8 ¥4

Fig. 9o &% 25°C ZxlellA 1~2%] 7h+8 ¥ 3e 53 wd 30
20R8e Yehiglon Fig. 10014 7 Ao~ Wgng o
EEEE HERT domdd W anAEE TP 2 FoE fa

=
r[m
o

Tt

rfo
Oft

]_

_17_



A 2ZEE

T 3
AA B PR ro e vluskdth

66.0

65.0

o
z
=)

63.0

62.0
61.2 61.2
61
60.0
59.0
58.0

10cm 1lem

Power consumption(W

=)

Rear heat dlsupatlon space(cm
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space(25°C, refrigerator for 1 to 2 people households).
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Fig. 10 The temperature changes of the refrigerator cabinet according to the

rear heat dissipation space (25°C, refrigerator for 1 to 2 people households).
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Fig. 11 Changes in power consumption according to the rear heat dissipation

space(32°C, refrigerator for 1 to 2 people households).
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Fig. 12 The temperature changes of the refrigerator cabinet according to the

rear heat dissipation space (32°C, refrigerator for 1 to 2 people households).
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Fig. 14 The temperature changes of the refrigerator cabinet according to the

rear heat dissipation space (25°C, refrigerator for 3 to 4 people households).
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Fig. 15 Changes in power consumption according to the rear heat dissipation

space(32°C, refrigerator for 3 to 4 people households)
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Fig. 16 The temperature changes of the refrigerator cabinet according to the

rear heat dissipation space (32°C, refrigerator for 3 to 4 people households).
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