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Thermal insulators of sandwich panel type play a significant role in reducing energy consumption in buildings and
industry. The ultimate performance of sandwich panels depends on the type of core insulation, the facing materials,
and the quality of bonding between layers. In the present study, the simultaneous combination of four insulating layers
polyurethane, EPS (expanded polystyrene), ABS, and bubble foam in the sandwich panel structure of a refrigerator
wall was experimentally investigated. The number of layers and the thickness of each of the aforementioned materials
can affect the heat transfer coefficient and, consequently, the compressor off-time duration of the refrigerator. The
Taguchi method was employed to design the experiments involving different numbers and thicknesses of the four
materials. A bi-objective optimization was considered, including maximizing the compressor off-time (as a thermal
performance criterion) and minimizing the manufacturing cost (as an economic criterion). By constructing a refrigerator
box and embedding the insulation layers according to the Taguchi-suggested layout in one of its walls, the compressor
off-time was recorded. The results showed that, if cost is not taken into account, the sandwich panel consisting of one
EPS layer, one 8 -mm polyurethane layer, one ABS layer, and one 8 -mm bubble foam layer yields the longest
compressor off-time. However, when considering the foam manufacturing cost, the optimal sandwich panel comprises
one EPS layer, one ABS layer, and one bubble foam layer without the polyurethane layer; this configuration
simultaneously provides the maximum compressor off -time and the minimum cost. Moreover, compared with
insulations containing EPS, polyurethane, and ABS without bubble foam, the optimal insulation achieves a 25%
reduction in energy consumption.

Keywords: Bubble-Embedded Foam, Sandwich Panel, Taguchi, Bi-Objective Optimization, Thermal
Insulation.
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Table 2 Material, layer variation levels, and total cost per layer.
Cost per unit

(32x32 cm BITETE Layer or thickness Material
change
layer)
25,000 0,1,2 0 layer, 1 layer, 2 layers UL (Styrofoam)
180000and 0, PLYL e PLY
200,000 PLY2 thickness (Polyurethane)
90,000 1,2 one layer or two layers ABS
0 layer, 1 ith 5
150,000and 0, PLHD1, thicif;rss"zze?:re:"‘:lith ;“mmm PLHD (Bubble
180,000 PLHD2 PO foam)

thickness
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Table 3 Layer arrangements for the 9 Taguchi experiments.
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Equvalent thermal resistance L Test
K/W) Description PLHD ABS PLY ULArrangement number
0.066 Only one layer of ABS 0 1 0 0 1-1-1-1 1
0.362 Three layers from three materials without Styrofoam PLHD1 1 PLY1 0 1-2-1-2 2
0.620 Two layers of ABS, one layer of polyurethane, one layer of bubble foam, without PLHD2 2 PLY2 0 1-3-3-3 3

Styrofoam
0.538 Three layers with three materials, without polyurethane PLHD2 1 0 1 2-1-1-3 4
0.332 Two layers of ABS, one layer of polyurethane, one layer of Styrofoam, without bubble 2 PLY11 2-2-3-1 5
foam
0.593 Four layers from four materials PLHD1 1 PLY2 1 2-3-1-2 6
0.469 Two layers of ABS, one layer of Styrofoam, one layer of bubble foam, without PIHDI 2. 0 2 3-1-3-2 7
polyurethane
0.710 Four layers from four materials PLHD2 1 PLY1 2 3-2-1-3 8
0.562 Three layers without bubble foam 0 1 PLY2 2 3-3-1-1 9
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Table 5 ANOVA results for the effect of material level changes on the

objective function.
Level (surface change level of each

UL PLY ABS PLHD

material)
1 408.3 447.7 5350 375.0
2 605.0 590.0 6043 6243
3 661.0 636.7 675.0

Delta (range of objective function changes
with level change of each material)
(Effectiveness rank of each material on the
objective function) Rank

252.7 189.0 693  300.0

3 4 1
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Fig. 5 Parameter effects on compressor off-time.
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Table 4 Compressor off-time results.

Test No Arrangement TIME (Sec)
1 1-1-1-1 55
2 1-2-1-2 520
3 1-3-3-3 650
4 2-1-1-3 625
5 2-2-3-1 500
6 2-3-1-2 690
7 3-1-3-2 663
8 3-2-1-3 750
9 3-3-1-1 570
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Table 6 Taguchi prediction results.

Settings Prediction
UL PLY ABS PLHD Mean
3 3 3 3 902.667 (Sec)
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