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Figure 23. Temperature profiles for the surface of the two pallets (calculated from 3 surface loggers for each pallet) and two
ambient air temperature profiles.

3.2.2 Product temperature

The evolution of the mean temperature inside all of the 24 boxes mapped on each pallet can be seen in
Figure 24 along with the ambient air temperature calculated from three loggers.
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Figure 24. Mean temperature inside 24 boxes (2 loggers in each box) on each pallet. The ambient temperature is calculated
from three surrounding temperature loggers (no. 1195782, 69490910 and 1075629).

No significant difference is seen between the two pallets during the first 186.5 hours when the air in the
chamber is quite still although it is quite clear from the figure that if the first two high ambient
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temperature intervals would have been longer, more difference would have been yielded between the
two pallets. Noticeably more temperature sensitivity is experienced for the CP pallet compared to the
EPS pallet during the two temperature abuses from 53.5 to 80 hours and from 91.5 h to 101.5 h. The
difference in temperature sensitivity is much clearer during the temperature abuse from 200 h to 225 h.
During this period, the mean product temperature in the EPS boxes rises from 0.5 to 2.3 °C (1.8 °C rise)
while the mean product temperature in the CP boxes jumps from 0.3 to 4.2 °C, i.e. a 3.9 °Crrise. It should
be noted that the fan is on during this period and the blast obviously underlines the clear difference of
insulating performance between the two packaging materials.
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Figure 25. Mean temperature in the centre of boxes at three heights on the two pallets. The bottom rows are marked no. 1, the
centre rows no. 7 and the top rows no. 12 in Figure 13. The ambient temperature is calculated from three surrounding
temperature loggers (no. 1195782, 69490910 and 1075629).

Figure 25 reveals that the temperature distribution on both pallets is far from being homogenous,
especially during periods of high ambient temperature. This is predictable since according to basic
theories of heat transfer, the heat from the surrounding is transferred from the outside (upper and
lower) layers of boxes into the centre of the stack on each pallet, i.e. from the hot surroundings to the
cold stack of boxes. The outer layers (including the top and bottom layers) act as insulation for the inner
boxes.

What is also evident from Figure 25 is that the EPS boxes are less sensitive to temperature abuse than
the CP boxes in all rows. This confirms the results already presented in Figure 24. As already noted, the
air blast during the last two temperature abuse periods, emphasises the significant difference in
insulating performance between the two packaging types.

The maximum temperature measured in all of the 24 boxes on each pallet is shown in Figure 26. As
before the high ambient temperature more easily affects the product temperature in the CP boxes. As an
example, the maximum product temperature in the CP boxes increases in 25 h from 0.8 °C at time 200 h
to 8.7 °C at time 225 h. At the same time the maximum product temperature in the EPS boxes rises from
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1.3 °C to 5.1 °C. This occurred in 10 °C surrounding temperature and wind conditions that pallets can
easily face e.g. at airports: 0.5 — 9 m/s air velocity depending on the location inside the chamber. The
highest air velocity close to the packaging was measured above the top EPS row (ca. 2-6 m/s) but it was
notably lower close to the CP pallet.
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Figure 26. Maximum product temperature on the two pallets. The ambient temperature is calculated from three surrounding
temperature loggers (no. 1195782, 69490910 and 1075629).

The lowest product temperature on the two pallets can be seen in Figure 27. Once again, the lower
insulation value of the CP boxes can be used to explain the results: during chilling periods (surrounding
temperature -4 to 1 °C), the fillets in the CP boxes facing the ambient air are chilled faster than the fillets
in the similar EPS boxes and thus, the lowest temperature on the CP pallet decreases faster than on the
EPS pallet. This shows that if the fillets are not packed at the recommended storage and transportation
temperature (close to and even below 0 °C)™, they are actually chilled faster in CP than in EPS when
placed in a chilled-storage room before transportation. The same applies if any other part of the cold
chain is broken: cooling too warm products simply happens faster if the insulation of the packaging is
worse.

What has already been written about the temperature distribution in vertical cross-sections through the
pallets also applies for horizontal cuts: during temperature abuse the temperature distribution is often
far from being homogeneous. This is depicted in Figure 28 - Figure 29, which compare mean product
temperature of corner boxes to the mean product temperature in the boxes in the centre of each row
for EPS and CP, respectively. The mean for the corner boxes is calculated from the centre temperature in
boxes marked no. 3, 7, 11, 15, 19 and 23 in Figure 13 and from boxes no. 1, 8, 9, 13, 17 and 24 in the
same figure for the centre boxes.

10 Gudjonsdéttir, M., Magnusson, H., Arason, S., Olafsdéttir, G., Bogason, S. 2007. Geymslupolstilraunir ¢
porskbitum: Ahrif ofurkaelingar, paeklunar og gaspékkunar & edlis- og efnaeiginleika porskvédva. Matis report 50-
07.
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Figure 27. Minimum product temperature on the two pallets. The ambient temperature is calculated from three surrounding
temperature loggers (no. 1195782, 69490910 and 1075629).
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Figure 28. Temperature in the centre of EPS boxes situated in corners vs. in the centre of the stack, mean of six rows

(1,2,3,7,11,12 in Figure 13). The ambient temperature is calculated from three surrounding temperature loggers (no. 1195782,
69490910 and 1075629).
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Figure 29. Temperature in the centre of CP boxes situated in corners vs. in the centre of the stack, mean of six rows

(1,2,3,7,11,12 in Figure 13). The ambient temperature is calculated from three surrounding temperature loggers (no. 1195782,
69490910 and 1075629).
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4 Conclusions

e Experiments with free standing boxes revealed that using frozen cooling mats in fish boxes is an
effective way to protect fresh fish fillets against temperature abuse.

e Insulating performance of EPS is significantly better than of CP, independent of usage of cooling
mats. The difference in insulating performance between the two packaging types is exaggerated
when cooling mats are used.

e Temperature abuse causes similar temperature increase in fresh fillets stored in EPS boxes
without a cooling mat as in fresh fillets stored in CP boxes with a cooling mat.

e Experiments with whole pallets of fresh fish fillets confirm that fillets packed in CP are much
more easily influenced by ambient temperature fluctuations than fillets packed in EPS. The mean
temperature rise for a whole 300 kg pallet can be twofold using CP rather than EPS, given that
the movement of surrounding air is considerable and its temperature is 10 °C.

e In dynamic temperature conditions, the temperature distribution in a whole pallet of fish fillets
can be far from homogeneous. The product temperature difference can easily exceed 6-8 °C
depending on the order of magnitude of the temperature fluctuations and their durations.
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Appendix A

Cooling unit (“unit cooler”) in climate chambers — technical data.

™ Kiiba
- Kaltetechnik GmbH
Raf; Matis
Cald Raam: Hermir 1-3
Unit cooler KUBA SGBE 071C
Aficha: 4015071
Capacity Air inilet Alr outhat Evapor, | Temp. diff. | Superheat- | Refrigerant | Spead
Qo [[kWY] TL1 ['C] TLIPC]  [Temp. to ['S]]  OT1[K] T. toh ['C] n [min-1]
365 25,0 28,7 -33.0 80 27,8 R4D4A 1380
Technical datas:
A o 2460 mh | Type calculation folloes: &l desfroat: Z30V-1 10003
Air threw: 200m at speed aof 1360 min-1 Cail: 1,73 kW
Surfacs: 7289m*  |Qo{DTI=8.0 Kk 365 KW |Drip tray 028 kWY
Fin Spacing: T.0mm toh (OT1=80K) 2TETC | Total: 202 KW
Tube walumme: 5710 ta (DT1=8,0 K): -330°C
Fanis}:
1 Fleces: 230210% V-1-50850Hz; IP44 Opesaling data per Fan Mofor plate per Fan
Blads damater; 400 mm  |Op. mode: 50 Hz Cp. moda. 50 Hz
Range of temp. AQwp o +45 °C  |Spaed: 1352 min-1 | Speed: 1360 min-1
Sound power: T8 dB(A) | Capacity: 205 Watt |Capacity 210 wan
at 10 m: 44 dBiA}|Cur. intake: 080 A Cur, intake: 0B5A
Teraral L rafiessi I irenkal lifon cutside (as per TN 1] Matsriats
Dimensions and waight: !
Connesclion Onc 10° ren |Met weght a0 kg Tubes: Copper
Connection O 22 mm |Gross waight: 630%g  (Fina: Al
“=mutipheinjection wih FBA GAL Dttt h, ab, sea level & m Casing: Al RAL 3018
ersion 200801
H =
B =
T =
F = b
A = v
W L
2

E{ = &30 men; BE1= 458 mmg
Walume packed H =800 mm; Volume packed B =1130 mm; Volume packed T =820 mm; .
Catagorzeficn as per press ure esuipment dirgstive (PED): category ™ 07 far fluid groug ™ 2" 22 max. alowable presaurg of
PE=32 bar,
.hh-:n.‘-"' donal changos For apions can be found in the calaiogus
Pl e sl aur ganenal hinks for mousting and operins,
tmparant: In case of use of freqeancy doswr o speed conuol plase raad oo eguizions






