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Table 1. Composition (%) of fruit juice (http://www.matis.is/ISGEM/en/search/).

Water	 Carbohydrates	 Fat	 Protein	 Fiber	 Ash

89.2	 9.5	 0.1	 0.7	 0.1	 0.4

Date

19 February 2016

Introduction

The aim of this study is to compare the thermal performance of two Sæplast container 
types containing frozen fruit juice:  

•	 70 PUR 
•	 100 PUR

Materials and Methods

The assumed composition of the fruit juice is as is shown in Table 1. 

From the composition data the following thermal properties (shown in Figures 1-4) are 
calculated with the methods of Choi and Okos (1986) and Wang and Weller (2011). An 
initial freezing point (Tf) of -1.2 °C is adopted for the fruit juice. 

Figure 1. Ice fraction (ratio of frozen water) 
in fruit juice as a function of temperature.
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Figure 2. Temperature dependent heat 
conductivity (k) of fruit juice.
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In order to raise the temperature of the fruit juice from -24 °C to -8 °C, heat must be 
transferred from the ambience to the fruit juice in such amount that the enthalpy of the 
juice increases by around 63.7 kJ/kg. The specific heat capacity is relatively close to being 
constant between -24 °C and -8 °C (Figure 3 and also seen in almost linear increase of the 
enthalpy in Figure 4). Thus, in the analytical model a mean apparent specific heat capacity 
of 3.974 kJ/kg/K is adopted for the temperature range between -24 °C and -8 °C. 

The analytical model used for estimating the temperature rise from -24 °C to -8 °C in the 
two containers under consideration is as follows:

where Tamb is the constant ambient temperature of 30 °C, Tinit is the initial juice tempera-
ture, Ain is the inside surface area of the container, m is the mass of the juice, cp is the spe-
cific heat capacity of the juice and Rtotal is the thermal resistance (R-value) of the container. 
The R-value for each container is estimated as an area weighted R-value average of the 
bottom, walls and lid, also taking into account results from an ice-melt test (Margeirsson, 
2015). The R-value for the bottom, walls and lid is calculated as the sum of the conductive 
resistances of the PUR foam and PE skin layers and the convective thermal resistance due 
to a constant convection coefficient of 6 W/m2/K. 

The R-value is lower for the 100 L container than the 70 L container mainly due to lower 
wall, bottom and lid thicknesses. 
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Table 2. Dimensions of the 70 PUR and 100 PUR containers under consideration.

	 70 PUR	 100 PUR

L = length inside (m)	 0.66	 0.73

W = width inside (m)	 0.40	 0.46

H = height inside (m)	 0.28	 0.32

Area inside, Ain (m2)	 1.13	 1.43

Calculated volume capacity, LxWxH (L)	 74	 107

Volume capacity with lid (L)	 70	 102

Density of frozen juice (kg/m3)	 950	 950

Mass of frozen juice inside container (kg)	 66.5	 96.9

Average wall thickness (mm)	 38	 36

Average bottom thickness (mm)	 43	 39

Average lid thickness (mm)	 37	 35

R-value (m2K/W)	 1.10	 1.02
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Figure 3. Apparent specific heat capacity 
(cp) of fruit juice for wide (above) and narrow 
(below) temperature ranges. 
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Figure 4. Enthalpy of fruit juice as a function 
of temperature. The enthalpy is set at 0 at 
0 °C. 
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Results and Discussion

The warm up times from -24 °C to -8 °C are predicted to be 25.2 hours and 26.8 hours for 
the 70 PUR and the 100 PUR containers, respectively (Figure 5). 

These values can easily vary by up to 10%, mainly depending on the type of juice and 
thereby the water content of the juice. It should also be noted that the containers are as-
sumed to be filled. Partly filling the containers will decrease the warm up time, see Figure 6. 

Figure 5. Predicted mean temperature evolution 
of fruit juice stored in Sæplast 70 PUR and 100 
PUR containers at ambient temperature of 30 °C. 
The 70 PUR and 100 PUR containers are assumed 
to be filled with 66.5 and 96.9 kg of frozen fruit 
juice, respectively.

Figure 6. Predicted mean temperature evolution 
of fruit juice stored in Sæplast 70 PUR and 100 
PUR containers at ambient temperature of 30 °C. 
The 70 PUR and 100 PUR containers are assumed 
to be half-filled with 33.3 and 48.5 kg of frozen 
fruit juice, respectively.
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