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Abstract

Patients with diabetes with advanced symptoms must carry insulin and syringes in their pouches daily. Only a
few existing products exhibit quantitative temperature performance. Through determining the requirements of ice
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packs to properly maintain insulin temperature, patients can select their preferred methods of cooling. This study
aimed to clarify the amount of ice packs necessary to maintain insulin at an appropriate temperature range (1-30°C)
in a constant high-temperature environment of 40°C for 1 h assuming movement is made by the patient in summer.
Considering that the ice pack is uniformly positioned around the syringe, we replaced the amount with thickness. First,
numerical calculations and experiments were conducted to determine the effect of ice pack thickness (2, 6, and 10 mm)
on insulin temperature changes. Consequently, a minimum thickness of 6 mm or more (equivalent to 85 g) was required.
In contrast, the longer the cold-storage period, the more likely the insulin temperature decreased below the lower limit.
Therefore, we calculated the necessary thermal insulation (heat transmission coefficient) between the ice pack and
syringe. For example, when the heat insulation component was an air-gap, the dependence of the heat transmission
coefficient on the gap thickness was small. Based on the calculations, the experiments were conducted at 1 and 2 mm
thicknesses. Consequently, an air-gap thickness of 2 mm or more was necessary (equivalent to a heat transmission
coefficient per unit length of 0.31 W m™ K?). This study determined the requirements of the number of ice packs and

heat insulation coefficient when maintaining insulin temperature using ice packs.
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Fig. 1 Insulin syringe used as a model.
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Fig. 2 Calculation model of insulin, syringe and ice pack.
(a) Model sections. (b) A small volume in cylindrical
coordinates (the insulin and the syringe). (¢c) Modified
model correcting the radial position of insulin only
considering the radial direction of heat transfer, to
compensate for the temperature rise.
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Fig. 3 Cross section drawing. (a) Syringe model. An insulin
model was installed on the tip of the syringe. (b) Cylinder
to hold the ice pack. The gray color indicates the ice
pack. The black circle indicates the thermometer probe.
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Fig. 4 Schematic diagram of the incorporation of the heat
insulation gap. The air-gap was inserted between the
syringe and ice pack. dair-gap is the thickness of the air-gap.
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Fig. 5 Heat transmission coefficient of air-gap defined per
longitudinal unit length. The relationship with the radial
direction thickness is presented. The insert shows the
magnification up to 2 mm in thickness. The legend lists
the temperatures of the inner and outer walls of the air-
gap when their values are approaching the melting point
of -2°C.
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Fig. 6 Temperature changes of insulin obtained by calculation.

The solid, dashed, and dotted lines indicate ice pack
thicknesses of 10, 6, and 2 mm, respectively.
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Fig. 7 Temperature changes of insulin model obtained by the

experiment. The solid and dashed lines indicate ice pack
thicknesses of 6 and 10 mm, respectively (n=3).
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Fig. 8 Effects of air-gap thickness on temperature changes
of insulin. The thickness of the ice pack was 6 mm.
The solid, dashed, and dotted lines indicate the results
without the air-gap and with the air-gap at 1 and 2 mm,
respectively (n=3). The insert shows the cooling period
up to 30 min to easily determine the effect of the air-gap.
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Table 1 Patient satisfaction of type 1 diabetes (younger ages)
with their own pouch for insulin.

number of positive

answer choice
responses per total

1) storability 14/19
2) cooling function 11/19
3) stand type 5/19
4) ease of taking out 11/19
5) design 12/19
6) others 4/19

BRI H 22— 52 LUT R 2 1R 5

£ 2 AL 2BEER, wE, KB o—5 [16,19].
Table 2 Lists of the heat conductivity, density and specific

heat.
insulin,
ice pack
ice pack
(before syringe air-gap
(after
. melting)
melting)
ice polylactic air
water
material 0°C, acid 0°C,
20°C
1 atm (PLA) 1 atm
heat
conductivity
0.602 2.20 0.193 0.0257
A (Wm-!
K1)
density o
998 917 1270 1.16
(kg m?)
specific
heat ¢ (J kg! 4182 2222 1250 1006
K1)
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