Supplemental File 2

1. 3D DATA ACQUISITION METHOD FOR TEMPERATURE TRACKING

1.1. Create a 2-axis temperature data acquisition system using two servos, 3D printed parts, and an electronic development board.

1.2. Install the system to measure spatial temperature variations inside the chamber with the refrigerator door closed.
Supplemental Figure S1: Design and implementation of the 2-axis temperature data acquisition system. (A) CAD model showing all 3D-printed components and the two servos used in the 2-axis temperature data acquisition system. (B) Assembled mechanical sampling device, with 3D-printed parts (red and grey) mounted on a mock chamber (blue). The device employs two servos to control the movement of a thermocouple within the chamber.


1.3. Measure and mark 0.57 cm increments on the base of the chamber mount (bottom red piece shown in Supplemental Figure S1B).

1.4. Write and run an automated script to measure temperature at each point in a 6 × 6 grid with 0.28 cm increments in the XZ plane.

1.5. After recording temperatures for one 6 × 6 grid, physically move the data logger along the Y-axis.

1.6. Repeat data acquisition for each new Y position.Supplemental Figure S2: Spatial temperature distribution inside the chamber at 0 °C setpoint. With the temperature chamber set to 0 °C, the internal temperature was sampled five times across 3D space. (A) The distribution of temperatures indicates an average chamber temperature of -1.42 °C. (B-D) The average temperatures along the X, Y, and Z directions, respectively, show no directional trends, indicating spatial temperature uniformity.

With the temperature chamber set to a temperature of 0°C, the temperature in 3D space inside the chamber was sampled five times. (A) The distribution of temperatures in the chamber indicates an average temperature of -1.42°C. (B), (C), (D) The average temperature along the X, Y, and Z directions, respectively, show no trends in temperature with direction.


1.7. Perform five trials, varying the order of Y-axis measurements in each trial.

Supplemental Figure S2 shows the aggregate results of sampling the interior chamber space in the X, Y, and Z directions five times. Supplemental Figure S2A indicates that the average temperature is -1.42 °C ± 0.38 °C when the chamber is set to 0 °C. X (Supplemental Figure S2B) was measured from the back to the front of the chamber in 0.28 cm steps; variation was on the order of 10⁻² °C. Y (Supplemental Figure S2C) was measured from left to right in 0.57 cm steps; variation was approximately 0.7 °C. Z (Supplemental Figure S2D) was measured from the center upward in 0.28 cm steps; variation was approximately 0.6 °C. The sampling range was limited to a 1.4 cm × 1.4 cm plane due to mechanical constraints, while the batteries occupied roughly a 2.1 cm × 2.1 cm space. The temperature inside the chamber was generally homogeneous, with hot or cold spots (temperature outliers) detected.

NOTE: The physical constraints of the design of the mechanical sampling device limited the spatial range to a 1.4 cm × 1.4 cm space in the plane, whereas the batteries rest in roughly a 2.1 cm × 2.1 cm space in the center of the chamber. Nonetheless, this test demonstrates that the temperature inside the chamber is generally homogeneous, and hot or cold spots (outliers in temperature) were detected.

2. TEMPERATURE vs TIME DATA ACQUISITION METHOD

2.1. Use a temperature logger and its built-in software to log temperature data from the chamber over 24 hours (Figure 5A).

2.2. Recognize that this logger is limited in its ability to record over extended durations.

2.3. Implement a new electronic temperature logging system to measure temperature over 1 week (Figure 5B).

2.4. Apply Gaussian smoothing to reduce noise in the large dataset.

2.5. Calculate standard deviations using the raw (unsmoothed) temperature data.

3. 3D PRINTING INSTRUCTIONS

3.1. Print all mounts and the heat sink clamp using 5 vertical shell perimeters and Grid infill at 50%.

3.2. Print the battery wiring slider using Grid infill at 100%.

3.3. Print all other STL files using 5 vertical shell perimeters and Grid infill at 15%.
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