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Supplementary Information 1: Prototype water jacket used for experimental measurements

Figure S1. Prototype water jacket used for measuring the temperature profile across the top free
surface of the Petri dish using an infrared camera.



Supplementary Information 2: Thermo-physical properties of the materials used in
numerical simulations

Table S1. Thermo-physical properties of the materials used in numerical simulations

Property Symbol Value
Pwater 998
p jacket 2719
Density (kg/m?) Psample 998
Ppetri dish 1020
Pwasher 2100
Dynamic viscosity
Hwater 0.001
(Pa.s)
Cp water 4182
¢ p jacket 871
Heat capacity 4182
C
(J/kgK) p sample
Cp Petri dish 1400
Cp washer 1175
kwater 0.6
Thermal Kjacket 202
conductivity ksampie 0.6
W/mK
( / ) kPetri dish 0.3
kwasher 0.2
Air temperature
7:111‘ 22

(G

Free convection
coefficient hy. 10
(W/m?K)




Supplementary Information 3: Effect of water flow rate

Flow rate of recirculating water,Q =15 mlit/min

Q  =30mlit/min

water

Q =60 mlit/min (reference)

water

Q . =120 mlit/min

water

20 mm

Temperature (°C)

24.5 26.6 28.8 31.0 33.2 354 37.5 39.0

Figure S2. Characterizing the thermal performance of the water jacket system with respect to the flow
rate of the water recirculating through the water jacket (&,..). The above contours show the
temperature distribution along the middle cross section of the Petri dish for @, values of 15, 30, 60
and 120 mL/min, as discussed in Figure 3a.



Supplementary Information 4: Effect of water temperature

Water inlet temperature, T, _

,=1435°C > T, =15°C

te)

20 mm

39.5 44,5 47.9

Temperature (°C)

14.4 19.4 24.4 29.5 34.5

Figure S3. Characterizing the thermal performance of the water jacket system with respect to the
temperature of the water entering the water jacket (7,,.,). The above contours show the temperature
distribution along the middle cross section of the Petri dish for 7., values of 14.35, 20, 25.55, 33.4, 39,
44,65 and 47.9°C, as discussed in Figure 3b.



Supplementary Information 5: Effect of air temperature

Ambient temperature, T =18°C

T =20°C (reference)

T, =22°C

Temperature (°C)

229 253 27.8 30.2 32,6 35.0 374  39.0

Figure S4. Characterizing the thermal performance of the water jacket system with respect to the
temperature of the ambient air (7). The above contours show the temperature distribution along the
middle cross section of the Petri dish for 7, values of 18, 20 and 22°C, as discussed in Figure 3c.



Supplementary Information 6: Effect of air convection coefficient

Convection coefficient, h =5 W/m?K

O

h_. =10 W/mK (reference)

h_. =20 W/mK

20 mm
Temperature (°C)
222 24.7 27.2 29.7 323 34.8 37.3 39.0

Figure S5. Characterizing the thermal performance of the water jacket system with respect to the
convective heat transfer coefficient of ambient (4,,). The above contours show the temperature
distribution along the middle cross section of the Petri dish for A, values of 5, 10, and 20 W/m?’K, as
discussed in Figure 3d.



Supplementary Information 7: Effect of Petri dish diameter

Diameter petridish, D =15mm

petri dish

o e

petn dish =25mm

=35 mm (reference)

Dpetn' dish

Dpetrf dish

Temperature (°C)

26.0 28.4 35.5 37.9 39.5

Figure S6. Characterizing the thermal performance of the water jacket system with respect to Petri dish
diameter (Dpe; aisn).- The above contours show the temperature distribution along the middle cross
section of the Petri dish for Dpey; 4, values of 15, 25, 35, and 45 mm, as discussed in Figure 4a.



Supplementary Information 8: Effect of sample volume inside the Petri dish

Sample volume, Volume =25%

sample

Volume =50 % (reference)

sample

Volumesa =75%

mple

VOIumesampe =100 %

20 mm
Temperature (°C)

—

23.4 25.8 28.2 30.6 33.0 35.4 37.8 394

Figure S7. Characterizing the thermal performance of the water jacket system with respect to the
volume of biological sample added into the Petri dish (V). The above contours show the
temperature distribution along the middle cross section of the Petri dish for V,,,,,. values of 25, 50, 75,
and 100%, as discussed in Figure 4b. The filled level of the sample inside the Petri dish is shown by
dashed line.



Supplementary Information 9: Effect of Petri dish material

Material of petri dish = Glass

Polystyrene + Glass just at the bottom surface

Glass

Polystyrene (reference)

20 mm
Temperature (°C)

24.5 26.6 28.8 31.0 33.2 354 375 39.0

Figure S8. Characterizing the thermal performance of the water jacket system with respect to the
material of Petri dish. The above contours show the temperature distribution along the middle cross
section of the Petri dish for the cases of fully polystyrene, polystyrene-glass, and fully glass, as
discussed in Figure 4c.



Supplementary Information 10: Effect of integrated heater

Heater placed underneath petri dish

| ——

¥

Heater
Temperature (°C)
24.5 27.7 309 34.0 37.2 40.4 43.6  45.7

Without heater (reference)

20 mm
Temperature (°C)

24.5 26.6 28.8 31.0 33.2 35.4 37.5 39.0

Figure S9. Characterizing the thermal performance of the water jacket system in the presence of a
heater implemented underneath the Petri dish. The above contours show the temperature distribution
along the middle cross section of the Petri dish in the absence and presence of a heater producing 187
mW, as discussed in Figure 4d.



Supplementary Information 11: Flow streamlines for square water jacket

Flow velocity (cm/s)

000 1.20 241 361 481 602 7.22 8.02

Figure S10. Flow streamlines along the square water jacket chamber coloured by velocity magnitude
(cm/s), water is applied into the chamber at 60 mL/min, as discussed in Figure 5a.



Supplementary Information 12: Flow streamlines for semi-circular water jacket

Flow velocity (cm/s)

000 205 320 435 550 6.65 7.81 8.57

Figure S11. Flow streamlines along the semi-circular water jacket chamber coloured by velocity
magnitude (cm/s), water is applied into the chamber at 60 mL/min, as discussed in Figure 5b.



Supplementary Information 13: Effect of microscopic stage

System placed on a microscope stage

v

m}croscope stage
I

Temperature®C

245 268 292 315 338 362 385 401

System without a microscopic stage (reference)

20 mm
Temperature (°C)

245 266 2838 31.0 332 354 375 39.0

Figure §12. Characterizing the thermal performance of the water jacket system in the presence of a
microscopic stage made of stainless steel with a thermal conductivity of 16.5 W/mK. The above
contours show the temperature distribution along the middle cross section of the Petri dish in the
absence and presence of a microscopic stage made of stainless steel with internal and external
diameters of 36 and 115 mm and a thickness of 2 mm.



Supplementary Information 14: Effect of washer material

Gap filled with air Gap

Temperature (°C)

24.5 27.3 30.0 32.8 355 383 41.0 429

Gap filled with rubber washer (reference)

Temperature (°C)

Gap

£ v =||
€ 4245 e i
— 2 A

- T
1l T @
N e =l
5 105 &1 I
= 5 =
[ o DR === ==
— k= o =
= I washer
© Il
o 36 [l -
o
= Il
7] Il
F 34 B X I

0 5 10 15 20

Location along the radial axis of petri dish (mm)
Figure S13. Characterizing the thermal performance of the water jacket system with respect to the
material inserted between the Petri dish and the water jacket. The above contours show the

temperature distribution along the middle cross section of the Petri dish for the cases of air and rubber
washer. The plot compares the temperature profile along the radial axis of the Petri dish.



Supplementary Information 15: Effect of Petri dish lid

Closed petri dish with Lid

Open petri dish (reference)

20 mm
Temperature (°C)
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Figure S14. Characterizing the thermal performance of the water jacket system in the presence of a
polystyrene lid inserted on the top surface of the Petri dish. The above contours show the temperature
distribution along the middle cross section of the Petri dish in the presence and absence of the

polystyrene lid. The plot compares the temperature profile along the radial axis of the Petri dish in the
presence and absence of the lid.



Supplementary Information 16: Transient response for increasing target sample temperature from 37
to 45°C

Temperature (°C)

245 28.0 315 35.0 38

Figure S15. Characterizing the dynamic response of the water jacket system when increasing the water
inlet temperature from 39.0 to 48.5°C at 0 min (corresponding to varying the target sample
temperature from 37 to 45°C), as discussed in Figures 7b-d.
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Supplementary Information 17: Transient response for increasing target sample temperature from 37
to 42°C

0 min

0.5 min L

20 mm
Temperature (°C)

24.5 27.5 30.5 335 36.6 39.6 42.6 44.6

Figure S16. Characterizing the dynamic response of the water jacket system when increasing the water
inlet temperature from 39.0 to 44.6°C at 0 min (corresponding to varying the target sample
temperature from 37 to 42°C), as discussed in Figure 7e.



Supplementary Information 18: Transient response for decreasing target sample temperature from 37
to 25°C

_20mm

Temperature {°C)

Figure S17. Characterizing the dynamic response of the water jacket system when decreasing the water
inlet temperature from 39 to 25.55°C at 0 min (corresponding to varying the target sample
temperature from 37 to 25°C), as discussed in Figure 7e.




Supplementary Information 19: Transient response for decreasing target sample temperature from 37
to 15°C

10 min

15 min

20 min

25 min

30 min

35 min

Temperature (°C)

14.4 18.0 21

7 25.4 29.1 32.8 36.5 3
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Figure S18. Characterizing the dynamic response of the water jacket system when decreasing the water
inlet temperature from 39 to 14.35°C at 0 min (corresponding to varying the target sample
temperature from 37 to 15°C), as discussed in Figure 7e.



Supplementary Information 20: Transient response for increasing target sample temperature from 37
to 45°C at increased water flow rate of 120 mL/min

20mm
Temperature (°C)

24.5 28.0 315 349 38.4 41.9 45.4 47.7

Figure §19. Characterizing the dynamic response of the water jacket system when increasing the water
inlet temperature from 39 to 47.7°C at 0 min (corresponding to varying the target sample temperature
from 37 to 45°C) at a water flow rate of 120 mL/min recirculating through the water jacket), as
discussed in Figure 8b.



Supplementary Information 21: Transient response for increasing target sample temperature from 37
to 45°C for a Petri dish diameter of 15 mm

2 min

20 mm
Temperature (°C)

26.7 29.7 32.7 35.7 38.7 41.7 44.7 46.7

Figure S20. Characterizing the dynamic response of the water jacket system with a Petri dish diameter
of 15 mm when increasing the water inlet temperature from 39 to 46.7°C at 0 min (corresponding to
varying the target sample temperature from 37 to 45°C), as discussed in Figure 8c.



Supplementary Information 22: Transient response for increasing target sample temperature from 37
to 45°C for a Petri dish diameter of 25 mm

20 mm
Temerature (°C)

25.0 28.3 31.7 35.1 38.4 41.8 45.2 47.4

Figure S21. Characterizing the dynamic response of the water jacket system with a Petri dish diameter
of 25 mm when increasing the water inlet temperature from 39 to 47.4°C at 0 min (corresponding to
varying the target sample temperature from 37 to 45°C), as discussed in Figure 8c.



Supplementary Information 23: Transient response for increasing target sample temperature from 37
to 45°C for a sample volume of 25%

Temperature (°C)

233 27.1 30.8 346 384 42.2 46.0 48.5

Figure S22. Characterizing the dynamic response of the water jacket with a sample volume of 25%
inside the Petri dish (shown with dashed line) when increasing the water inlet temperature from 39 to
48.5°C at 0 min (corresponding to varying the target sample temperature from 37 to 45 C), as discussed
in Figure 8d.



Supplementary Information 24: Transient response for increasing target sample temperature from 37
to 45°C for a glass Petri dish

20 mm

Temperature (°C)

24.5 28.0 314 34.8 38.3 41.8 45.2 47.5

Figure $23. Characterizing the dynamic response of the water jacket with a glass Petri dish when
increasing the water inlet temperature from 39 to 47.5°C at 0 min (corresponding to varying the target
sample temperature from 37 to 45°C), as discussed in Figure 8e.



Supplementary Information 25: Transient response for increasing target sample temperature from 37
to 45°C for a glass Petri dish with an integrated heater

T
Heater —20mm,

Temperature (°C)

245 27.7 30.9 34.0 37.2 40.4 43.6 45.7

Figure S24. Characterizing the dynamic response of the water jacket with a heater implemented
underneath the Petri dish producing 265 mW along with increasing the water inlet temperature from
39 to 45.7°C at 0 min (corresponding to varying the target sample temperature from 37 to 45°C), as
discussed in Figure 8f.



Supplementary Information 26: Transient response for decreasing target sample temperature from 37
to 29°C for a localised heat transfer coefficient of 20 W/m2K

Temperature (°C)

21.2 233 255 27.6 29.8 31.9 341 355

Figure S25. Characterizing the dynamic response of the water jacket by setting the localised heat
transfer coefficient at the bottom surface of the Petri dish bottom to 20 W/m?K along with decreasing
the water inlet temperature from 39 to 30.7°C at 0 min (corresponding to varying the target sample
temperature from 37 to 29°C), as discussed in Figure 8g.



