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In this study, the synergistic effects of a honeycomb porous structure (HPS) and stabilized boiling surfaces on the pool
boiling heat transfer characteristics of SiO. nanofluid under reduced concentration conditions is experimentally
investigated. Dissipation of high heat fluxes is a major challenge in thermal systems, as approaching the critical heat
flux (CHF) can lead to thermal instability and equipment damage. Surface stability is also essential for long-term
operation, since instability during successive boiling cycles increases surface superheat and reduces system reliability.
In addition, low-concentration nanofluids are preferred in practical applications to minimize nanoparticle deposition.
First, the boiling surface was stabilized using a 2 wt% nanofluid under successive and prolonged boiling cycles. Then,
the concentration was reduced to 0.5 wt%, leading to the formation of new stabilized layers on the initial surface. This
approach preserves thermal performance while reducing deposition. After that, a HPS was attached to the stabilized
surface. This structure increases the effective heat transfer area, enhances capillary liquid supply, and facilitates vapor
removal. The results show that surface stability is maintained despite the reduced concentration. The combination with
the porous structure improves thermal performance. Specifically, CHF increases by 35.6% and 39.8%, and the boiling
heat transfer coefficient (BHTC) increases by 27.9% and 25.3%, compared to the stabilized surface without porous
structure, for nanofluids with nanoparticle sizes of 20-30 and 60-70 nm, respectively. In addition, the porous structure
increases the surface superheat at the onset of nucleate boiling (ONB).
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concentration, Onset of nucleate boiling
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Table 1 Summary of previous studies of nanofluid pool boiling with emphasis on surface evolution, boiling surface stability and porous surfaces

0.00001-0.1 vol.%

Kim et al. (2006),[6] TiO, 85 nm CHF ~ +200% No test

Kole et al. (2012),[9] ZnO-EG 30-40 nm 2.6-3.75 vol.% CHF +117%, BHTC +22% No test

Ahmed et al.
(2012),[12]

Heat transfer +35% at low conc.,, -45%

- 0,
0.01-0.5 vol.% T

Al,03 40-50 nm Nanoparticle deposition reported

Okawa et al.

- [
(2012),127] 0.000094-0.047 vol.%

TiO, 21 nm CHF +91% Boiling time (1 min- 1 h)

Abdollahi

0
etal. [29] 0.1vol.%

Fe304 25 nm BHTC +43% Nanoparticle deposition

Nanoparticle deposition reported/

- 0,
0.01-1 wt.% prolonged boiling (12 h)

Paré etal. (2021),[31] Al,03 20-30 nm Heat transfer -90%

Du et al. (2024),[33] Fes0, - 0.001 vol.% CHF +52.4%, BHTC +56.2% Nanoparticle deposition reported

CHF +18% (20-30 nm) Nanoparticle deposition reported/ Using
CHF +13% (60-70 nm) stabilized boiling surface/ successive
BHTC increases with concentration and  boiling cycles/ prolonged boiling (50-60
nanoparticle sizes h)/ not used porous surface

G.Heidari et al.

sio 20-30, 60-70
(2026),[14] "ea ) nm

0.01-2 wt.%
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Fig. 1 Schematic image of the test device: 1) Boiling chamber, 2) Teflon block, 3) Condensors, 4) Thermocouples, 5) Temperature data logger, 6) Pressure
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Fig. 3 Tllustration of the Teflon block structure in different views: a) Teflon block, b) technical drawing, c) cross-sectional view.
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Fig. 4 Honeycomb porous structure: a) Schematic of HPS, b) Dimensions of HPS, ¢) Schematic illustration of the mechanism of fluid and vapor inflow

and outflow, d) Installation method of a HPS on a copper boiling surface.
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Table 2 Physical characteristics and TEM images of the nanoparticles used

SiO2 (amorphous)
Nanoparticle sizes (mm) 20-30 60-70
Purity >99 % >98 %
Density (kg/m?) 2400 2400
color white white
Manufacturer

TEM pictures of nanoparticles
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Fig. 5 The process of preparing nanofluids using a two-step synthesis method
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Fig. 6 Observation of the stability of nanofluids at concentrations of 0.5, 1, and 2 wt%, a) First day, b) First week, ¢) Second week
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Fig. 11 Nucleate boiling curves obtained from successive experiments. a) boiling surface sanded prior to each test, b) boiling surface sanded only before

the initial test
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Table 3 Uncertainty of measurement parameters

Parameter Uncertainty
Thermocouples temperature +0.1 K
location of the thermocouples +0.1 mm
Voltage +1V
Amperage +0.1 A
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Fig. 12 Stabilized nucleate boiling curves of SiO: nanofluids under successive and prolonged boiling cycles for different nanofluid concentrations and
nanoparticle sizes [[14]]. a, b) boiling surfaces stabilized with 2 wt.% nanofluid. c, d) boiling surfaces stabilized with 2 and 1 wt.% nanofluids. e, f) boiling
surfaces stabilized with 2, 1, and 0.5 wt.% nanofluids. In addition, nanoparticle sizes are 20-30 nm for curves (a, c, €) and 60-70 nm for cases (b, d, f).
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Fig. 14 Contact angles measured before and after the pool boiling

experiments, a) DI water on a sanded surface, b) DI water on a pre-
stabilized surface treated with 2, 1 and 0.5 wt% SiO; nanofluid
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Fig. 15 Heat flux curves (a, b) and boiling heat transfer coefficient curves (c, d) for boiling surfaces stabilized with nanofluids at 2, 1, and 0.5 wt.% and
attached with a HPS. Nanoparticle sizes are 20-30 nm for curves (a, ¢) and 60-70 nm for curves (b, d).
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