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ABSTRACT

This study develops a two-dimensional CFD framework to analyze internal flow and boiling behavior in hypervapotron

structures. The model couples an interfacial heat transfer approach with an extended RPI wall boiling model to capture

vortex-induced phase-change phenomena. Grid sensitivity analysis identified a 250 um mesh (y*=40) as optimal, resolving key

vortex structures and providing stable thermal gradients without numerical artifacts. In single-fin simulations, boiling initiated

at t=0.5 s, and the primary vortex soon dominated bubble transport, replicating the “vapotron effect” of vapor ejection and

liquid replenishment. Array simulations showed that low heat flux (1 MW/m?) supported stable cooling, while high heat flux

(2 MW/m?) induced vapor film formation and bubble accumulation. These findings underscore the importance of combined

boiling models and mesh resolution for accurate thermal analysis of ultra high heat-flux cooling systems, such as hypervapotron.
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2. Numerical CFD Methodology and case
setup
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2.1 Interfacial heat transfer model
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2.4 Case setup for 2D hypervapotron simulation

2.4.1 Single hypervapotron fin structure

@ hypevapotron H X5 A2 ZA} A=
U U $E W QU B4 24 UgES B
of, AN Hwe] A WL BEsA sk S5
A 2718 WEAle A Susiglon, 1 W 2 §
£ 725 E A2 Q) AR 5 s 1Y 27 74
< =&3knt

@ hypervapotron H(=°] 6 mm X HH] 3mm, £3
H) = 2)& diFo = 221 A4t s S =3ty on, Azt
A7) 750 umFE 25 umZHA] AT ALY AAE
TJ5kSiTt. Fig, 12 2F Alest 9AE AR i d= 48
LFERMITE. 14 AL Table 13} 20] AAISHIC

o 1N

L. A3
= T

e}

750 um

500 uym 250 pm 100 um 50 um 25 um

Fig. 1 Computational mesh configuration for single
hypevapotron flow simulation
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Table 1 Initial and boundary conditions for single

hypervapotron flow analysis

Initial conditions
Fluid Water
Solid CuCrZr
Pressure 500 kPa(Ts=424.98 K)
Temperature 404.98 K
Boundary conditions
Mass flux[kg/m’s] 1000
Average Fluid velocity[m/s] 1.127
Inlet subcooling[K] 20
Applied heat flux]MW/m?] 1
Water(at 500 kPa)
Density[kg/m’] 887.13
Specific heat[J/kg - K] 4404.48
Thermal conductivity[W/m - K] 0.671
Viscosity[kg/m - s] 0.00015
CuCrZr
Density[kg/m’] 8910
Specific heat[J/kg - K] 390
Thermal conductivity[W/m - K] 340

2.4.3 Hypervapotron fin array
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3. Results ans discussion

3.1 Single hypervapotron fin structure

3.1.1 Conjugate heat transfer
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Fig. 3 Effect of different mesh size on (a) the solid—liquid
temperature distribution in fin structure and (b) temperature
distribution along the interface of solid—liquid surface
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3.1.2 Internal flow pattern with phase change
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3.2 Hypervapotron fin array
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3.2.1 Low heat flux(1 MW/m?)
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3.2.2 High heat flux(2 MW/m?)
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Fig. 5 Solid temperature and void fraction distribution in a

hypervapotron fin array under low heat flux conditions

Faol oa EelEo] EEET AYRs 241} vl
ato] Zre AJ7bo) 7% A& Hgo] 278t ulS oFito] 11
Ao A A HoJAT) t) 1.0s o]Fof= 7] HF B
%01 H EX W ol AXA =, A Aol &2 FH
71ES gUdstel W EUE AL, F R85 fAIE
A &2 WREE AYsks Aol AR el oJojA t =

1.5 s o] %oz 7|29] EZo] A&H o7 o] oAk,
27zl 9 &8 U AAEHE oS HAh ol Ty
hypervapotron J—] oz BRolo] ABtE|gon, Wzh
g Ao 7|27F Hog Ry ESE Y SHkR
9] 71E8Eo| 932 n|2= AL hypervapotron I HjE &
A& Bl ZAEh ATFoR, ndgs A
hypervapotron ¥ Hj% sj4& Faf T & sjA o= 2l
317] olge 7| A5A-89 d4=8 A4S hypervapotron
A v sfAer mpofd 4= dich

L

%Oﬂ w2 A A5 BRI H6H 22} CFD |4 7
1% o 9o 9 txe] 28513t
A 9 FRE|Ae At df42 250 um AAF A7
£ A83 ol 5 siA ATE AL B8 AH H
LHPS o A ARZ AAISHGLAL, Azt wet |
sh= 12 9 23 ob 7 fF 54E 45k
Hypervapotron ¥ Hj& iAol A= AE/<
%‘9‘*"\‘ ZﬂOﬂ*ﬂ 27k siAle eysislen, W &
. BEE 93 A @7 Ehgel UE?EP A3}
Sh= hypervapotron Tx2E W 715E FFS Al wet

zaz} bl

Time=1.0s

Time=15s

Time=20s

P T T e T T  T T  T B T

[ ——
130 140 150 160 170 180 190 200 210 220 230
Temperature (°C)

| W
0 01 02 03 04 05 06 07 08 09 1
Void fraction

Fig. 6 Solid temperature and void fraction distribution in a
hypervapotron fin array under high heat flux conditions
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