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{# &5  (High-Power Microwave & Energy Transport) ~ 2 {H 15 #t B {F sy ¥ 3 2 (&2
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JEE(c) & BIETACfE AR 2 BNVE B 2 B 5 (d) IR DR IVUR 28t 2 P e A LR R B

IEARES Lyl

(2) ZAHMEEGY R A S o B 3 : AR B S B E S 2l B 2P R AT
[t 2 e B PR B MR (i R — > HAEREMR B S E 158 ~ esSimaiH e E
M2 SRS - AHFER RN B2 R R F T H R Bl BE TR - 2SRRI
HEAL ~ ROEB ISR EBVE S 2 LG - R m PRGBS B R E A (4
VOF) - 7y @ikt ~ S KU B (E S Bl s BEVEREE ~ AMRETT KR
TEARIR - HEER @I BV — 0 B e e A S B A - TIRE (YR E R4V
Bt - (Two-phase flow and phase-change heat transfer represent one of the most promising
yet challenging transport mechanisms for high heat-flux systems, owing to the strong coupling
among interfacial dynamics, flow structures, and phase-change stability. This research focuses on
boiling and condensation phenomena under microscale and confined geometries, aiming to
elucidate the interactions among interface evolution, bubble dynamics, and heat transfer
mechanisms. Using finite-volume-based numerical frameworks with interface-tracking methods
such as the volume-of-fluid (VOF) approach, we systematically examine how flow conditions,
geometric scales, and operating parameters influence heat transfer performance, flow instabilities,
and critical operating limits. The ultimate goal is to develop physically consistent and
generalizable transport models, rather than system-specific empirical descriptions.
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Geometric effect on single bubble boiling



(b) FLIERE VT A YRR MR S e : AIHSE 2 S BE T A R L Y R
Gh o TERRS I AR ~ MHEBVEBLS TR0 28 2 & 4 (A - St S At s
AR B T B R S S HYIRE] - AR S R fE A (Reduced-Order Models )
B P 28 ] N EORH BEE 7504 (40 Physics-Informed Neural Networks, PINNs ) » fF{REE F 5
B YIEERIRTATTE T KB TR - YIFCEREN R T IE R ~ BRI H1RE
SN RSB R M AR AR - EERAYRE{ BEE (E R A DU B ] e
FE 1t F{C[E - (The development of advanced numerical methods in this research is not pursued
independently of physical problems, but is instead driven by high-dimensional transport
phenomena arising in two-phase flow, phase-change heat transfer, and high-power microwave
systems. To address the prohibitive computational cost of high-fidelity multiphase and thermo-
fluid simulations, reduced-order models (ROMs) and physics-guided data-driven approaches, such
as Physics-Informed Neural Networks (PINNs), are developed to significantly reduce
computational complexity while preserving essential transport physics. Emphasis is placed on
systematically embedding conservation laws, boundary conditions, and key dimensionless
parameters into the modeling framework to ensure that improved numerical efficiency does not
compromise physical interpretability.)
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HYEFEEESK - (With the rapid advancement of semiconductor technologies and heterogeneous
integration, thermal coupling across chip, package, and system levels has become increasingly
critical. This research focuses on heat transfer limitations at chip and packaging scales, including
silicon vapor chambers, immersion cooling, and multilayer structures. Numerical simulations are
conducted to evaluate the thermal stability, reliability, and feasibility of different integration
strategies under realistic operating conditions.
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(d) EIIRGOE RGeS © AFTEREENR SRR Z % 0P - EFLL A6 i
ERPe o MR8 EE77A (Particle-in-Cell 35 ) #ffreE1-3H B - 22 [H EE UL
WERG BRI 2 S BAF R » MRS IREF N (mode) ~ HitHThREA T{ERERR EME 2
TRt o BRIFNmHY R —RL TRt > INEILS R 2 S IR M SR SR AL BE /T >
TR bt e R R B 5 o i AT A B B RN T R - [EIR > AW L ER LG
BABUERET) > ST EC B BS S M ET TRAEEE - DU E R R 2
{6 (4= 3l 78 45 1| 2L B8 224 MEBE »  (This research focuses on the core physics of high-power
microwave sources. Using an A6 magnetron as the primary platform, we employ particle-based
simulations (e.g., Particle-in-Cell methods) to resolve the interactions among electron dynamics,
space-charge effects, and cavity electromagnetic fields, thereby investigating the formation
mechanisms of microwave oscillation modes, output power, and operating-point stability. Beyond
the electromagnetic—particle coupling at the source level, we develop capabilities to study and
evaluate cold-cathode field emission characteristics, clarifying how cathode materials and local
electric-field distributions influence emission current and startup behavior. In parallel, we design
and fabricate electromagnets, with engineering emphasis on magnetic-circuit configuration and
field uniformity, to provide the required magnetic-field conditions for magnetron operation and to
link hardware implementation to overall system performance.)



e e e
AW 0 0EK R S0 d0le 28N 001 B
I

1 mode characteristics of A6 magnetron Electromagnet design and fabrication



