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Outside-Tube Convective Heat Transfer Enhancement
by Partially Filled Liquid Resonance
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(School of Transportation and Vehicle Engineering, Shandong University of Technology,
Zibo , Shandong 255000, P.R. China)

Abstract: Liquid sloshing in a partially filled vessel can remarkably improve the heat transfer rate between bulk
liquid and surface. Under proper tuning of the external excitation, the liquid resonance will emerge, to further
boost the intensity of sloshing and heat transfer. With the numerical method, the flow field of liquid resonance
and its effects on the heat transfer under different water filling levels and tube positions were studied. Excita-
tion frequencies from 0.6f, to 1.4f, were covered, where f; is the 1st-order natural frequency and produces the
largest amplitude. The liquid sloshes the most violently at the liquid resonance, with complex interface struc-
tures formed and even impacting phenomena on the ceiling of the vessel. The fast Fourier transformation (FFT)
demonstrates that, the water level sloshes with mainly the excitation frequency, but f, always exists with small
amplitudes. There are 2 dominant fluctuating frequencies corresponding to the transient heat transfer coefficient
(HTC), i.e. the excitation frequency and the double of it. The average HTC can be enhanced by 5 times com-

pared to natural convection, with the maximum enhancement occurring at resonance. The energy dissipation
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the water filling level and increase with the tube mounting height.
forced convection
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rate also reaches the maximum at liquid resonance. Both the average HTC and the dissipation rate decrease with
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Fig. 1 The simulation domain and mesh
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Fig. 2 The grid independence test
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Fig. 4 Verification of numerical methods
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Fig. 9 Slosh force-displacement phase diagrams for different excitation frequencies (L = 70 mm, h = 30 mm)

ML 9 W LA H , 5% 80 7 Bl A RN 3 R 48 TG R, I A MR i R AR TR IR B 5 K, i A 0 R 1) Ak 28
WK, S8 S TR N AR RISl AR ., i 0]l 2 A T AR I AR AR [R], ARy A — 4 X nT B SR 8
IR GR S5 AT G (R A 3 AR TETRR B 50 il Rl 0 238 1 84 R T 384 A, A i RS T 38 0 e R I B A il
W A 3 — 20 T e TR D

B 10 AN F = 0.9f, B, AN A 55 BE I S 28 4 w5 B TE’J(**IEIHH%% AT AR IRV ASE 1 EE XoF
i 1] 2R AT TR RN et M A I R TSR AV A P S e AR /DN | 352 RO AR SC R T — AR e AR
AR T 5 AARFRAD  37  PR s/ R R & A B,

BAAPEI R FEBOE SRR E, x F € SCHFERCR E,, AR S B A8 = B R 4
TRFERCRINE 11 112 R, o] WA EFERCR A IL IR A B 5 K, AR RIRAS T, B HEFEHCRAEH /N A [H
T A B 8 MR IR B VR I 2 P T v T/ T A [ AR T 2 ), 280 P AP IO B o TV 7 8 1) T v



1320 AN G S VA I S 2026 4 5 47 &
i K.
- left to right (LR) - right to left (RL) —— mean (LR) — mean (RL)
30, 50 50
30 30
Z 10 Z &
N o 10 g 10
2 2 5
5 % S &
= | =-10 < -10
£-10 g 2
” ” =30 -30
R T B R B S R T e 20 2 T d e
position / mm position /mm position / mm
L =50 mm, =30 mm L =70 mm, =30 mm L=110 mm, #=30 mm
50 50 50
30 30 30
z
Z % ~
3 10 g 10 g 10
: : £
S _ < _
g0 g 10 Z -10
2 % =
“ 30 =30 -30
=507 3 0 2 4 s —50¢ 20 2 4 6 0 20 2 4 6
position /mm position /mm position /mm
L =90 mm, 4= 30 mm L =90 mm, 2= 50 mm L =90 mm, 2=70 mm
10 ARIELREERN BN I -G A AHE (F = 0.9)
Fig. 10 Slosh force-displacement phase diagrams for different vessel structures (F = 0.9f)
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L /mm h /mm MpEC
70 30 5.30
90 30 4.98
110 30 4.09
90 50 5.20
90 70 5.25
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