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TEHVERE (LTES) A& P A Y54t N AN £ s B 7 e YR 75 R 2 1) 48 i i) 2 2
iR AR 2 —, HAMMNE SRS E . BARRAERKSA (7], 2N
HTRKFHEERIH [8,9] BeahPEE# AU [10,11] R HIh [12,13]56 %03, 48
M, BB LTES RGN ARAEAE R ZHARLAEL (PCM) #vF Za{K (1) ) 7
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Figure 1. Active and passive heat transfer enhancement methods in LTES system.
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Figure 2. Nonuniform melting process of shell-and-tube LTES system during

charging: (a) distribution of temperature and velocity and (b) heat flux and liquid
volume fraction.
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Figure 3. Continuous rotation of entire LTES system: (a) schematic diagram of

rotating shell-and-tube LTES system [39]; (b) total melting time at various rotation

speeds [40]; (c) heat stored by PCM at various rotation speeds [40]; (d) temperature

and velocity of shell-and-tube LTES system under various rotation speeds [40].
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[ 4. 738 IR et = LTES R%un & K [46].
Figure 4. Schematic diagram of rotating triple-tube LTES system with fins [46].

B 5. AN [ i A 3 J5E T~ R s BRI, P 1)
Figure 5. Evolution of liquid fraction and temperature under different rotation
speeds [46].
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Figure 6. Comparison of melting properties from rotating LTES systems with pure PCM and with metal foam: (a)

liquid phase rate change; (b) instantaneous heat storage rate and (c) average temperature of PCM [50].
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HA BB E NS . M55 [S6]¥cit V¥ — P HRA IR Thae & 5¢ LTES &
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WA B S T sk ThAE, S5ERES LTES REUHIEL, Beikam K& Hanit
BRI
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Table 1. Heat transfer enhancement by continuous rotation of entire LTES system.

Parameter Process Method Heat transfer enhancement method Ref.
LTES orientation, rotation speed Charging, discharging ~ Simulation Tube, rotation [39]
Rotation speed, rotation modes Charging Experiment Tube, rotation [40]
Rotation speed, fin number, Charging, discharging  Simulation Finned tube, rotation [41]
Rotation speed, rotation modes Charging Simulation Finned tube, rotation [47]
Rotation speed, rotation modes Charging Simulation Finned tube, rotation [58]
Rotation speed, fin number, fin angle Charging Simulation Triple tubes, fins, rotation [42]
Rotation speed, fin size, fin angle Charging Simulation Triple tubes, fins, rotation [43]
Rotation speed Charging Simulation Triple tubes, fins, rotation [44]
Rotation speed, fin size, fin angle Charging Simulation Triple tubes, fins, rotation [48]
Rotation speed, fin number, fin angle Discharging Simulation Triple tubes, fins, rotation [45]
Rotation speed, fin size, fin angle Discharging Simulation Triple tubes, fins, rotation [46]
Rotation speed, nanoparticle ratio Charging Simulation Triple tubes, fins, nanoparticles, rotation  [49]
Pore density, porosity Charging Simulation Triple tubes, metal foam, rotation [50]
Porosity range, grade layer, rotation speed Charging Simulation Tube, metal foam, rotation [52]
Porosity range, grade layer, rotation speed Charging Simulation Finned tube, metal foam, rotation [53]
Concentration porosity, concentration Charging, discharging  Simulation Tube, metal foam, rotation [51]
ratio, rotation speed

Eccentricity angle, rotation speed Charging Simulation Eccentric triplex-tube, rotation [55]
Eccentricity value, eccentricity angle, Charging Simulation Eccentric triplex-tube, rotation [54]
rotation speed

Rotation speed Charging Experiment Tube, rotation [56]
Rotation speed Charging Experiment Tube, rotation [57]
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Figure 7. Schematic and physical diagrams of LTES test rigs with rotation function
demonstrated by (a) Yang et al. [56] and (b) Fathi and Mussa [57].
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Belieke A eRe ) RftRT, DUARIAF S 2 E a7 AL AR 8O .

3.2. fERE SR

ARG 7 LTES KRG, BT ek M kRt & #ud £ [59-61],
AR REEWE 8a FvR. fEXMEAT, mhh e EaReg b, HIEHZ
BT FIELERERDLAZE, ARG 5. £8 7% LTES &4
H, T RZH PCM BT REUE, A& HVE T i ik R f A% o 72
[62,63]. #R1fi, Fathi F1 Mussa [62)HLSLEGUERH, MEEHEKT 9 rpm K, 7E
LTES % %t 70 Fi 72 H e i A% AVE 0] 78 R IS AR /N (i 8%, IRUR e
XTRAS PCM H I H ARG B2 MAR /N o JE R, 58 2 IR 78 8 R 7R AL IV e i
X LTES R2GiCHIEFEIsEm, KK 25 PCM G REK, FEULIVE L
F AL ) PCM P LTES RGMIBCEER . Kk, BFARNERER T [ el )
MIfE I e, DA B A A AR R THBEE 1) PCML, A IT 42 e i R 26 [ T 47
£, Maruoka %5 [64]SLEGHEFT T TEAEIAVE L[ E & JT R4 5530 LTES RGN
HERE, 5K, JEHIRA I LTES RS IE L E#A LTES &%)
100 £5, I HCHIE R E RN mmsin. S8, B TRPBARARF %L
) T AR IE BRI TR, A AN RS BV AR AR 2 BUA
F30% . —UAEZIAT T —RIIEF, 8T 1A G T 1AL HVE e 1 5 5
X LTES RGN IR [65-67]. ¥it TikEe G, wEEmE 8b s, WA
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e e E X LTES R, H TAiZIR KA RGO AT A RRYR IR BN ) 2895 - HL /T B
FERG, SRR R PR e 2 FE AR AL IR, R 7
LTES R Gu/EFH k314 vl A g 7 i B E R 1. BT Fil e 7 0
LTES £#%t, AT HIEAT 7B U T HALN H . Egea 55 [68] it 7 —
R FAETE PR AL N e 528 20 LTES R%t. RE/KIREIMERE, 1 PCM
MPEFEAE NG F . FER ORI, A& EE A & 7 LAEIBREEE ) PCM. 52
LSRRI, WA E VIR Ess LTES RG0S RE B IEHUCR AT & T 62%32 &
31 95%.
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Figure 8. (a) Rotating heat transfer tube with fixed blades in convectional heat
exchanger [61]; (b) Rotating heat transfer tube with fixed scraper in LTES system
[66]; (¢) Scraped solid PCMs at rotation speed of 6 rpm (left) and 12 rpm (right)
[65]; (d) Comparison of numerical simulation data (left) and quasi-stationary
calculation data (right) against experimental data [66].
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Table 2. Summary of heat transfer enhancement by rotation of heat transfer tube in LTES system.

Heat transfer enhancement method Parameter Method Process Ref.
Tube rotation without scraping Rotation speed, rotation direction =~ Experiment Charging [62]
Tube rotation without scraping Rotation speed Simulation Charging [63]
Tube rotation with scraping Rotation speed Experiment Discharging [64]
Tube rotation with scraping Rotation speed Experiment Discharging [65]
Tube rotation with scraping Rotation speed Simulation Discharging [66]
Tube rotation with scraping Rotation speed Simulation Discharging [67]
Tube rotation with scraping Rotation speed Simulation/experiment Discharging [68]
3.3. LTESR SRk R4

B TSR RfEAE B ARG, B 7\ LTES R4& LA R 78
I REEIAE L 5. LA LB RS HZMEAEAER, BRXNREES
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AE SRR ) AL APERE [40]. Ak, WA RIRER 180 et il B 50 %)
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e, EWAE LTES R4, @i P et g2 7 R UmMIE, B
AT 20 BRI B A e I 1 B S0 B s [71]. BART &, @)% LTES
R A RN, REEMER 900, EUMANEEM T, AN
180° C(HIEHHE) o BV S, B4R LTES R4n] LUK TH (PCM M LHE
FERS) g 2 _EER, AT T B AR AL B i 2 i S AR v A AL [40].
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Figure 9. Specific effects of flipping time on melting properties in LTES system [74]: (a) evolution of liquid phase;

(b) melting rate; (c) sensible heat

energy absorption; (d) total heat energy absorption; (e) heat absorption rate

comparison and (f) melting time and heat absorption.
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Table 3. Summary of heat transfer enhancement by direct flipping of entire LTES.

Heat transfer enhancement method Parameter Method Process Ref.
Tube, step-by-step rotation Rotation angle Simulation Charging [70]
Finned tube, step-by-step rotation Rotation angle Simulation Charging [71]
Tube, flipping Flipping time Simulation Charging [40]
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Eccentric tube, flipping Eccentricity, rotation angle Simulation Charging [76]
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Abstract: Latent thermal energy storage (LTES) is an important energy storage technology to mitigate the discrepancy between
energy source and energy supply, and it has great application prospects in many areas, such as solar energy utilization, geothermal
energy utilization and electricity storage. However, LTES systems suffer from the low thermal conductivity of most phase-change
materials (PCMs), threatening their large-scale commercial applications. To tackle this challenge, heat transfer enhancement for
LTES systems is critically important and has been widely investigated worldwide. Convectional heat transfer enhancement
techniques, including fins, nanoparticles and multiple PCMs, can significantly improve the charging and discharging rates of an
LTES system. Recently, rotation-based methods have emerged to provide new routes for the heat transfer enhancement of LTES
systems, and many achievements have been obtained by researchers around the world. This study conducted a short review of the
mechanisms and applications of three rotation-based heat transfer enhancement methods, aiming to provide deep insights into these
novel heat transfer enhancement methods and propel their future development and applications.
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