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Abstract: During ice slurry transport and heat-transfer processes, ice crystals continuously
undergo growth, melting, Ostwald ripening, aggregation, breakage, and spatial migration. The
resulting changes in particle-size distribution, crystal morphology, and local solid concentration
directly affect slurry rheology, flow resistance, blockage risk, and phase-change heat transfer.
However, the competition among these evolution processes and their dependence on
operating conditions remain insufficiently understood. Experimental, numerical, and theoretical
studies published mainly from 2000 to 2026 are reviewed, covering experimental
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characterization, multiscale modeling, intrinsic slurry properties, hydrodynamic conditions,
pipeline geometry, interfacial boundaries, and multi-factor coupling. Particular attention is
given to the effects of ice packing factor (IPF), particle size and size distribution, crystal
morphology, and additives on particle collision, interfacial adhesion, phase change, and
ripening, as well as to the influences of steady and unsteady flows, cross-sectional geometry,
curved and swirling configurations, and wall properties on crystal migration, stratification,
aggregation-breakage, and wall retention. The available evidence indicates that the net
evolution of ice crystals results from competition among thermodynamic phase change,
particle interactions, and hydrodynamic processes rather than from any single parameter such
as IPF, particle size, or flow velocity. Consequently, different combinations of operating
conditions may lead to distinct particle-size and spatial distributions. Average IPF
characterizes the overall solid content but is insufficient by itself to assess transport instability
and blockage risk; local concentration enrichment, particle velocity, aggregation state, and
particle retention provide more direct indications of local flow deterioration. Under appropriate
operating conditions, increasing IPF, enhancing flow disturbance, or introducing secondary
flows may improve latent-heat utilization and particle redistribution, but these measures can
simultaneously increase flow resistance and alter particle-wall interactions. Heat-transfer
enhancement and safe transport therefore exhibit a pronounced operating-condition-
dependent trade-off mediated by ice crystal evolution. Remaining research gaps mainly
concern the dynamic characterization and modeling of non-spherical ice crystals, generalized
criteria for local blockage in complex pipeline geometries, and the long-term stability of
interfacial regulation strategies under repeated flow and phase-change conditions.

Keywords: Ice slurry; ice crystal evolution; ice content; solid-liquid two-phase flow; phase-

change heat transfer
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Table 1 Main experimental characterization methods for ice crystal evolution in ice slurry
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Table 3 Comparison of research focuses between representative ice slurry reviews and the present review
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Table 5 Evolution of ice crystal size and particle-size distribution under different conditions
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Fig. 2 Schematic of ice-crystal lateral migration and
typical accumulation locations in circular and flat-
sided oval pipes: (a) accumulation near the top of a
circular pipe; (b) lateral accumulation in a flat-sided
oval pipe

{EL AR 53 485 T 5 A BE H BRI 0 S OBORLAE ELAE H
Suzuki FEFHE Ty LR ORI, UK 2 52
JIER A B R 5 RE TR R MY )5, UK R AR
V%I R A 1) At o BRI, kT 50N 32 AR E
DR UREIE R A0 JR) 85 UK FE %, TRLAR AN (A1 58
AT 32 2 5h K S mE 3L R R o

BeAh, BN TT 1A 2 e AR 70 5 R R R X R
Fo BEPRAEEE SR, EEAR. KB
H0~30% AT FEVE A, B TH R R BT
B UL 11 6%~14%2, Ui W] RN i A4, H )05
16 475 7 368 3 A VT RS R DK S s . R AT

5, LA BT SRR B A PE R R R 4y, (R4
XPREAT S 1A 5 5 RE R T A ) BRI TR AT 3L
Nk 35 LCIRAN [R) BT 32 556 DK 43 A B vk
T RERIRLI, R TIC S T BT I H IR A R S
HEMAREMET . BT AR 2. &K
By BRSO KRR, R
ASUA5 B A5 F 50 P 05 AR () sl ot o2 0 S R 0 B 45
B, KA A SCHR 2 0] (o 4 36 B 34T B
gx b, AR AT X UK A BE 1Y) 5 e AN A7 AE 5
— AR TT ). AT B P20 [ AR T P e I R R
T ) B B A2 0 55 [0 5 v () T ' 4, T R s B
FEXSA R gDl NS, e i
REA% o AV RO B8 70 A S AR AR B b, (R BNBE ) mT
RESE N, DRI, AN R AT 25 4 ) PP AV e 2 [ )
FREUKM S A WML RE, AR
AN 8 e A ZR B0 B 2% A6 0 1 B — 9 0 ) T L
a5
3.2 EiEWwR
RN R AP B 4 R E e O I 2k i
KJREIY), SINES O TR AR, AT — P R
Wi YK R Mok AR A . Hor, 90°725 SLFIIE 5% ik
gUpIE o AR it 2 5 5 5 A3 2R SR
B, 6 UK o 0 A SR IR B0 5 R A s e ] 3
JiR o
3L H TR A B BN 5] ) SR ) gAY
SER, AU BURRL R A, RSB RS
W 2 1A () 3545 & . Tian 25595 H] CFD-PBM Hf
FLO0°E SR B, B O FH AN VR UK o 1) A B
B NBEURE ARG, RS Sk A A B AN T 4 44
o, (HRERESRAL R, (P IARARTE S il X 4
Bl KBTI A2 BN . 3% S iR AF A I 4k K R
V. Rezaei ™I, AR UL KrF=4 77 ] #H )
UKL, 1R S T P s i A T 20 AT % S 452 il

x7 ARFRFEEESEERRRBTHFENERLR
Table 7 Direct comparison of ice slurry transport characteristics between representative non-circular and

circular tubes

SCHR Fife T VKRS A k] il et oz Ae
Vaday 4 MBI AR=1.5 5564 S50 IKIERI D E10%, u AHFEGE TR KSR L e AR253 T G B & vk
' A =2.25~3.25 m/s AR SRR T AR 1 3%~6% B AL TR T A
Tutunchia  FSOP, L/H=15%/K 10.3 Wt% LB oK T & 4 FSOP UKL FSOP FRFEZM NN 18 &3 N 63.7%, fiii%

n 2501 VaR=Kek H¥10% 15% i) P 00 6} K 43 A #11.6%. 1.3% RE 2155 75%
" 10.3 W% ZEEEW: vi= e o . e et
Zhou 5 E%%@gamzm,15mfszﬁﬁﬁéﬁk WUt R IPF 2215y RS HIBERI T2 P 3958 9 AR B I 4 4R
' S/D=5 5F# ' e o A IR R 4 1% Bi%112.21%

F k% a,, =10%




e AR DK AR UK S A AT T FU R 9

E3 #REBERENKRESTEERNERFT
BE: (a)90°Ek; (b)IEZKRLURIE
Fig. 3 Schematic of the effects of representative
pipeline configurations on ice-crystal redistribution
and local flow structures: (a) 90° elbow; (b) sinusoidal
corrugated channel

R o BRI B 0 AT R gk 2 AR kR, Cai S5
RIA ORIR B R AR A4, HARm N I
FERUKARRR r 85, IR s T 35): ik
it [ A O Y L AN BE B U UK R A S R . 28 AL
iy, ARG [ = A R T RN A R S I 55
43 2 FEAEEEUK S Al 1E®Y ., Rayhan 557 SE 56t %
B, BREE UK RIAE T 5 T A A, I
TEVUK 5 2 53 30 3%~21% (1) SE 0 Vu L Y, i it 25 A
TN R A A R IR AT SR A 4 25% kB AR, (H L
9T 3 B B R AL AR AL, A 2 DA 32U B (4]
R A

T % 42 3k D) 3= 22 250 [ AH 76 AS 7] S 2% o i 43
fii. Kumano %6k, FEBURSCHELL T, X
EIPFACT N ME, BEAE SO LA iz i B2 i
ANFIPF, 1 8 IPF AR BN itk 4332
dil e FEOAERAERREE R 2T, I T RETE K
ANFE RIS RS -

SO A5 J B i 4 4 2 e o O i B
YRR X 52 W JURE L S AHAR o MR B
B4R IE 5% 805 B Re % s A oK o & A s, (HL RN
FRARIE XA B FEIK s W7, 3R M X
AN Y U & g b/ O o K A NN
109 A ] R T I SUE AR BRI TR 2 — Ik
T, AE UK &R R B 4 AT TR N34 5 AR i Rl AT, A
I, JRE LB S R BT T e U r) VR A S R
B X T B o

FF RIS, &% RERR E 5 R
VLRC . Zhou S5 7E £ 45 4 5 4 24 38 52 46 Hh R IR
LK i R 1.83 mm 5 R U S0, IR
9L G ok KRR 5| e 3 T s . B A AR AN
BRSSP e Rk BE g, 3 R 4% ) SR IPF R K
B R
3.3 FmEEHM

5 LA A4 R = B AR K S AT AL TR R ], BT
A RE RN R TR AS B0 M A% UK 286 P S
HVKEAK . BT EHAEYE £ 2ok B UK R AE
FRAL A ARHI T o Sy B U3 B S [ B T 7 0 R 1 )
UKERRNP R BB AT N RN, B P RE T
1 % B/mE VK BE THT R UK b 0 i B 5T AT N a0 ] 4
Fi7R.

e
-

v
2 A
(a);’k

(b)
E4 BEAEISEIDKREN, SESH BT ANENR
BE: (a) ZFMEEE; (b) IRFMIBRKER
Fig. 4 Schematic of the effects of wall interfacial
properties on ice-crystal adhesion, retention and

detachment: (a) ice-adhesive surface; (b) low-
adhesion/icephobic surface

8f I B T S5 A S A DK 285 P46 1 A ) T 2 2% e
45 VK, BRI SZ BIE . AT SR E A
PESL[FRIHZ) . Brooks 2R KK AE . CHDKE
FE JE MR e AT AR K . JB e R T AR UK S
B, i AR A T R SO R BE I VKA K, IR
PRRENE 2% 2 MK T R ) UK B BE T, AT %
S| vKig 4T V6 [ . Carbonell 53k — B0 5 1 B



10 i B A

5 & R

VKRR A%, R iR 2 8 RE5R AR e 4+
ML B, Horp i R BRI J= R i AT W
o FMIEEEAEM T . B, e
Koo JiE” FE. AR ECIE VA 8% P AR 45 0K 7T,
R EN UK A A UK it s SR A B T i ) 266 B
L BIUIE T DA SAS b ik 2% AF T U JE A RE SRR
H BT8R = 78 70 B E ST AT o

EE ) LA 5 S A i i R A A
UKL 5 BE T R/ HY O3 UK AT RS SR S e S 3
b, HACRIEZBIPF. KRR 2 3L R 2.

4 ZHEFMBmEERT ook E AL

Shrfiz AT, KRRITE. %
. WBPIRES LB SIS, TS
BURAHAZ IR B ) BURLR A S R4 L AR ) fe
LR . (AL, D EHE I A M W A
FIE P 00, UK AR A AN BERE 9 25 IR A D ] o
Ltk Z . BADHFE R FEEE RS K8,

*8 KEEUZERBEMRILE
Table 8 Summary of multi-factor coupling research
on ice crystal evolution

SCHR AR = W B
Kumano 2584 IINF RS VKRS B
Du%sBO AR UKERL L. R VKRR K
Kamyar %57 WIERA% . ikl 2SN 16 & p ey
Suzuki 229 IPF. fifs Tt 15 R 2 18] 43 AT
Cai%l]  fkshZ 8. Wiz, vKIRBUM S Wb, AR i

Tian 254 IPF. Jii. Eighs BRI Je i

Wt #5254 i e 3R R e UK AR R AR
KAFERRAS . Kumano &P 8, AFP Al PVA
AT YE/INAE UK RST80T T A P
A%, UEBRN I AR FH 52 B 2R 0 2% A 129 . Du 55
[F I 8 A B . N L UKAR AR 4 BRI e R B0
VA BEX UK SRR B KAE B3, K d s &
N A B I R] A 2 5 e BN AR K AR . Btk
UL, FHARZ&At UKL J5CE AN A A5 A s ] 3[R e e
FIAR VR, AR I A P Bl e 38w DA ) Wy % 2%
BT I

WURLIR 2 5 U0 30 26 B0 A8 & ) 32 2R 30 ik
. OB BT Z M 5ES . Kamyar 556°7
RIL, U TR HoRL A ) He B (1) 52 1 7 7] 2 B I ik
A s Suzuki S )RR R EE BT FU R B, LR [ E

IPF T AR A2 2 Al SO MR B R 300
A [A)GpA, TTRURE28% PR TR B AT S 2 el HoA 2L
FUBAHIAT . A BN FRIRE 52 BB 4R
&), Cai EHIWHFLRIR, MKEhZH 1 bl
KR RS AU AR AR 73 B 224k . b S5 R Ui B
IPF. Rife. %450 3k (R TR 5E UKk 1 20 R
HHZRIRE, ANEARE S s AR B B
I8 E 14 25 WL 8 o

EBEURRY], A RS HO UK ST R R AR
FEAFEMI R ZE R . SR FEMER — T G T LI
Boig s IPF AYIIRRAR IS0, 7225 H 25 5430
W = 70 Mk P PR AR 2 Ad,, 1 N 18.5. 9
AN31 pm,  BEBIAN R Z B 5 AR M S 2 AN
FAF o B8 LT F M — 0 oA iR &
2 () L BAN G o Tian S5 90° 2 LW 7R W
N VU 5 UK AN A R 5 i — e A ik
fi oA, 2490°% Sk IPF HY 15% 19 %2 35% i, UK
AR AR Y ROH AR B 2 9%, T Sk IR M B,
PERSERAR I . AL, JUfTaiH T 20md AR
AR, UKL RAR AN A AR 2 )
B Ee, ARSI GRAE UK fk R AT T

SRS, BUA BT TR UK S A A IR Y
LR TR, HAFR A ARAE . BURAR
BAF GRS R Z R 5E 4. 4 aTwE e A
BEHRAMSHH S RN T, WAFRRZL
VR 9 sk = ST 58 BARAL, XK KR —
BRI AR R B B PR . (R, 5 S0 7N
H N eE 2 SRR T UKEIRS B SRS MG
FERE, AIEATSHE UK ROIE S R s A
SE Nk 18] ) 2 LR AR o

5 # %

AL HI G UK Bh s 5 Bl R P UK
WAT R, MUK B SWNE. issh iRt EiE
JURA T =AY R Geh P T [ A ST Fe kg, A
20 7 B R RO UK SR AL RO AR P LA S LR 5 R &
FHEEGWRWT

(1) UK I A 7 [P0 R T 22 e e Ak T R A
SRR GES MAE R H S B BN . A
[ 8 7 2 L 3 2 1 2 DA % T A0 o R AR X 55
59, fiRE. A KRIRRES 2B 0 T O
P o BUATHIE T sk 2 X5 AN R 8 AL R AR O T R (1 2



T

VKSR BN R P UK R AAT D9t Tt FE 11

—EREAMIE, JCHARRRIE UK A R B EIR . A
LA G 75 583

(2) vKFKHizRig AR N REE, 7
IPF AN DLSICR AR SE FE X . RIARIR I = 4.
RLH PN B [ SR AA T ol R e T i P S5 IR A 5 s
P MIBIE FEARANSG, Rk A fis vE A L T
P RR & e SR RO . ORI N B RIRS S5 2
SRR AR . B2 U IXI T R ke S
Iy 573 28 e A7 75 2k — 20 W o

(3) oty 2 e i L vk I AU AR AR
& IFENAER . RES IR, SERimshs
BRG] ON R A A i B AT S AR A UKL 73
A, (H AT BESEANRBhBE ) SRR S BE TR . B
B, KR RGN LR & F I8 IPF. Kife 5.
TAPIRES B IEEE M S LR, 7 SR e A
REAK iz A g MRS Bs AT i 1, FF s KA
JRRR . BTU) R BT P 2R R SRS BRIE -

FT BB IR, R80T E S A s ST
RAL, FAEEIIKEEESRGINBIER . BRE A
AT R SLIRA ;T xE Sk, IR ES
2 JURTIX 38, ATt — PR A R AL R B . A T
FE R FERH, AL S IEZE AR RIS iR 2 2
HOR A A T UKL R E BT, DA AN R B
ENIE PSR (BN SR AN

& £ X #f

[11 ZHANG D H, WANG J Q, LIN Y G, et al. Present situation and
future prospect of renewable energy in China[J]. Renewable and
Sustainable Energy Reviews, 2017, 76: 865-871.

[2] TIAN Q Q, HE G G, WANG H, et al. Simulation on transportation
safety of ice slurry in ice cooling system of buildings[J]. Energy
and Buildings, 2014, 72: 262-270.

[8] WANG Q, WANG Y F, LI M, et al. Ice slurry preparation methods
and their applicability to fruit and vegetable precooling systems: A
critical review[J]. International Journal of Refrigeration, 2024,
157: 60-72.

[4] ZHANG Y P, ZHOU G B, LIN K P, et al. Application of latent heat
thermal energy storage in buildings: State-of-the-art and outlook
[J]. Building and Environment, 2007, 42(6): 2197-2209.

(5] JA SCIR, 3200 A, 55 AR AR ik R AR RIT 70 K% 7 it R [J). 182 Ak
1.,2024,53(10):2508-2511.

ZHOU W Z, ZHANG X L, GU J, et al. Research and application
progress of phase change energy storage materials[J]. Applied
Chemical Industry, 2024, 53(10): 2508-2511.

[6] i AR S0  MREH R, &6 5 220 B 8 R S AE Bt A b B F I 22

R J] A RERL 24 5 50K, 2021,10(6):2385-2391.

FU D K, SONG W J, CHEN M B, et al. Cross-seasonal cold
storage technology and economic analysis of its application in
facility agriculture[J]. Energy Storage Science and Technology,
2021, 10(6): 2385-2391.

[7] SONG H, VERDIN P, ZHANG J. Research Developments and
Applications of Ice Slurry[J]. Energies, 2024, 17(20): 5213.

[8] FERNANDEZ-SEARA J, DIZ R, UHIA F J, DOPAZO J A.
Experimental analysis on pressure drop and heat transfer of a
terminal fan-coil unit with ice slurry as cooling medium[J].
International Journal of Refrigeration, 2010, 33(6): 1095-1104.

[9] PRONK P, INFANTE FERREIRA C A, WITKAMP G J. A dynamic
model of Ostwald ripening in ice suspensions[J]. Journal of
Crystal Growth, 2005, 275(1-2): e1355-e1361.

[10] AHMADKERMAJ H, MADDAHIAN R, MAEREFAT M. Effect of
Swirl on Thermal and Hydraulic Properties of Ice Slurry Flow[J].
Heat Transfer Engineering, 2021, 42(9): 764-786.

[1] #6353 205 1S} . £ T CFD-PBM S G L BL R UK I AT B N UK it
SR SRR ). BRIRAE B 5 1 F2,2026,41(2):99-104.

HAN S, TANG Y F, XU D. Study on flow characteristics of ice
crystal particles in horizontal straight pipe of ice slurry based on
CFD-PBM coupling model[J].
Engineering, 2026, 41(2): 99-104.

[12] BEFeFE KV X 58 . DK B e o DK b A T AL ) S BT 9
[J]. 174 231,2023,44(5):131-138.

CAILL, MIS, LIU Z Q. Experimental study on ice crystal particle

Resource Information and

size evolution during ice slurry flow[J]. Journal of Refrigeration,
2023, 44(5): 131-138.

[13] Wi 2, EAE, FERAT UK AL /KT R I X A e sl (s R 32

[J]. ¥4 21]%,2025,46(4):106-113+121.
HAO D Y, WANG Y, WANG X C. Influencing factors of flow
characteristics of ice slurry in transition region of horizontal
circular pipe[J]. Journal of Refrigeration, 2025, 46(4): 106-
113+121.

[14] WANG J, BATTAGLIA F, WANG S, et al. Flow and heat transfer
characteristics of ice slurry in typical components of cooling
systems: A review[J]. International Journal of Heat and Mass
Transfer, 2019, 141: 922-939.

[15]HERSCHEL W H, BULKLEY R. Konsistenzmessungen von
Gummi-Benzollésungen[J].  Kolloid-Zeitschrift, 1926, 39(4):
291-300.

[16] ISHII M. Thermo-fluid dynamic theory of two-phase flow[M].
Paris: Eyrolles, 1975.

[17] RAMKRISHNA D. Population balance: theory and applications to
particulate systems in engineering[M]. San Diego: Academic
Press, 2000.

[18] T %85, T 570, B, 45 . UK 3K B KR & v 5 R A R HE R 2 BT [J]. il

4 5781,2024,24(12):82-88.
YU H X, WANG N B, TIAN B, et al. Simulation analysis on cold
storage and release characteristics of ice storage tank with ice
slurry[J]. Refrigeration and Air-Conditioning, 2024, 24(12): 82-88.

[191FENG Z G, MICHAELIDES E E. The binary lattice Boltzmann

equation (LBE) and its application to particulate flows[J]. Journal



12 & fE

Bo% 5 R

of Fluids Engineering, 2004, 126(5): 810-817.

[20]ZHOU Z J, ZHANG G H, LU W, LUO M H, WU Z G. Review on

(IPF) ice
characterization, flow characteristics and applications[J]. Journal
of Energy Storage, 2024, 81: 110378.

[211MI S, CAI L L, MA K B, et al. Investigation on flow and heat

transfer characteristics of ice slurry without additives in a plate

high ice packing factor slurry:  Fabrication,

heat exchanger[J]. International Journal of Heat and Mass
Transfer, 2018, 127(A): 11-20.

[22] MORIMOTO T, KOMIYA Y, ISHIGAKI T, et al. Experimental
investigation of the effects of solute concentration on flow
patterns and rheological properties of ice slurry[J]. International
Journal of Refrigeration, 2026, 181:23-32.

[23]1RAYHAN F A, YANUAR, PAMITRAN A S. Effect of ice mass
fraction on ice slurry flow for cold energy storage application[J].
Energy Reports, 2020, 6: 790-794.

[24] ASAOKA T, TAJIMA A, KUMANO H. Experimental investigation
on inhomogeneity of ice packing factor in ice slurry flow[J].
International Journal of Refrigeration, 2016, 70: 33-41.

[25]WANG H, XIE B S, CAO P H, et al. Flowable oil-water phase
change ice slurry for cold energy storage[J]. Thermal Science
and Engineering Progress, 2025, 65: 103934.

[26] SUZUKI K, KAWASAKI T, ASAOKA T, et al

simulations of solid-liquid and solid-solid interactions in ice slurry

Numerical

flows by the thermal immersed boundary-lattice Boltzmann
method[J]. International Journal of Heat and Mass Transfer,
2020, 157: 119944.

[27] SUZUKI K, KUROIWA T, ASAOKA T, YOSHINO M. Particle-
resolved simulations of ice slurry flows in a square duct by the
thermal immersed boundary-lattice Boltzmann method[J].
Computers and Fluids, 2021, 228: 105064.

[28] MATSUMOTO K, KUBOTA H, UMEHARA Y, EHARA K,
SAKAMOTO J, UEDA J, SATO K. Investigation on cohesive force
of ice particles in ice slurry for long-term ice storage[J].
International Journal of Refrigeration, 2018, 90: 156-162.

[291DU Q, CHEN M B, LIN W Y, et al. Investigation on the
supercooling release process in swirling flow crystallizer for
supercooled ice slurry generation system[J]. Journal of Energy
Storage, 2026, 141: 119234.

[30]DU Q, CHEN M B, SONG W J, et al. Investigation on the
evolution of ice particles and ice slurry flow characteristics during
subcooling release[J]. International Journal of Heat and Mass
Transfer, 2023, 209: 124008.

[31] KAMYAR A, AMINOSSADATI S M, LEONARDI C R, et al. Flow
characterisation of monopropylene glycol ice slurry through a
horizontal U-bend: A numerical approach[J]. European Journal of
Mechanics / B Fluids, 2020, 82: 93-105.

[32] KUMANO H, MORIMOTO T, TANAKA K, et al. Effects of solutes
and additives on ice growth prevention in ice slurry production[J].
International Journal of Refrigeration, 2024, 168: 389-398.

[33] KUMANO H, MORIMOTO T, MIKAMI S, et al. Study on effects of

anti-freeze protein and polyvinyl alcohol on the production and

flow behavior of ice slurry[J]. International Journal of
Refrigeration, 2024, 167: 23-34.

[34] £T 2, B3, 7k PR, 48 S IR ORI it S5 R0 FR)RIT S8 JRe [J]. 1%
5 5,2024,52(6):28-34.
WANG Z Y, XING M B, ZHANG Z T, et al. Research progress on

effect of additives on

ice slurry quality[J].
Superconductivity, 2024, 52(6): 28-34.
[35]LIU S C, HAO L, RAO Z M, ZHANG X X. Experimental Study on

Crystallization Process and Prediction for the Latent Heat of Ice

Cryogenics &

Slurry Generation Based Sodium Chloride Solution[J]. Applied
Energy, 2017, 185: 1948-1953.

[36] SIDQY R, PAMITRAN A S. Experimental Study on Ice Slurry
Generations with Sodium Chloride Solution-based Concentrations
and Flow-rates[J]. Journal of Advanced Research in Fluid
Mechanics and Thermal Sciences, 2020, 72(2): 56-64.

[37]WU S W, ZHU C Q, HE Z Y, et al
Recrystallization Provides a Facile Approach for the Fabrication

lon-Specific Ice

of Porous Materials[J]. Nature Communications, 2017, 8: 15154.

[38]ZHAQ Y J, LI Z N, UTAKAYY, et al. Adhesion characteristics of ice
in urea aqueous solution for efficient slurry formation in cold
storage[J]. International Journal of Refrigeration, 2019, 100:
335-342.

[39] ASAOKA T, ENDO Y. Experimental study on absorption ice slurry
generator with ethanol solution as the refrigerant[J]. International
Journal of Heat and Mass Transfer, 2020, 162: 120333.

[40]Z0OU L G, ZHANG X L, LIU W, LIU L. Experimental Study on the
Preparation of Binary Ice by Additives Enhanced Vacuum Flash
Evaporation[J]. International Journal of Refrigeration, 2021, 131:
473-482.

[A1] 4% A . UK S 3 AT 9 5 R AR 43 A0 B AL U F FE D). o B K2,
2014. XU A X. Study on dynamic behavior and particle size
distribution evolution of ice crystals[D]. Changsha: Central South
University, 2014.

[42] GAO Y, NING Y, XU M, WU C, MUJUMDAR A S, SASMITO A P.
Numerical investigation of aqueous graphene nanofluid ice slurry
passing through a horizontal circular pipe: heat transfer and fluid
flow characteristics[J]. International Communications in Heat and
Mass Transfer, 2022, 134: 106022.

[43]BORDET A, PONCET S, POIRIER M, GALANIS N. Flow
visualizations and pressure drop measurements of isothermal ice
slurry pipe flows[J]. Experimental Thermal and Fluid Science,
2018, 99: 595-604.

[44] ZHANG P, SHI X J. Thermo-fluidic characteristics of ice slurry in
horizontal circular pipes[J]. International Journal of Heat and
Mass Transfer, 2015, 89: 950-963.

[45] 2= 7K . BRI UK AR AR i R i 1K) 9 Bl B A R VE T 75 [D). i
Ml K %, 2023. LI Z Y. Study on flow and heat transfer
characteristics of salt solution ice slurry during phase change[D].
Xuzhou: China University of Mining and Technology, 2023.

[46]WU T, ZHU N, HU Z, LUO Z, HU P, LEI F. Numerical study on
critical flow velocity of ice slurry in the pipe of ice source heat
pump system[J]. Energy and Built Environment, 2024, 5: 607-614.



T

VKSR BN R P UK R AAT D9t Tt FE 13

[471MI' S, CAI L L, LUO C. Analysis on flow resistance of two-phase
ice slurry in pulsating flow[J]. Chemical Engineering Research
and Design, 2022, 186: 485-496.

[48] CAI L L, MI S, LUO C, LIU Z Q. Numerical investigation on heat
and mass transfer characteristics of ice slurry in pulsating flow[J].
International Journal of Heat and Mass Transfer, 2022, 189:
122722.

[49]1 YADAV S K, ZIYAD D, KUMAR A. Numerical investigation on
isothermal and non-isothermal ice slurry flow in horizontal
elliptical pipes[J]. International Journal of Refrigeration, 2019, 97:
196-210.

[50] TUTUNCHIAN O, ABBASALIZADEH M, KHALILIAN M, MIRZAEI
I, RAMEZANPOUR A. Numerical simulation of ice slurry fluid flow
characteristics and transport capability in the Flat-Sided Oval Pipe
[J]. International Journal of Thermal Sciences, 2025, 215:
109976.

[51] NIEZGODA- ZELASKO B. Heat transfer in the melting of ice
slurry during flow in a vertical slit channel[J]. Experimental
Thermal and Fluid Science, 2024, 153: 111133.

[562] KUCHMACZ J, NIEZGODA-ZELASKO B. Ice slurry flow through
a vertical slit channel[J]. International Journal of Refrigeration,
2021, 128: 34-42.

[53]1ZHOU Z J, WU Z G, ZHANG G H, LU W. Numerical study on
heat transfer of ice slurry in twisted elliptical tubes[J]. Journal of
Energy Storage, 2025, 107: 114944.

[54] TIAN B, WU Y M, WANG N B, LIUL, YUH X, GUO Y H, SHAO S
Q. Numerical investigation on the flow characteristics and the
evolution of ice slurry in 90° elbow pipe by CFD-PBM coupled
approach[J]. International Communications in Heat and Mass
Transfer, 2025, 167: 109337.

[55] REZAEI M, PAKRAVAN H A. Numerical study of ice slurry flow
and heat transfer in successive U-bends as part of tubular heat
exchangers[J]. International Journal of Thermal Sciences, 2023,
191: 108357.

[56] CAlI L L, MI S, LUO C, LIU Z Q. Numerical investigation of

hydraulic and heat transfer characteristics of two-phase ice slurry

in helically coiled tubes[J]. Energy and Buildings, 2022, 256:
1M1773.
[571RAYHAN F A, YANUAR. Rheological

reduction characteristics of ice slurry flow in spiral pipes[J].

behavior and drag

Thermal Science and Engineering Progress, 2020, 20: 100734.

[58] KUMANO H, KOBAYASHI T, MORIMOTO T, ASAOKA T.
Experimental study on flow characteristics of ice slurry through a
T-junction Part II : Turbulent flow[J]. International Journal of
Refrigeration, 2020, 116: 82-88.

[591MI S, GENG S, CAI L L, XU C. Investigation on the thermal-
fluidic characteristics of ice slurry in sinusoidal corrugated plate
heat exchangers[J]. Case Studies in Thermal Engineering, 2024,
55: 104176.

[60] BEKRI S, PAKRAVAN H A. Dimpled tubes for efficient ice slurry
thermo-hydraulics: a numerical investigation on geometrical
configurations[J]. Applied Thermal Engineering, 2025, 279:
127889.

[61]CAI L L, ZOU J, MI' S, LUO C, XU C. The optimization of ice
slurry flow and heat transfer performances in outward helically
corrugated tubes with response surface methodology and genetic
algorithm[J]. Applied Thermal Engineering, 2025, 278(Part D):
127385.

[62]ZHOU Z J, ZHANG G H, LU W, WU Z G, DOU B L, CUI S J.
Experimental study on phase change heat transfer, energy
consumption and entropy production characteristics of sucrose
ice slurry in brazed plate heat exchanger[J]. Thermal Science
and Engineering Progress, 2025, 65: 103937.

[63] BROOKS S, QUARINI G, TIERNEY M, YUN X, LUCAS E.
Conditions for continuous ice slurry generation in a nylon helical
coiled heat exchanger[J]. Thermal Science and Engineering
Progress, 2020, 15: 100427.

[64] CARBONELL D, SCHUBERT M, FRANDSEN J R, et al
Development of supercoolers for ice slurry generators using
icephobic coatings[J].
2022, 144: 90-98.

International Journal of Refrigeration,



