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Migration Characteristic of Spherical Nanoparticles from Liquid to
Vapor Phase during Refrigerant/Nanolubricant Mixture Boiling
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Abstract: In order to evaluate the heat transfer characteristics of nanorefrigerant and the cycle behavior of
nanoparticles in the refrigeration system, the migration of nanoparticles during pool boiling was investiga-
ted experimentally. Weigh method is used in the present study. The research focuses on the influence of
nanoparticle type and size, refrigerant type, mass fraction of lubricating oil, heat flux and initial liquid-lev-
el height on the migration of nanoparticles during pool boiling, The experimental results show that the mi-
gration ratio of nanoparticlés during the pool boiling of refrigerant-based nanofluid increases with the de-
crease of nanoparticle density, nanoparticle size, dynamic viscosity of refrigerant, mass fraction of lubrica-
ting oil or heat flux; while increases with the increase of liquid-phase density of refrigerant or initial liquid-
level height.
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Fig. 1 Schematic diagram of test rig for the migration

characteristics of nanoparticle
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Tab.1 Test conditions for the migration characteristics of spherical nanoparticles

HE B Wb R R il ¥ we/ %% g/ (kW » m " 2) L/cm
R Rl S B0 B ) Cu (20 nm), R113 0 50 2.0
Al (20 nm),
Al O3 (20 nm)
LR 1) B e Cu (20 nm), R113 0 50 2.0
Cu (50 nm),
Cu (80 nm)
il ¥% 70 Fh 25 B B iy CuQ (40 nm) R113, R141b, /%52 0 50 2.0
w, R e CuO (40 nm) R113 0, 1,5, 10 50 2.0
q & CuO (40 nm) R113 0 10, 20, 50, 100 2.0
L B CuO (40 nm) R113 0 50 1.3,2.0,2.7, 3.4
KBR I RBENAEITIRE (m,) BRRTEBEE
2 HESH

AT EEWAREAKRBEANTBEERE, 2
M T2 AR RIEA KR TR TR RN
¢ = Amy/mg (1)
HFERIE YOk PR 0 8 L K H 2 R B, &
BT WAR B BB A9 AN B s /) LR T g 0K
LR B B [B) A HE R T AT AR 4. FE R LB , A
SCRE SCHA K BURL Y 9] 16 Uk L BV A0 46 Bt 200 AR I
GBUAH ¥ s B AR ) ¥ M 5 R & ) gk
LIRTARE N )

= mno/pn 2
e mno/pn+mw/pr.L+mo/po ( )

HH s o0 oo T oo 50 5 A 24 K SBORE L B0HE ) ¥4 0 A1V
Rl LR Y
1) ¥ R E S S S i e 28 A 4 ) 5 o

HMIRESYPEE MmN RES SR
w, = mm’f‘ﬁ — (3

BRIP4 K JB0RL T B 2 B A R 22 O

ol i (o om

HRIEARBR T BHANIRE (3am,) FIH

BTPRFHMEEE TRMFHAGBEERTFR¥ER
KiRZEH 0.1 mg, HI,54m, Fl dmyo 45K 0.2 0
0.1 mg. ¥4 Am, Fl m. /Nt BRIE 44 % kL I
RHHIMRERK BRXWOITETE. . REMNXK
BRI BRARKMIIRE R 2. 7%.

A E—BTHRTHTT 3 KEHEM AL
B EREH ER—-THT.3RELBERNWE
BT 3H LA, ATTIRIE T LB B E S .

3 HR5e

3.1 EREHKENFENNENE N
F2aHETARMENREAKRTEIE R
Bl 4 K SR ) B ok B R AL ) AR R A LR T
T.¢=15.4%~30.7%. HAE 2 AT 0L, fEA LK T
HF,AI(20 nm) B ¢ JEH A 22, 3% ~30. 7%,
ALO; (20 nm) # ¢ ¥ Bl K 20. 7% ~ 25. 9%,
Cu(20 nm) Ay ¢ JLHE A 15. 4% ~20. 9%, 3 4 H)
RARMERIE K BORLH ¢ B RBI/MRK A AL (20
nm) > Al,O;(20 nm) > Cu (20 nm),iX 5EREH
KR % AL Z5 R M I (AL AL O, 1 Cu f %
FE4r 51K 2. 688.3. 890 Fl 8. 920 g/m*). 7= 4= X Fif
B R RE R BRIP4 Kk FORL 16 B2 3 (9 3 1 B 5



X ¥ % R W46 %

674 r B = B

45
—— Cu (20 nm) RI13,w,=0 %
—8— Al (20 nm) ¢=50 kW/m2,L=2.0 cm

3 | —&— ALO; (20 nm) £=30.7%

N
1 E\D\D‘D\H—Dy _____
C=15.4%
5 1 1 N
0 0.4 0.8 1.2 1.6

/%

B2 HIEHKFAAFE LI ENEE
Fig. 2 Influence of nanoparticle type on the migration

characteristics of nanoparticles
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Fig.3 Influence of nanoparticle size on the migration

characteristics of nanoparticles
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Fig. 4 Influence of refrigerant type on the migration

characteristics of nanoparticles
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Fig.5 Influence of lubricating oil concentration on the

migration characteristics of nanoparticles
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Fig. 6 Influence of heat flux on the migration

characteristics of nanoparticles
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