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Influence of Brownian Motion on the Heat Transfer

Efficiency of Cu-Water Nanofluid
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Abstract: Numerical simulation of the steady-state natural convection heat transfer of Cu-water nanofluid
in a triangular cavity was carried out, and a fully high-order compact difference method was established, and
the Rayleigh number, nanofluid volume fraction and Brownian motion of nanoparticle were studied. Numerical
results showed that for the considered Rayleigh number, Brownian motion of the Cu nanoparticles was regarded
or not, the convective heat transfer efficiency of the nanofluid increased with the increasing of the volume frac-
tion of the Cu-water nanofluid. At the same time, when Brownian motion of nanoparticles was considered, the
heat transfer efficiency of nanofluid was slightly higher than that of the nanofluid without Brownian motion. On
this basis, a modified model among the heat transfer efficiency of Cu-water nanofluids, the Rayleigh number and
the volume fraction of nanoparticles were established.
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L BEORGR , HAR PR HUARAlii) £ B IARCRIR R 40% L L SCHR [4] BRSSO
BOH 0. 24% B CuO-7K GUARFLR AP L0 AL SR LUK AR 95 1 25% Zefa; SCHk [5] RAISE 2wk
JERHE T IT I T = AOR I N VIR GOR A R X AL P ml e, S5 RSRI, XTI 4 290K
TR, BB AR IR A 2K BORLA R B B i g i SCRR [6] #5721k EESRE, WA
SRR IR T AT I Copper- /KA A X AL P RETEA T T BELBE S, SRR, B Ak
FOURE PR 3 B0 39 DR SR ) TE BAIR LU RSN, KR A TR R 2 (R 5 1 i

[, i TR F AT E 3, 510 T 2R R IER A IS 3 7% FEGK IR
PR TAE POt B, GRIBORLAT 152 Sl ) S B 2 B A P oK R I BE A T s in i, S TERA T
PR KR A A P i, — B2 25 20 R ABURE B4 A1 91328 Sl I 380 290 A L A% A PR DL 5 6 i A (A 7
o, s PVEANGES R BRARFRIL IS TR CuO-/K 9K A4 1 SR T I 1) A FReRp PR R A% 241
L BUESTR R, GORBURLAT s SE AR A IR E 2N 3R, B A Wlas sh g s, 4K
VLA TR RE R R, AT R K AL PR X I A PR E IS5 SR AT SIMPLER BEABFSE T 75 I
N CuO-7K ARG RS AL AR, BUARAULE SRR, 5 B R IURLAG 118 iy, BE T I 4
BIRBIIR T A BB, 2% B Msshnt, EHEeRE e,

i AT AT UA B, R 23 X AR AL B T A AR A S AR DT I B X, T
SHIRIERBI TR, X GORIBORAT S S BT FERA Z . FESEBR AR I U AN e AT 5 % K B
B RRIKPHREZR R 7 . = AIBIARAG K FHRESE Py S v T OC e S AF N, 2% 200 =P
PN B A RR AR IR BT TS . DI, ASSOW =B IEIN Cu- KGR IRIAER S A 4R %
TAGTAIR BT T 58 A e B RO, BRI = MR E N Cu- /KGR B XA R R 8, e
Cu-ZK AR B R EL . DK AR BN K ORL A 32 B0 Cu- /K AR SR B2

1 HERBRESL

AR ST 1 1 BRI S A
B TR, ok, A AR TS Cu- —A—f
KGR, e K H A ‘!
RN L, R, ERG ¢ AT MY
PREEE FRTUS AL, KRN &, B
SMARIIRIE N T, =G H A AR H

ER LT Adiabatic
miﬁ%%ﬂ%%*ﬁ%ﬁﬁﬁ%%, v .
@1%%1L1$%¢@ﬁ$ﬁf}£éﬁég 5 7J($u Cu ZW* Adiabatic >| X
kL AL F #OF- 47, 51 A Boussinesq L g L10) - I
K% & Cu-sK QKR H SR X AN, 2 1 1 WEERRITE RS
25 K Cu GooK 0 B S S50 Fig.1 Physical model and calculation area
F1 K5 Cu RIS
Tab.1 Thermophysical properties of water and Cu
S % JE Density LA Specific heat FINFEEL Thermal PIZ K Z BN Coefficient
Parameter /(kg-m™%) capacity/(J - kg™' - K1) coefficient/ (W - m~' - K1) of thermal expansion/K ~'
7K Water 997. 1 4179 0.613 2.1x107*
Cu 8 933 385 400 5.1 x107°
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K F Tiwari-Das BORFAR R | ASAT RS A SRR B gy o ok
Veu =0,(u/K)u = - dp/ox, (1)
u+ VT = o, VT, (p,/K)v == p/dy + g (pB) (T = Tpya) (2)
Hw = (u,) , w Mo 500K TRTE « D7 0 Ay 7 TS ; T 9K TR IIRE ; p IR
SR g HEIJIMEREE ; K AR BURL IS S R AL
Sl v, WEFE (1), (2) ATICRALN
V2 + Ra(p/p,) [ (pB) ./ (pB)]00/0X =0, (3)
VO - (a/a,)U-VO =0, (4)
Hir. U = (U,V) = (gw/ay, - ow/0X) ;5 Ra NEGFIEL, XN Ra = gBL*AT/(y,e,) ;5 B RN K
REG y HIBEEE . OKIRIKIAERBE R py = (1 - @)p, + op, , HT o HAUKIBURL AT 35,
ThR s, n. nf 550 FRGORIRL . AKCRIGOR TR B P PES BT bR, KRR AT R o,
= K/ (pe,) e » B (pe,) ., = (1 -¢) (pe,) + o (pc,) ., BIEIKREL (pB). = (1 —¢) (pB), +
¢ (pB) .o
M BRI A B BB, KR A B, FIAE LT IAR R k2 0k

Mot = Msaie + Mprownian » (5)
Kyt = Ksuic T Kprownian 0 (6)
HAPEERE e = m (1 — @) 7, TN
Pobronion = 3 X 10*60p,./0. 50T (p,R) "' I(T, @) , (7)
Kewie = Kl K, + 26 =20(Kk; — k) /[ K, + 26+ (K, —k,) ], (8)
ISR Ry
Kipounian = 3 X 10%@p; (¢,)(+/0.5AT (p,R) ' I(T, @), (9)
WRESHEN = 1.3807 x 1077, AR E = 0.001 1 (1009) 7770 = 1% , BRI GFE 1IN
I(T,p) = (-6.04¢ +0.4705)T + (1 722.3¢p - 134.63), (10)

H. 1% < ¢ <4% ;300 K < T <325 K ; R NERIE Cu 90K F0kf2E4E, BARTHERER =10 nm,
MR E Cu YRR AR B2 ShE, PRIIRAE S wy = o » AT EH K, = Koo o
AR RS R E =0, @=0, KA EVY=0,00/0Y =0, EHEA¥=0, 00/9X =

0,0<SY<1-£;00/0=-1,1-e<Y<1, VFHSERE N FRN

Nu = [ [(k,/k)/0.(¥)]dV/s,

2 EEEBERERENX
R ST AR AR A A PRI Y b B R BB AR S, B EReR M IX L [0,1] x [0,1] #EATRIHE
W X, =ih, Y, =jh  h=1/M,ij=0,1,- M, MAEEE, HETH, KEHrERG) ~
(4) 5 1
V2D - a(X,Y)d®P/0X — b(X,Y)oD/Y + f(X,Y) =0, (11)
AHXS A3 R W FRLEE @ X (11) H BT A4 722 H R 2R 80000 o
& = ¥,a(X,Y) =0,b(X,Y) =0,/(X,Y) = Ra(p/p,) [ (pB) ./ (pB);]100/3X,
@ =0,a(X,Y) = (a/a,)dW/dY,b(X,Y) =- (a/a,)dW/X, f(X,Y) =0,
BT (11) R&T4ERY, S X B —4E 5 #2
ED/dX* - a(X)dD/dX + f(X) =0, (12)
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HEAZEE 4 PR 0(h") IR
ASD, - CS8,D, +F, =0, (13)
Hf. A, =1 +w (a®> =28,a), ;C, = a, +w (8a —abya), ; F, = f + w (83f —adyf), , w = h*/12,

Sva,; =(ag,; —a,_,,)/(2h) , 8a,; = (a,,; - 2a,; +a,,)/h* o [, J5#E (11) ATLAGH#E N
{a ®D/IX* - a(X,Y)0D/0X +f,(X,Y) =0, (14)
fi(X,Y) = &@D/dY" = b(X,Y)a®P/0Y + f(X,Y),
{62<1§/6Y2 - b(X,Y)a®/dY + f,(X,Y) =0, (15)
f(X,)Y) = 8 ®P/0X* —a(X,Y)dD/0X + f(X,Y),
BIRE(14) ~ (15) 7 5MRATTRE(12) ~ (13), WIARJ7 R (11) Mmks B EE 10y
APS\D, + Bl S\D, - CT6, D, - D)5, D, + F =0, (16)
FARL I RN AL, = 1 + w(d® - 25,(@)”, =1+w <b2 -25 ). 5CE = a; + w(Sia + 8a -

adya —bd,a) Dd’ =b,; +w(82b +87b —adb - b6 b)”,
Y = 8,6 - a5x6§¢ - b6§(8Y€D 5:6,D(8ya +8;b — ab)
20k (16) BICHSCREU™ MR BIZE “H” FRI 9 MR L, BIPIE (X,,Y), (X,
Y) (X, Y0, (XY, (XY ), (X, YD), (XY, (XY ) A X, LY ) 3 39 S RkE
2 AIAE) 4 MRS EE, PR ks B B s ik X, X262 (16) Sl Dhi fa] 40T, dE it
fi%ﬁrﬂﬁ%ﬁﬁ/ﬂi (alternatmg direction implicit, ADI) IEARSRAE, ADI 24772 B2 oA BRI
JE max ( |@" — P |) < 107°¢ B3

s =S tw (&8s + 5ys —adys = boys +2Y), 5

3 HESENMERSSW

AT FEVISAFEGFIEL Ra " 9K OB RT3 EL o FAT B335 SR R RARAG ORI 520

ST UM TCOCHERAE . AR A = 1710, 1720, -+, 1,/80 HHEE 0 I Y 44 K i AR - 141 5% 8 /R 8%
WS 25 R A K R (1 A iz )y, A 25 SR UL IR 2a,

[, HKHCR = 110, 1/20,1/40,1/80 4 NIk, %€ X Err,(h) = || W(h) — Y(h/2) || . Err, (h) =
| w(h) - 1I’(h/Z) | ...L, =log,[ Err,(h)/Err,(h/2)].L, = log,[Err, (h)/Err (h/2)]. B ¢ = 5%
Ra =500, & @Jtlﬁzﬂzr@u”ul&l 2b,

HE 2 AP0, SRA (60 x 60) /2 T IRl a] AAS 5 55 A 0 A BB A, AR SOR 2 A e sl o 2
4 B,
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Fig.2 Grid independence validation and convergence order of the scheme
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ASCRH (60 x60) /2 T AR PR ARG IR, & HL0.2, F2 AR 3 41 T AR
T BRI [ 09 K OB (8 AR BR80T AR AR AA - 45 55 FE AR B S A A 3R 2 AR JE Cu KOk Y
W8, £ 3 %5 Cu GKBUR A s 31,
R2 AEEMBEIIGRTE TS ZE/RYR HIBK LG
Tab.2 The average Nusselt number and its growth rate without considering Brownian motion

o( 2 KBk Nanoparticles ) / %

Ra ?E‘ 1:/]? Index

0 1 2 3 4 5

Nu 8.678 7 8.941 3 9.209 3 9.482 9 9.762 2 10. 047 4

1% Nu 't /% — 3.0300 6.1100 9.270 0 12.480 0 15.770 0
Nu 9.487 5 9.791 0 10. 100 8 10.416 9 10.739 6 11. 069 0

300 Nul /% — 3.200 0 6.460 0 9.800 0 13.200 0 16.670 0
Nu 10. 544 6 10.891 5 11.2455 11. 606 7 11.975 2 12.351 2

Ho00 Nut /% — 3.290 0 6.650 0 10. 070 0 13.570 0 17.130 0
Nu 12.171 5 12.580 5 12.997 7 13.423 4 13.857 6 14.300 5

200 Nul /% — 3.360 0 6.790 0 10.290 0 13.850 0 17.490 0

R3 EEMASIHNARFEE T ERYR BRG]

Tab.3 The average Nusselt number and its growth rate with considering Brownian motion

o( YRR Nanoparticles ) /%

Ra FEHP Index

0 1 2 3 4 5
Nu 8.678 7 8.954 9 9.224 0 9.496 7 9.774 1 10. 056 5
10 Nul /% — 3.180 0 6.280 0 9.4300 12.620 0 15.880 0
Nu 9.487 5 9.992 9 10. 309 6 10.611 0 10. 906 1 11.198 1
200 Nu T /% — 5.3300 8.670 0 11. 840 0 14.950 0 18.030 0
Nu 10. 544 6 11.220 0 11.584 2 11.921 0 12.244 8 12. 560 5
1000 Nul /% — 6.410 0 9.860 0 13.050 0 16.120 0 19.120 0
12.171 5 13.051 3 13.482 3 13.872 7 14.242 8 14.599 7
2000 Nu T /% — 7.2300 10.770 0 13.980 0 17.020 0 19.950 0

M2 M3 T LUEH, XA % EARFEAE Ra, JTCIEHE Co B MAHZE S5, 90K
UKL AR RO B IR 25 fEAS AR AT 3 8% S8R B, BRGOR AR I AL PR s, K L
IR ARXA Nu 1 /% = (Nuy = Nug) /Nup x 100, FCI, AR5 Cu GOKRBURAG W2 SR m, 78
Ra =500 B}, 4 Cu GPKFURLA IR TS EON 19% HEME] 5% B, GORFEARITF-EI25 P8R EN 3. 20% 34
#16.67% , TMifE Ra =2 000 B, ZKFARM T8 FEREON 3. 36% 15 % 17. 49%

TIENRIL, ARIEORL 4 A 138 Bl R AR FIURL ) % AR R B B AR HEAE T, b, 5 & Cu 44
KJIOR A B2 h N E2IR, 7E Ra =500 B, 4 Cu GRBUR R B0 1% BN E] 5% , KGR
PISLFEIRBON 5. 33% 5 E] 18. 03% , T7E Ra =2 000 I, GKGARI T Y5438 R BON 7. 23% i)
19.95% .,

[ E S, X TAEFER Cu GAKOR AR5, I FIBGRROR, QKRR R asoR m, %
JEAT B2 B LA B AR I S BHE ORI &, OZ T Cu QORISR 70 332 2l T 98 K i 1A 0
3l EAFAOK I AR A PR

http : /xuebaobangong. jmu. edu. cn/zkb



472 - FRREM (HRBERRD 527 %

B 3 JE Cu- /KGRI 155 FE IR B AN AR OB AR B R (AR AT, 18] 3a S AN LRGN K TORE A
Wiz, 1K 3b ZIEGARBURAT Mz, &3 R LURBE, BB AR BORLA TR - 6, Cu-/k
PRI A RRCRZ N, B 575 R K MO AT BZ S, AR SR i AL SRR s i 2
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B3 Cu-kMRimkEFHEERBENRBAGERSHTLHLE
Fig.3 Cu-water nanofluid average Nusselt number versus nanoparticle volume fraction

Iy, ARG 2. K3 FIE 3 PROEUEITR SR, TR BRI G i/ — 3k, ATRIEESE Cu-
IKAR G IAAL R G B FEL Ra . DARTBORL AR R o Z AT IE IEATY
HAEE Cu HORBURAT IZ SIS, A

(9.3832 +29.583 5¢)Ra™ """, Ra = 100,

Nu = (9.452 9 +31.501 1¢)Ra"**, Ra = 500, (17)
(9.595 8 +32.867 9¢)Ra""?>, Ra = 1000,
(11.402 8 +39.875 0¢)Ra"*’, Ra =2 000,

M Cu GOKFUR AT WiE shit, A

(9.375 6 +29.680 3¢)Ra™"""'*, Ra =100,

N = (9.440 4 +32.933 1¢)Ra""*, Ra = 500, (18)
(10.491 7 +38.316 1¢)Ra""™’, Ra = 1000,

(12.083 2 +45.641 1¢)Ra"*7, Ra =2 000,
BIEAZ (17) F1 (18) EHEVIE 0% < o <5% WMz b, SFHMBENK ¢ , "TUSIEARX
(17) A1 (18) #Er HXF R EIE AR,

4 g

AR SO AT AP Cu-rK GOV ok AL 3R S 7 T R B B, BFST T 40K
TSR K STORLA 138 Sh 3 A AR A A PR A, BRI R W], gy v P o (AT 49
BT SRR AR R IS i, EAIRIIE IR, 2 R K TORLAR 113 3 (RS T80 1L /R 1 49 K T A
132 S AR R T8 K 1 s AR T 5
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