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Table 1 Comparison of maximum vertical (u) at the mid-width (z = 0.5)

Ra Ref.[13] Ref.[15] Refi[17] Ref.[10}(FEM) Ref.[10](DSC) Present work by PFV

10*  3.634(0.813) 3.68(0.817) 3.6493(0.8125) 3.489(0.813) 3.6434(0.8167) 3.6491(0.8149)

10 16.2(0.823) 16.1(0.817) 16.1798(0.8235) 16.122(0.815) 15.967(0.8167) 16.1750(0.8249)

105 34.81(0.855) 34.0(0.857) 34.7741(0.8535) 33.39(0.835)  33.51(0.85) 34.7771(0.8549)

10  65.33(0.851) 65.4(0.875) 64.6912(0.8460) 65.40(0.86) 65.55(0.86) 65.0598(0.854 9)

107 — 139.7(0.919) 145.2666(0.8845) 143.56(0.922) 145.06(0.92) 149.3116(0.878 3)

2x107 — — — 175.28(0.93)  175.22(0.93) 194.475 9(0.905 0)

4x107 — — — 216.85(0.93)  216.67(0.94) 260.3149(0.931 6)

108 — —  283.689(0.9455) 296.71(0.93)  295.67(0.94) 306.118(0.9316)

F2 kFEhHy=05LREFEE)ERIE v LB
Table 2 Comparison of maximum vertical (v) at the mid-height (y = 0.5)
Ra Ref[13] Ref.[16] Ref.[14]  Ref.[15] Ref(17]  Ref.i0](FEM) Ref.[10](DSC) PFV

10> 3.679(0.179) —  3.692 3.73(0.1827) 3.6962(0.1790)  3.686(0.188)  3.686(0.183)  3.6963(0.175)
10* 19.51(0.12) 19.62 19.63 19.9(0.1246) 19.6177(0.1195)  19.79(0.12)  19.98(0.117)  19.6102(0.115)
10°  68.22(0.066) 682 68.85 70.0(0.068) 68.6920(0.0665)  70.63(0.072)  70.81(0.070) 68.66(0.065)
105 216.75(0.0387) 232.97 221.6  228(0.039) 220.8331(0.0380) 227.11(0.040)  227.24(0.040) 220.775(0.0349)
107 — 717.04 7023 698(0.0235) 703.2536(0.0215) 714.48(0.022)  714.47(0.021)  700.288(0.0216)
2x107 — — — — — 995.33(0.0156)  1017.84(0.02) 991.6415(0.0183)
4x107 — — 1417 — —_ 1435.5(0.0156) 1419.84(0.0133)  1409.63(0.015)
10% — — — — 2223.4424(0.013) 2259.08(0.012) 2290.13(0.013) 2228.508(0,0116)
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Table 3 Comparison of Nu number and the corresponding ordinate (max., min., ave.)

Ra Nu Ref[l13] Ref[16] Ref[14] Ref.[15] Ref.[17] Ref.[10](FEM) Ref.[10](DSC) PFV

10° max. 1.50(0.092) — —  1.47(0.109) 1.5062(0.08956)  1.501(0.08)  1.444(0.0917) 1.5068(0.085)
min.  0.692(1.0) - 0.623(1.0)  0.6913(1.0)  0.691(1.0)0.815) 0.665(1.0)  0.691 1(0.995)
ave. 1.12 1.117 1.074 — 1.117 1.073 1.1178

10* max. 3.53(0.143) 3.5 —  3.47(0.125) 3.5305(0.1426)  3.579(0.13)  3.441(0.1333) 3.5387(0.145)
min. 0.586(1.0) — —  0.497(1.0)  0.5850(1.0) 0.577(1.0) 0.528(1.0)  0.5852(0.995)
ave. 2.243 - 2,243 2.084 — 2.254 2.155 2,247

10° max. 7.71(0.08) 771  —  7.71(0.08) 7.7084(0.08353)  7.945(0.08)  7.662(0.085) 7.7971(0.750)
min. 0729(1.0) — —  0.614(1.0)  0.7282(1.0) 0.698(1.0) 0.678(1.0)  0.730(0.995)
ave. 4.52 4.521 4.3 — 4.598 4.352 4.537

105 max. 19.72(0.038) 17.0 -  17.46(0.039) 17.5308(0.03768) 17.86(0.03)  17.39(0.04)  18.451(0.035)
min.  0.989(1.0) —  0.716(1.0)  0.9845(1.0) 0.9132(1.0)  0.903(1.0)  0.998 3(0.995)
ave. 8.8 — 8.806 8.743 — 8.976 8.632 8.951

107 max. — 30.0  —  30.46(0.024) 41.0247(0.03899)  38.6(0.015)  31.02(0.02) 40.3234(0.015)
min — — —  0787(1.0)  1.3799(1.0) 1.298(1.0) 0.997(1.0)  1.3893(0.998)
ave. —_ — 16.40 13.99 — 16.656 13.86 16.589

2x107 max. — — — — 48.84(0.015)  39.343(0.015) 51.919(0.0116)
min. — — — — 1.437(1.0) 1.106(1.0)  1.5705(0.998)
ave. — — —_ — 19.97 15.46 19,9390
4x107 max. — — — — — 61.69(0.015)  49.908(0.015) 68.190(0.0083)

min. — — — — — 1.59(1.0) 1.245(1.0)  1.7600(0.9980)
ave. — — — 23.64 — 23.96 18.597 24.109 2

10° max. — — — — 91.2095(0.067)  91.16(0.010)  68.73(0.010) 99.824(0.008 3)
min. — — — — 2.044(1.0) 1.766(1.0) 1.428(1.0)  1.8900(0.998 3)
ave. — — — — — 31.486 23.67 31.0589

F 4 301x301 HEMAKES 161x161 HEMEITHER L
Table 4 Comparison of results by uniform grid (301x301) and non-uniform grid (161x161)

Ra Umax Vmax Numax Numin Nuave
107 144.8774(0.8778)  700.880(0.02119)  38.8210(0.01785) 1.4201(0.9997) 16.4423 non-uniform
107 149.3116(0.8783)  700.288(0.0216)  40.3234(0.015)  1.3893(0.998)  16.589  uniform
108  295.8341(0.9350) 2226.6980(0.0122) 87.3428(0.00864) 2.0582(0.9997) 30.1569 non-uniform
108 306.118(0.9316)  2228.508(0.0116)  99.824(0.0083)  1.8900(0.9983) 31.0589  uniform

45113 0.46%, 1.85%, 3.08%, 5.5%, 1.96%, PFV ¥ 3
Umax TRZESTR A 0.003%, 0.038%, 0.046%, 0.026%,
0.42%; i CHRAHBE Numax B KBEST RN
4.13%, 2.53%, 3.06%, 12.48%, 26.8%, Numin WA
RES R K 9.87%, 8.8%, 15.68%, 27%, 42.96%, PFV
¥R Ntmax IRZE55%4 0.04%, 0.23%, 1.15%, 5.24%,
1.71%, PFV ¥ Nuwmin 22408134 0.03%, 0.034%,
0.18%, 1.4%, 1.7%. "] W, 4 10° < Ra < 10"(Ra 4
103, 104, 10°%, 106, 107), PFV X4 H KK £
Vmax, & H 2L tmax, PEE L) Ntmax, Numin BHE

583300k BENA Rkt H 8 R A R T
2% 107 < Ra < 4x 107 Bf, AENARITIE
WAESHE R, DO [10] 514558, BICHK [10] &
545 A FRITH DSC Jift ot B & R 2 Rt
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19.1%, $EE Numin RE5HIA 23.03%, 21.7%. B,
SR [10] B9 DSC ik S AR UL Z BIFEHGHE LTF
EEAZER. PRV X530 (10] ARITHE tnax
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SOLVING 2-D BUOYANCY-DRIVEN CAVITY FLOW ON COLLOCATED
MESHES BY PERTURBATIONAL FINITE VOLUME SCHEME Y

Dai Minguo? Gao Zhi
(Key Laboratory of High Temperature Gas Dynamics, Institute of Mechanics, Chinese Academy of Sciences,
Betjing 100080, China)

Abstract The buoyancy-driven cavity flow in the case of Ra = 10% to Ra = 10® is numerically simulated
with the upwind type of perturbation finite volume (UPFV) scheme for the convective and diffusive equations
initiated by the second author. The UPFV scheme for diffusive and convective equations takes the same concise
expressions and uses the same nodes as the upwind scheme of the first order and high approximate accuracy
of reconstruction can be achieved. Especially, the UPFV scheme is identical for uniform grid and non-uniform
grid regardless of the distance from the CV center to the common face. The results of numerical simulations to
buoyancy-driven cavity flows by UPFV are consistent with these by spectral method and finite element method
and DSC in the range from Ra = 10° to Ra = 10® with uniform or non-uniform structured grid. It shows that

the PFV scheme is valid and can be applied for the heat convection and transfer problems.
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