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Abstract

QUICKER scheme has several attractive properties. However, under highly convective condi-
tions, it produces overshoots and possibly some oscillations on each side of steps in the dependent
variable when the flow is convected at an angle oblique to the grid line. Fortunately, it is possible
to modify the QUICKER scheme using non-linear and linear functional relationship. Details of the
development of polynomial upwinding scheme are given in this paper, where it is seen that this
non-linear scheme has also third order accuracy. This polynomial upwinding scheme is used as the
basis for the SHARPER and SMARTER schemes. Another revised scheme was developed by
partial modification of QUICKER scheme using CDS and UPWIND schemes (QUICKUP). These
revised schemes are tested at the well known bench mark flows, Two-Dimensional Pure Convec-
tion Flows in Oblique-Step, Lid Driven Cavity Flows and Buoyancy Driven Cavity Flows. For
pure convection oblique step flow test problem, QUICKUP, SMARTER and SHARPER schemes
remain absolutely monotonic without overshoot and oscillation. QUICKUP scheme is more
accurate than any other scheme in their relative accuracy. In high Reynolds number Lid Driven
Cavity Flow, SMARTER and SHARPER schemes retain lower computational cost than QUICK-
ER and QUICKUP schemes, but computed velocity values in the revised schemes produced less
predicted values than QUICKER scheme which is strongly effected by overshoot and undershoot
values. Also, in Buoyancy Driven Cavity Flow, SMARTER, SHARPER and QUICKUP schemes
give acceptable results.

Zlzdd abc,d 3AEAA L A

saddga 7| A Ese Crr AAAAH R gfEE FYdFE
Ay, nefdgm sA2E Se D B 7HA



1180 A2
N CAAE Y A Ax
Nuo Tx=0 oA HF FAES
Nurnax Lx=0 0“/('1 j’)cﬂ _"—;_ /g T
Numin cx=0 oﬂ’{‘] Z’]—/:—— %T T T-_]-—-
r ol ghAI
T S
Ur u : xHOLf%l: 4;—‘5‘
Vyv : yBoLffak :‘:.l_i
wy,z AT AEA
e A 2R

uzli
v CEAA A
$ £7el W
é CATrEkE w4
Y X}
U,D,C . 7—"7}7@
ef,ii I ARAY A3
1. M 8

2 dFEAel A £34dd Y= HAH
Aofst Hofoll A ik gol chFolzof ¥ HopR
9] dhdoltt, LeonardVol wzw= ujF3tel oA
4 Fig. 1olAe} Zo] i-1do) AL Ty
AAANH oz dfEe Fd4%, Cro #H3 =

0Cir/ 3¢ 2 AR Rk ek,
of 7ol 37kA] 7hsAde] Sl

_&\_1;
o2
ot

C.V,
T
! |
! !
! I
1 d ' . HE .
-2 I i~ ! i
1
1 |
) ]
L 3
1-312 ~1/2
Fig. 1 Nodal configuration showing a typical control
volume

0: ¢} A (stable sensitivity)
2 { =0: % % (neutral sensitivity)
(

dgia
0: &4

o] azelch wetd wiFiae] AFAL FA
AT 3Cir/dpim0l 8 & ZEE B o]
FA sTHEda stler JiES 2 4 Ay
Sol g A ¥ Table 1o vebd vls}
o] R o] ol 9 L 22 Uk £
A EHd AdellA 29 e AFAA s
28 FAAHNES ALstedl HAzdel x, HF
o HE oJwd 434 HIE ol dAE W
ok et 2 EZ il A ATE FHH
& 2y Sete delle 475 8458 FAsk
ot @oke Aol £ F8E Aol 2 Aol #
24 ojujqt £XA el s AFZel of
¥ Aug 2Eete Aol ol Wi IHA
of FAISA & Helch,

A

unstable sensitivity)

vV
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Fig. 4 Representation of the SMART algorithm in
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Fig. 16 Oblique-step test results for QUICK in uniform
grid system, §=45", relative errer ¢=1.81547
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Table 2 comparison of the QUICK scheme with different mesh sizes

mesh size Dmin(=0.5, ®y=) Pmax(x=0.5@y=) €
11X11 0.97761(0.5, 0.250) 2.0352(0.5, 0.85) 3.77659
21X21 0.96281(0.5, 0.325) 2.03747(0.5, 0.725) 2.72229
41x41 0.95760(0.5, 0.38750) 2.04245(0.5, 0.61250) 1,81547
81x81 0.9552(0.5, 0.43125) 2.0452(0.5, 0.56875) 1.16849
161 X161 0.95355(0.5, 0.45937) 2.04695(0.5, 0.54062) 0.73747
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Table 3 Comparison of relative error ¢ for
oblique step flow

uniform grid system non-uniform grid sys-
(41x41) tem
(41x41)
UPWIND 6.93075 6.65785
QUICKER 1.81547 2.60464
SMARTER 1.93568 2.52514
SHARPER 1.87252 2.50179
QUICKUP 1.63028 2.42248
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Fig. 19 U velocity profiles at the vertical centerline
and V velocity profiles at the horizontal
centerline
(Re =3200 : — : AUICKER,—-— : QUICK,
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Fig. 22 U velocity profiles at the vertical centerline
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Table 4 Comparison of various schemes for Lid Driven Cavity Flow
scheme CPU time/iter. Re. No. Vaer(y=0.5) | Vmin(y=0.5) | iteration No. total CPU
(sec) : time (sec)
QUICKER 3.6 400 0.30106 | —0.45074 635 2286.0
3200 0.42917 —0.55658 2994 10778.4
QUICK 3.5 400 0.29955 —0.44907 632 2212.0
3200 0.41449 —0.54554 2634 9219.0
QUICKUP 4.35 400 0.29480 —0.44597 714 3105.9
3200 0.38223 —0.52185 2507 10905.45
SMARTER 4.4 400 0.29607 —0.44696 660 2904.0
3200 0.38432 —0.52266 2191 9640.4
SHARPER 4.65 400 0.29634 —0.44682 668 3106.2
3200 0.38341 —0.52036 2176 10118.4
Ghia'd 400 0.304 —0.4499 - -
solution —
3200 0.428 —0.5405 — —
AD-HOC® 4.35 400 0.3004 —0.45119 776 3375.5
3200 0.42040 —0.54934 3435 14942.25
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Table 5 Comparison of the solutions in Buoyancy Driven Cavity Flow
Unax Ymax Vimax Xmax Nua Ny max Ymax Nu min Vmin

QUICKER |65,81992| 0.850 |[219.1512| 0.03443 | 8.90822 |18.19687 | 0.03443 | 0.94515 | 0.99584
QUICKUP |66.43623 10.8716516) 214.1442 | 0.03443 | 8.85888 | 18.18279 0.03443 | 0.96244 | 0.99584
SMARTER |64.85987 | 0.850 |[218.6548| 0.0344 | 8.89782 |18.14982| 0.03443 | 0.9810 | 0.99584
SHARPER | 66.46093 | 0.87165 | 216.3727 | 0.03443 | 8.88660 | 18.16200 | 0.03443 | 0.95766 | 0.99584
120X 120
S%‘ﬁﬁ;g; 65.2352 | 0.85397 | 219.553 | 0.04090 | 8.86083 { 17.8425 | 0.03443 | 0.98091 | 0.99695
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