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A NEW FULLY IMPLICIT ALGORITHM FOR SOLVING FLUID
FLOW AND HEAT TRANSFER PROBLEMS—CLEAR (II)

QU Zhi-Guo HE Ya-Ling TAO Wen-Quan

(School of Energy and Power Engineering, State Key laboratory of Multiphase Flow in Power Engineering
Xi’an Jiaotong University, Xi’an 710049, China)
Abstract The derivation process and calculation procedure of CLEAR algorithm is formulated in
the first part of this paper, and in this part. The SIMPLER and CLEAR algorithm are compared with
five two dimensional numerical examples of incompressible fluid flow and heat transfer problems on the
subject of the ratio of the iteration number and the corresponding consumed CPU time for obtaining a
converged solution under the same converging condition to investigate the robustness. characteristic of
the new algorithm. It turns that CLEAR can appreciably enhance the convergence rate which can save
the iteration number of 31%~85% and 17%~78% for CPU time compared to SIMPLER algorithm for

the five problems tested, and the robustness can be improved by the second relaxation factor.

Key words

iy

1 5]

TE R P ASCHR I T SRABAS AT 48 HBh A% 4
W ekE %, CLEAR, ZHEEEH M E
FEMBIERRE W, BT UR A 3R f R A SOt % L,
A3CH CLEAR HIERM T AT RBEH], PR
SRR U6 LA ) R B R I RN B ARX. HF5 SIM-
PLER HESEATHLEL, BT BRI 7EAR RS
M&HT, PrASARRER CPU MK LLE, 5%

U F% A #B: 2003-12-12; 51T B 3. 2004-11-21

BESWE: BRARBPESHEIMIE (Nos. 50476046, 50236010)

CLEAR,; SIMPLER; iteration number; CPU time; second relaxation factor; robustness

T CLEAR HEmgftE, JEEH THNASIL.

2 BfH LB A

CLEAR &35 SIMPLER k3T LR, SR
A g EnRrg U, fRErRKk
fER BT M LZE (ADI) , 7E i@ i B,
BIAREMER B B h ‘

E=a/(l-a) (1)

L BVIEIDN s 2 PP BN N R RS

0<a<l)

BB BIRE (1978-), B, RERAA, BLHRE, EFEAFERBRLITHERE DT ENPIR.



14 RIGE% KBRS LR EG—FFN2REE —CLEAR(T) 129

(ot E, AR SCRTER B A itk R A 25 £ R A X
RARERER 1 b, HEAXERHERR, £
AN 7 B EUE Y,

5o 05 0<a<05
11 o05<a<l

2)

WMREFEH, OHMEEMRRT 1, MEEIFH
—B B, B LU, ARSI &

)<50x107% (3)

Rsc, = MAX ( Flows
KA B = (pu*A)y, — (pu*A)e + (pv*A)s — (pv* A)n .
Bl EEH AR RERENBAENT 14
ERIEE, flowe RFTFIRABH—MFIERE,
NFFORSE, HAH#HORE, WXt FHEREAN
KIish, HFAEWE RO (3] .

* 1 EHEFRRSEERE

« 01 02 03 04 05 06 07 08 09 095
E 0.111 025 0428 066 1 15 233 4 9 19

3 HfE LLBH B

3.1 Hfl 1: BALRTRIENR

WEHEL Re = 100, HHEIMIENA 52 x 52,
ME BB ST R EERRB HER CPU B EE)
WHEREE 1, HEPATLEY, AP ER
M 0.1 R4 9 B, XFREIFAE T 0.1 BR4LEY
0.9, CLEAR H iR EHBREA CPU B HIZE
H SIMPLER 34 B B (¥ [#{K, CLEAR KJIEAUK
¥ofn SIMPLER i1k KB, A& CPU BY[H]
1) Ho (B AR AL BBl 43 B & 0.15 ~ 0.59, 0.19 ~ 0.82,

1

—— EARRE
—e— B (A

b &

0.1

0.1 1 10
B A R
1 EAR&EM CPU KHa] i HL{E (Re = 100)

M ARBEEROESE _MMEATF 6 =12 8
W5, BLATLUE M5 IANZS BT LR ® CLEAR
B,

3.2 ) 2: ZHMERY R
THEAERY RSmE 2 ia. FEREPR
34 Ly/Din = 30, Lin/Din = 5, Dout/Din = 2, 1+&
PR A 202 x 42, 7E#E O SR XOR A XY
Bl Wishet OBFEH & B E BB
r? D,

U = Umax (1"_R°_§’) Rin = T Umax = 2Umean (4)

D
~
N

: )
|
\J
|

|

|

|

|

|

|

|

|

D

|

|

|

|

|

|

B2 THBEERY I

fE Re = 150 T#ET T HETH, WRERER
7EM 3 . HERPEILIEH, CLEAR HIATERHIE
A FRALPR T, ARt AT LAZEMR AR BE B A il
8, BHIKHR SIMPLER H kK HAE & CPU HH
9 LA AL T B 43 1 % 0.28 ~ 0.69, 0.34 ~ 0.81 ,

1.0

09F ~

0.8} hd .

0.7+ ,\t/.
o o6t —
31 05t /

04} [/

03} ¥ e HRRH

02} —e— it (A

0.1 .

00 05 10 15 20 25
i PR

B3 HAKEA CPU BRI LE (Re = 150)

3.3 Hfl3: ZHERLRREMRD
THEAMRE SR EINE 4 fiR, HE

KIR~FA Ho/Hy =2, L1/H, =5, Ly/H, =30, #

EHOBLRS, KR, HLEBESMIEXA:

X=0 1<Y <[(Hi+ Hy)/Hi]  (5)
U =151 Y _(()):5://511 = 1)2 V=0 (6

Re B E XA Re = upean H1/v, FEFO< X <
Li/H,, 0 <Y < 1 WIKBARAREY 755 B,



130 T 8 # 9 B ¥ # , 26 %

e L -
{ |
—’ - .
y —>»

E‘“XX
le % LR P

4 SRS S BrRLEh

£ Re = 100 T#4T T HMEE, HETAKMN
FHA 122 x 62, TG RFRERE 5 B, HEFTE
LIf5H, CLEAR HZMEARKE L SIMPLER &
HERES A 38%~67% , +HE I E I L AE T R A
43%~83% |,

1

. /
N Y
0.5 k\’ %/

\. .

—— X uH

—e— B} 7]

b

0.3

01 I
[P ZEE S
B 5 ZEARKEH CPU Bl HAE (Re = 100)

3.4 WP 4: KETEBE R
IR B RX KA 6 FioR, X Ra=10° #
TTHEEWE, Kb Ra BE LA
_ pgBLPAT
ap

L HHESRA 42 x 32 RIS, GREW, £ARY
WF, CLEAR S35 3 Sk i 15 o BE b 38 I i
FAHWE, XS RERER TP, AEFILE
i, CLEAR & 5:7H Rk Eh SIMPLER &k
%] 0.26~0.48 , FTH] CPU Al ity K& 24 0.36~0.57 ,
FOTT LA 24— 2o A o A L,

Ra (")

| Ri 1

—— AR
|t
m 0.5 /\
2 /\\
02l -
0.1 1
8/ Ra=16 i

6 IFIEZEN
BT HE

7 BRWEH CPU
A (Ra = 10%)

3.5 Hfl5: HEAARMRK

" TR, WAERE, HREER
%, Ra W@ SCREH 4 A, THERA 82 x 82
WIRAE, Xt Ra=10* Mi§MEAT 7itH, hE 8/
LIF i, CLEAR H.RBEWT DibnsdE AR iy g
B, ZREH, 7 Ra = 10* if, CLEAR Hik5
SIMPLER .3 78 i LB AR b B FIu B A, AR
BEIHEY 0.19 ~ 0.33, i CPU R E I LLETE
IR 0.22 ~ 039, WSy @BERBIRKHRE.

0.6
—— ERRH
—o— [ 6]
0.4 "c\. .
@ /\Q /\./
H VAY,
Vi
0.2
O.ll MT 1l0
BB ER

B 8 %RKHM CPU KEK A (Ra = 10%)

4 4
A3 EAMHEPHER CLEAR Sk msbisn

AR, STEREY.

(1) ERFHENRBERHFY, CLEAR HIER
SIMPLER SH¥EAH L, TR 58 MBI HiL 2 B K%
i, FBETLLLAZETR AR BE b g A B e SO
SZATEBITHENAIEY], CLEAR HKATLAY
BERKE 31% ~ 85%, 154 CPU BY[E] 17% ~ 78%.

(2) CLEAR H B EREBENE I HRAERER
W, BRI RMEREENE, et
LB 5IAE A A LR, Xt CLEAR &
BB — B TENRT, FARIKE, UKW E4EREh Y
MFRHES™, fEE 7 MIRBAE B — B HETT AL,

2 £ X

[1] Patankar S V. Numerical Heat Transfer and Fluid Flow.
Hemisphere Publishing Corporation, Washington D C,
1980

[2] Van Doormaal J P, Raithby G D. Enhancement of the
SIMPLE Method for Predicting I Ncompressible Fluid
Flow. Numer Heat Transfer, 1984, 7: 147-163

(3] BASCR. MMMy FER). B BRTEAFHR
#, 2001



