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On the Use of Cyclic Reduction Method for a Tridiagonal System of
Equations in the k -¢ Turbulence Model Calculation

‘Yasutomi MIKI and Kenji FUKUDA

We made some numerical experiments on the methods of solution of tridiagonal linear equation which is an

important problem in thermohydraulic calculations.

Gauss elimination method and cyclic reduction method

were tested using four computers for the tridiagonal linear system of equations and the turbulent pipe flow

problem by means of the k-& two-equation model.

The computing time was compared among both methods in

terms of computers and the dimension of the tridiagonal matrix or the number of grid cells.

As the result, it is found that the cyclic reduction method is faster on a FACOM VP2600/10 for more than
127 equations, while the Gauss elimination method is faster in case that the number. of equations is small.  And
it is also found that the use of the cycle reduction method reduces the computing time of the turbulent pipe flow

calculations on a FACOM VP2600/10.
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Table 1. Case specifications
Case Solver System Case Solver System
1 GET 1 9 GET (LTX) 2
2 GET 2 10 GET (LTX) 4
3 GET 3 11 GET (TRIDGS) 2
4 GET 4 12 GET (TRIDGS) 4
5 CR 1 13 CR(VLTX) 2
6 CR 2 14 CR(VLTX) 4
7 CR 3 '
8 CR 4
Table 2. System configuration
‘CPU Ml:l;ior;y ]\%}éigg 0S Compiler
System 1 | FACOM M780/20 192MB — MSP-EX | FORTRAN77/EX
System 2 | FACOM M1800/20 256MB 256MB MSP-EX | FORTRAN77/EX
System 3 | FACOM VP200 128MB — VPCF | FORTRAN77 VP
System 4 | FACOM VP2600/10 512MB 1GB VPCF FORTRAN77 EX/VP
Table 3. Comparison of the computing times ( xs) for tridiagonal system of equations.
N N
Case Case

15 31 63 127 255

15 31 63 127 255

31 47 79 145 —

9 40 61 115 237 407

18 29 67 126 238

10 39 59 96 173 326

58 79 124 209 —

11 25 41 72 140 267

18 23 35 39 109

12 26 37 59 104 194

57 101 197 465 —

13 50 77 123 212 398

38 59 139 268 590

14 55 62 65 67 70

93 132 142 165 —
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25 30 39 51 73
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Fig. 1 Comparison of speed for Gaussian climination
vs. eyclic reduction method.
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_ Table 4.  Model constants in the k- € model.

Model C »” Ce 1 Ce 2 (% [ Ref.
MK 0.09 1.4 1.8 1.4 1.3 [14]
NT 0.09 1.45 1.9 1.4 1.3 [15]

Table 5. Correct functions in the £- € model.
Model f, o f2 D E €w
[1+3.45/V R,] [1— (2/9) exp(—R,/6)7] a%
MK 1.0 0 0 v
X [1= exp(—*/70)] X [1— exp(—»*/5)]* oF
[1+4.1/r¥] [1—0.3exp(—R,/6.5)%] » o%
NT 1.0 0 v
X [1— exp(—y*/26)]? X [1— exp(—»*/6)]? oy
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Table 6. Case specifications.
Case Model Solver System Case Model Solver System

1 MK GET 1 5 NT GET 1

2 MK GET 2 6 NT GET 2

3 MK CR 1 7 NT CR 1

4 MK CR 2 8 NT CR 2
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Fig. 2 Mean velocity profiles for fully developed

pipe flows.
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Fig. 3 Reynolds shear stress profiles for fully

developed pipe flows.



358 — k- ELJEE 7 VEIE ~® cyclic reduction {ED B
Table 7. Comparison of the computing times (sec) for the turbulent pipe flow problem.
Number of grid cells inthe r-direction Number of grid cells inthe r-direction
Case 63 127 255 Case 63 127 255
1 4.725(8%) | 10.880(9%) | 27.600(9%) | 5 | 4.578(8%) | 11.673(8%) | 34.092(9%)
2 |3.272(12%) | 7.036(14%) [17.790(14%)| 6 |3.200(12%) | 7.727(13%) |21.930(14%)
3 15.746(24%) |13.355(25%) |35.676(27%) | 7 |4.326(26%) |14.511(25%) |44.322(26%)
4 13.298(13%) | 6.822(11%) | 16.531(8%) | 8 |3.197(13%) | 7.511(11%) | 20.496(8%)
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