NATIONAL TECHNICAL UNIVERSITY OF ATHENS

Parallel CFD & Optimization Unit
Laboratory of Thermal Turbomachines

MebOodog ITolwmAeypotog
(Multigrid)

Kvotdxog X. T'avvéxoyrov, Kabnyntig EMII

BapBoox Acodty), Ag. Myy. Myyavieog EMIT

kgianna@central.ntua.gr

vasouti@mail.ntua.gr



mailto:kgianna@central.ntua.gr
mailto:vasouti@mail.ntua.gr

0 1 M-1 M
o0—0—10—00—""70—"0C—C——"0——0CO0

J Problem: —U_, + 2ui —U_, = 0 0<i<M

d Boundary Conditions: u, =u, =0

J Initialization: u. = Sin(lkﬂ- j 1
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Discretization

—(u_, +Au_)+2(u +Au)—(u_, +Au. ) =rhs- Ax*

i+1

AU, = %[rhs . AX? — (— U._, +2U, + —Ui+1)— (—Au,_ — Aui+1)]
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ccC

—>do

= 1.d0/dfloat (nx)
= -1.d0
clm = -1.d0

= 2.d0
ic=0,ncyc
do i=0,nx

du(i) = 0.d0

enddo
restot = 0.d0 Compute Au
do i=1,nx-1

au = -u(i-1) + 2.d0*u(i) - u(i+l)

resid(i) = rhs(i) - au

du(i) = (dx*dx*rhs(i)-au - clm*du(i-1) - clp*du(i+l))/cc

restot = restot + resid (i) *resid (i)
enddo

restot = dsqgrt(restot)/dfloat (nx+1)
error = 0.d0

do i=1,nx-1
u(i) = u(i) + du(i)
error = u(i)*u(i)
enddo

Update u

s end

do
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Convergence
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J Different grid sizes:
Ability to solve all wave lengths

Rapid convergence .
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Operators

] Restriction

h: Fine grid
Mapping from the fine grid to the coarse grid H: Coarse grid
1I7:Q" > QF
d" = 1HpH o 0 0 0 0
h
» Injection H . .h l l l
ui o u2| o ~ o
» Full weighting 1 ® o——0—*© ¢
H h h h
Ui = 4 (u2i—1 +2Uy + u2i+1) \ l /
J Prolongation © © ©
Mapping from the coarse grid to the fine grid
h _H @ o o
IE:QH—>Qh Uy = U; l\ /l\ /l
H _ [heph " 1/ 4 H )
() Y Uy , = E(ui +U.,) e ® o o ®
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Multigrid Algorithm

d V-cycle using two grids (fine/h, coarse/H) :

& »bdh -

Solve (2-3 Jacobi or Gauss-Seidel iterations) AU = bh — U,
Restrict the residual I}, = bh — AU, to the coarse grid I, = 1,1
Solve (2-3 Jacobi or Gauss-Seidel iterations) A E, =T, = E,
Prolongate (interpolate) E,, to fine grid E_ = mEH

and correct U, < U, + Eh

Go to step 1, using the updated U,
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Multigrid Schemes

4 (h)
3 (Zh) V—CYCICS
and
2 (4h) W-cycles
1 (8h)
(FMG-cycles)

3 (2h)

2 (4h)

1 (8h)
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Multigrid in 2 dimensions

J Fine grid: I—I—I—I—I

—0—90—0—9 ——=8 0N
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d Coarse grid: R — n - —u—o 3
o / O—~O—0O—00
i o 5 o9
A
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2D Restriction

 Injection:

J Weighting:

» Half H 1 h 1( h h h h )
> Full ui,j - EUZi,Zj +§ u2i—1,2j T u2i+1,2j T u2i,2j—1 + u2i,2j+1
1 1
uil,_|j = Z ugi,Zj +§(u2i—1,2j T u2i+1,2j T u;i,Zj—l T ugi,2j+1)+
L h h h
1 (u2i—1,2j—1 T U050 TUpigoju t+ u2i+1,2j+1)
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2D Prolongation

ugi 2j — uil,_lj
2|+1 2j — ( l+1 J)
uz. 2§+ — ( Ui j+l)
u2|+1,21+1 i (u + u|+1 j ui|:|j+1 + uil_+|1,j+1)
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Algebraic Multigrid (AMG)

J Method to solve linear systems based on multigrid principles, without
explicit knowledge of the problem geometry (only matrix coefficients)

J Determines coarse “grids”, inter-grid transfer operators and the coarse grid
equations are exclusively based on the matrix entries

Two-grid algorithm:

1. Solve AU=Db, —u,
Compute residual [}, = b, — AU, =Ag
Sotve A6, =P'r, with Ay =RAP
Correct U, <—U, + Pe,
Solve AU=Db —uU,

- A

Prolongation: P:R™ — R"™ , N, xn, matrix

Restriction: R
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Agglomeration
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NSU3D Solver”, AIAA Paper 2014-0081

Mavriplis D., Mani K., “Unstructured Mesh Solution Techniques using the




Applications

J Transonic flow around the M6 wing
> M, =0.8395
> o, =3.06°
> Re=11.7210°

J Fine grid: ~67k nodes
d Coarse grid: ~11k nodes

Residual

Lambropoulos N., “Multigrid techniques and parallel
processing for the numerical prediction of flowtields thtough
thermal turbomachines, using unstructured grids”, Phd

Thesis, NTUA, 2005 (in greek)
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