3D numerical simulation using channelflow 1.1.2 for rotating turbulence

Input and initialization

E Time marching

dns.advance(u, g, n)

LMl Output and end

/! Define gridsize
const int Nx=32;
const int Ny=33;
const int Nz=32;

/] Define box size
const Real Lx=1.75%pi;
const Real a= -1.0;
const Real b= 1.0;
const Real Lz=1.2*pi;

/1 Define flow parameters
const Real Reynolds = 400.0;
const Real nu = 1.0/Reynolds;
const Real dPdx = 0.0;

const Real Ubulk = 0.0;

Il Define integration parameters

const int n = 50; /1 take fifty steps between printouts
const Real dt = 0.03125; // integration timestep

const Real T = 100.0; // integrate from t=0 to t=T

/I Define DNS parameters
DNSFlags flags;

flags.baseflow = PlaneCouette;
flags.timestepping = SBDF3;
flags.initstepping = SMRK2;
flags.nonlinearity = Rotational;

flags.dealiasing = DealiasXZ;
flags.taucorrection = true;
flags.constraint = PressureGradient; // enforce constant pressure gradient

flags.dPdx = dPdx;
flags.Ubulk = Ubulk;

/I Define size and smoothness of initial disturbance
Real spectralDecay = 0.5;

Real magnitude = 0.3;

int kxmax = 3;

int kzmax = 3;

Il Construct data fields: 3d velocity and 1d pressure

cout << "building velocity and pressure fields..." << flush;
FlowField u(Nx,Ny,Nz,3,Lx,Lz,a,b);

FlowField q(Nx,Ny,Nz,1,Lx,Lz,a,b);

cout << "done" << endl;

/I Perturb velocity field
u.addPerturbations(kxmax,kzmax,1.0,spectralDecay);
u *= magnitude/L2Norm(u);

/I Construct Navier-Stoke integrator, set integration method
cout << "building DNS..." << flush;

DNS dns(u, nu, dt, flags);

cout << "done" << endl;

update velocity (u) and pressue (q)

tau solver
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calcuate effective pressue; add rotation term

4

calculate diffusion in physical space:
diff2(uk_, Rxk_, Pyk_);
diff2(vk_, Ryk_, Pyk_);
diff2(wk_, Rzk_, Pyk_)

dealiasing

calculate the Nonlinear term according nonlinearity flag:
navierstokesNL(u, ..., flags.nonlinearity)

DNSAlgorithm has been cloned by RungeKuttaDNS, MultistepDNS,
and CNABstyleDNS. Thus advance(...) will be directed to one of them
according to DNSFlags.timestepping.

Data can be loaded from a binary or asc file.

DNSFlags.baseflow: PlaneCouette - Ubase=y; Parabolic - Ubase=1-y"2
Zero - Ubase=0

DNSFlags.timestepping & initstepping:
CNFE1l, CNAB2, CNRK2, SMRK2, SBDF1, SBDF2, SBDF3, SBDF4

DNSFlags.nonlinearity: the way to compute the nonlinear term in the
NS equations. Rotational, Convection, Divergence, SkewSymmetric ...

DNSFlags.dealiasing: NoDealiasing, DealiasY, DealiasXZ, DealiasXYZ

DNSFlags.constraint: enforcing bluk velocity or mean pressure constraint

void DNS::advance(FlowField& u, FlowField& g, int Nsteps) {
assert(main_algorithm_);

Il Error check
if (!'main_algorithm_->full() && !init_algorithm_) {
cerr << "DNS::advance(u,q,Nsteps) : the main algorithm is uninitialized,\n"
<< "and the initialization algorithm is not set. This should not be\n"
<< "possible. Please submit a bug report (see documentation)."
<< endl;
exit(1);
}
int n=0;
while (!main_algorithm_->full() && n<Nsteps) {
init_algorithm_->advance(u,q,1);
main_algorithm_->push(u);
if (main_algorithm_->full()) {
delete init_algorithm_;
init_algorithm_ = 0;

++n;

}

main_algorithm_->advance(u,q,Nsteps-n);

}
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High-level objects

for simulation programs

DNSIntegrator

u(t) — u(t + At)
p(t) — p(t + At) |-

TurbStats
(u(x)u(x’))

| (u(x)), etc.

for libraries

TauSolver A
v’ —Aa—-Vp=f=f FlowField u(x) =
V-i=0 ﬁkwk:neQri(ka—l—kzz)Tn(y)
a(£1)=0 . \
BasisFunc
u(y) = . Tn(y)
y
HelmholtzSolver ComplexChebyCoeff
u' —u = f u(y) = tnTn(y)
12
BandedTridiag ChebyCoeff
Tijuj = f; u(y) = nTn(y)
Low-level objects Array < type > fftw-2.1.3

2 FFT libraries




