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¢ Vortical Flows in Fluid Machinery

> \Vortex Generator and Utilizer

Basic relations for turbomachinery without considering
VISCOSIty:

Direct problem: a(r 2
a—Ezw (Vg), =Y yc+P
ol ol 2 o,

Inverse problem:




» Vortical Flows in Fluid Machinery

Besides prerotation, secondary flows, some vortical flows exist.
Such as Karman vortices, Channel vortices...




Vortex Rope
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J LVM and Applications

» Lagrangian Vortex Method (VM)

N-S Egns.
V-u=0
u-P Form:
a—u+(u-V)u :—@H/Au
ot Jo,
AU = —®
u-w Form: O

o F(U-V)o =(o-V)u+1vAm
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JLVM and Applications

Velocity : Integral Formulation

u(r,t) = jv o x VGdV +js(n - U)VG — (n X u) x VGdS

(1 r

— — 3D probl

47T|r|3 problem
G =« Ly

— —— 2D probl

\27T|r|2 problem

Vorticity: Lagrangian Scheme

ﬁzu’ d—w:w-Vu + VAW
dt dt
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Discretization of Vorticity Field T —"

» Core Spreading Method

=D | vonersia Viscous Disposal:

------- | Particle Strength Exchange,
| Core Spreading Method,
Random Walk Method, etc.
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J LVM and Applications

Pressure: Differential and Integral Methods

Differential Form: lnxvp_vﬁ_‘”_l(nxv)( n)-nxa,
p on p

Int | F :
ntegral rorm AH:—V°(UX0))’ H:p/p-|-u2/2

BH +j H( de_—j VG- (uxw)dV — j{e n. (?;ijv(Vwa)-n}dS

(1, Inside the flow field:
£ =11/2, Onasmooth boundary;
|0, Qutside the flow domain.
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<%2\J LVM and Applications

Force and Moment: First Order Vorticity Moment;
Second Order Vorticity Moment.

_—Ea{v <X dV Irx(nxV)dS}

oV

_ P D 2 2
M _EE{Jr wdV +ajvr (nxV)dS}
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J LVM and Applications

» Attractive Features

¢ Unnecessary of grid-generation;

¢ Easy to calculate moving or deforming boundary problem;
¢ Only need to calculate vorticity domain;

¢ Vorticity is calculated directly.

The Lagrangian vortex method is an ideal tool for

numerical analysis of complex and vortical flows in fluid
machinery.
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LVVM and Applications

Disadvantages and Improvements:

#Reduce the integral calculation load @ Complex Solid Boundary

O(N 2) —> O(N) Advanced Panel Method Techniques:

Psuedo-Lagrange multiplier method to
Upward pass (T, conversion) Downward pass (T, +7;; conversion) .
00k solve the ill-posed Neumann problem;

T1To
] - A semi-analytical integral
regularization technique to evaluate

Local extension calculation Dhirect calculation th e S| N g u I ar b oun d a r‘y SuU rfa ce
L I )
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Fast Multipole Method




Vortex Merging
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L\VVM and Applications
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Flow Analysis for Fluid Machinery

TR
AL

» Engineering Applications in Fluid Machinery
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Flow Pattern in Pumps
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Turbine

Unit rotational speed: n11(r/min)
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Flow Analysis for Fluid Machinery

Francis Turbine

Pressure Pressure
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%
n/%
s -
condition M/{N.-m)

calculate experiment

the design condition 1020.7 94.0 93.3

the off-design condition 1 622.5 8H.6 #3.4
the off-design condition 2 485.7 79.7 72.0
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JFlow Analysis for Fluid Machinery

» Vorticity Dynamics

For incompressible flow, vorticity is generated from
solid boundary, boundary vortex flux (BVF) o,

G:VZ(::/l)nxvar/l)(nxv) ( )+n><a
T=UWXN

Vorticity and vorticity relative quantity can be used to
analyze pressure distribution gradient.
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Vortex Flow Control by Optional Design
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Vortex Flow Control by Optional Design
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Vortex Flow Control by Optional Design

Velocity

P & N-S Eq. in rotating frame:

[ I 9.851e+001 | i DW R .

r 4.925e+001 } + 2 a)XW + a)x (a)>< r) _ f V( ) + VAV
i... dt p

[m s*-1]

Streamwise component of absolute vorticity:

Secondary flow

vT/.V(vT/.ﬁ)_zEz.V(vT/.vT/):5(22»&7/)




Vortex Flow Control by Optional Design

Turbine Runner (Francis Turblne HLA551)
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Optimized runners
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Vortex Flow Control by Optional Design
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Vortex Flow Control by Optional Design
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Vortex Flow Control by Optional Design
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® The numerical treatment and the application results show that the
Lagrangian vortex method is useful for study of complex flows

of moving boundary problems in various fields of engineering
and science.

@® Based on physics of flow, vorticity and vorticity dynamics has

been used in fluid machinery for flow analysis and flow
diagnosis.

® Vortex stability and vortical flow control should be deeply

iInvestigated for fluid machinery based on optimization
technique.
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> a3t (CFD Techniques)

(O CFD techniques are indispensable;

@ Eulerian-based schemes are usually used:;
® Effects and workload of mesh density;

@ Turbulence models, no universal model.

> {1t (Optimization Design)
@ Inviscid-viscid interaction:;

@ Relationship between hydraulic and geometric parameters with outer
performance;

® No direct relationship between inner flow patterns with outer performance;
@ Difficult in considering unsteady flow characteristics.
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