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What is computational hydraulics?

It IS ene off the, many. fields of science in which the
application off COMpPULErS GIVES FSe; torar NEW: Way,
Of Werking, WhHICh IS Intermediate between purely,
theoreticaliand experimental.

he hydraulicsithat: isf reformulated to sult digital
Machine processes, s called computational
ydraulics

It IS concerned! with simulation: of the flow: of
water, together with its consequences, using
numerical methods on computers




What is computational hydraulics?

There is net a great deal of difference with
computationalfhydrodynamics orcomputational
fuid dymamics, but these terms are teo much
iestricted to the fitid as suchi

It seems te be typicall of practical preblems in
nydraulicsithat they: are rarely: directed to the How
Py Itsell;, but rather to Some CoNsequUENEES of It,
SUCH! as forces om obstacles, transport: of heat,
sedimentation| 6f ar chamnel or decay. oi al pollutant.




Why numerical computing

Iihe higher mathematics can be treated by this method

When there) is no analytical solution, numerical analysis
can deal such physical problems

Example: v = sii (%), has no) closed fiormyselution:

ihe follewing intégral gives the length off ene archioi  the
aboVe curve

T

w/ +cos (x)dx

0

INUmericall analysis: can compute the lengthl off this curve by,
standard methoeds that apply: teressentially: any: integrand

Numerical computing helps in finding' effective; and efificient
approximations of functions




Why: Numerical computing?

inearization off nonilinear eguations
SOIVES for a large; system of lineéar’ equations

Deals the ordinary. diffierentiall eguations of any.
order'and complexity.

NUumerical solution off Partial differential
eguations are; off great importance ini selving
physical werld problems

Solution off initialianal belndary Vallue problems
and estimates the eigen values and
EIgEenVvectors.

it curves to data by ai variety of methods




Computer arithmetic

Numerical method Is tedious and repetitive; arithmetic,
Which! is net possible te selve without the help: of computer.

Oni the ether hand Numerical analysistis ani approximation,
WhICh! |eads towards some degree of Ertors

e errors caused by Numericall treatment are defined in
terms of fiellowing:

lruncation error : the ex can be approximated through
cubic polynomial as'shewn below.

eX1s an infinitely long series asigiven below: and the error IS
due to the truncation ofi the series




Computer arithmetic

Round-off error: di c?ltal computers always: use, floating point
numbers; ofi fixed word lengthy; the true valuesiare net expressed
exactI%/ By such representations. Such erfor due to this computer
Impertection isi round-ofifi error.

Errorin. ori, ﬁlnal data . any pnysicall problemiis represented
through mathematical expressions WhIch have some; Coefficients that
are |mperfectly Known.

Blunders : computing machines make; mistakes very: infireguently,
BUEL SINCE Numans are involved Inf pregramming, operation, Input
preparation, andl output interpretation, blUNAErs or gross Errors do
OCCUr more frequenty thaniwe like to admit:

Propagated error’: propagated error Isithe error caused In the
succeeding steps due to) the occurrence off error In the earlier step,
such error’is in addition to the lecal errors. Ifi the errors magnified
continuously as the method continues, eventually: they will
overshadow: the true; value, destroying; its validity, we call such a
method wnstable: For stap/e method (Whichi is desired)— errors made
at early points die out as the method continues.




Parallel processing

It Is a computing method that can only: be
perfermed on systems containing tWwo: or more
DIOCESSONSI Operating simultaneously. Parallel
DIOCESSINg USes several processors; alll working) on
different aspectss off the same programi at the; same
time; Inerder ter share the computational lead

[For extremely: large; scale; problems (Short term
weather forecasting, simulation to) predict
derodynamics performance, Image processing,
artificialfintelligence, multiphase; filow: in greund
water regime etc), this speeds up the, computation
adequately.




Parallel processing

Most: have, just ene CPU, but
some modelsi have several. There are even

with: thousands; off CPUs. With
single-CPU computers; it Is possible to
perfermiparallel precessing by connecting
the computersiin a . IHOWEVer:, this
type off parallel’ processing requires, Very
sophisticated called

Sofitware.

Note that parallel processing diffiers, firom
, Infwhich a single CPU executes

several programs at once.




Parallel processing

Tiypes of parallel processing jobs In general there; are three
types ol parallel’computing jobs

Parallel task

Parametric sweep
TaskK flow

Parallel task

A parallel task can take a number of forms, depending on the
application and the software that supports it. For a
Message Passing Interface (MPI) application, a parallel task
usually consists of a single executable running concurrently

on multiple processors, with communication between the
processes.




Parallel processing

Parametric Sweep

A parametric sweep consists of multiple instances of the
same program, usually serial, running concurrently, with
input supplied by an input file and output directed to an
output file. There is no communication or interdependency
among the tasks. Typically, the parallelization is performed
exclusively (or almost exclusively) by the scheduler, based
on the fact that all the tasks are in the same job.

lask flow.

A task flow job is one in which a set of unlike tasks are
executed in a prescribed order, usually because one task
depends on the result of another task.




Intreduction te: numerical analysis

Any: physical problemiin hydraulics, is represented
threughr a set of differentiall eguations.

ihese eguations describe; the very filndamental
|aWs! i CORSERVatioN Off Mass and mementum in
terms off the partial derivatives of dependent
Variables.

[For any: practical purpose; we need te know: the
vValues of these, variables instead! of the values of:
their derivatives.




Intreduction tor numericall analysis

These variablesiare ebtained firom integrating these
ODES/PDEs.

BEecause ofi the presence; ofi nenlinear terms al closed fiorm
solution off these eguations IS net obtainable, except fior
some, very simplified’ cases

Iherefore they need to) be analyzed numerically, fier which
severall numerical methods) are available

Generally the PDES we deal in| the computational hydraulics
IS categorized! as elliptic, parabolic and hyperbolic eguations




Intreduction to numerical analysis

[He Jolowig IMELiods IaVe PEES. USEd. 1or:
AuUmercal integration ortie OPES

Euler method

Modified Euler methoad
RIlINGe-Kutta methoed
Predictor-Corrector metnod




Intreduction te: numerical analysis

[he rolowing ImeLiods iavel DEEN. USEd. 0r:
Aumercal Integration or e PPES

Characteristics method
=nite) difference method
=Rite element method
=hite; vollime method
Spectrall method
Boundary element method




Problems needing numericall treatment

Computation off hormal depth
Computation off Water-surface profiles

Contaminant transpert in stieams) threugh
ahn adVeCction-aISPErsion Process

Steady: state; Ground Water flow: system
Unsteady: state greund water flow: system
FIoWs In pipe network

Computation of kinematic and dynamic
Wave, equations




