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Stencil of an explicit and an implicit scheme
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Fig.: Comparison of an explicit (left) and and implicit (right) scheme
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Example: Advection equation o o
Rt =rhly + (1 =1)h} Q
Oh Oh
—tu-—=0 (1) t r=1
ot Ox |
Discretization (upwind): k
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h; _h?+u- h? — h? 4 _o ™
At Ax
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n+l _ 4n n n n
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+1 _ +1 _
h™ =rhily + (1 —1)h} q Rt =rhi, + (1= 1)h} G
t r=1 t r=20,5
k k
2 2 3 2 2 2,25 2,25 2
n+l n+1
2 3 2 2 2 25 2 2
n n
3 2 2 2 3 2 2 2
n-1 n-1
2 2 2 2 2 2 2 2
-1 j j*1 m X -1 j j*1 m X
(a) r= 1,0 (b) r = 0,5
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» UNDA (lat. the wave) is a
MS Excel worksheet based | |
programm for 1D flow ’ N ‘
calculation in open channels;

» developed by Aubrunner (2009)
in the course of his
Diploma-thesis at BOKU

» numerical solution of the
Saint-Venant equations using
the Preissmann-Scheme
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> river networks including retention basins, lakes, weirs and connections

» generation of inlet boundary condition a.o. form a unit-hydrograph
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Fig.: boundary conditions for weirs (Aubrunner, 2009)
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Fig.: start view UNDA (Aubrunner,
2009)

nfo.

Fig.: Unda2003_v4.x1s
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Simulation time and calculation: and Environment
» simulation time: 1800s
P> 900 time steps

» max. 10 iterations for each time
step

river:
» length: 3km
» 1000 intervals
cross section geometry:
» width: 3m
» bankslope: 2
» roughness: kgt = 50m

> 6 significant digits
output:
> 10 time steps
_ 1/3 -1
» 100 m cross section

> 3 digits
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Unit hydrograph for upper and Environment

boundary:
: _ 31

> baseflow: Qg =10m’s possible extension:

> start of precipitation at minute 0 implementation of a retention

> precipitation duration: 10 min basin

> storage coefficient: 100s » connection of an additional river

> number of storages: 3 and superposition of flows

> ...

outlet into the sea:

» water surface above river bed:
1,.2m
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Average error of a variable F based on independent variablegasionmen

AF = XI: (g_f, : JX,.)2 (2)

Maximum error:

AFZ

3x,

pre-assumptions:
» normal distributed errors

» small standard deviations o,, < x;
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Example: Calculation of the volume of a hexahedra from th:e:eEE%:ﬁw%%?ew mise
three side; expected error from length measurements 1 %o , but 2 mm
minimum

> /=6m— Al =+6mm

> b=1m— Ab=+2mm

> h=2m — Ah=42mm

V=l-b-h — S =b-h (4)
oV
Ik
—>ab (5)
S (6)
urr
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Gaussian error estim-
ation: Volume meas- (c SWe¢ r'M

urement G
Univerly o s osurces
Average relative error (2) eparment o Water, Amesphere
AV 1 v . \? oV 29V \?
Vv V (afA’) * (%Ab> + ((%Ah) (")
1 1 1
SN YN + PH? - AB? + PH? - Ah? -
\/ 2R 1P Pb2H? PR H2
(8)

T e T
:\/0,0012 +0,0022 + 0,0012 = 0,00245

B \/AP AB2 AR
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Maximum error (3)
oV oV oV
AV = W‘AH— %‘Ab—l- W'Ah (10)
—bh- Al +Ih-Ab+ Ib- Ah (11)

AV
—2.0,006 + 12 - 0,002 + 6 - 0,002 = 0,048 m> — ~ = 0.004
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Example: Use of the hexahedral container from the example above for flow
measurement @ = %:

» Accuracy of the volume as above

» time measurement

a. t = 22,4s with an estimated error of 0,55
b. six repetitions of the time measurement: 22,4s, 22,1, 22,2, 22,85,
22,0s, 22,5s — t = 22,3335

estimate the average and maximum relative error of the flow measurement
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Use of a hexahedral container for flow measurement:

% 09 _1
O=y T v (12)
0Q %4
a e (13)

9Q )\, [(9Q 1 V2
AQ_\/<8VAV) +<a At) _\/t—zAV2+FAt2 (14)
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Average relative error:

A 1
Q 1 \/ AV2+—At2 (15)
172 \/2 2 \/AV2 At2
AV2 —A 2 = —_— 16
\/rz2 2+ \? e (16)
Maximum error:
Q %
‘8 ‘AV+' ‘At—‘ ‘AV+2A (17)
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Gaussian error estim-
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average relative error from equation (16)

AQ AV2 A2 ) 0,5 \?
- _\/ AL _\/0,00245 +(555) = 00225

maximum relative error from equation (17):

1 v 1
AQ =LAV + At = 0048+ 0,5=0,0141m3s"

22,4 22,42
AQ
—_— — =

0,026
Q
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ad b.:
Standard deviation of time measurements:
>i(ti—1) 0,433
o t p— 5 0,2944 s (18)
relative error of the time measurement:
At 0,2944
e — 131 1
t 22,333 0,01318 (19)
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Gaussian error estim-

ation: Flow meas- zc SWe¢ rM %
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average relative error from equation (16) and Environment

AQ AV2  Af? . 5
0 =m:\/o,00245 10,013182 = 0,01341

maximum relative error from equation (17):

)]

1 %4 1
AQ=-AV + —At=—-0,04 0,29 = 3571
Q n —l—t2 23 0,0 8+22’32 0,29 = 0,009 m~s
AQ 0,009
—_— = = 0,017
TTQ T o5 =
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Calibration of a Thompson weir:

v 1
Q:Cv-tana-h%:C‘,zsL _>8C = (20)
h2 - tan« 80 h2 -tano
oc¢, Q@ 5 1
—-h 21
oh tana 2 : (21
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average error of the coefficient:

2 2
AC, = \/(%AQ) + <—§ . #AO (22)
h2 -tana 2 pi.tana

AQ? 20 2 2 B - tah?
\/ Q2 taj]a+—5-—q Ah2-—téf‘o‘ (23)
W tah?a  Q 4 A - tah2a q
AQR? 25 AR?
=/ == 2 24
\/ @ Ta (24)
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maximum error of the coefficient:

Q

7—‘ Ah (25)
h2 - tan«
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