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3 en 4 node
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3 en 4 node componenten

 Complex weerstandsmodel

» Locale verliezen afhankelijk van oppervlakte vernouding en
debietverhouding

 Formules en tabellen in handboeken (Idelchik, Miller)

In WANDA 3 in feite niet correct te berekenen (iteratief bepalen)

In WANDA 4 correcte weerstandsberekening
 Snel
* In tijdsimulatie continue herbepaling coefficienten o.b.v. actuele Q’s
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POSITIVE FLOW NEGATIVE FLOW

Straight branch Combined branch Combined branch Straight branch
& < o ol

/. D
o o

@ H-

@ @
Hs
Side branch Side branch
[ Continuity equation: [ Continuity equation:
e Q1+Q3=0Q2 e Q2+Q3=01
— Head loss: — Head loss:
o H1— H2 = K, (W2,/20) o Ho = H1 =K, (W2,/20)
_* Hs—H2 =K (W?2,/29) __* Hs—H1 =K, (W?,/29)
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POSITIVE FLOW

Combined branch Straight branch
Q K cot Qe

_

H: @ ® H-

H s
Side branch

[ Continuity equation:
*Q2+Q3=Q1

— Head loss:

* H1— H2 = K, (W?,/29)

_*H1—Hs3 =K, (W?,/29)
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NEGATIVE FLOW
Straight branch  Combined branch
Qs K e KR
He — E—_— e H

y
@

H s
Side branch

—

Continuity equation:

e Q1+Q3=02

* H2 — H1 = K, (W?,/20)
__* H2—Hs3 =K (W2,/29)

Deltares




IDELCHIK HANDBOOK

Straight passage: K. = 1.55 % _ (
1. COMBINING ~ 2.
_ Side passage: K. =4 ’1 + ( 0.4
Straight passage:  K; = 1 %
2. DIVIDING ~
| Side passage: K, = Hrll N (gsi;

A, = Area of the side branch;

A, = Area of the combined branch;

Q. = discharge in the side branch;

Q. = discharge in the combined branch;
A, A’ and t, functions of Q,,Q.,A, A,
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Invoerparameter: formule / tabel (Idelchik of Miller of andere bron)

2010 EH sB@A - ?20[I10BH sB@& v
= =
Type T-junction (prototype) 2] Type T-junction (prototype)  »| T
hodel name hodel name
Sequence number Sequence numkber
Disuse Dizuze
Reference id Reference id
Diameter straight branch Diameter straight branch
Diameter zide branch Diameter side branch
Xi method ®i method

Ritakles walid for
Xi combining straigt
Xi combining zide
Xi dividing straigt
®i dividing =side

Ll

Tabel: Combining / Dividing / Both
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Positive flow

H Q: 1455 (m3/h)
H: 60 (m)

—

Dst: 400 (mm)
Dsi: 400 (mm)
H: 58,0999 (m)
H: 58,0251 (m)
H: 57,9886 (m)

Xil: 0,284 (-)
¢ L Xi3:-0,1389 (-)
Q: 392,24 (m3/h)
H: 60 (
Kstraight = 0’28
Ko = 0,139

4 maart 2010

Q: -1847\m3/h)
H: 55 (m

Negative flow

H m3/h)

—

H m3/h)

[

Q: 392,2(m3/h)
H: 60 (m

Dst: 400 (mm)
Dsi: 400 (mm)
H: 58,0251 (m)
H: 58,0999 (m)
H: 57,9885 (m)
Xil: 0,2839 (-)
Xi3:-0,139 (-)
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o

B5 P
Q: 0 (m3/h)
H: 17,0469 (m)

H,=16 m

DH =

1,1m

P16

Y )
B3 == 5
Q: 0 (m3/h) E '7,” H ‘ Xit: Comb.pos Al
H: 16,0644 (m) o0 (m3h) Q1:412,5 (m3/h)
H 1 16,0644 (m) H 1 16,0833 (m)
B Q24125(m3h) J Q 2:991,4 (m3/h)
H 2+ 16,0843 (m) H 2: 15,9956 (m)
Q 3:412,5 (m3/h) Q 3:578,9 (m3/h)
H 3: 16,0857 (m) H 3: 16,0141 (m)
Xil: 1512 () Xi1:1,157 ()
Xi3: 09141 (9 Xi3: 1,513 ()
dH1: 0,0198542 (m) dH1: 0,0877242 (m)
dHs: 0,0212377 (m) dHs: 0,0184556 (m)
D
¥ (4 5)
B4 A 7 Y4 M Y6 Y7 AD p13
Q: 0 (m3/h) % 1: 0 (m3/h) Q 1: 1190 (m3/h) Xit: Divid.pos Xit: CompPo
H: 16,1099 (m) H 1: 16,1099 (m) H 1: 16,1829 (m) Q 1: 777 (m3fh) Q 1:198,2 (m3lp)
Q 2: 1190 (m3/h) Q 2: 777 (m3fh) H 1. 16,1828 (m) H 1: 16,1739 (m)y
H 2: 16,1919 (m) H 2: 16,206 (m) Q 2:198,2 (m3/h) Q 2:550,4 (m3/h
Q 3: 1190 (m3/h) Q3:-412,5 (m3fh) H2: 16,1742 (m) H 2: 16,1502 (m)
H 3: 16,2077 (m) H 3: 16,0909 (m) Q3:-578,9 (m3mh) Q3:352,3 (m3/h)
Xil: -0,7513 (1) Xil: -0,2122 (- H 3: 16,0244 (m) H 3: 16,1527 (m)
Xi3: 0,4353 () Xi3: 0,446 () Xil: 0,1842 (- Xil: 1,012 ()
dH1: 0,0820297 (m) dH1: 0,0231662 (m) Xi3: 1,847 () Xi: 1,091 ()
dHs: 0,0977828 (m) dHs: 0,115125 (m) dH1: 0,00858282 (m) dH1: 0,0236616 (m)
£ dHs: 0,158387 (m) dHs: 0,00249648 (m)
P14
) —N\
4 Q R j’ﬁl T ' 7 v AB Y8 AC
Xit: Divid.pos 410,4 (m3/h) 1:410,4 (m3/h) Xit: Divid.pos

Q1: 1190 (m3/h)
H 1: 17,0906 (m)
Q2: 0 (m3/h)

H 2: 17,0469 (m)
Q3:-1190 (m3/h)

H 3: 16,251 (m)
Xi1: 0,4 (-)

Xi3: 4,6 (-)

dH1: 0,0436744 (m)
dHs: 0,839605 (m)

A

Q, = 3200 m/h

Bl

H 1: 17,0957 (m)
Q 2: 1190 (m3/h)
H 2: 17,0957 (m)
Q 3: 1600 (m3/h)
H 3: 17,0957 (m)
Xi1: 0 (-)

Xi3: 0 (-)

dH1: 0 (m)

dHs: 0 (m)

o

[0

B2
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H 1: 17,0954 (m)
Q 2: 2010 (m3/h)
H 2: 16,9082 (m)
Q 3: 1600 (m3/h)
H 3: 17,109 (m)
Xil: 0,6002 (-)

Xi3: 1,451 (-)

dH1: 0,187173 (m)
dHs: 0,200767 (m)

H,=17,1m

Q 1: 2010 (m3/h)
H 1: 16,8938 (m)

Q 2: 1658 (m3/h)

H 2: 16,9007 (m)

Q 3:-352,3 (m3/h)

H 3: 16,1566 (M)
Xil: -0,02233 ()

Xi3: 1,244 ()

dH1: 0,00696449 (m)
dHs: 0,744149 (m)

AE

AH

LY.

AF T4 AG
O 1658 (m3/h)
H 1: 9,35204 (m)
Q 2: 2209 (m3/h)
H 2: 9,23003 (m)
Q 3:550,4 (m3/h)
H 3: 9,23705 (m)
Xil: 0,3242 (-)
Xi3: 0,122 ()

dH1: 0,122012 (m)
dHs: 0,00702273 (m)

Bl
Q: -3200 (m3/h)
H: 4 (m)
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Wanda 3 diverse “waterslag” PIPE’s:

PIPE — rough input: k-waarde

PIPE — lambda input: lambda

PIPE — xi-losses input: k-waarde + tabel extra verliezen ksi
PIPE — eq.D input: k-waarde + tabel extra verliezen L_eqD

t.b.v. EPANET import

PIPE — Epanet keuze uit diverse weerstandsmodellen:
Darcy-Weisbach (k-waarde)
Chezy-Manning
Hazen-Williams

t.b.v. adviesproject:

PIPE met bi-directionele extra locale verlies (ksi)
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Alle PIPE’s vervangen door 1 nieuwe alles omvattend type

WENS: waterslag PIPE met rechthoekige doorsnede

|E wanda Liquid -] i’
o |
S ¢

— =

=)

2

Pipe [Liquid] Fipe [Liquid] ll &

o

uT)

Twee verschillende (maar vertrouwde) symbolen voor zelfde model
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Keuze invoer m.b.v. drop-down list:

 Doorsnede:
* rond
* rechthoekig

* Wrijvingsmodel:
 Darcy-Weisbach k-waarde
* Darcy-Weisbach lambda-waarde
¢ Chezy-Manning
* Hazen- Williams

4 maart 2010

2010 EH BB v
1l

Cross section

...................... A

Inner diameter

Friction model

Wiall roughness

Dynamic friction

Additional lozses

Local losses cosff

Geometry input

Profile
Untitled1 PIPE P1 | x|

2010 EH BB v

A

Reference id

Cross section

Inner width

Inner height

Fillet zize

50.00 fmrny -

Fillet structural contribution |67 .00 (%)

Friction macked CHRA: i
n coefficient A (-
Additional lozzes Mane

Geometry input Lenigth

Length -Eﬁljﬂjﬂsﬂffl:ﬁ.5:5:5:5:5:5:5:5:5:3:

H-node height check

i 5]
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Keuze invoer m.b.v. drop-down list (vervolg 2):

» Extra verliezen
* geen
« Xi waarde (onafh. stroomrichting)
« Xiwaarde Pos / Xi waarde Neg
« Xi tabel
* L _equivalente #D tabel
* Dynamic friction
* Quasi steady
* geen

4 maart 2010
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Keuze invoer m.b.v. drop-down list (vervolg 3):

Alleen in Transient mode

Calculation mode
 Waterhammer
* Rigid column

Wave speed mode

* Physical
» Specified

4 maart 2010

2010 EH BB v
1l

Cross section

............. A

Inner diameter

Calculation mode

Wiave zpeed mode

Wigll thickness

Young's modulus

Friction maodel

Wiall roughness

Dwnamic friction

Additional losses

Local loss pos. dir.

Local loss neq. dir.

Geometry input

Prafile TABLE |
Wiave speed 1296 (mis) [
Pipe eletnent count 4 [
Adapted wave speed 1250 (mi=) [
Dewiation adapted 3.560 %) ﬂ
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Wijziging in geometry definitie / referentie hoogteligging:

Wanda 3.7 binnen bovenkant
Wanda 4 hartlijn

Voor cavitatiemodel is b.b.k. bepalend: hartlijn + %2 D

Min/Max pressure: t.o0.v. hartlijn
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Alle WANDA 3.7 modellen (en ouder) worden automatisch
geconverteerd naar de nieuwe PIPE

ingevoerde profielen worden %2 D naar beneden verschoven
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Meerdere type H-node:
- Standaard
-  Met demand:

- Init Head

invoer: elevation tbv Pressure bepaling
extra invoer: Q of Q(t) tabel

(ter vervanging van TAP)

tov head specificatie in geisoleerde delen
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Energie
Gradiént

Hydraulische
Gradiént

|

i E=H+v22g

| Energiehoogte
I

bij waterslag v?4/2g
vaak verwaarloosbaar,
dus geldt E=H

| V

| V229 =

. Snelheidshoogte
I

H=h+z 1 h=P/pg

(Piézometrisch), Druk(hoogte)

Drukniveau :

p—
P

Leidingprofiel v*ﬂ :
i S—

A

\'
—

Referentievlak __|_

Plaatshoogte
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In WANDA 4 wordt snelheidshoogte term wel in rekening gebracht

Orde grootte: v=1m/s v?/2g~ 0,05 m
v=3m/s Vv32g~ 0,46 m

Alleen voor die componenten waarbij een snelheid bekend is (dus
bijvoorbeeld PUMP niet)

Gevolg: Pressure in WANDA 4 is klein beetje lager dan in WANDAS3
(0,005-0,05Bar ; 0,5-5kPa)
HEAD berekening ONGEWIJZIGD
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NIEUW (Optie): weerstandsmodel voor slurries
(Niet-Newtons gedrag)

Keuze in Fluid window: Newtonian / Slurry

l.g.v. Slurry: extra invoerparamterers voor Herschel-Bulkley model

4 maart 2010

201l 2H 4 2@lo
| Pazte [Chil+] 3
Liguid name sweater
Rhealogy type Sléuﬁ
Density 1000 (kepm3)
Bulk modulus: 2.100e9 (M2

WapOLr pressure

0.01707 (har.a)

Kinematic viscosity

1.000e-5 {m2/z)

Yield stress (tau_y) 7440 (Mim2)
Yisc. Coeff K in H-B model 003100 (-]
Exponent n in H-B model 0.58730 (-]

B
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Veranderd:

Volgorde output propertie

Per connect node Q, H, P, v

(eerst primaire rekengrootheden,
daarna afgeleide rekengrootheden)
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Untitledl T-JUNC T1

&

20 I10=L iAo
_I'|.'Ies.sag£=s | il .
Digcharge 1 |(m3ih} []
Head 1 () ]
F_'ras.su re 1 5 (barg) L]
Velocity 1 (mis) [
Dizcharge 2 (3} ]
Head 2 (m) [J
Pressure 2 | (barg) ol
Velocity 2 [(mis) [
Discharge 3 |(m3ih} []
Head 3 () ]
Pressure 3 (barg) ]
Velocity 3 (mis) [
Loss coeff stra ight | (=} ]
Loss coeff. side  |(-) ]
Head loss straight | (m) [l
Head los= side ) ] ;
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