Gravity pipeline

1. Specific flow
2. Partial flow

3. Boundary cases
4. Air blockage

5. Practical exercise
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1. Solving the Bernoulli equation

In gravity system, each system has its specific flow but:
- To calculate the flow, we need to know the losses

- To calculate the losses we need to know the flow @

1. Calculate losses with an estimated flow

2. Take a lower Q if ZH ;> AH, and a bigger Q in the
contrary

3. Iteration till having the same result (£ 2%)
» Similar process can be used with the diameters
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Flow Estimation

»+ Work as closely as possible from reality,
no margin can be taken

A AAA

Calculated losses < H,-Hg:
Specific flow underestimated
Pipes diameters to big

total
: : v|| losses
H, In case of air suction => Calcuteted losses » H,-Hg:

-Flow reduction Flow correctly_estimated

-Contamination

-Air blockage

Hg
g % Calculated losses_> HA-I—N !

WSS Specific flow overestimated 3

Pipes diameters to small



Specific flow

+ The specific flow is the maximum flow that
can pass in the system without adding energy
(pump, extra height)

+ If the actual flow is lower, partial flow will
occur on a part or the totality of the line

* In this case, it should be checked that speed
is still acceptable («3m/s)

» Check also that there is no depression zones
on high points.
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* Q<Qn=

* Atmospheric pressure

» Energy directly
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2 Partial flow

Pipe not full

Partial flow
zZohe

dissipated

Calculated losses

Concave
case



Convex case

Calculated losses

Watch out for connection

In the partial flow zones :
the actual losses > calculated losses
Bernoulli is not valid Il

The speed will depend on the slope
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| Partial flow
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U shape case

Calculated losses

Partial flow
zonhe




Case with a high point

* Where are we going to have partial flow ?

Calculated losses

Total
energy
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Adjust diameters to profile

To avoid depression :

+ Small diameters downhill
* Big diameters uphill

=> Limit internal pressure

Pipe with adapted diameters
Pmax
S~

Pipe with constant diameters




3 Boundary situations
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When the slope is small
Example :

For a flow of 2 I/s

Maximum diameter is 75 mm if
the speed is > 0,5 m/s

If the average slope is < 0,5 %,
we don't have enough elevation
to pass the desired flow

=> Pumping station will be needed

Speed min: 0,5 m/s
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Boundary situations

200 \ / 100 ] ]
e ———— / When it is steep
\ —— Slope max Example .
150 \ / 75 For a flow of 2 I/s
The minimum diameter is
E / - 30mm if we want to have a
%100 \ / 50 ig velociTy <3 m/s
5 \ / e If the average slope is > 45 %,
// the height will be too much to
o N A e be dissipated with linear
T PTTNE friction losses from pipes.
M _ = In this case, singular losses
= should be added to limit the
00.6 1 © s 45078 10 20 30 405070 100O water V€|0Ci'|'y
Flow [I/s]
< % Velocity max : 3 m/s 1




Installation of a break pressure tank

In case it is too steep to dissipate energy in small diameters’
pipes, it should be dissipated with singular losses (valve)

The break pressure consist of :
1. A throttling system and a regulating valve to dissipate energy
2. A tank to control the flow and the that pressure = Pa

In case regulation valve can be closed, the system
uEs’rream will be under static pressure and the PN
should be selected accordingly.

Water hammer might also occur.

What happen it the valve is not
> well adjusted ?
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Adjust the flow

Gate valve Globe valve

unmnmmu’ AN
Not to be used ! Correct

WSS
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4 Air blockage

Spring
Problem dur'ing - I> 10 meters
commissioning
If flow happen, air will
be absorbed

Identified the critical
sections (BC & DE)

Solution :
- Air valve, tap, Tee,
- Fill in with water slowly
- Pumping at the spring

No risk of air blockage
Spring
L

Risk of air blockage



Air blockage

Critical section : BC
—small pipes B'C

—large pipes BB’
Blockage if H1+H2 > H tot

Spring
u
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Always target optimum,
ho "safe side"

» Over design
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Cost
Sedimentation
Water quality

Air blockage

Risk of depressure

* Under design
- Insufficient flow
- Erosion
- Water hammer
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Tool Gravity Pipe

L%} H | ul F L m
1 |Nom du projet: | Type { Neud 017 So|02 ! BE 03 ¢ Te|04 ! Te| 05 ! T<{ 06 ! BH Total|
2 | Projet Beylul Description Source |.ﬁ.laimle THC TSchcu:\|TElequI EF2
° M 3 |Nb de neuds Bénéficiaires [-] FE0 15| 150 1125 1125 B
L W 1' h f 1- 4 3 p—_ - [ Qestiis] zan]  zan 2z zos 1.0% Editer Duviage
" l . u nC I o n " 5 | Nb de bénef. DEbit estime [mth] 10,4 .0 7.4 7.4 3.7 |
5 FES Elévation Z[m] 14 12 1 B B z[ 8 T[<] 30
E d l T e r' O u V r'ag e 7 | Déhit par bénef| Longueur L [m] 360 1100 1070 455 120 g [mi=2] 3.8
. / g 0.00 s Rugosité ks [mm] o007 owon?||  ooo7]  ooor]  ooo7 nu[mts] | s00E-07
e n T e rl a l l p o I nTS g 0.003 m3th Pertes sing. E m[-] 2 2 2 2 2
10| oo7amdtioor |[Diamétre O [m] o4 ooss|  ooa]  oos|  oos
11 Energie restante
° U d 1. . 1. h 1- h 12 Distance cum] % [m] o @e0|| Z0BD|  @130]  @6l6]  Gva 0
P a e W l e | Yitesse [mi=] 0_34 0.3 0_35 032 0.52 Bons diamétres
. 1Y |ICRC watHab pertes [m] 12 13 15 0.7 1z2] &0 |
w l nd O W O r' d l r‘eC'l' Iy 18 | L wismer Charge sup. [m] i 13 1 10 5 5 C aloul D &bit i<
19 |Update 6410 Charge inf. [m] 14 13 11 10 3 ]
. 20 |v11Beta P dyn [bar] 0.0 0.1 0.0 0.1 0.0 0.0
|n The spr‘ead Shee"' 21 H Stat réf. [m] 1 14 14 14 4 4
22 P stat [bar] 0.0 0.2 0.3 0.5 0.5 0.6
. . 23
° 24
Adjust diameters
2k
to have a good —2?
28 —@— El&vation
. 29 .
pressure profile = —————

Ajout de noeuds

* Possibility to have |

Twpe d'ouvrage 01 /5o  Source

b r‘anc h es d Deseription | THC 0z E BF  Alaitole

_ Mb bénéficiaires
(™ Skation (BF) Eranche : 04/ Te  TSchool

1 ! N ! i Debit {Ifs 05(Te T Beyll
* Ver'S l On ln Engl lSh ls | Point(pe) ) £.21275 | Brani | 05 /BF  BFZ
El&wation {masl) Iill
7 * Branchement (Te)
p an ne I Longueur {m) 1100

- " Brise Charge (BC)

N Rugosite {mm} 0.007 | MéEme que précédant
- Perte singuliére 2 | Méme que précédant
. Diarnétre (m) 0.095 [ MEme gue précédant

Ajouker Supprimer Fermer

ﬂxﬁ ')(13 {“’&’:‘; M <« » ¥ \Principal / Bra0l / Bra02 /£ BraD3 /

Lo =




