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Abstract

Condensed air in the water stream causes serious problems such as head drop, localized

pressure increases high noise generation, shaking in the pipes, as well as the loss of pumps in
the system will be transmitted. To remove air from the system, air valves should be used. In this
research, the hydraulic properties of air flow contained in the water pipes is studied, then a
program is developed for providing the optimal solution regarding the size and position of the
valves in the right place by using MATLAB software. The general method is to examine all the
tube parts at the failure location by the direct search algorithm and find the lowest gradient and
calculate the initial discharge rate of the line as following: First, the minimum amount of air
intake in the water pipeline will occur. Second, the air outlet speed of the system will be
optimal. To enhance the applicability of the proposed method, the model was developed in the
GUI environment. Finally, for the verification and evaluation of the results, an identical model
of water pipeline using Valmatic software and the present developed software has been
analyzed.

Keywords: Air Valve, Water Transmission Pipeline, MATLAB Software, GUI Environment,
Valmatic Software.

Journal of Water and Wastewater Mo 5 of dxa

Vol. 32, No. 2, 2021 Voo Jlu Y oled XY 59


mailto:mghaeini@uk.ac.ir

ra dx.doi.org/10.22093/ww;j.2020.218909.2987

28-41 axio 2 o ylou e 0,99 «HLé g UT adxo
38 192 OVT gl 051 pand 9 b OIS0
Jisb T JUEst 0y batas

T SlS I plusl S48 s slan 2B 5lge ST > ed

50‘)@‘: (eI u:.:’q ‘.L::)‘ ‘sum)ls 4.‘2"’0102..“& -\
Olal eislayS eiyle,S yimly dugd oKl ¢ gusdique g (38 0aSiils
(e 9 ‘523 oaSiils “’)ba.c e L):""'«’ 5)L:..2J|é =Y
Ol eileyS (sloyS il gl olKails
mghaeini@uk.ac.ir (Jsrus oaius)

Ol yos oudige ity d 188 415 gal tils =¥
Ol egleyS qole,S ol augd olKLsls ¢ puwdige g (28 0aSiasly

(3VIA iy

LYVARVALRCH I

oy pIAS1 95 D yge 4 dlie ol @ £l ol (Sl p
" iob T YU Aled b gl 5919 YT 03131 ot 9 (Lo "V F 1 i SloyS (SIaD g slas (Sl T > e
Doi: 10.22093/ww;j.2020.218909.2987.y A= £1 (Y)Y Y codss 5 0T alone

s LS

- <

DOj Glamo Mg ¢ mbge Wi (il Gl Jud 51 goa (FYe o1 Csly O JUIT sy )3 00l (gme (gl
il 932355 03litusl I (618 yuud 51 sl impas 51 192 Z 955 (g1 Vgono 3905 o0 bcany SMaus! (ywizead 3 L) ;5 (555,
laolip 3= b ) JLEST bohas 13 192 (b i (6305 )18 cawlio (10 g 8511 (yuntd (o guad )3 i (5,815 Gidg3
Cr oS Ygl & b e glasgSay b algl 3110t g, ol 43 3900 o0 41yl MATLAB 1331055 ;5 0w 0313 dzwwgs
31 o (511 0l &iTy) B9y bl Wit s 31 192 955 o puo LU g 0 £y O ) b 53 Tp (Sl pwgune yluda
i 4yl (g (63 52)LS gl (ali Sl (g1 id (g jlwmdly losS (bl (Il G ppend &1 O JUT 059 gl a3
O ygmaod lod ol poud Aty (3180 g 051051 & 3gud 0 2158 1Sl (3] aS 0 831> drwgi GUI lawses 3 (g3lgwin doli
S Valmatic =810y 31 (Jols gl Sumcouwe 1y Culis ;3 0w &1 sl Cowdd gl g dgui 8315 i les (Sudl 5
33 (otae Culild 5 Sy g1y paw 1)) gy oS 31y LS gl ol 0] Cawl JBESI boka  alib 40 e (515800,

Cowl Tgd T s S 15b g Olwliee dino

Valmatic | 33l »5 GUI MATLAB O 5Sle ys wo T Jlasl boba dod b (saulsslao iy

@ﬁ'%ugb:‘m‘)bjjjj&jsg_gﬁdu;;b
(Vasconcelos 55 0 ol dg) ol Jlls LU 55l gbaes s
and Wright, 2008)

oo L Lo pas JUisl bshs 3 o gome ssn 4 42 ps
quc“uu‘};oubwh_w):un):w‘Q‘

Journal of Water and Wastewater

doddo -
b i Lings SV ob gl e 55 OF Jlis) bjles
Il 5 of s 53 10838 Wl 5 locai 5 513 5l e
e S cdeas ol aalys sy 03B o Ss ) bs
52 e (gl 0ad s3] rizen 5 LSS ) s Sawli S
O oty s sl g5 0 sl s sy 51 56 T

Vol. 32, No. 2, 2021

u)&ab;uT«l:u 0
VY. LJL““V UL«S.\"Y 093


mailto:mghaeini@uk.ac.ir

dx.doi.org/10.22093/wwj.2020.218909.2987

g L3 SY s 0510 a9 by (S

Ol 53 0as o sme 5150 ol SYMas] 55, Sl O
JUisl s 53 hate OIS p 585 4 e il on O
(rd 3o 5Lsd ol Bl as Sl 6 ol g e dlex o) 51 Ss 58 O
Lo ey SVl e 5 Laad ) 53 (350 0l slaw u
5,5 s,

sloagiegin s Slalbs g ib 50 ol Canl i 5 L
BENUIBIS OIPRPES RGNS ¢Lsl il O30l (g30r2e
b 31l gl los cbadlslan 555 Jiagsy 5o YooY JL
655 Slam e olal s Lyl iy 53 eain,S s | Ipn
JJ S 008 2 0l oo 1o glo o3Il (s os dislas 5
.(Bianchi et al., 2007) 1 e T L

Ol hs S sla gy Yoo d Yl 55 0 g 5SS
S8 sl ot ol sLaaily sls il 1 (sl o315 s
iyt I Uy iS5l il sb 5n gl o
80 4 poie (2 500 (e b b a8 Csly il 5 e
el b e el e bl al a8 58 4B S
b VY g ninolhal b 58 2l sy 58 5 ) s
.(McPherson et al., 2009) ws 545 5 Sl

Sealiss 5l o g 53 Y VY L s pllKes 5 S,
el oo Jsb s o5kl d g bk 5o lsm gl
SoSeslal Jala oo (sla ol (Salys 5 Shos cad g, 0ol
b S )5 et s S s Gl e ot 4 T Ay
S 5LeT wsle laslasy aalsl 5 Iy e b, 3s cplos
Ll 23 G5l ) (S8 5 g Bl
.(Bergant et al., 2012)

Ly gyt o3lash Y 010 Jlo s o Kan 5 55 Sibsss o
50 gl g1l gy ol 030l (g ST Jasl byl s
Sl o s JUil byhas o 208 4,0 D3 5
e gl e 55 ad ary Sb gl e 5ol (g5leand s
e Al 50 S s | e Lid Sl it a8 e 6 s
(Wuetal., 2015) o> o SialSlsm b ud

Slap Copde pogas 15 YV Jl s ol 5 Jlas,
als ot sy ol g5y OF slady) b3 5 i3
S Sy o (2805 5 (] (Slapia o e 10 S

a)j—&ﬁ%ﬁ“u‘“—”’)ﬁud‘ﬂuu“Jﬁ)m‘r‘zub“f;

Journal of Water and Wastewater

Vol. 32, No. 2, 2021

g ot by Slasol e i a3k 2L AL
o Ble o wlialyn s g a8 o 25 ot LS
31 man 5 ey 5 SHLS il Cl ayl sl el
o sloos g5 cnl oaile (Bl o 0F enlin S8 o 55 oo
o slauliol 0L 2 ol 5 Ceglie 5 JLasl by s s
L ol Sl 5553wl 556 ae 315 (Saals
5 ot (g1 m Sl slodt 3 e 5 S a5 0 YLl 5 )
TN P FRCH WP NI S ST
.(De Aquino et al., 2018)

1l s SHLS WS Ehusls Lt sas oLl 5o jtns s,y
NUSRCRPIIRSR DEAT-NA SO U gy e
Yo 3l s A0l e st e ya (6l gm ool JUil b shas s
ol e ptman S JUadl | Jlisl Lt s S, ao s
pae o by e Ll Ol oans OIS slaaty 50 5 bad ) 28 5
[(Balutto, 1996) ceul 15 uslio J 28

sl ooty 5l T Jlasl bydas sl o8 ol
Sl S i s o1k s it slacud 5l ol
5 oS b 318 bla Bls (gl (o155 (5 0o (LS
0l o Gl e Lad i Gl ol Jliae
ssliad oyl e s 51,5 bl s e slaes 5 ously gl of
byt s dgm sl ot Giliso gl 3loslinal S Jo s .58
ol 5 ol p Sl OIS laa 30 G o 4 (55U Jlas]
Ol s (595 2150 Gl el i by 5 s 0L 2 s
L s hdSS slaa 5o 5 (6350 B a0l (2350 55 (e
bobs samin 2l s (b Js ¢l addlols oS 5
325am b3 2k o sas 5o Sl (1l 2als 5 JU]
s3ls s 4 o0 Sl 5o gl i Clin o311 5 CoaB g s
St S5 Jals & b iz Jpans SEs S 2o
s S o g J S (ol ) s 55 bl s Tgn
Az s den b clie Saadge 5ol Ol nes
sl gl b (b ol 5 ot ladasiin S50
S, S aelpss do 1l 4 by e DAt L 45 i
S B ) g S e 0 e sl s
.(Zhou et al., 2011)

Just slod o) 5o ciline LYo o <l Ol 5o 2525

ML 5 f o O

\feo JL«HV B)Lﬁn:ﬁr* 099



dx.doi.org/10.22093/wwj.2020.218909.2987

OblSen 5 T o2yt e

St e a8 uslizad OT JUil b ghas s e slo e
33l 5 faoa 53 slaal 3y ol 3 st s 4T n
§ Fis S8 Lol U el snd osls 4w 5 MATLAB

.J}i rL"u‘

b S5 5005 Y
N3le 5 a5 =N -
b o Ll gl (ASoaeB G ozils Jlast s shie
Sl ay sl Bl el il 6150 51 o sla ot ol
sl lembppl g LyaS e o b dd bs
gl sladdon 5 (S ams e LB 1 g ot o
53 YN Jl s Gl same VLT T Sladlas ol o 5
(AWWA, 2001) Cuul s @1, \ IS

5l cadise byl s js 5 5d e daxe ) IS s S 6 S0k
Slasio b Folize sl gbood dbd ) Job 5 ool Ol

ELEVATION

o
c
o

(Ramezani s34 > 5 LB Slles s Lz Sl wlg o
etal., 2015)

=505 olasie YV Jlu s oLKes 5 5 hass o
A Ol e g Ldy) bobs sl gl ol 5o 0l ~
(Liuetal., 2019) u& v,

sloadendlsiws 5 by sleslin Wl L gy ool s
5 2Bl sladus ol 1 aS e slaaalips |
e ) m es (LSl s gl o 2uS gla g
Sl 350 20 s 5150 (sl b o5l 5 SIS Lol e
P WS R P P g PP KPR FPTIRC
bsbas Jsb 5o lss slo it S Cand g 5 o5l Jlo (61
s3] o a5 sl fonlly grs 5 baaali T o daily 5 o JUis]
@olatil b ol yos g (oo 8 Oluwbe S35 ] 5l S o
Ly pols gl anm i o5 5 e 5000l ol g5 b

S CumBsn 5o 3lul dlos (5l 555 4 Ll ST SsL 5 23s

RESERVOIR

DRAIN VALVE

DRAIN VALVE DRAIN VALVE
(O AIR RELEASE VALVE
—— FLOW —&> @ AIRVACUUM VALVE
LENGTH () COMBINATION AIR VALVE
NO. Description Recommended Types NO. Description Recommended Types
1 Pump Discharge Air/Vacuum for Pumps 9 Decr. Downslope No Valve Required
2 Incr. Downslope Combination 10 Low Point No Valve Required
3 Low Point No Valve Required 11 Long Ascent Air/Vac or Combination
4 Incr. Upslope No Valve Required 12 Incr. Upslope No Valve Required
5 Decr. Upslope Air/Vac or Combination 13 Decr. Upslope Air/Vac or Combination
6 Beg. Horiz. Combination 14 High Point Combination
7 Horizontal Air Rel or Combination 15 Long Descent Air Rel or Combination
8 End Horiz. Combination 16 Decr. Upslope Air/Vac or Combination

Fig. 1. The proper location of air valves in long water pipelines (AWWA, 2001)
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Table 1. The results of maximum flow rate calculation for circular pipe

Slope of Manning Pipe diameter y ()] Area P Flow rate
pipeline  coefficient (m) (m) (radian)  (m?) (m) (m®fs)
0.100 0.017 1.800 0.010 0.401 0.004 0.361 0.004
0.100 0.017 1.800 0.020 0.568 0.012 0.511 0.019
0.100 0.017 1.800 0.030 0.696 0.022 0.627 0.045
0.100 0.017 1.800 0.040 0.805 0.034 0.725 0.083
0.100 0.017 1.800 0.050 0.902 0.048 0.812 0.133
0.100 0.017 1.800 0.330 2.448 0.732 2.203 6.537
0.100 0.017 1.800 0.340 2.490 0.763 2.241 6.919
0.100 0.017 1.800 0.350 2.532 0.794 2.279 7.309
0.100 0.017 1.800 0.360 2.574 0.825 2.317 7.706
0.100 0.017 1.800 0.370 2.616 0.856 2.354 8.111
0.100 0.017 1.800 0.750 4.189 2.047 3.770 25.347
0.100 0.017 1.800 0.760 4.235 2.075 3.812 25.735
0.100 0.017 1.800 0.770 4.282 2.103 3.854 26.112
0.100 0.017 1.800 0.780 4.330 2.130 3.897 26.477
0.100 0.017 1.800 0.790 4.379 2.156 3.941 26.830
0.100 0.017 1.800 0.930 5.212 2.466 4.691 29.887
0.100 0.017 1.800 0.931 5.220 2.468 4.698 29.890
0.100 0.017 1.800 0.932 5.228 2.470 4.705 29.893
0.100 0.017 1.800 0.933 5.236 2.471 4,712 29.895
0.100 0.017 1.800 0.934 5.244 2.473 4.720 29.897
0.100 0.017 1.800 0.935 5.252 2.475 4.727 29.899
0.100 0.017 1.800 0.936 5.260 2.476 4.734 29.900
0.100 0.017 1.800 0.937 5.268 2.478 4.742 29.901
0.100 0.017 1.800 0.938 5.277 2.479 4.749 29.901
0.100 0.017 1.800 0.939 5.285 2.481 4.756 29.901
0.100 0.017 1.800 0.940 5.293 2.482 4.764 29.900
0.100 0.017 1.800 0.950 5.381 2.497 4.843 29.868
0.100 0.017 1.800 0.960 5.478 2.511 4.930 29.781
0.100 0.017 1.800 0.970 5.587 2.522 5.028 29.624
0.100 0.017 1.800 0.980 5.716 2.533 5.144 29.373
0.100 0.017 1.800 0.990 5.883 2.540 5.294 28.963
0.100 0.017 1.800 1.000 6.283 2.545 5.655 27.797
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O AirRelease
Sample ® ArVacuum Zoom Profie...
& Combination
From STA
1015 : _ |
ELEV | - : : ToSTA Becale
(M) 1005 ¢ ¢ | v l
1000
908 ' : ! : Excavation
990 i i i : ‘ i Max Depth: (M) | ? I
0 1000 2000 3000 4000 5000 €000
STA (M) Flow -> | | Recalc
STAM |ELEV M Desciiption | Excav?|  Excav Recommended Valve Size/ Model Slope | FlowRate, CFS | A
0.00] 1000.00 Beginning | Isf 0.00 No valve necessary 0.0040 0.00
500.00| 1002.00{ IncrinUpSlope | = 0.00 No valve necessary 0.0060 0.00
1000.00| 1005.00, LongAscent | '~ 0.00 | 121N #112F ArVacuum | 0.0060 324.78
1500.00/ 1008.00 High Point | sl 0.00 12 IN #112F /45 Dual Body Combination | 0.0060 324.78
2000.00, 1008.00 Long Horiz | sl 0.00 21N #45 Ar Release | 0.0000 0.00 v
Save | Cancel Vacuum Sizing Pressure: |5 Psi Notes | Close I Q,

Fig. 3. The Valmatic software analysis report for air valves
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Table 2. The geometric and hydraulic properties of pipeline

Manning Pipe design Pipe Pipe

Design Pipe Inner pipe

F flow working maximum ] :
coefficient velocity pressure pressure flow rate thickness diameter
0.017 1mls 16 bar 33 bar 3m’/s 14.27 mm 1800 mm

dgd bz Loy, sboanss Olase =Y Jjus
Table 3. The pipeline longitudinal profile coordinates

5900 4900 3800 3200 2800

2500

1500 500 Distance (m)

1008 1005 1005 1007 1010

1008

1008 1002 Elevation (m)

' ' ' ' '
b E Stations Elevations
iputs Conditions 1012 0 1000 |
= |
Diameter: 180 | cm tat . 1010 - 500 1002 |
Slunit M| 1500 1008 |
e ol o ) 1008 - 2500 1008 |
ickness: m Material 1006 - 2800 1010 |
I Steel - 3200 1007 |
Flow: 1DpPUt 3 | mas 1004 3800 1005
Informations 4900 1005 |
Pipe Pressure Rating: 33 | bar 1002 5800 1008
_‘_‘"»vl Ifa:“fm 1400
Operation Pressure: 16 | bar _E_"'" Comainatior
{—ArReesse 498
Plot L L L L L
Max Collapse Pressure: 0.5 | bar 0 1000 2000 3000 4000 5000 5000 .
C Stations
g . + The surge pressure plus the operating pressure is 28 bar. This is less than the pipe pressure, which is 33
Fill Velocity: 1 | ms bar.
+ A pressure relief valve is not needed. The minimum diameter is 45.72 Cm. _<= Water hammer
Factor Of Safety: 2 + Maximum pressure the pressure relief valve should be set at is 34 bar (33 + 1 bar). Anal."Sis
- Station 500 : * This station Don't NEED Valve
Manning Coefficient: 0.017 | sim*73 - Station 1000 :* This station need AIR VACUUM Valve - The Air Vacuum Valve diameter is 27 Cm
- Station 1500  : * This station need COMBINATION AIR Valve - The Air Vacuum Valve diameter is 27 Cm & The Air Release Valve diameter is
Cordination - Station 2000 . * This station need AIR RELEASE Valve - The Air Release Valve diameteris 15 Cm
- Station 2500  :* This station Dont NEED Valve
= - Station 2800  : * This station need COMBINATION AIR Valve - The Air Vacuum Valve diameter is 28 Cm & The Air Release Valve diameter is
Station: o - Station 3200 :* This station Don't NEED Valve
- Station 3800  : * This station Don't NEED Valve 5
-Station 4350  :* This station need AIR RELEASE Valve - The Air Release Valve diameteris 15 cm  Results of air valves
- Station 4900  : * This station Don't NEED Valve . :
Elevation: m Station5400  * This station need AR VACUUM Valve - The Air Vacuum Valve diameteris 23 cm  l0Cation and size
Creator and Programming: + maximum filling flow : 5.4583 m"3/s |<}=I Initial discharge rate !
Hassan Fahraji Azad
Fig. 4. Results of air valves analysis according to the MATLAB- GUI software
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Table 4. The results of air valves analysis

Air valve location Type of air Size of air valve
(m) valve (in)
0 - -
500 - -
1000 Vaccum 10
1500 Combination 10
2000 Release 6
2500 - -
2800 Combination 10
3200 - -
3800 - -
4350 Release 6
4900 - -
5400 Vaccum 10

- 2 No need for air valve
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Table 5. Results of air valves analysis according to the MATLAB- GUI and Valmatic software

Valmatic software

Air valve station (m)  Air valve type

0 -
500 -

1000 Air/Vaccum
1500 Air/Combination
2000 Air/Release
2500 -

2800 Air/Combination
3200 -

3800 -

4350 Air/Release
4900 -

5400 Air/Vaccum

- 2 No need for air valve

MATLAB software
Size (in)  Air valve type Size (in)
12 Air/Vaccum 10
12 Air/Combination 10
2 Air/Release 6

12 Air/Combination 10

2 Air/Release 6

10 Air/Vaccum 10

oo s ol s glasal ;=7 J o
Table 6. Guide to determining the diameter of the air valve

Air valve diameter (mm)

Main pipeline diameter (mm)

80

100

150

200
250 or more

<250
250-600
600-900
900-1200
1400-1800
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