s o v
, , ) g 3 Wl
dx.doi.org/10.22093/wwj.2020.209875.2908

V08

Journal of Water and Wastewater, Vol. 31, No.4, pp: 156-171

Investigation of the Behavior 2D of Trapped Air in the

Water Conveyance Systems During Rapid Filling or

Emptying Process

R. Daneshfarazl, S. Dastgiriz, B. Ali Nejad3, M. Besharat#*

1. Prof., Dept. of Civil Engineering, Faculty of Engineering,
Maraghe University, Maragheh, Iran
(Corresponding Author) daneshfaraz@yahoo.com
2. MSc Student in Civil and Hydraulic Structures, Faculty of Engineering,
Maragheh University, Maragheh, Iran
3. Assist. Prof., Dept. of Civil Engineering, Faculty of Engineering,
Maragheh University, Maragheh, Iran
4. PhD, Instituto Superior Tecnico, University of Lisbon, Portugal

(Received Nov. 30, 2019  Accepted Feb. 12, 2020)

To cite this article:
Daneshfaraz, R., Dastgiri, S., Ali Nejad, B., Besharat, M. 2020. “Investigation of the behavior 2D of trapped air in
the water conveyance systems during rapid filling or emptying process” Journal of Water and Wastewater,
31(4),156-171. Doi: 10.22093/wwj.2020.209875.2908. (In Persian)

Abstract

The trapped air in the water conveyance systems may cause the obstruction of flow, corrosion

and adverse effect on the performance of valves and pumps. This study is part of the Abbas
Abad Dam Drinking Water Transmission Line using Ansys Fluent Software, The behavior of
air entrapped during the filling and discharging process and the effect of its existence on
pressure changes were studied. Entrapped air was simulated at 0.5, 2, 3 m lengths and inlet
pressures of 1.2456, 1.7456 and 2.2456 atmospheres for a 35-meter-long metal pipe with a
discharge valve embedded in its outlet end. The effects of pressure-time changes were
investigated in two ways: a) pressure changes in the pipe and drain valve and b) pressure
changes inside the entrapped air. The results showed that the pressure changes in both cases
were due to the large fluctuations in confined air and that the fluctuations continued until the
drain valve was fully opened and the longer the confined air length was, the greater the
amplitude and length of the created fluctuations. Modeling with similar boundary conditions
without the presence of air indicates no pressure fluctuations. The results of the verification
confirm the research results. Besides the Palau et al, 2019 results, calculation of relative error,
RMSE and NRMSE were used in order to validate the numerical model results.

Keywords: Trapped Air, Two Phase Flow, Sudden Discharge, Abbas Abad Dam Transmission
Line.
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Fig. 1. a) Geometric properties of the simulated tube b) Valve rotation
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Table 1. Characteristics of tests performed to evaluate the accuracy and effectiveness of milling

The mesh size for the
surface of each cell

Description

The simulation was accompanied by an error message due to the large size

0.3 of the mesh and the lack of convergence of results
0.03 The simulation was performed and solved with convergence of results
Simulation in several stages was accompanied by an error message that the
0.003
results could not be converged due to the large number of meshes
0.06 The simulation was performed without error message and the solution was

associated with convergence of results
0.09 The simulation was performed without error message and the solution was
' associated with convergence of results
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Table 2. Specifications of tests performed
Test specifications
Test number 1 2 3 4 5 6 7 8 9
The length of the trapped 3 3 3 5 2 5 05 05 05
air (M)

I“puzalzfg)ssm 1.2456 17456 22456 12456 1.7456 22456 12456 1.7456 2.2456

Fig. 3. a) Triangular meshing with a surface of 0.03 m, b) Boundary layer meshing on the walls
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Fig. 4. Four-phase coordinates of the air phase, a) 3 m air length, b) 2 m air length, ¢) 0.5 m air length
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Table 3. Relative error percentage characteristics and RMSE and NRMSE indicators of validation tests

Relative error

Test title T RMSE NRMSE
12% Openness in 0.8 seconds 5.49 0.72 0.408
12% Openness in 0.1 seconds 9.81 0.82 0.71
12% Openness in 0.15 seconds 9.48 0.845 0.786
12% Openness in 0.12 seconds 8.75 0.82 0.499
12% Openness in 0.25 seconds 9.67 0.908 0.697

Journal of Water and Wastewater

Vol. 31, No. 4, 2020

U}‘hﬂb)uidm O
\¥44 dl-w At DJLw:r X 092

\ 7Y



dx.doi.org/10.22093/ww;j.2020.209875.2908

SY{San 5 jhitis Sy

\ Y

R\

t=0.0S

t=03S

t=1.08S

N\ AN

t=0.1S

NN

t=0.4 S

=158

t=0.2S

=058

N

t=2.69 S

Fig. 6. Volume Air Phase Contours Test No. 1
Vosled osasl sa e 5 sl S -F S

st Ol 56 ol 5 b o tr g s o 53 1o Fabais s
Godemr 2l L 1a 0 o € Ly 0 G UF dbs 5l el
.wﬁ\ﬁl}mngrapBda.i;'):}c,\...,\«ljlw\x;
sas Sl Do ge g3 ) 0303l Oley —oled Ol s ls s
Slad ol s =Y s s g s s Jles ol e - el
ol 51 5 S e O Ll 505 e peme (slgm 51
oy oy 5 b e G580 Dt Lad el s s ol >
e SaE3b olas Ui pusmms (slyp 352 s 5 s 8 sy
g 35 3 53 el ol yan bl b a8 Lts (sl +/Y)
5l o 55 Sl ol Wl it s 50 50 (55125 UL g
S adoanlie S g5 e 55 55 sede sl e s glse
a > slin 3 .08L galS a8 w plog 4 s HL2S
53 65552 sl Ol i Jsb 5 amsls S ussaalin b I
Gy oo ol 31 e o2l58] 351 b s o 2 I

9 Slas ST olos Uy g3 gm0 s 5LiS 5 5 )

Journal of Water and Wastewater

Ly lid mal)ly goae Slaie sumsplis SLad gla, slS
LSl 8 el Uiy 518 ] e a3 5 o) 585,
Sl 518 53 3 xS o a3 1, s bty (sl
oles Ci8L 5Lad e (b 2 e 3 Sl aste jlid
JS5) b o arm 55 0L 2 Cems b S € 5 b (0 S0 53)
v

53) 35T gl olas T g 56 e Sl s
5L S o 6 s 5ty o o s 1A S
sad 4 S b sy ) ol ) ahais 5300 O 5 le
U TN N Y- R VR ) JAPE RO
ol /AD 5 /O

,C,Lw-g_:m.,mC,,:AM;\J;L;J&:@\),
Slas 51 ol C i s s 3 0ad 5L b ol s
Sl S alss 4 Ly D C a5l 500 lss ) 25,5
53555 35 B adai 5l g 5Bl bl o)l g 4 ssmy

u)\..ob;u-fd:u

Vol. 31, No. 4, 2020

¥4 Lo o oyl Y 5550

Q



dx.doi.org/10.22093/ww;j.2020.209875.2908

g upene (Slpd (oeasg Uy oy

&S Gogmo 53 ol Lt 5 a8 ol i) Y/YEOF 5 )/ VYOS
Sy lad gla b sed o sd Lol e ) s o 5leand
Wiy aal i 55y 5Ltd DLy il aalys 3 slize
L olas 5L 5 oles = s 50 amr Slis Y+ IS

ans e Ol

conlour-pressure conlour-pressure

static pressure (mixture)
.00+ 1.25e+00

0.00e-+00 L11e+00
0.00e+HD 9.68e-01
0.00e+00 5.48e-01
D00e+H0D 4.08e-01
0.00e+00 3.37e-01
0.00e+00 2.67e-01
DL00e+0D -1.31e-02
0L00e+0D -8.32¢-02
- 0.00e-+N t=0.0s -1.53¢-01

contour-pressure
static pressure (mixture)

1.25e+00 1.25e+00
L.12e+00 11200
9.94e-01 9.94e-01
B.68e-01 B.68e-01
TAde-01 TAde-01
6.17e-01 6.17e-01
4.28e-01 4.28e-01
2.40e-01 2.40e-01

5.13e-01 5.13e-01
t=0.3 s \ .

static pressure (mixture)

conlour-pressure
static pressure (mixture)

b 2alS e yama sl ya 51 53 0 B 1 5 S e b
s oty 0 51 g il oo ool i o3 b s o 50
353 ey sy O JaalS s 03 b 25 wlas s T
(8 US3) S o gy S0l ls sad 5 pm s Lt o)
AVAMISAUITSTI| S LY S PRV ISPI P sloos—sl

conlour-pressure
static pressure (mixture)

Lale+0l

N\ 1.26e+00
L1Le+00
9.54e-01

B.02e-01
6.50e-01

6.50e-01
4.23e-01

“ 1.95¢-01
t=0.1's \ Wsen =05 AN

contour-pressure
static pressure (mixture)

1.25¢+00

L1Ze+00
9.94e-01
B.68e-01

T.43e-01
6.17e-01

4.28e-01

\ 2.40¢-01

=04s 5.13e-01
\ - =0.5s \

contou r-pressure contou r-pressure :unlaur—pmsnre

static pressure (mixture) static pressure (mixture) static pressure (mixture)
1.25¢+00 1.23¢+00 1.32+00
1.13e+00 1.18e+00 1.21e+00
9.94¢-01 9.94e-01 9.94¢-01
8.68.-01 8.68¢-01 8.68e-01
Td3e-01 7.43¢-01 7.43e-01
6.17¢-01 6.17e-01 6.17e-01
4.28¢-01 4.280-01 42801
240081 2.40e-01 2.40¢-01
5.13e-01 \ 5.13¢-01 5.13e-01

' =10s \ . =155 \ . t=2.69 \

Fig. 7. Test pressure gauges No. |
\ P)Lo.az O)ﬂj‘ JL:'J 6u)jﬁls—v JS..Z

Journal of Water and Wastewater

ML 5 f dme O

Vol. 31, No. 4, 2020

\¥44 dl.w At B)Lw;": X 899

\5¥



158 dx.doi.org/10.22093/wwj.2020.209875.2908 OllSan 5 LAl Jpus,
1A Volume fraction water model 1
Volume fraction air model 1
@
g 0.8 -
=
S 0.6 A
@
=
=] 4
=04
S
L2
>
0 T T "
0.00 1.00 2.00 3.00
Time (s)
Fig. 8. Volume chart of air phase - time test No. 1
Vool a3l ol —1sn 36 e sl ses — A JS
6 1 4.0 Pressure runl
a) run 1 )
5 A = 3.
g E 3.5
4 4
E :;/ 3.0
£ 37 2 25
H 2
8 2 _ I "A'A'A
£ s 20 x
= =
1 —\_~ =
*w. 2 15
0+ T T T T T \ <«
0 0.5 1 1.5 2 3 1.0 ¢ T T T T !
Time (s) 0.5 1 1.5 2 2.5
Time (s)
Fig. 9. a) Indoor Air Pressure Changes Test No. 1 b) Pressure Changes in Body and Drain Valve
a!ir ,v.vithout .air 1.2456(atm) pressure withoutair 1.2456 atm
agr,wg:ﬁou: ar ;';:gg(attm) pressure withoutair 1.7456 atm
av]vra’:zlr’vgil:h ;1‘111; air 22 435? atm pressure withoutair 2.2456 atm
water,without air 1.7456 atm 254 b)
o T
~
S
£ a) E 20
£ E
<4
- £ 151
2,
i=) 0.5 4 o
=3 =)
qs c\: 1.0 §
é - 0.5
> .
0 T T 1
0.0 T T ]
0.0 1.0 2.0 3.0 0.0 1.0 2.0 3.0

Time (s)

Time ()

Fig. 10. a) Volume changes of climate phase - time of non-air tests for inlet pressure 1/2456, 1/7456 and 2/2456
atmospheres b) pressure-time changes of no trapped air test

el Y/YFOF 5 V/YFOPN/YFOF 655, JLid ol plsn s rA.ctngQ}n)'Tijf\}Angjuw’F’Q\xsﬁ(af\' JS.Z

Journal of Water and Wastewater

UMDJUTM

Vol. 31, No. 4, 2020

\¥a4 JLA ¥ D)lau:a Ap 892

Q



dx.doi.org/10.22093/ww;j.2020.209875.2908

g geeo (Slod (Sunigd LS, o)y

Sl g ids usame glsn Jsb o3lasl o S| -l
5oLE8 3l e g w585 anls 5 b (slls (5,Led
s s T s a3 plas sl iy eseme glse Usb
NG RO

pae o 5 oo —5Lts s s el o sl
M ol s s e e 4 )b, 55 g i
S el a5 25 a5 5518 Sl ol ges ol s S
RPTRCIPER S AR RS
b ail ;e 65955 5Lt 5 S0l o sma slsn Job =Y
Lol gedagm ;20 ¥ 5 Y /0 ol s S o s sls2
ol il a5 VY S s ol s ol pois
53 5Ld8 Dleds =Y 5 ad s g plAmel e st 55 4 bl s
S o gmn glsn 315 53 5Lad Ol =Y s 8 5 g G
ol oo 5l 5ed (62955 SLES 035 et Jdsas a8 00 0
Ll 515128 Sl as ity (53959 SL2d 3l o 5 05,5 e
Sl gl xS el anl 8 ol 5 ol 25,5 g3ae

Pressure run 1

ol |y oy =l 3 ool s 50 Ol isa-\ - ISs
sas 5 ol 56 gl ) 34 515l g0 5 3575 pie Sl oS a5 oo
s plas gy slad Ll 5 79,5 15 56 gl Sao
S s pley ail i (659,55 Slid e .l O sline
)j—b(d—ﬁ@)jn&))dﬁhd&um b—\’ L}i‘i’)"'>j'."\‘b\j5
NP SV SCTY Ry NEVUPIRE. N P ARCH P W S JUOF L PV
Y P PP Tt BT BNWIPRCI I BN L
s s (O JlS s oo s o 51 ey 5 8L
.a%&&\s)wsj\xéﬁbw

S Ay gy 5344 L) 6%,&@@
SLad il e s glse J b 5 Cul (605,55 HLid )
3 V/YR0F N/YROF il et ol sLosasl g3s)s
Vo) s s olas —5lid Ol et wol Laens! Y/ YFOS
jd}‘d.&f‘)b‘)wQ‘M(J‘:AJBG\J&‘U’;ijJQJG\J\
Q>ﬁ@uw>g.ij§\ﬁ&\>):)w (u)-t.:.l:dx_:a
\—.’Ca—éjfﬂ;—‘"’r—“d})ﬁd[’ 35 2 55 ol sed (3555 L2

Pressure run 2

10 Pressure run 4 10 Pressure run 5
a) Pressure run 7 b)
@ Pressure (without air 1.2456 atm) Pressure run 8
- E Pressure (without air 1.7456 atm)
< -
s <.
s >
2 2
o D
=7 =
0 ~ D
0 0.5 1 1.5 2 2.5
Time (s) 0 0.5 1 1.5 2 2.5 3
Time (s)
= Pressure run 3
10 Pressure run 6
¢) Pressure run 9
—_ Pressure (without air 2.2456 atm)
£
&
-5
1
=
A4
=5
= ———
R
0+ T T T T "
0 0.5 1.5 2 2.5 3
Time (s)

Fig. 11. Pressure-time diagram a) test number 7,4,1 and no air pressure 1.2456 b) test number 8,5,2 and no air pressure
1.7456 c) test number 9,6,3 and no air pressure 2.2456

VIYEOF JLid I gn s pim pae s MDY ojlod g3t (B V/YFOF JLid lgn jpim pe 5 ViF) ojlo g1 (@ 0los 5Lt lssmi =V Y UK
Y/YY0F jLad lgo spim oae 5 Q5T sl 053l (C

Journal of Water and Wastewater

Vol. 31, No. 4, 2020

U)‘hﬂb)uidm O
\¥44 dl-w At DJLw:r X 092

155



dx.doi.org/10.22093/wwj.2020.209875.2908 OllSan 5 LAl Jpus,
4 A runl run4 e— run 2 run 5
o a) o b)
= e 4
= =
2 2
Q 3 A 5]
-~ o~
2'E ~E3
] @ = ARt
5 - g )
: . : S
= = 2
< <
1 T T "
0 1 o 2 3 1+ T T T T "
Time (s
®) 0 0.5 1. 1.5 2 2.5
Time (s)
run 3 run 6
o
=
=
2
o
=
=%
o
E RN
S
wn
=
<

Hime (51)5 2 2.5

Fig. 12. Pressure-time diagram inside confined air a) test No. 7,4,1 and no air pressure 1.2456 b) test No. §,5,2 and no
air pressure 1.7456 c) test No. 9,6 , 3 and the absence of air pressure 2.2456

r..\.C}/\aOLY b)L@JEQ}A)’T(b \/on? )LJ}B‘P}P(.&L}VL?L\ b)uoy)T(awwd‘PJ’.\.})é OLQJ—JMJ‘)}.QJ—\* J&:‘
Y/YY0F Lt sn s a5 QPN Lt (a3l (CV/YFOF L2310, pam

a) e Pressure run 1 e Pressure run 2 6 b) Pressure run 4 Pressure run 5

Pressure(atm)
Pressure(atm)

3 1.5
Time (s)

Pressure run 7 Pressure run 9

Pressure(atm)

Tim%r's(s)

Fig. 13. Pressure-time diagram of the pipe and drain valve a) test number 3,2,1 b) test number 6,5,4
¢) test number 9,8,7
VALY bt osasl (6 5 0F s,led o503l (b ¥ Y ) syled 5050 (2 s od 5 d) 6 s olag—5Led s pes - V¥ JSKS

Journal of Water and Wastewater SNSL yT E

Vol. 31, No. 4, 2020 199 Jlo oF oyl ¥ 550 @



dx.doi.org/10.22093/wwj.2020.209875.2908

g pgeme (Slod (Silaig)) L) )

2aLS ol il e (glgn 525 Lo S0l o Gl
O3 s 5 GBU 5L S ol s 12058 plas b Led
o3 U 53 5Lt oo ] 51 g 5 23 aals) s e
G S olen 5 oils wlsl s & 0w >3 alas O ol
t=2.125s Lt=0.55 SLoj o3l 53558 wsmalin ¥ Jyus 5 oS
Jdsar 5Lad gl cul 5 Gy s s e 5 JoB 5Lad Vs
o ,Lad 52.368 Olaj s B ralS 25,5 s 035 5L
53 eacd sl eyl JLid s aS ua e siens] V/AY
e ol |, 5Lt el S a0 01/0) (ot
ey LaSsh olas¥ o) ks oses) Jobow 5 anylin
O 83509 S 0390 ie 5 e Sl a Jsb 03 Ul
0Lz 6B 5 g LS (g3959 SLad Lawssl ) il 381 6l 5]
Sl 31 O/FY Y88 Ll s 50 t=0.08 e s
Ot Ty a5 it i 5| 30 LLad il o s YA/5F
s Sl oles) 2035 ol s Rd} 55 JB eSS s
Vol Y ) sl s sacs sl 5L oy Vs (s

sl 53 oloes L usome 5138 Job 03 2ol Jobsa 5528
oo lae J5ls HLid Ol i bl sl 535550 cpla s
13l 85 e s (sl U5k o3l o 5 Sl s s Sl
S s sls wal s olas 1y 5855 Jsb 5 58,5 anls bl g
Wl 5 o5l GLES o ge (gl3p 515 o — 5Lt o pes N F
s ghon s 0l —5lsd Sl slols god 6§ s s
Joaz ol s il ond 1) loy SSE 4 L gome 5150
V/YEOF 3558 sluid aS ) s lacd oy gmnsl 5o 40 g ol s ey
53 olad Sbs plssiceal ;e ¥ sz glsn Jsb 5 i)
3959 )Ldd i Comd ol 38l ais 55 YA lie t=0.0s ¢l
P | W ST SIS PUPRWEL SIS JUEPVR IS [P HE LR
ERTSESNT P R YE PIPRWEL . JUE SRRE NG 51 FY WIS
Y/YY 0 LaB 2038 a5 5 4l SialS v s s
|AZAL WERRNT-IN A PR EE PRCHIC SWIPREI
olas 31 a5 G a5 ans s oLt | 5L 2alS as s
Lolas ralS onladss ot s 5L Gy s oba o135

6D

run 1 run 2
- run 4 run s run 6
@ 4 2 4
] 2
% 'A'A'A"v g TYN
e 3 ""“' E- 3 Ad
= AAAAA \ 8 v
43 2 VWwv N = 2 N\
'S 2
2 14 . . . . 2 14 . . . . . .
< 0 0.5 1 15 2 25 0 0.5 1 15 2 25 3
Time (s) Time (s)
61
run 7 run 8 run9

E s

&

g 44

2

s 3 \

= N\

g 2 =

E

2 1 T T T T T ]

< 0 05 1 15 2 25 3

Time (s)
Fig. 14. Pressure-time diagram inside the entrapped air a) test number 3,2,1
b) test number 6,5,4 ¢) test number 9,8,7
Yovo ol Q)AJ‘\ (a u‘)ﬂ’“é‘f" J}’\aja QLAJ’—JLZ."!J\A}QJ—\\G J&JI
AAY eJLo...i Q)}QJT (C ?so&f eJLo...i Q)}QJT (b
Journal of Water and Wastewater ONSb 5 of dxe

Q

Vol. 31, No. 4, 2020

\¥44 dLm At B)Lw:r X 092

\2A



154

dx.doi.org/10.22093/wwj.2020.209875.2908 Ohlan g jlyicils fpus,
by o 3T S8 4 s (5198 J515 53 o3 5128 bl sod s -F s
Table 4. Results of pressure — time diagrams in confined air by test separation
The outlet The complete
The discharge discharge
Test Input l(ftl.l tglzl Pressure Pressure Pressure Pressure pe:‘u;((ls;n l;:;;;)s d(:)f
pressure T=00S T=03S T=05S T=0.88S pip
number (atm) trapped (atm) (atm) (atm) (atm) the pressure the pressure
air at discharge at complete
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