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Abstract

In the field of studying fluid supply and conveyance networks, such as water, gas, and
petroleum, addressing energy loss and its conservation within the network is necessary for
maintaining the reserve of these fluids. And from this point of view, the loss in various
pipe connections within conveyance networks has been studied. This study focused on
comparing pipe connections in terms of energy loss. Among the causes of this loss,
friction resulting from viscosity and surface roughness of solid surfaces were identified.
The Bernoulli equation was used to understand these losses, and three experiments were
conducted. The obtained results indicated that the shape of the pipe connection directly
affects the amount of loss. The best shape among the tested configurations, in which the
fluid changes its direction, was the curved attachment with the largest radius of curvature
without angles. The experimental study showed that friction follows semi-empirical
models that are sufficiently reliable to be relied upon, such as the Bousille model for

laminar flow and the Blasuis model for turbulent flow.

Keywords: Energy loss, mass conservation, momentum conservation, Bernoulli

equation, Venturi, pipe, supply network, fluids
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OTU _ 6 Uu; + 0° Uj n azuk 1 1 — 40
ox;  "ox? " Maxox " oxox, ( )

U g e s s mad g f W) g GRSV (s B gl A
OTU _ 6 U; 0 u] 6 Uy (')2 2

d“uy
= = 1-41
0x; Koz X; +#6x16x] Tox, 10X ~Hox 7 +(“+")ax 10X ( )

sk S cp BlaaY) as (Sa eV BN 3 Y b g

aTij 62u

_ R (a”k) 1- 42
ax,-_“az K55 \ox, ( )
(du ou 6P+ At ( +)
P =P " gy THAUF (utn
N L +A+(+) 1-43
Pat= Py "oy THAV T T ( )
dw __ou op . o,
P = P5, 3, THAW (U 77)
Ee
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(d 0 0, 9 0

at ot “ax Ve Vo
92 92 92

~a2 o T e

- OJu Jdv Jw

\ e=de=a+@+a&,w

\a\i ‘M"‘ \

(1-44)

(équation de Lamb) Y Uoles ke L})&P H«v <

v , o
e —pgradU — gradP + uAV + (u + n)grad(divV) (1—45)
e\ @LM:J\ Ly
av aV+ dVZ+( rotV) x V 1-46
TRl gra ro ( )

AU ada (3 adaidl Aslall aiay

av & o - N
p <— + grad— + (rotV) X V) —pgradU — gradP + uAV + (u + n)grad(divV) (1-47)

d

(Navier — Stockes) Sy BU Udlas: blaail & e Y- (4-2

S e sl maise = div = 0 blaai) e @l o o ldd 05

(du au 6P+ A
Pac = Pox “ax M
3 v _ au (’)P — + ul 1-—48
dw  0Uu o°P
N T P P
rieleidl dolalls
dv N
pE = —pgradU — gradP — u rot(rotV) (1-49)

il dem> MJ:—T B aﬂjﬂ\) :\f\j.hw%ﬂ C)L:f\.b—}!\ L} alall a;\.:fu_{.g

( du; d(P + pU)
= — Au;
J T ax, | HAU

(1-50)

d‘_/) _— —_—
lp T —grad(P + pU) — prot(rotV)
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AV = grad(divV) — rot(rotV) aeles alls LY 1e>

AV = —rot(rotV): el 0se = divV = 0 bl b wle ol o L) 0

U= ghdE Ja> d> 3

du; _ a(P+ h) + uA 1-51
T Py pAu; ( )
av I
e —grad(P + pgh) — urot(rotV) (1-52)

chealiydg) bl (3 1S Jeanzs(pression motrice) 321 Lazll 1 (P + pgh) §sest) o

i o Wsllly(équations dynamiques intégrées)ilal Sl &y el SYslas (5-2

d — - -
— P pVdw = #f pFdw + # Tds (1-53)
D D S
6(pl7) - _ - -
= fip ——dw + § pVVadS = fIp pF dw + 4p T dS (1-54)
D S D S

. . ; . ol d = a(pV .
o o) Tl B 1S 5 e g ) L pVdmes Safff) 20D dy a1 ¢ s

(Y et D A e

(Bhag o) S laneld 3l B 2S SB ¢ a2 BO)FP PV T, dSAH)
L dS el e W (gl LSO Bl sag dgpy, = pVpdS ST Of G
LAY G r Gpiall 3 Y
S ol e Do % WV, = V7> 0:00 s gan Cmse dg, tlkis
N D ) = GWel, = V. <0:00 lia gne Hedq,, (bt
.S paedd 1 (g pmiall 34 a8 305 2 g = Vg = pVVdS Lolid) il
SV sudVas L o dg S sl 2ol 2L by sl s Gl g
o e s Y pV gf% (pl7) = 0:6359\ Jd
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2, -
5 (V) =

# Vdg, = j%f pFdw + # Tds
S S

D

(1 - 55)

S el s S ) slae -

D A e ikl as ) ad) ol —

lan s ol a1 n S BaS pge iyl SISy AT BaS Al et T e W) D)
2 (V) = 0 s Ol 3 0

Jonid (W (558 Ste) BLLL Logast 2ilaill ool Susg) il pF ol (555 JJE ohes 2
(@ ) pFy

# Vdq,, = j# pFydw + # TdS (1 - 56)
S S

D

LSSy p@ Wlaall S pFyBlad) 68 b ¢ JI 18 el 06 Lose

# Vdg, = j‘# pF dw + j%f pPdw + # TdS (1-57)
S D S

—

(I el 2l I“e Pl Sz olall OIT13] o) YU i RPN SSWAN[ RN [ PR
1D g S dSTm Sy

ﬁ?ﬁ ppdw = —ﬁ% pF—d)dw = —mF—d) (1 —-58)

D D
o Al Ll S5 Lge D ) e 3kl 3541 SlaSS sledl) ol sl 1A Aol
:(Fastook 1993 )wlisud! ks i adlog auie Lils LU Volakls ol

d —
dt dew f# dew + # TdS (1-59)
S

o 050 S Lol Sla 065 0f et AW Vol L
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ﬁgﬂa(gtv)d +#p dszj%ﬂpmw+i}§ ds () (1 - 60)

D N D

CE'”‘)ZU'{J WC}E_A‘L;WJ&Q}Q O\ui"*l\u”ﬁ D JJ—\ °J'“"“""" dj&pV Jid LS

Y Lo r Jj} c?\.» Slsl Mlze Lelzd AL o.:\.aj

Dg 5>9 S cl:.w d Lo s OWTI3] 1 (%) Wslall
) el ] 53 Ragens 25t 055 Lt fff) 20 gy
A plaml U] g3g Bagias do ) 0SS Lkier @R pVV,dS A

= —gradlUs (p = «t) I §ff, pF dw A

pF dw = @b —grad(pW)de = — ¢ (pUW)A.dS (1-61)
fit oham =3 if

T = —Pi+ T8 Jomsuit ff, TdS b

#?dg:—ﬁpﬁdﬂ#?ds (1-62)
S S

RN \.@.lg‘:u(*)fdab&\ ;',.:gjj

d(pV q R
ﬁ%%)dw+#pm/nd5=f#dew—#(P+pU)7i.dS+#de (1-63)
s S s

D
Py =P+ 821 badll e s bas mndgll = ghlod) meaE i 0 b 35S0 Wl (39
apad) (el & aslal SS9 pU = P 4 pgh

ﬁ;a(PV) #p V.ds = j‘# P dw #pg d5+#fd5 (1-64)
¢ s

D D N

()AL & LS F = § (@il L ol emdl (558 050 s 2 g ng

ﬁ%pﬁdwzﬁpjdw=ﬁ§dm=§ﬁggdm=m§ (1-65)
D D D D

13



2lsll K5l8e 3 Aweludd! c¥slall Jo¥! Juaatll

AW Ja (3 ableaiV) b Sl SO ailadll LA aulys (af dsles s dslall oday)

a(pV .
#ﬁ%dw+#/wvﬂds:mj—#Pﬁ.dS+#de (1 - 66)
S

D N S

: (Théoreme de l'énergie cinétique)&Spdt dlal) iy s (3
:(Ggsiorowski 2009y, 3L asoldl Al Aslal) 1,8 A
(1-67)

DUy Al S8 3 ol

dui 60’ij
pui—- = puiFi +u; o, (1-68)
d ‘Lliz a(uiaij) 0ui
—( =X = pu,F; — i — 1—69

D 3 e da LU D A e 2l Al LIS

d ul-z a(uiaij) 0ui
%pa 7 dw:ﬁpuiFidlD"i'ﬁa—xjdw—ﬁO’U%dw (1—70)
D D D D
( 2
d pu; ou;
E < ) >dlD' = ﬁ pul-Fidw + # uial-jnde — ﬁ O'l'j a—xjdw
D D

S

(R N

Ny ~ 1-71
ashisll | T ssiendt | T el s t RPN ( )
D e '7)” ?s :Pi

(s sl dellinl 1) )
Pe

ASA el iy e s Ldaws 50 Y1 B3l

ol e ¥ 0seSl g ¢ U O5aSd) e Bizie (g5d)l 0dat el (668 dsllazal Slu (1-3

oU du au) _ au

puiky = —pu; === —pV.gradll = —p (— ~3c) = Par
l

1-72
dt ot ( 2
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du

P, = ﬁ pu;Fidw = — padw (1-73)
D D

D A s Wld) el o) ey S @Bl (3 a3l frey ad sy

el 58 Al bw:?sch...h &0 Al Olus (2-3

#(V.?)ds = #(ui .T))dS = #(ui .0yj.m;)dS (1—74)
S S S
tJ) B L 0SS e
P, = #(ui .6,j.m;)dS = #(17 T)dS = # (V.(-Pii+)ds (1—175)
S S S
P, = # [V.(=Pi) + V.7]dS = # —PR.VdS + # V.7dS (1—76)
S S S
:PS = # —PniuidS + # uiTijnde (1 - 77)
S S
> P, = # —PV,dS + # w;T,. 1dS (1-78)
S S
:<5J.>'—T oy jf
dlu;.o;; o(u; .P olu; .t
ng:ﬁgdw:_ﬁg{Merj‘#de (1-79)
D D D
=P, = 7(# ~div(V .P)dw + 7‘# div(u; .T,)dw (1—80)
D D
5P = # _PV.dS + # T RS

s (1-81)

S
dellzal b dellanal b
P = +
L Lol Sl gl
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(@5 bzl (58 asllazal ol o) (daall mland) s agias LS -
(gl o8 aslaza) |l 0 TP b d (3 Rl S Jls Bl A G padaery; -

D Pl (6ol dslanal Clus (3—3

P =—ﬁfal,a j%ﬁ( P6U+TU) (1-82)

D

L p = j‘# (o) 2t i - j%é - Z”‘ (1-83)
|(73i = j%ﬁ Pdiv(V)dw — j%g ddw
{ b b (1—84)
I b= du;
k H ax]

15 s> 6 (Rayleigh) 4 Wy oddl s Lgady dagdll domss Lodls 1 ¢ D1
el Oalll Bl aelbed lis ud offf Pdiv(V)dw
(Puissancedecompression élastiquedudomaine)

D A+ & ol SV Jaks soal) dellana) fass — ¢ da A4

S A Bl dslee S

d V2 o (T
< (pT 4 pu) dw = j?g —PV,dS + jsgguifi-ndS + j?f)( Pdiv (V) dw - jﬁ Pdo | g5y
(1 .u.\) — (2 J;L,) + (3 .\;u) + (4 .uu) + (Sw)

o~ L‘Su\.fu.{x 1(1) 4
d pV? il pV? o . (pV?
a <T+p‘u> a—f#<—+p‘u>dw+ﬁ%%grad<7+p‘u dw (1-86)
D D
d pV2+Ud —j(#a pV2+‘Ud +# pV2+‘UVdS 1-—87
D S
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:Z\.gfj-l-\ BUa)) Usles Cﬁd wag

# —PV,dS + # w;T,. ndS + j%f Pdiv(V)dw - ff# ¢pdw (1 -—88)
S S D D

2
<%+pu>dw+#<—+p‘u+P>VdS
S
7. 1dS + g Pdiv(V)dw — P ¢pdw (1-89)
- ffustsas+ ff anr - ff

D

===
S

: (équation de Cotton — Fortier) (1,5 0sisS 2 comd (&ly Aolae 3 G Lo JS° j2ils

a (pV pV? -
3‘#6— —— U dw+# ——FpU+P VndS=j%£Pdw(V)dw—Pﬂ

b (1-190)
—-P, = # w;T,.ndS + j# pdw (équationdeCotton — Fortier)
s

.(Khachatur 2022y Jai; 5040 a0 asllaza) fic —P, =N o) iag
AU VU sl Sl e caaall Lsip alslan of (358 05358 Wslan ot 311 Aslal)
ISy a divV = 0 2 adladl S JS7: ilmzey blaiail b wile 1 oW Dl -1
aplU

ot
%gradP = gradD V& ods 3 xiai ¢ p = f(P) Sieg)l Bl i Al -2

Lyt OgisS Wnlas aing %dP =dD elis

d (pV? v?
ﬁ% T+p’u+pD—P d(D'-I-# 7+{U+D pVpdS = -3, (1-91)
D S

(Sl Pdiv(V)dw s 085S slee 3 4H OF &
. 0
3‘# Pdiv(V)dw = ﬁf a(P — pD)dw + #(P — pD)V, dS (1-92)
D D S
Pdiv(V):3,La)l U<
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Pdiv(V) = div(PV) — Vdiv(P) = div(PV) — pVdiv(D)(1 — 93)

Pdiv(V) = div(PV) — div(pDV) + Ddiv(pV)(1 — 94)
. . ., d
Pdiv(V) = div(PV) — div(pDV) — Da—i (1-95)
gy, oo = dp
Pdiv(V) = div(PV — pDV) — DE (1-96)

Pdiv(V) = divV (P — pD) — 7_) (1—97)

— — a
= #ﬁ Pdiv(V)dw = ﬁf divV (P — pD) dw — j# D= de (1 - 98)
D D D

. d(P—D
> j‘# Pdiv(V)dw = #(P — pD)V.dS + 7‘# %dw
D S D

(cas des parois solides mobiles ) iS;mzs ik Ol dr V> & bl -3

we oY il SIP | Gagan elacd) (58 aellazal OF Ll 8 LS eeull (o mlas saSimlandl
2L ASGIL aelana Vgl By ol umgd ASGISL Bl Janz AU sl 3 Smte o ela
Ju;;\ oA o dmg gl Al 0585 O (S o BUall 0y &l () elandl ol Wil s
o = ¢ dbadl o9adl 155 (B dns WL Ao AT 0SS Al mladl 5 A (3 aiy L)
CYalall (3 degdas 0450

Bl Joai ol 52 Jg 9i dmgpe Olia. §; Aty mlasS, oyl o [ U Dy s e
atag g Sy Jies (S Dy s 13 (3 s 8 0Ll 05 AU ol 3 Py ASGS
28 QB W Al (g AL SNl (3 alally sead) (ST ol bl jLae) s d)

g ol

:#( +‘U+D)p V,ds = # (1-99)
S, Se

e
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S ) S SIS Bl B, il

tll) s Ll S A Bl 3y ks kS

d V2 ou
dtﬁ% p?dw pFu,do + # u;o;in;dS — j# o ox) dw (1-100)
D S D

L) g U JiaS d g, dlad) Ol Lagas (s JaL»jY\ > e dakas 9

28 139dm Jany S ST (S, mlandl s oy e (D Dy cp o0 055 oy yand
(ol Sy ) O pgdan pb S ag (I ) S; el o 5ot

gy Aslall e Ul bl i eld Al Anes plaig sag U s pde Wl (3 1ol Al

pV? pV?
# —-tPUHP|hdS=0 = ff ——+pUA P |ViudS
S S1
pV?
Zj-f T+p'u+P VyodS
S1

:cbuL\

V.
<p71+pu2 +P1> ﬂ V,,dS = <—+p‘u2 +P2> ﬂ V,,dS
S1

@ Sy Wslas iy AU sda (3l gay emd) @l Jxe 6V )l e LS Jlpl S

v? V3

: (équations de conservation de l'énergie)idlll ki> Ysiee (4

:(énoncée de principe) B hai> 4w =2y (1-4
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S3bom &Sy Bl S £ 0zt ) 2l BLaaY) 0586 S Al 3 U D A S g
iyl A aslaze Yy (plawdly wmd) (555) &) i) Jai D A G a2l SN asllazaY) gt
oyl alil 2 b e st

: (équation d'énergie ponctuelle) BUal) Lix) iladd) Bla)) dsae (2-4

s el sl Lyl

) 1-101)
T
Py

4{%j€ﬁ<pE+pV;>dw= ﬁpﬁﬁdmﬁm“ii—f(
l

N -

AL usg) andly ads ) Bl E e
R - . . d
(sl bosdly D sell 30 2 aellazay 32K
el s AU aelazaY) P,
(ol n SWY ol iS2 sl pE
s - - - - . V_2
Sl e AL sl 1p 2
e (@S @kl asd) @l dsles 3
d V2
%j#p7dw =P, + P, + Pi(1 —102)
D

:ul; JM ﬁw\ "Usbu e Jj.)\.;-\ o.;Ub 1.4:4

d fﬁ;’g Ed —ZdQ P;(1—-103
ac Jff PE4@ = 2 — il )
D

thois Jeosdl e 22U ) 4l aellara V) Of S e
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Z ‘:l—f = ffaﬁ?ia%.%s - fﬁﬁ div (1grad(T°)) dw (1 — 104)

Py o) aellaza Yy

P = j‘# PdivVdw — j‘# $dw (1 — 105)
D D

Dl @) aslas V) Q3 g

— 41 (pE)d d /1 d(T°)) dw + (b —PdivVdw + I pdw (1 — 106)
el o0 = ff i i) e+ §f - s ff g

——dw = b div (Agrad(T°)) dw — (b PdivVdw + P ¢pdw (1 — 107)
ﬁp dt W ﬁ lU( gra ) (n} ﬁ v () ﬁ (n}

tidead) Aslall aieg

d(E I ,
p% = div (1 grad(1°)) - PdivV + ¢(1 - 108)

ap+d' I7—dp+ divV =0 = divV = Ldp d(1)1 109
gt T HPY T gp T PAvE = wr= pdt_pdtp( )

AW ) e 5SS adaid) aslal) aeg

d(E) . - . —_—
P=ar + P divV =div (A grad(T°)) + ¢(1—-110)

d(E) di( ) div (1 grad(1)) + ¢ ()(1 = 111)

SICUENENEPWED AREN VIS

_E+PV
B m

P
=E+Pr=E+-(1-112)

o Al JEW) e ot
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dH d P dE d
- 4e+)-

—+P— (1)+1d 1-113
dt dt\p/ pd ( )

t(%) Alead) Aslall aeg

d(E)+P d(l)_ (dH 1dP)_ dH dP 1114
dt Pac\p) =P\ar " pat) =P ar dt( )
a dP—d' A d(T° 1—-115
= pgp — g = div(Agrad(1)) + ¢ (=)(1 - 115)

dH_(c’)H) dT° (E)H) dP
dt  \aT°/p dt ~ \oP/p dt

—(1-116)

(2711),3 = Cr (g_;I)TO = %(1 — BT°)(1 - 117)

N a1

g =g YU AT )
.@UW&W\@}\@:CP

B=2 Joe 5 U By ool b o F ok sl blas s = (ap)

arTe

P LS () Bl 2 oied) aslal) e JoY1 2 kal) S

dH dP ( a1 g ) dp_ . dT° AP
Par “ar —P\"Par T ﬁdt ac  Perar TP g ( )
dre dp
(+) € pCp—— = pT°— = div (2grad(T®)) + ¢ (1 — 120)

o Ao SMpE IS il WU (8 B39kl S gl IS Lagn doeens 3 Y1 Aslal) odng

AeSs b

O ol o Sh oV Jan 3 oS dwsSe b Mgl OF B3le o585 dorg ) (558 Jleal s
) alad) i e W) g Ledis Mo (e SLled! b dlie Al 29 o5 s Sla

)l 512 S i Sl SIS T OV By m gl Sl e jgad) Mo 25l
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S oY) o ¢ dH = TOdS” + S Szl 550 Jlamtoly 55081 Aslabl e L1

;SIS slal) sty (Ll

dH dP _ d (T°d5* N dP) P _ 4"
Pat “at ~Pat o) "ar = Pl ( )
g* . (1-122)
pT® It = div (/’1 grad(T°)) + ¢

.V:J-\ sdo) Al dlod) - C)LxU 4.@.>LJ.\ — cu)J-L\ islaza ! J,.c 5 jo-Y\ dalll - d\.’ﬂ\ ges

.

A

IR U&\WW\ U;\&L\&:_sklj < 7

dE -
1) p — + pdivV

o[+ 03t (;)

4 dH _dP
LTI
o oc, 4T o dP _ ]
) pCr—— = BT°— = div (A grad(T°)) + ¢(1 - 123)
Od )
) PT°o
aqQ
6) dtt
(B Asles o dolr N> (34
T ol bas ot o5 oWl Lo ol & Oy gl Qj.{;" Leis (1
dH . —_—
p—y = div (,1 grad(T°)) +o(1—124)
DB = U W A (2
¢, pre®P _ e 4P (,1 d(T°))+ 1-125
PEPat B dc  PvPTqr T g ¢v\rgre é( )

sl e G el sy 36 Ry Rkod W 3 (3

div (2 grad(1°)) + ¢ = Adiv (grad(T°)) + ¢ = 20T + (1 — 126)
T 3)) ) dxys SLY ATC E
uﬁwgijfuéuyfw ¢,
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=0 A=Ct d = g 1-—-127
¢= - Le dt at( )
C r = AAT® = o1 = AT°(1— 128
PEP e = at ~ pCp ( )

(Dif fusivité thermique du Milieu) Jawsd 4\ 41 &)LasY) é Jolakl e
. Dim(a) = LT~ :banyy ¢ [alg = m?/s 1l pllad) (3 B>y a = p% S J W s,
) P

ok LS ST mlall Aslas o)W 3L OLe & ol 0 Ao gemt Sl L (B
dH

P
T 0(1-129
Par ar - )

WU B Bs g oT@m:gu&s 5B A (3
__ v °r
r—Dp
P

Y P
dH dP 4o dp d-
P = -Dp _ 14 p

dt dt P at E_p(y—l)ﬁ_ﬁzo(l_lgl)

(1-130)

ar
Y p _ar 1dP _ydp

N i NC VT Y,
G—Ddt _dat = Pat par 132

= p

P
logP =ylogp + Cte = p_V = (Cte(1 —133)

corsSally aslaSl 395N (Solucll jslacl) Wslea 5F dslall odag

19V Jadll asde
o adorsy JSU UG oi D 5 Jite G Sl e e 1 SNy dovadl i)
P e S

G(t) = j‘#g(x,y, z,t)dw ; G(t) = Grandeur globale ; g(x,y,z,t) = Grandeur local
D

dG(t)

=g, y,zt) = e

MﬁcSCLA&GJjJAMJA)UMQG).LZ.U%%ZG&Q‘)‘M@M\&QM\

Jul JaS
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ac(t) d
o dt gdw = ff g(V.1)dS ;S = surface ouverte

dG(t
( ) j# do = — ﬁ g(V R)dS ;S = surface fermée {V n < 0; S(entrée)
a V.n > 0; S(sortie)

el augsy Wig 35y B> 3 G ST i) sland) oud)

d
dt gdw = # g(V.7)dS + R*(t) =R~ (t) ; R* = Production; R~ = Dustruction
s

o CI NI N R T G C RNV N U U NE [ P R,

(MV? + E 50 S’ mV 3Spd) 1S aam 53001 15

d -
G=m=g= p,dtj%gpdw+#p(V.fi)dS=R+(t)—R_(t)=O

S
ﬁ%—dw+ﬁp( n)ds =j%£3—p w+j%£dprdw—0 (kg/s)

0 -
= f# —+ dpr dw =0; a—i + divpV = 0; Equation scalaire

—_ —_ d o d e el e _ - m
G=mV=g=pV; Eﬁ% dew+ﬁpV(V.ﬁ)ds =R*(t)—R(t) = ZFM; (kg-< /s
D S

:N)

G = EmV2 +E ; E = Energie interne ;E = me; e = Energie interne massique

1 d 1 1 ] . .
:g:EpVZ pe; dtﬁ%( pV? + pe dw+#(§pV2+pe>(V.ﬁ’)dS=W+Q;U/S
s

= Watt
¢ D el aas boyd semg die pusnnd 1S Ablall () jexwy) dolas) 831 S Jad- Aslas

o gl Bole adsend dlolidl
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a _
ﬁf (a_lz + divpV) dw = 0; (équation integrale);
D

a —
a_i + divpV = 0; (équation dif férentielle)

D4 Jo i a8 cliad Lbas i alslall () Udlas) ISl dreS Jad> Asles

dv
Pat

= —pgradl — gradP + 7

:(équation de Lamb) ¥ @5\

W # 05 # 0 dd=) s (divV # 0) bl Lbo =1 0

dv L .
pg; = —Pgradl — gradP + pAv + (p +n)grad(divV)
al_/-) V2 —_— frcd ol _— -
Plart grad—+ (rotV) x V| = —pgradU — gradP + pAV + (u + n)grad(divV)

: (équation de Navier — Stockes) Sy 26 dslas

W0 #0 Gd>) oy @divV = 0) blail pé &b =1 s

dv
Par

= —pgradl — gradP + puAv
AV = grad(divV) — rot(rotV) = —rot(rotV) =

dv
Pac

= —pgradU — gradP — prot(rotV)

=

dv - e
pE = —grad(P + pU) — u rot(rotV) ; P+pU=F, ; (pression motrice)
=031 =0y Jes (divV = 0) bl x& &b =l a0 (équation d'Euler) Jgf dsia

dv
Pac

= —pgradU — gradP
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: (équation de Pascal) Sl Us\xe

e S0 O by ¥ o = 0) 05K - 3y divh = 0) blaiail b wbe =T e

0 = —pgradl — gradP = P+ pU = Cte

U=gz = P+pgz=_Cte
Théoreme de l'énergie cinétique— &Sy Blall iy ks
oy g ) i)l Jlasl gt Sl aSA Blall 3 it )
oanbl 15 dslas sl «(équation de Cotton — Fortier) s dslall

PSS LoV WlSCey sl dslas a Leblizal oz

dui 60‘11

(d pu? du;
Eﬁgg dw = '#f pu;Fidw + # u;o;n;ds — j%g Oij > ax, d‘w
D D

o) oy (o) [
ISR
D P, P, P,
(st o5 s )

Pe

( équations de conservation de l'énergie) @ Lki> Y3

S JCaY W alsll

d(E) +p d (1) di (A—d(TO)) 4 o — s ‘
= — | N
4 TPPg(;)=div(agra B CRERA3)
dH dP div (1 orad(Te o
i W( gra (T))+¢ (e — W Jsead)
dT° dpP —
pCp T BT°— =div (A grad(T°)) + ¢ (e — e Jal)
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dH —_—)
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1. Assembly board

2. Single water pressure gauge
3. Discharge pipe

4. Outlet valve
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6. Compression gland e 6
7 . Probe for measuring overall roseie 3 Smany S Lariall Wi Cpst 7
pressure (can be moved axially) i <

A ¢
8. Hose connection, water supply UL el ooy sl 8
9. Inlet valve el Jgs ales.9
10. 6-fold water pressure gauge .. . .. o .
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1 .Sump tank sW g e 1
clat ol e sl A=Y gie alen 2

2.Sliding valve o Ca s
REENE]
3.Remote sight gauge L3l s gt oL Siesile 05l 3

4.Volumetric measuring tank with o Olog sl 2 4
channel P T o7

Sl izl e sl Rdd 5105

5.Water supply connection for

accessories without pump HM150.07
6.Discharge cap e et 6
7.Switch box 2308 blsilly mslill e 7
8.0verflow pipe B Olagt ol medl 35 ol sl 8
9.Flow control valve sl e i) 48)e ales. 9
s sy comecon 0 oy
11.Submersible motor driven pump HIUNE RIPVEN iz 11
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:2019

AP

AP = pgAH ; AH =
Py

2-1

g =9.80m/s? i) iwdldl ¢ p =998 kg/m3 sl dpamd | STl pl>

¢ Pgi soslll 3 Wl FUl ws px djﬁmj\ Loxnl) :@;.J\ izl Olu> @
i = 1121314‘1516P(stat)i = ng(stat)i
S Ol Gl ald) gl et IS a1 S badll L @
[ = 1'2'3'4'5'6P(total)i = ng(total)i
I BN 350 bonally S Larall B sa Syt beaall 1 Sl faiiall Sl
i =1,2,3,4,56:(Carrillo, Jerves et al. 2018y ¢~

2
w
Ppi = pgHwyna)i 5 Hoynayi = 29 Hp;=Hy — Hsi(2 - 2)

U}éi}f\ 5 u;:;fe.ﬁ.f o t_.;ff’ Udlas pldsinl @

E =S5 83 2 =5 =
@ (]

® B & o 0 B o
o6 5 5 & 516 & & =
Etat 1 Etat 2

SV Al ol (5558 jlgand labases (42 ISs
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P, wi P, w?

-1 41242 (2-4)
p-9 29 p-g 29

= H(stat)l + H(Dyna)l = H(stat)z + H(Dyna)z (2 - 5)
= H(total)l = H(total)z (2-6)

t""ﬂ d9org Al ¢ L ‘25 1 Csbadd) U}«-‘L\ < C\-yp Syory pde > & sl odag
:(Yadav, Kumar et al. 2019yzz

H(total)l > H(total)z 2-7
H(total)l - H(total)z = Hy; = AH = Hj g (2-8)

:(Fenton 2005)a)u) a5l bexall cy 5 Ll dei 1S3 aey
H(total)i = H(stat)i + H(Dyna)i 2-9

‘Hipynayi 5 s JS8 bad i ¥ slly el Jsesdly

H(Dyna)i = H(total)i - H(stat)i
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Bl fagilay ol SW sl
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8. Reducer

9. Enlarger
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v o) t(sec) Rmax Romin Ah(cm) AP(pa)
01 30 93.50 41.50 52.00 5101.20
02 30 91.00 41.30 49.70 4875.57
03 30 91.00 41.00 50.00 4905.00
04 30 72.00 41.00 31.00 3041.10
05 30 71.00 41.00 30.00 2943.00
0.33 06 30 69.00 41.00 28.00 2746.80
07 30 67.00 40.80 26.20 2570.22
08 30 66.00 40.80 25.20 247212
09 30 64.00 40.80 23.20 23.0092
10 30 40.50 37.50 03.00 0294.30
11 30 37.50 35.00 02.50 0245.25
01 32 70.00 25.25 4475 438998
02 32 67.50 25.30 42.20 413982
0.31 03 32 67.50 2475 42.75 419378
04 32 45.00 22.75 22.25 218273
05 32 44 .30 36.50 07.80 765.18
06 32 42.00 36.00 06.00 588.60
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07 32 40.80 | 36.00 04.80 470.88
08 32 39.00 | 36.00 03.00 294.30
09 32 38.00 | 35.90 02.10 206.01
10 32 37.50 | 35.50 02.00 196.20
11 32 35.80 | 35.80 0 0
01 34 72.00 | 3450 37.50 3678.75
02 34 69.00 | 34.30 34.70 4404.07
03 34 69.00 | 33.50 35.50 3482.55
04 34 47.00 | 33.50 13.50 1324.35
05 34 33.00 | 28.00 05.00 490.50

0.29 | 06 34 32.00 | 26.50 05.50 53955
07 34 31.50 | 27.00 04.50 44145
08 34 3150 | 29.40 02.10 20601
09 34 3120 | 29.30 01.90 18639
10 34 31.00 | 29.30 01.70 16677
11 34 31.00 | 31.00 0 0

B o Dgorddly bariall B 3 Sy ol 1(3-3) Jguonll

" CharacteristicCurve V=10.3l/min

Measurement Pressurepi
Poi Measurement
oint Obiect n
Jec Bar
L PipeElb 0-5
2 peElbow 0.49
3 Reducer 049
4 0.44
Enlarger
5 0.44
RoundedElbow
6 90° 0.425
! Bend90°tight 0425
8 endevig 0.42
9 Bend90°large 0.42
10 0.415
11 SphericalValve 0
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1.
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LossHeight hv inmm

Inl/min
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RoundedElbow90°,PVC,d=17mm 18.75 175
Bend90°,R=40mmPVC,d=17mm 18.75 135
Bend90°,R=100mmPVC,d=17mm 18.75 130

81/min 3l 2 (Bl o awg) KA o Dgard! B Bl Cluony ol 1(5=3) Jgundl

ic LossHeighth
PipeFitting Volumetr_lcFIo_vvRateV : gnthy
inl/min inmm
Reducer, PVC,d=17mmtod=9.6mm 255
Enlarger, PVC,d=9.6mmtod=17mm 5
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Dang, Z., et al. (2018). "Experimental study of vertical and horizontal two-phase pipe flow through
.double 90 degree elbows." International Journal of Heat and Mass Transfer120: 861-869

This paper presents an experimental study of the characteristics of the two-phase flow through
vertical and horizontal pipes connected using 90-degree elbows with an inner diameter of

101.6 mm. 66 flow conditions are performed in this experiment, covering bubbly, plug, slug,
pseudo slug, and stratified flow for horizontal pipe, and bubbly, cap bubbly, churn turbulent,
and falling film/annular flow for vertical pipe. A detailed flow regime analysis for both horizontal
and vertical pipe flow are discussed. Flow regime maps for both horizontal flow and vertical
downward flow agree with the existing maps (Mandhane et al., 1974; Qiao et al., 2017). The
effect of the elbow on the flow regime transition is primarily discussed based on the
experimental results and observations. The effect of elbow observed in this experiment mainly
contributes to the large bubble breakup and the change of void distribution. Area averaged void
fraction development is presented and the sharp drop of void fraction in vertical downward test
section is observed which results from kinematic shock phenomenon. A frictional pressure drop
analysis is also studied using Lockhart-Martinelli correlation and it is found that C = 40, 100, and
125 are correlated with the frictional pressure drop data for horizontal, vertical, and whole test
sections with minimum differences. With the database, the drift flux model for vertical
downward flow (Goda et al., 2003) is validated and the relative difference between model and
.data is 15.95%

Kumar, S., et al. (2022). "Simulations of water flow in a horizontal and 900pipe bend." Materials Today:
.Proceedings56: 889-895

Pipe bends are prevalent in mechanical systems' pipeline networks. One of the most important
features to consider when constructing a pipe network is head loss. In present paper water flow
characteristics through horizontal and 900 pipe bend has been studied using CFD software at
different velocities (0.5-3.5 m/s). The head loss in horizontal pipes is chiefly due to frictional
forces, while head loss occurs in bends as a result of various of frictionand bend impacts. Head
.loss through horizontal pipe and bend pipe increased with increase in velocity

Pantoli, E. and T. C. Hutchinson (2023). "Simulated seismic behavior of welded steel tee joints and
.elbows used in natural gas networks." International Journal of Pressure Vessels and Piping204: 104972

Welded elbows and tee joints are key components within the natural gas network, hence
understanding their seismic behavior is critical to ensure the robust seismic performance of the
piping network. This paper summarizes results from an experimental and numerical effort
aimed at understanding the cyclic behavior of welded steel tee joints and elbows internally
pressurized with air. Specifically, four tee joint and four elbow specimens were tested witha
pseudo-static increasing-amplitude cyclic displacement-controlled protocol. Seven specimens
exhibited a ductile failure while one specimen observed a brittle failure. High fidelity finite
element models of each specimen were developed within Abaqus andtheir material properties
were optimized to obtain robust comparison with the experimental results. Notably, the high
fidelity finite element models were able to predict the moment-rotation behavior and the
deformed shape of the specimens with significant accuracy for the seven fittings exhibiting a
.ductile failure

66



el Lo & Opsl Job e baall & ploal) ol S Lad

Schnorr Filho, E. A., et al. (2022). "Resolved CFD-DEM simulations of the hydraulic conveying of coarse
.grains through a very-narrow elbow." Powder Technology395: 811-821

This paper investigates numerically the hydraulic conveying of solids through a 90° elbow that
changes the flow direction from horizontal to vertical, in the very-narrow case where the ratio
of pipe to particle diameters is less than 5. We performed resolved CFD-DEM (computational
fluid dynamics - discrete element method) computations, in which we made use of the IB
(immersed boundary) method of the open-source code CFDEM. We investigate the effects of
the water flow and particle injection rate on the transport rate andsedimentation by tracking
the granular structures appearing in the pipe, the motion of individual particles, and the contact
network of settled particles. We found the saturated transport rate for each water velocity and
that a large number of particles settle in the elbow region for smaller velocities, forming a
.crystal-like lattice that persists in time, and we propose a procedure to mitigate the problem

Sutton, E., et al. (2022). "Dynamics and friction losses of the flow of yield-stress fluids through 90° pipe
.bends." Chemical Engineering Science251: 117484

We characterise the dynamics and the pressure losses of yield-stress fluid flow through 90° pipe
bends using Computational Fluid Dynamics. We show that the bend can influence the flow far
upstream and downstream depending on the Bingham number — the ratio of the yield-stress to
viscous stresses — even under conditions where fluid inertia can be considered negligible.
Moreover, non-Newtonian viscous effects counteract centrifugal forces and suppress secondary
motion. We also show that the Darcy—Weisbach equation with a generalised version of the
Reynolds number can accurately predict pressure losses. This applies to a wide range of bend
curvatures and rheological parameters, and elastoviscoplastic fluids with Saramito-type
rheology and elastic moduli as small as 500 Pa. Our model holds for multiple adjacent bends,
with minimal impact from interactions between bends. Deviations from this model occur when
inertial effects in the flow become significant and are smaller for yield stress fluids than
.Newtonian fluids

Wang, X., et al. (2023). "Physics-based neural network for probabilistic low cycle fatigue and ratcheting
.assessments of pressurized elbow pipe component.” International Journal of Fatigue172: 107598

Elbow pipe components are frequently subjected to complicated thermo-mechanical load
combinations cyclically in nuclear engineering, facing failures related to cyclic plastic responses,
including low cycle fatigue (LCF) and ratcheting. To deal with the risk management of important
pipelines, the probabilistic LCF and ratcheting assessments are indispensable to evaluate the
reliability of such components considering the uncertain operating parameters. In this study, the
new probabilisticLinear Matching Method (pLMM) framework is proposed to address the
probabilistic structural integrity assessment, quantitatively predicting the statistical distribution
of LCF life and ratchet limit by the surrogate model with the novel Linear Matching Method-
driven neural network (LDNN). With the numerical investigations on the elbow pipe structure
presented, the probabilistic assessment boundaries and reliability-centred evaluation diagrams
in terms of LCF life and ratchet limit are established respectively, which are beneficial to get rid
.of the conservativeness of the traditional design schemes with safety factor
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Xu, Q., et al. (2017). "Effects of different loads on structure stress of “L”-type large-diameter buried pipe
network based on fluid-structure-heat coupling." International Communications in Heat and Mass
.Transfer86: 222-230

Large-diameter buried pipeline is widely used because of its energy-saving advantage and high
efficiency. In this paper, “L"-type heat pipe network was taken as theresearch object, which was
studied using the flow—heat—solid coupling method. The ANSYS Workbench platform was used
to simulate heat transfer and the flow of the medium in the pipe network. The pressure and
temperature of the flow field and the temperature, equivalent stress of the solid structure
under different conditions were calculated, and the force characteristics of pipe network and
elbow under coupled and non-coupled loads were compared. Results show the maximum
equivalent stress was located at inner wall surface of the short-arm anchor end. The equivalent
stress of the inner wall was larger than that of the outer wall at the same position. The stress of
the straight pipe of the pipe network was mainly affected by the temperature of the fluid,
whereas the stress of elbow was mainly affected by the pressure. The stress distribution of the
pipe network was influenced by the temperature and pressure loads coupled and the coupling
effect was stronger with the higher pressure and temperature of the medium, but the coupling
.effect had its limit

Yin, Y., et al. (2022). "Resistance reduction of an elbow with a guide vane based on the field synergy
.principle and viscous dissipation analysis." Journal of Building Engineering54: 104649

to reduce carbon emissions and increase energy efficiency, the local resistance ,In recent years
represented by elbows in piping has received increasing attention in heating, cooling, and water
supply systems. In this paper, a resistance reduction method is proposed for anovel low-
resistance elbow with a guide vane. The reasonable form for inserting the guide vane is
determined. The resistance reduction mechanism of the elbow is analyzed through the field
synergy principle and the viscous dissipation principle. The localresistance coefficients of
traditional and novel vaned elbows with different diameters and radii of curvature are
compared. The resistance reduction effect of the elbow with a 60° guide vane in this study is
guide vane from lto. The results indicate that °also compared with that of the elbow with a 90
the insertion of the optimal guide vane improves the synergy between the pressure gradient
and the velocity vector downstream of the elbow and reduces the internal energy consumption
caused by viscous dissipation. At different inlet Reynolds numbers, the effectiveness of the
resistance reduction method is verified. The resistance reduction rate and average synergy
angle no longer change when the inlet Reynolds number exceeds 2.5 x 105, and the resistance
reduction rate can reach up to 20.1%. When the ratio of the curvature radii to the diameter is
R/D = 1, the resistance reduction rate of the elbow with a 60° guide vane is as high as 25.1%.
This paper can provide a reference for research on the resistance reduction of local components
.of heating, cooling, and water supply pipelines
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Dershowitz, W. and C. Fidelibus (1999). "Derivation of equivalent pipe network analogues for
three-dimensional discrete fracture networks by the boundary element method." Water
.Resources Research 35(9): 2685-2691

Muzzo, L. E., et al. (2021). "Uncertainty of pipe flow friction factor equations." Mechanics
.Research Communications 116: 103764

This paper presents the turbulent pipe flow analysis of the friction factor’s
uncertainty for two different experimental scenarios: high-precision and standard
engineering instruments. One deduced the uncertainty function of the implicit
Colebrook’s correlation and five of the most accurate and fast explicit correlations.
The joint propagation of uncertainties is evaluated, sorted and mapped for the
probabilities of intersection of the Colebrook’s uncertainties against the alternative
correlations. The maps display the fastest to the slowest equation for standard
engineering and high-precision instruments, respectively for 50% and 95%
engineering instruments, the least accurate of the intersection. For the standard
explicit correlations are applicable and within the Colebrook uncertainty bounds.
The most accurate correlations are necessary for specific roughness and Reynolds’o
domains cases and for high-precision research instruments. Results also show that,
for high-precision scenarios with a 95% uncertainty fit, there is still room for
.improvement in the explicit correlations

Shaikh, M. M., et al. (2019). "A sixteen decimal places' accurate Darcy friction factor
database using non-linear Colebrook's equation with a million nodes: A way forward to the
.soft computing techniques." Data in Brief 27: 104733

The Colebrook's equation is considered as an empirical model to accurately compute
in pipes under fully-developed turbulent flow. Due to non- the Darcy friction factor
linearity and implicitness of the Colebrook's equation, one needs to use numerical
methods to acquire reasonably good approximation to the true friction factor
values. However, such idea is not preferred by practitioners as it demands use of
computers — also more computational time and effort. To overcome this, explicit
equations that can describe Darcy friction factor directly in terms of the Reynolds
Using Fixed point iteration method in .number and relative roughness are essential
the MATLAB software, we have developed a 16 decimal places' accurate friction
factor database for the Darcy friction factor for a 1000 by 1000 mesh of Reynolds
number and relative roughness values. The accurate dataset described in this work
will serve to be basis for the construction of new and more reliable explicit
equations using regression modeling, artificial intelligence techniques and other soft
.computing methods

Walters, G. A. (1992). "A review of pipe network optimization techniques." Pipeline systems:
.3-13
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Wang, J., et al. (2021). "Current status, existent problems, and coping strategy of urban

drainage pipeline network in China." Environmental Science and Pollution Research 28(32):

.43035-43049

S., et al. (2022). "Leakage diagnosis of heating pipe-network based on BP neural ,Zhou
.network." Sustainable Energy, Grids and Networks 32: 100869

The leakage of heating pipe-network can lead to serious consequences: the heating
quality unable to meet the needs of users, increasing the energy consumption of the
heating system and so on. In order to improve the accuracy of leakage diagnosis
(LD), this paper regards the LD of the heating pipe-network as a pattern recognition
heating experimental pipe-network system of the problem relying on the intelligent
hydraulic balance laboratory in Shandong Jianzhu University. Based on the
experiment datasets, the model datasets and their cross datasets of the
Propagation) heating experimental pipe-network, we construct and train a BP (Back
pipe-network leakage diagnosis model (HPLDM) which is used to LD towards the
single heat-source branch pipe-network and the double heat-sources with double
loops pipe-network. For the single heat-source branch pipe-network, the prediction
accuracy of the HPLDM built with the model datasets is 89.31%, 98.51% with the
experiment datasets, and 99.70% with the cross datasets. For the double heat-
sources with double loops pipe-network, the prediction accuracy of the HPLDM built
with the model datasets is 100%, 97.03% with the experiment datasets, and 97.20%
with the cross datasets. The experimental results show that the HPLDM based on BP
neural network has a higher identification accuracy on the diagnosis of not only

also leakage degree of the heating pipe-network. Furthermore, leakage location, but
the prediction effectiveness of leakage location is better than that of leakage
degree. Meanwhile, the HPLDM has strong generalization ability and some reference
.significance for the LD of other fluid pipe-network
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