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Abstract

Abstract

For pipeline system, due to accidental stopping of pumps and quick closing of valves lead to
rapid changes in pipeline pressure, transient cavitation flow will be happened, which is a
greater threat to the safe operation of pipeline system. In recent years, the wide application of
plastic pipe, because of its viscous and elastic mechanical properties, so that in accordance with
the classical elastic pipeline transient cavitation flow model calculations of the results of the
actual deviation is large, and its calculation results by the water temperature and velocity etc.,
so the accurate calculation of the pressure fluctuations of transient cavitation flow in
viscoelastic pipelines is the key problem to be solved in the project needs. Therefore, this paper
establishes a transient cavitation flow model of viscoelastic pipelines based on the intrinsic
model of viscoelastic pipeline and combines the one-dimensional steady state friction model
and the quasi-two-dimensional model, carries out the parameter calibration and accuracy
analysis, and builds a test platform of transient cavitation flow of viscoelastic pipelines, which
reveals the influence of the pressure fluctuation of the transient cavitation flow in viscoelastic
pipelines by the different water temperatures and flow rates.

Firstly, this thesis establishes a transient flow with cavitation model based on the intrinsic
model of viscoelastic pipe and the discrete vapor cavity model (DVCM) combing with a one-
dimensional (1D) steady-state friction model and quasi-two-dimensional (2D) friction model,
and this thesis solves the model by using method of characteristics (MOC).

Secondly, based on the established model, the influence of the number of grids, weighting
coefficients calculating the volume of the cavity and the friction model on the calculation
results are investigated. And the integrated energy analysis method is used to study the
influence of the cavity on the energy transfer and dissipation of transient flow in viscoelastic
pipes at different water temperatures. The results show that the radial grid number and the
weight coefficient have little influence on the calculation results. The difference between the
calculation results of 1D-DVCM and 2D-DVCM is less than 3% in formation time of cavity,
therefore, the 1D-DVCM is able to replace the 2D-DVCM model for the numerical calculation
of the transient cavitation flow in viscoelastic pipes. The conversion ratio between the
maximum values of elastic energy and kinetic energy is proposed, and the ratio decreases with
the increase of the water temperature. The generation of cavity makes the integrated energy of
the pipeline attenuate rapidly, and the conversion ratio decreases rapidly, and when the volume
of the cavity increases, the conversion ratio becomes smaller, and the energy attenuation will
increase.

Thirdly, this thesis designed a HDPE (High Density Polyethylene) transient cavitation flow
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test platform to study the influence law of water temperature and flow rate on the pressure
fluctuation of transient cavitation flow. The experimental results show that, with the increase of
flow rate, the pressure peak of HDPE and the duration of the cavity increases continuously, and
the duration of the first cavity increases about 60% at 1.68m/s~2.83m/s. With the increase of
water temperature from 20°C to 40°C, the pressure peak gradually decreases, the duration of
the cavity decreases about 15%, and the growth of the cavity becomes slower.

Finally, based on the experimental data, a numerical study of the transient flow with
cavitation in viscoelastic pipelines is carried out to propose a method for calibration of the
parameters of the transient cavitation flow in viscoelastic pipelines, and the maximum
calculated volume of the cavities is investigated under different water temperatures and flow
velocities. The results show that in the process of transient cavitation flow calibration, the
accuracy of the calculation results of the cavity duration should be prioritized, then the
calculation error of the maximum peak value should be considered, and finally the overall
pressure decay and phase should be considered; the maximum calculated volume of the cavity
increased by about 120% at 1.68m/s~2.83m/s, and the maximum calculated volume of the
cavity decreased by 10% at 20°C~40°C.

In summary, the study of this thesis clarifies the influence of water temperature and flow
velocity on the pressure fluctuation of transient cavitation flow, enriches the theory of transient
flow with cavitation in viscoelastic pipelines, and provides a reference basis for numerical
calculation of transient cavitation flow in viscoelastic pipelines.

Keywords viscoelastic pipes; transient cavitation flow; water temperature; numerical

simulation; energy analysis
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EIEMER AN RACKIRE B R . PP EMSE S, HfsEMEGEE, s,
P E AT A e RE B, DRI T S A oK BE R R G TV HEZK RS R4+

N
=t

SR T KSR REE RG, H I FE BT RG] 3 B0 E AR
AR A, MM EN 5 E—RIIRIZINE I &2, (5% 182 3
— PR, DRI A I R K . G R TE R G K B R ORI ERR T 2
FEAGRIEE, B FEEENE R TR, 455 ) bR 45 iR N
AIRERS, e SRR DA T, AIEETIE R A, T SR AH
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B AERR I B 57 o Ferrante S5 B13E T- Akaike #E AR T K-V Joth AN BRI ALRS BE 1) 9¢
R, IR BB RS AT TR, RS SRS 0 S R OIRE SR B AT T
XPE . G REW, 2 K-V oty 3 AT LS T S5 K A 1 A T (S, 3 AT DU SR
SECPE RS R AE g A o A v B0 BEAEL ) R

FERAKEEILRIN, e a] Dol BN TE AL 1, 8 208 R Gk 77 it SR A
FIRIR, B ATURAN I8 R G 1) 2 s AT R B Y. e 2 AR B T R G is AT — L
FeEf B, BRI NG, 22 W5 RN 77 A B I sy ™ o R i 3 1) 22
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NREAR (CFD) #1708 T8 il 7 2 0 - 2838 B s 03, 4 = 4Efs
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W, ARG AR, Bl KSR 2 sk AR 285 04 B o R T
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2 MM EESAMHERERBEKRRS A
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EIEAR G IR R e, 1 BB R R T SIS R LA R 23 i T R KB BT 5 1S 9 7
Werho DRI, AR FEE S GORY SR 3 R AR U TR RORG St A T AR R, AR TR B
PEEIE AR =R 2 i 2 AR AR AR . ARG, R B SRR R (DVCMD
SRS —4E (1D) RUFaSEERLAR A FIAE — 4k (2D) BERHARAILE &, o7 7 khge v il
S HBFAR AR (BI 1D-DVCM, 2D-DVCM) , iR TR &4 71, IR
fEZRi% (MOC) X BT S A B AT SR A
2.1 MM EERTRER

5 T AR AR A L, ORGSR AR AR R 2 AR T, B R ESE
G BEAE R AR I SRh N PR A A REIR N AR RIS o DA T VR R S A T AR N - AR AR A,
KR, AWFFCRAT X Kelvin-Voigt (K-V) BEAIBY, 2R GEf% 45 i 3t 55 S206 i 25 il 28
W6, PRSI b T BORS S A A AR AR A, AT AR S T AR R R T
PR HLA

Rl T WA I 2 o) 5 R A SR M T RE RIS B T FR A . R A T I A I (1)
FEA Y5 ] 7 RE B A I 8 P IR R RN ) B A AR A R L A RE 2 TR R AE LA A
N AR BRI R BT U A, T DR R
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(3) BEEH e K () n] R4 1 A1 5 8 7 B F Rl e M 2k 5

(4) BEAR 2 v BE BH R 2 S A AS i AR ) 5
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A4 — FEsEmmA (m?)
X —— WEERMAEE (m)
T —— BEMYING (Pa) ;
ro—— FREEROCRAREE (m)
u —— FEEE (m/s) ;

v —— REEE (m/s)

g, —— JEIBNAR;

0 —— WiE (m¥s) ;

t —— WA () s

P —— FRE (kg/m?) ;

g —— HEIMEE (m/s?) .

1 B IR A A K (2-3) 1 (2-4) T VIR FIAE IR B AR AR L HEOR Y, HRE#E—D
HIBUE B U i g BE T A R Y TE B A [r) BEAT AR 20, (S AT DA 31— 40 R
BB AR R I SR T AR AN Bl R T RS,

0H a’ 0Q ,a’ 0, _

—t——+2——2L=0 (2-3)
ot gA ox g ot

OH 0Q 7D
A—+—+—1,=0 2-4
84T pfw (2-4)

2.1.2 MM EEAGER

il A T L PR AR T ) DX AE T A B ORGSR o B PRRG I SR IO AE Y
TEAT, HEERILHSYE 54T N, R R 12247 8. AR X Kelvin-
Voigt (K-V) FERURR ARG 3% E & N N AR R R, K-V AR D3RG 5
IR AR M 2RI I — B, AEECE AR R R0 Ry R R SRURG S 1 R AR AR A
7 X Kelvin-Voigt 775 BRI U1E] 2-1 Frow, AR ZBA o oo e (B3 Rk
ot CRERE) Ak, Hm—ANEE S 2 A K-V ot B, H R K-V o2 i
TERURG A7 FH o 2H 1T B o

I Kelvin-Voigt /757158 1 A7 bR BN P
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J(O)=Jy+ Y J,(1- e%k ) (2-5)
AF J, — BERE (Pah)

g, — VKV BB & A RN R R (Pa);
r, — ] UKV BRRIES kA TCi R SERTAEIR ) Cs)
N ——K-V et

F F Iy

T
E, E, E,

K 2-1 |7 X Kelvin-Voigt 7!
R 5 A N R L FR RN N AR ¢ AIIEIR AR ¢ PR 73, RIBWIR:

e()=¢,(t)+¢.(2) (2-6)

VB FFERG S0 T8 W 22 8 T o, IRFE 3 /R 242 (Boltzmann superposition principle )
SIMEH, RNAR e FIBER NAR ¢ P1A:

£(t)=Jy0(0)+ [ o(t - z)a‘] ©) 4 2-7)
, - aPD o)
2E.e
X o —— FRARKRE
P —— &7 (Pa) ;
D —— FHEHNZ (m) ;
E, —— #IEEE (P ;

e

EEJE (m) .

FrbL 2R N AN K-V e, BESLARQ-5)MARQ-7), RN LR LIERN
ARQ-9), IRJE KA ER AR, B HAREERIE LA A K (2-10)

11



ARAEMRMY R S BT 24 A 18 S

o&, _ i 08 1)
ot o Ot
(2-9)
N t
=z i o ar
k=1 2 k
%O _ prix,n-v, (2-10)
ot
N
Ve=Y [B.H,+(4, —B)H(X,t—At)+C,é,, (x,t — At)] (2-11)
k=1
aD J =
=P8 (1 “) 2-12)
2e
—At
= pgaD Ji (2-13)
2e At
;N
O (2-14)
Tk
N
F=) 4, (2-15)

k=1

2.2 EEERER
KA AN T — YEFRSAS BE R A R A — 4 PR T A R i 30 R A B 2

X —4E (1D) MASASEMRARREEm PN I8, B RSy . &1
Darcy-Weisbach 2230, HAJR /AT LA A :

axn=§§V«mVa> 2-16)
Aot f 28
Vo —— WEEERE (m/s) .

2.2.2 4 EEIR SR
STl 4 LR 0 O BT T S 9 ) 223 glo),

ou ou
T, :_'DVTEZ_'D(KJFV)a_r (2-17)
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:—Et':':‘: S I*IJJ-E (m%s) ;
K —— WA REL (m?/s)
vV —— BERE R (m¥s) .

Xt FBET V)N F A, R B IX IR (five-region turbulence, FRT) At %55 Y
(521, ZAE ALK TE A R 0 Oy TN I s X SEITBE ARG M JE  (viscous layer) , [7)
Bl ORZEMNZL (buffer I layer)  ZEM)Z11 (buffer 1T layer) . X#{[X (logarithmic
region) FZ0[X (core region) , FZHRNF H AT R BAK KRB

Yr oy
; (2-18)
0<y. Sl
a
1%
—=ay.
y (2-19)
lSy* <2
a CB
V_T:CBy*
y (2-20)
i<y < d
C, T C,+x’/4C R
VVT = Ky*[]—(l('/4cm)(y* /R*)]
2-21
K 2C,R. (1+1-C./C,), o
C,+x>/4C R, SRETT
=C,R.
(2-22)

1%
26K L iccic )<y <R.
K

AH: =019, Cs=0.011, k=0.41, C,=0.077, C~=0.06;
y»=U,ylv;
R.=U,R/v;

R=D/2;
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y=R-r;

2.3 HEMEESAMERERERE

FEESZUERA (DVCMD WA an B, =710 mAC N S 77 B 40 5 i 5 (1
ANZVUEI A 2T, Z RUB R, BRI BRI, 2 SR A
TR o AR QTS A 8] B AV B B E B e, Y AL A AR R AR A SN AT
THZT SRR ZE R, DVCM BADR Z BT 2-2 7R

P ./I/z* T

K] 2-2 DVCM 7n & |24
TP SR, SRR LX) & s B NS TR R E T

H=H, (2-23)
Refe H, —— WIRIRALE S (mH0) .
2 R RE A A A AR R R TR, Wa(2-24):
av; Q-0 =AV. - AV, (2-24)
dt
A V) —— FRAER (m)
0, — T EFRE (m¥s)
O, —— FETIHFRE (m¥s)
Vi —— 2 BIFRIE (m/s)

N

—— T RURE (m/s) .
W i R(QR-24)TEFETE WA AT BB AR 5, AT A5 21 (m+ D) Ae B Z0 1755 55 A 1 X A A
L, A RQ-25R:

V;*,H.l V + At I:l//(Vn+1 Vn+1)+(1 l//)(Vn V )] (2—25)
n+l1
o =G =1, (2-26)
ut BP
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o =——m=n (2-27)

Cpv Cyu~ BpHl B, HITHHE AT -

C,=H +BQ, (2-28)
C =H 1,11 -B Qui+1 (2-29)
B,=B+R (2-30)
B B+R Qul+1 (2_31)

A B HHEHKB =

gA

R R =LA
2gDA*

2.4 $5{EZE KRR
2.4.1 $3¥MEHE 1D-DVCM 1E8R 7

Xt — e RS 3 A — A R T LUR IS (4% (MOC) SR,
2-3 FRAELIEAE R AR LHIERoR, B m bl TR A O W Ry TR . — 4R T 4E R
I HTREUR

_+id_Q a 4r 2a os,

+ = w22 T8 (2-32)
dt gAdt gpD g ot

d_Hiﬁd_qua_a(rv)_i_a 1 6(}’2’) 2a° Oe, _0 (2-33)
dt gdt gr oo gpr or g o

4%&(2-32%;.5#%@%%:10! 7E nAe B (n+ DA TG E PSR, H B BOB AT 2
Hu@—H@—mn—mﬁlapuﬁ—gu—mu—mﬂ
&g

2 (2-34)
+4_az'w(x,t)+2a Ggr(x,t)zo
g pD g
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H@@—H@+N¢—N%¢%puﬁ—gu+mu—mﬂ
g

_4azt,(x0) N 2a* og,(x,t) B

0
g pD g o
LA
(n+DAr | P
o C
At [ ¢
n y B
| | | »
g xi—l xl xi+]

K 2-3 FRRLZEAE RIS B IR

A RARQ2-1D)~2-15), w15

2a2At n+l n+l
(1+ FYH!" +BQ"" =C,
2
(1+ 2a At F)HinJrl _BQiI‘lJrl — Cm
2
Cﬁ = Hin—l +BQ£1 _%Tv’:i—l + 2a A VE
pgh g
4aA 2a°A
Cm = Hi}il _BQ:A +a—t7vnv,i—1 @ o Vi
pgD g

A A2~ INIATARHUESE, RIF T

Hn+1 Cp + Cm
i 2
21+ 24A by
Q_n+l — Cp - C'm
' 2B

(2-35)

(2-36)

(2-37)

(2-38)

(2-39)

(2-40)

(2-41)

A R AL PSR, BRI B AR Q-23) 1, AR R ARKQ2-24)THH,

Hoby N E R SRR E R, WUEVEE DN 0.5~1. TR, EAMRETT

/N W/
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2a:At 4alt
2
1+ 2aAt F)H’Hl _ BQ-'HI _ 4alt ' =C (2-43)
’ " opgD T
dal 2a*A
Cp = Hirl_1 +BQin—1 - ac TZ i1 ? tVE (2-44)
pgh 4
daAt 2a°At
C =H" _BQ”A +a_z'", +a—V (2'45)
m i+l ui+l1 pgD w,i+1 g E

W H = H AR, BIESRE 0 RO
2.4.2 ¥ MEIE 2D-DVCM R R 2

TERIR Sy i 2, A RUQ-33), SR T e B A0 A2 1) 22 40 WA, o ) 22 4
X 4 55— o PR BELABE 280 () 22 40 WU R AL ], 0 R T 5 3 K B L3 P4 40 N B (i
B 2-3 FioR) . RIAIZED K ISR A Ny B, W 2-4 B, T4 i
FEBRRER, TR OB BE ST T SR IN 38 (4% [ P

v
V(HJ)
S L e
_AriArqI Uiy —Hiy Haviy B
I N Y s 9]
. r .
J ¢
I I |
0 Xi-1 X; Xi+] X

K] 2-4 1 YEAR m) 22 3 I A 124
Hrj & TR, RaBRMERS: AR MR REEH ORRMEER: ry
NIAE ;O B TE P O AR R BEBS  7E nAe T (n+ 1)Ae BRI, 9 5 RRAE 280 2 20
(2-33) 7, HEBEREAN:

2612At n+ n+ n+ n+
[1+ F]H '-0C, 4" +0C, q" —eC, ul +

i q./9i.; ut i j—1

g (2-46)
(a 1g+&C,,, )uzn;l - gCu.’),jui’j;—-l#l =K,
2a2At n+l n+l n+l n+l
1+ . F] H!™-0C, q;, ,+0C, q' +&C, u " — (247)
(a /g+eC,,, )u:;l + 8Cu3,jui’?;'—-l+l =K, ;
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Kpi,j =H + (1_ G)Cq]' (qinfl,jfl _qiril,j )+ (1_ € )Cul,juinfl,jfl +
2-48)
. . 2a°At & (
[alg—(1-£)C,,, Juls,+(1-€)Cpy ]y u+ —— DV,
k=1
Km',j = H;Zl + (1_ Q)qu (qi’irl,j—l _qin+1,j )_ (1_ € )Cul,j irirl,j—l -
2-49)
. ) 2a°At & (
[a /g— (1 - S) Cuz,_j] Uiy — (1 - )Cu3,jui+l,j+1 + ZVE
k=1
X ¢ —— RBEEg=r;
& —— FEVEIURCE REL
0 —— RIIEENERL.
Kpi,j ﬂ] Kni,j EXH%:‘F‘ H, u ﬂ] q j'i’ EA%DIE’ ﬁq:'/%iﬁ qu ’ Cul,j ’ Cu2,j ’ 74‘:[] Cu3,j ﬁj\%”
TR
___aA’ (2-50)
Y &7y (I"/ _rj—l)
CuZ,j = Cul,j + C’u3,j (2_51)
alitv,. r.
Cu, = L (2-52)
87, (rcj - rcjfl)(rj - rj—l)
alAtv,.r.
Cps, = v (2-53)

T g =) =)

2D FEFAAR A R SR TR B R R AT AN S TR S 1D BERHAR AR —2, B}
A (2-22) 1E nAt Fl(n+1) At B SRR 53, Cp 1 Co tHHEA N:

2
1429 gy 4 port o 284 i _ (2-54)
g i i pgD wi P
2
1+ 2LF)H B — dealy e (2-55)
g i i pgD wJ m
n+l
ntl __ i,Npy
TW,[ - pVT D (2-56)
(5 - rcN,_H)
13D P W =W RS )\ i = = 7= w1
Cc +C
H"=—t "
i (2-57)
21+ 24A by
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n+l __ Cp _Cm _ 4£aAt n+l1

= T 2-58
o 2B pgDB " (2-58)

>N qjﬁéﬁjé%y\j:
g7 =UK,,+K, )/ 2=H"1/(6C,)+q}, (2-59)

A R AR, BRI h A RQ-23) 1, AR R A (Q2-24)THH,
FAEZ RS, R E T AW

24° 4
A+ 2y 4 ot 4 289N i _ o (2-60)
g ' Y pgD 7
2
(1 + 2a F)Hi”*l _BQ[”H _ﬂgrﬁw -1 = Cm (2_61)
Pg
2
Cp =H +BQ" —(1-¢) dalt Tt 2a A Ve (2-62)
pgh g
2
C —H' —BQ" +(1- )94 o+ 2a7At,, (2-63)
pgD g

2.5 WA EY

KT RSP ESE DVCM B, 88 S R At AR R A, Tix T . F
W R, AL M SO R, PR AN R R, AR
BEST, SRR SR S, B AIGEIR RS,

2.5.1 Lk fEF Tk
¥ EWKA LTS, KALREE R, U e TE BT A Y Kk
H'=H, . &aHEEITEC, KitEAR, FIREREQ) -
Q1:H§(1+F—Cm) (2-64)
1 B
LKA NIFIARR, EENERG T H), = H,,, WNESHEETTEC, BitH
~3, AR E Q)

n+l *

Ql = Hr11+1(1 + CP —F) (2-65)
n+ B

2.5.2 BiimiR IR i )]
St RIS I T R, SRR AL I R s A S LIS R 7K e

0l =—BC,+4/(C,) +2C,C, (2-66)
1
H = G, ~BOw (2-67)
e 1+F
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— (QOtau)z (2-68)
" 2H,(1+F)

MR TIAL T B RGN ey, g5 b e KA R J17K Sk H o 15 201 T T AR 1
==/ (I

0l =-BC,+,(BC,) +2C,(C, +(1+ F)H,,) (2-69)
C, =H!~BQ, +(1-¢) Ao 2N S, (2-70)
pgbh g

2.6 KENGE

A EE B TR A T A T FE RN IR AR 1, S TR SRR T B A A
K. ARG, BTBEEBESEER (DVCM) AR E AR, 5—4:fas
JEE LR ok BE PR RS RU AR 45 7, @RS T — 4R R S SR A B AR AR A (1D-
DVCM) FlI#E 4R M B SR PI AR (2D-DVCMD , IR FRFIE 2R v xf FL 47
Ko BeJa, FR 7 KFAIE SR EA .
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3 FREXTRGSE M EERE RV MR
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T WG WIARRE EEE mis HBEE W
(°C) (x10° Pa) (m/s) (x10° m%s) (Re) (x10°Pa)  (kg/m?)
13.8 2.99 1.27 1.17 45155 2.14 999.3
25 2.99 1.27 0.892 59229 2.24 997.1
31 2.99 1.27 0.784 67389 2.27 995.3
38.5 2.99 1.27 0.675 78270 2.29 992.6
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KR by AL BRI (LAY I
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30 1.68 41795 0.78 2.25 996.4
35 1.68 46226 0.71 2.27 994.2
40 1.68 50810 0.65 2.29 992.1
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B 4-3 SATE KR A 20°CI AN A E T i HDPE 38 7R P9 AR B8 A8 I 1) S 56 7 il
2. & 4-4 25 20°CH} HDPE % i¥ 1.68~2.83m/s HIWEAE ALK . MK 4-3, & 4-4 Hhi] L)
B2, FEAEREAEM, EJEENEEEARAE K. 7E 1.68m/s N %E 2.83m/s I,
BEE L G, JRiE Ny 2.83m/s I R UEAE AR LLimaE v 1.68m/s INFEG N T 37.3% /4. 1
1.68m/s , 2.03m/s, 2.39m/s I B AR 7 0 AE 4> BN 23.45mH20 ,  25.34mH,0 Al
29.53mH,O0, FHECHIAREE N 1.68m/s K JJ I8, £ 2.03m/s, 2.39m/s I RIS AE 73 7l
B¥InT 3.97mH,0 A1 4.05mH,0. 1M MK 4-3 (b) F 4-4(a)F T LA H, 10 48T 4E M
2.39m/s #E 0 A 2.83m/s B, & JJUEE EI M 29.53mH0 Ft = & 30.44mH0, AXIEN T
0.91mH,0.

(a) 1.68~2.83m/s (b) 2.39~2.83m/s
K 4-3 AS[A]JHE (1] HDPE 18 1% 73 5 S 56 $ e
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