H55% 44 17 S-S D | A = SO SO Vol. 55 No. 4
2023441 JOURNAL OF HARBIN INSTITUTE OF TECHNOLOGY Apr. 2023

ZEHEERNKESEIREKE Godunov R E

7
A AL E RO E &tk H S
(1. T[ERAE KRR H2ABE, B A0 210098 52. U148 /K A L 035 F 5 Be A BR A 71, BL#R 610031 ;
3. [ bR/ HL e BT 310002 4. AKFIER P 5 BB ARERT ST B, BT 310002
5. W E =ed T (SR AR HE] R 610041)

B OE: KERRATEAIBEIBIKEKEBAZAMERT KR EAELEAL  AERGRTERETTHE, B
TR EWEERETEY, TANKELHREGAKEHFHEA £ E R HE X % (Method of characteristics, MOC) T3 ,
HRDZRGAEEI R E BTN, ARG ARESBREAEL LT ERH# L R E M, T HREREZH Godunov
MR VBT HRAE RSB A AR SE XA (Discrete gas cavity model, DGCM) , J SLIL A 38 o F oy 2 LB 4 — 1+ &,
RWHEPA RGO, FZBEAENERE ZTRHE AR AN RS EREE WIT EERIATR, I FEE ED
BERABESBGRMERATON, EREXA AR B ERED B KE KEPEREXEFAHFRATHREES, 5=
BHEER-BERISEUNBSEATELE TRHEEY 4,5 MOC A, 4 EB BT 1.0 B, HIREARE =
Godunovi ATt A AR T # FAE, A HZ EABERMBMEO0.9 BB F MR A FHA G T N R FALRER,
KR AL BIHRAE A REME; Godunov B 51 A B, B AKE XNER

HmESES: TVI43. 1 ERAREAD: A MEHS: 0367 -6234(2023)04 - 0138 - 07

Godunov model for water column separation and rejoining water
hammer considering unsteady friction

ZHOU Ling', WANG Ning’, ZHAO Yue’, WANG Huan®, HUANG Kun', LU Kunming’

(1. College of Water Conservancy and Hydropower Engineering, Hohai University, Nanjing 210098, China; 2. Sichuan Water
Resources and Hydroelectric Investigation & Design Institute Co., Lid., Chengdu 610031, China; 3. International Center on
Small Hydro Power, Hangzhou 310002, China; 4. Standard & Quality Control Research Institute, Ministry of Water Resources,

Hangzhou 310002, China; 5. China Three Gorges Construction Engineering Corporation, Chengdu 610041, China)

Abstract: Water column separation occurs when the water pressure increases to vapor pressure during hydraulic
transients in long distance water conveyance pipelines. Abnormal high pressure caused by water columns rejoining
can lead to pipe vibration, deformation, and even explosion accidents. The existing mathematical models of water
column separation and rejoining water hammer are mostly solved by the method of characteristics (MOC), and
rarely consider the energy attenuation caused by unsteady friction factors. In order to improve the computational
accuracy and stability of water column separation and rejoining, second-order Godunov scheme of finite volume
method (FVM) was introduced to solve the discrete gas cavity model (DGCM) with unsteady friction factor. The
virtual boundary method was proposed to realize the unified calculation of pipe boundary and internal nodes. The
simulation results of the proposed model were compared with the experimental data and the calculated results from
the existing steady friction model. The sensitivity of parameters including mesh number and pressure correction
coefficient was analyzed. Results show that the proposed model was capable of accurately simulating the transient
pressure in the cases of both pure water hammer and water column separation and rejoining water hammer, which
was basically identical with the experimental data. The calculated transient pressure considering the unsteady
friction factor was more consistent with the experimental data. Compared with MOC, when the Courant number was
less than 1.0, the transient pressure calculated from the proposed model was more accurate and stable. In
particular, the mathematical model could more accurately reproduce the experimental results when the pressure
correction coefficient was 0.9 and finer mesh was used.
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