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Abstract

Understanding the flow behavior in the channel plays an important role in early flood disaster
management and lifesaving. This paper is aimed at the surface flows to study the behavior of flood
waves. In order to predict and simulate the flood process, a mathematical model with initial and
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boundary conditions is established by using two-dimensional Saint Venant partial differential eq-
uations. The explicit finite difference method is used to discretize the model. Here, the central dif-
ference scheme is used in both time and space. The central difference scheme in time is also called
leapfrog scheme. Then it is implemented and parallelized by MPI and OpenMP. For testing and
experimental purposes, we used a simple cuboid tank to simulate an open channel. Through nu-
merical simulation, the output parameters under different time steps, such as the height and
speed of the water flow, are obtained, and then these parameters are processed to realize visuali-
zation. Finally, the parallel program is compared with the serial program, and the scale expansion
test is carried out.
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Figure 1. Schematic diagram of iterative process
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Figure 2. Schematic diagram of single open channel
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Figure 3. Schematic diagram of grid data exchange
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Figure 4. Parallel framework
4. FTHEZE

24. R

HATRRRIGEAEEN RS R 2, us v EAE S 20E 5 BRE S, FERS SO EAT Ab 2R I 7T
Mk, BLREIR EDW A BSEIR S5 R o &1 5 TR B AE A RIS AU T B — 4 SV J5 AR IHEK
T RENS TS A B IR 18] 38 A0 7K I e B AR A AR 0 o B v 88— i P s (R R T AR B AR T RS
L IAARTH A B AR il 5 B PR o [FIRERI AT AT KL 20 u, v B ER, ERELE R A B,
FEBEAST IR

3. RIUREMEESHr

FATHIFATHEZRAE BETE Z AR 1 RSO T e, R 2 B B AT 2 AR AT 4T s RS
U] DAY R 2008 3, R BT SEA  REA E RS R A bk ) 5
$k75 3CHR AL T CARE IS ST, BT DASRATT AT LAAR AR 25 (K JA TR (R BN T K

DOI: 10.12677/csa.2021.1112289 2849 LR 5 5


https://doi.org/10.12677/csa.2021.1112289

357K

TZO T=250

T=500 T=750
RS S g

Figure 5. Simulation of water surface height of open channel
[ 5. BARKESER

TR KPS AT IR, BT AT A MR AR 20 4775 [ S v 5 Rl O i 3 = gt
HAF6 o AT RAERHE A T AS S 1 32 %0 2.5 GHz 471 x86 ALHH 2341 8 H} 16 GB DDR4 2666 ECC
REG W17, RH 42k . TP 2% 200 Gb HDR Infiniband & 1M %% . 17 MP1 52 A hpex-2.4.1 4 BE 1,
OpenMP J& F AR EUZ 32 4~ WItaA IS RN S 2 i 72 BRI 1 2 JERR AT AL, (BT AT IS
f] o FRATTEER I 7 T HEAT T 355y M. /a2 89y ik, ERFFEAEESIH TR A—
FESL T, AW N R ORI B AT R RE, K 6 RIS RN LKL, K 7 X
HATRE: a2y I, 78 CRIE W TR R — RN, WURE 7 B A A 0 22 s A it
SRR SRR T R A AE L, sl 8 Fm. AL TEREITHE A N

p T’ _?

e p oy CPU B, R 8L T BT HAT SRR BATINIA], Ty O p ANARER AR I AT S I AAT IR 1A

AT 559 e 1CHy DA A I (8] Y 6 HE,  REAPIE DL 10 IXECME, SSARECN 1000 IR, 5597 &
MR IAT RRAE TR IE AR FFAE 80%, HESUUGLISATAERGRMALR 2 L, Jetbidy. st ta
BOVEE AT RCR, AE TR AREORSF 80% R, Ui WXl 701 e AL AT

By R
70 900
60 800
50 700
= 40 600 o
= Y
LE?‘_ 500 B
iy 30 400 B
20 300
200
10 100
0 0
1 2 4 8 16 32 64 128 256 512 1024
HIEH

Figure 6. Weak expansion time and acceleration ratio
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Figure 7. Parallel efficiency
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Figure 8. Strong expansion test
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