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Simulation of injection and drainage systems for main ballast
tank based on MWorks
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Abstract: The main ballast tank is an important component of a submarine submerging and surfacing system.
To correctly simulate the working process of a submerging and surfacing system, modeling and simulation
analysis of the main ballast tank based on MWorks were carried out. Firstly, the models of water injection
system, conventional blowdown system and emergency blowdown system were built using MWorks. Then,
the model’s reliability was verified by comparison with CFD simulation results. Finally, the impact of factors
such as back pressure and sea opening area on the injection and drainage process of the main ballast tank was
analyzed. The results show that the relative error of main ballast tank blowing time between the MWorks
simulation results and the CFD simulation results is within 10%; increasing back pressure will increase the
blowing time and reduce the structural strength requirements for the main ballast tank; increasing the sea
opening area will reduce the filling time, blowing time and the structural strength requirements for the main
ballast tank. The main ballast tank system models built with MWorks have fast calculation speed and accurate
regularity characteristics, which facilitates the rapid adjustment of engineering design parameters to determine

design input.
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Tab.1 Setting of working conditions

T4 T2 TH3 T4 T.Hs TH6
SJE 1/ MPa 6 12 18 6 12 18
i 9 L I A /m” 0.012 72 0.012 72 0.012 72 0.025 45 0.025 45 0.025 45

2 #ERXfLE
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Tab.2 Comparison of results between two calculation methods
RBRS0%EEKI /s WRER99.5%EHUKIFIls /KA TE/MPa  EIGEFLE ARG/ (kgs')
CFD MWorks CFD MWorks CFD  MWorks CFD MWorks

1 10.75 10.92 35.48 32.54 2.11 2.08 106.79 97.02
2 5.10 5.30 12.08 11.58 2.38 2.27 195.87 177.77
3 3.61 3.78 8.33 7.93 2.59 2.5 261.46 241.96
4 10.56 10.73 31.71 32.32 2.1 2.02 105.17 100.17
5
6

T

4.77 4.88 11.24 10.88 2.28 2.08 230.76 194.19
3.19 3.30 7.18 7.01 2.44 2.17 322.47 279.58
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Tab.3 Parameters setting
WRRBRAEEE WOEIR AR B 2R ERE B

WIHRIR /K UM IEE 1/ MPa & ki@ 42/ / 2/

WIRIEE /K SORAPIIGE J1/MPa 4 6842 /m g/ & 41/MPa Y Em KA R /m KA A% /m
298.15 20 0.02 20 1.5 2 2 2

3.2 RN

VEACIRZS N 18 SALAMR A 8 s, RS N id@ e fLAMAR IR 08 s e 00 1~5 (5 Hdk TAR
ARE, TBL 6~10 15 B AR BR TARAIRZS I‘/RII 15 {5 E N2 R BR TARARAS, 15 e BCE A 45 58 n
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RUEEBETT R LTt FALR BRI 2 BR T AR, 75 HOBOR, WRBR IR TR, 7K AR I4e e, i
LR R BRI

R4 AEEETEHOKRERITES

Tab.4 Calculation results of water injection and drainage process under different back pressures

TAERS ) ¥/ MPa . HEKEFE] /s JK IR I /MPa ML AT (kgs ')

1 0.11 104.17 0.111 130.79
2 0.115 104.16 0.116 141.73
KR 3 0.12 104.12 0.121 151.88
4 0.125 104.05 0.126 161.39
5 0.13 103.97 0.131 170.38
6 0.15 31.50 0.201 208.50
7 0.2 37.08 0.236 177.76
WK 8 0.25 43.38 0.277 152.07
9 0.3 50.17 0.320 131.27
10 0.35 57.29 0.365 114.64
11 3 32.20 3.047 207.41
12 4 43.39 4.025 157.04
VA= 13 5 55.19 5.015 126.03
14 6 67.57 6.009 105.15
15 7 80.83 7.006 90.17

H R BRI R TARREECT, 3 S K R W IR ) AR A A M T 22 OS2I AN AT 6~7 FT7s o
RT3 e I 2 BRI AT B, KB N AN 28 1 I, ELRBAE 8 H g W i, ISR HsF ] 50 A X e
R, TRAE AN 22 A BRI o 75 B IN, KA A N 2239 R, DR LT /K T R X 7K AR 5 4 it
JEEEORA s 1 RO, WRER I [E] R, PRI M TR SR M 15
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Fig.6 Influence of back pressure on various parameters under conventional blowdown
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Tab.5 Calculation results of water injection and drainage process under different sea opening areas

7

TAERE T W FLEAE/ m L HEKEE] /s IKAE U4 /MPa LR TR (kg's ')
1 0.10 415.74 0.131 42.59
2 0.15 184.79 0.131 95.84
TEK T 3 0.20 103.93 0.131 170.38
4 0.25 66.51 0.131 266.22
5 0.30 46.19 0.131 383.37
6 0.10 68.17 0.435 93.48
7 0.15 49.64 0.317 130.54
R G: 8 0.20 43.38 0.277 152.07
9 0.25 41.06 0.262 162.81
10 0.30 40.13 0.256 167.90
11 0.10 57.98 5.299 118.81
12 0.15 55.57 5.050 124.89
R4S 13 0.20 55.19 5.015 126.03
14 0.25 55.36 5.006 125.79
15 0.30 55.05 5.003 126.47
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