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ABSTRACT: Based on the volume of fluid method, the
behavioral mechanism, electromagnetic properties, and power
generation performance of the gas-liquid metal two-phase flow
in the generator are numerically investigated by changing the
gas inlet velocity of the multiple-entrance magnetohydrody-
namic (MHD) generator with varying volume fractions of gas
and liquid metal. The results show that the two-phase fluids
display a periodically varying flow pattern. There exists a
positive correlation between the trend of the liquid metal
volume fraction and the pressure differences caused by the
interphase action in the vertical flow direction. In addition, the
mixing homogeneity of the two-phase fluid deteriorates as the
gas volume fraction increases. When the volume fraction ratio
of the gas to the liquid metal at the inlet is 3.075, the two-phase
flow pattern transforms from stratified gas-liquid-gas to slug
flow, droplet flow, and strip flow sequentially, with a period of
0.0308s. Meanwhile, the unloaded generator gains the highest
period-averaged electromagnetic efficiency of 83.8%. When
the load coefficient is K=0.5, the two-phase flow in the
generator is mostly annular-like flow, and the flow pattern’s
evolution period is shorter than that of the unloaded one, and
the period average generation efficiency is 43.81%.
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Fig.1 Geometric model of the multiple-entrance MHD generator system and the cross section of the generator
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Table 1 Physical parameters of the working fluid

LY/kes Ga-l R113g

2 £/ (kg/m?) 5904 3.9557

Eb #2813 (kg K)) 383.52 842.18
T ERI(WI(m K)) 58 0.1784

R (kg/(m s)) 1.91x107 1.95x107°
JEE ZR J5 &2/ (g/mol) 69.723 187.376
H 5 R/(Q/m) 4.2x10° 1x1077
F 15K 71 ZHU(N/m) 0.48
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e Up R R E K=0.5 B 1 3L Ug. 2A)5,
A5 2] 1) S 288 FE R it A R H, L R P R AN B
IR H AR R R R AR
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HR[3A1 I FEATT FBE D A 8T AR B 20(19)—(22), 115
13 31 A FRIEE 1 DR 5 SRR AR 8 1-C Y
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Fig. 2 Numerical results compared with the Hunt’s

solution in the literature
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G EHPAT EHEAT A AL .y ale S S 1) 735 o
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r=7/3. u=0.2m/s. h=0.46 } Bo=1T 15317
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THEA R A% BT H R Bh S5 R 5 x/a=2.5 1A
EWESEJE AR L ups WS & Jm AR AR H C) L
X T RS B M3 I IR R 22 Au, < uy —ug | Tug
AIAC, 4 Cj—Cil/Cyg» m=E 2 . MkgEEN
M2 I, x/a=2.5 TR - AH TR 22 Au, BT AC, #B/)
T 4%, T THEIN (A ORAE TSRO L, i M2
AR ARl 2 S5 K REAT BB B

2 HER5S

2.1 PEHERIAYHME
SHFE LT RIZ AT MHD K HGEE, A
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Table 2 Grid independence verification

R 1% M1 M2 M3
JER -4 959 728 1213080 1470 160
AR 2 1x10™ 8x107° 7.3x10°°
/NS . . 5 5
AT E 1x10™ 8x10™ 8x10™
ul(m/s) 0.39 0.31 0.33
AUy 0.21 0.03 —
t=n
C 0.30 0.34 0.35
AC) 0.13 0.04 —
u/(mis) 0.62 0.56 054
Auy 0.21 0.03 —
t2:1'0+1/21'
C 0.68 0.73 0.73
AC, 0.061 0.005 —

SRR u=lmis. HTRESEBHERE K,
Rk, ENYy Bt ), Oy SUA TR E
EJ) A 4o JoR T A G kv A EE 11, PHAS SR IR
), Ug FIHUETE A 3 m/is<ug,<5 m/s; B 1k <
PIARRUAARAY AE S TE PR S R T AN BRI SR 5
BUE A TCEAE A S SR IRED,  h=ug/ug, 73 I
0.23. 0.46. 1 Ml 1.5, & HMEIHHMHEH N
Case,, » NG EIRTMARER A N 7, o W13 3
Jm .

&3 EBEfhgE
Table 3 Calculation cases setting

) AN E R (m/s)
A h r
Ug1 Ug2
Cases.o.23 0.69 3 1.845
Casess.0.23 0.81 35 2.155
Cases.0.23 0.92 4 0.23 2.46
Cases5.0.23 1.04 45 2.77
Cases.o23 1.15 5 3.075
Cases.o46 1.38 3 2.19
Casess.0.46 1.61 35 2.555
Cases.o.46 1.84 4 0.46 2.92
Cases 5.0.46 2.07 4.5 3.285
Cases.o6 2.3 5 3.65
Cases; 3 3 3
Casess.1 35 35 35
Cases1 4 4 1 4
Casess1 45 45 45
Cases.1 5 5 5
Cases.1s 45 3 3.75
Casess1s 5.25 35 4375
Cases.1s 6 4 15 5
Casess.15 6.75 4.5 5.625
Cases.1 5 75 5 6.25
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