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Turbulent Thermal Flow Analysis of Liquefied Natural Gas in the Spherical
Tank with the k- Two Equations Model

by Yoshihiro Kobyashi, Member

Summary

Turbulent thermal buoyancy driven flow of the liquefied gas, LNG and LH. (liquefied hydrogen) in
the spherical enclosure having a free evaporation surface and uniformly insulated outer wall was

analyzed with spherical coordinate system.

The k- two equation models were used for the turbulent calculation and the finite difference method

was applied for the numerical calculation.

For the discretized spherical coordinate system the numerical satisfaction of the equation of continu-
ity in the nonconservative form is not ensured due to the geometric change of each cell size and to the
finite difference approximation of the first order derived from differential equation.

Author introduced the equalized flow for the convection terms of equations of enegy, vorticity,
turbulent kinetic energy and dissipation rate. The automatic satisfaction of flow continuity over the
entire range of control volumes and the stable numerical solutions were obtained by application of this

new method.

As for the boundary conditions for free surface liquid two kinds of thermal configurations were
considered, one of which was heat flux corresponding to an evaporation equivalent to the heat input
and the other was saturated temperature corresponding to the vapor pressure.

Consequently author evaluated briefly the relations between boil off quantity and fluid flow character-

ized by the tank shape of spherical and square.
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PGP HEI L FBECL > THRERBEBLILNT
K1z, 0,k BIU elzowTIRERR (37) T2 ROM/NE
PR LERBDNEOR 21E5 L IEFEE 95, 9, g5 B
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Fig.6 Velocity boundary condition for rigid wall
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0.828(2.31)kcal /kg°C, y=426(71)kg/m®, Pr=2.1(1.14), 8
=3.6x107%(1.83x10"2)K™", v=9.94 X 10~*(7.06 X

L NG« =0, tkeal/nf h°C
Ag=¢— (-162°C)"

Liautp!
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~0. 0075

~0. 005

Fig.7 Isotherm contours for LNG, xs=0.1 kcal/m*h°C
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Fig.8 Isotherm contours for LNG, #:=0.2 kcal/m*h°C

L Hz x =0. 0018kecal /nf h°C
Af=6- (—253C)

—0. 0005

0.0 8T
<

Fig.9 Isotherm contours for LHs,
#s=0.001 8 kcal/m*h°C
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— 80)/RAr v EATEL, BREARB L UhLETCEVE LR T
3.4 HEROEE V3,2 DEAIZMBMOBERESAZ WVEEETH S,

3.41 HHEECRARELZMORA VA 7252  LNG L EHEO LH 3ERHMICIRIC Z L35 2 %, B
T SR TH B & BRI T B 72 DR IT A

(1) EESG(Fig.7, 8, 9) : ¥ > 7 RIMTED S RIS TWw3,
h, BHEECHHSNIREL LD, BESMMLSY (2) WrBEEs & V5 (Fig. 10~15) © AR5
TRk CBT, BERcREThHy, L¥FFic—o0

LNG « =0.lkcal/nfh°C

LIOUID SIRFACE LHz x=0.0018eal/m h°C

Fig.10 Stream function contours for LNG, €

#s=0.1 kcal/m*h°C Fig. 12 Stream function contours for LHx,
#s==0.001 8 kcal/m*h°C

LNG «=0.2%eal/nfh°C
LNG « =0.1 keal/nfhC

Fig.11 Stream function contours for LNG,
ks=0.2 kcal/m*h°C Fig. 13 Velocity profiles for LNG, #=0.1 kcal/m*h°C
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BROBBECTWE, RABEKOERS ~ 705D AR
BRECRRTH S, Fullid LFRTREL, BREEZS
VLRI o - TR T 0.1~0.2m/sec IZET 5
28, THBRTIX 0.01 m/sec filfk L FEFITNE L, L 2H
HREEGEVEEZ X5, '

(3) ELWTAVF b FEHEE ¢ 8 XL CHEBEREK
ve D534 (Fig.16, 17, 18) : LNG, #:=0.1 kcal/m*h°C @

LNG «=0.%cal/nfh°C

Fig.14 Velocity profiles for LNG, xs=0.2 kcal/m*h°C

LH: &=0.0018kcal/nihC
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Fig. 15 Velocity profiles for LLHa,
£:=0.001 8 kcal/m*h°C

BETHDB L, ERITET, k310" ~10° OKRE S THM
LTsh, RohliicRE <, THK Koy o Hl
TS, €13 107~10° D53 CERFLERTE L, TH
Bky > 7 FOER T/ E V20U ORI TR & BhE
LT3, v BYHEED 10°~8x 10 FRETHRES & £
AFRE I BKESGEEL, THRRY > 7 Bl L i

LNG x=0. lkcal/rih°C

LIQUID SURFACE

6 x10'?

1.4x10"
] X]OIZ

Fig.16 Turbulence kinetic energy % contours for '
LNG, «s=0.1 kcal/m?h°C

LNG & =0.lkcal/nfh°C

LIAD SURFACE 8 XTOW

x10%°

1 %102°

6 Xw“)

5x10'*
3 x“)li
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Fig. 17 Turbulence dissipation rate & contours for
LNG, #s=0.1 kcal/m*h°C
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S,

(4) oARRE=FTLEOHE  GLREFVEL T W
=10Xy=const. &£ L7z 0 ARERNEF N2 LT3 &, R
ESHZREOREZN L V/AEL BoTWwS, HE
BUERE AL Thi-On E¥ERICHE > it 2
D, BEoMEbKEV, BORENT L5 ko

LNG # =0 1kcal/nthC

2

Fig. 18 Eddy kinematic viscosity v. contours for
LNG, #=0.1 kcal/m*h°C

G K, =0.1 keal/nihC

Ag=0~- (—162)C

0.00

0. 002
0. 0025

¢

Fig.19 Isotherm contours for LNG in case of free

surface temp —162°C at 2 000 steps

TW3, WML EEICHHL Tz b Do R
D, TR L 35 EREBIEY,

3.4.2 BHEMEREEHACEE LSS

y vy BEGSDABEN3.4.1DEELEALTHLD
L, BHREHTCORFROKRESIEHEL TRV

WG K. =0.1 keal/aln’C
A8 =0~ (—16DC

0.001

Fig. 20 Isotherm contours for LNG in case of free
surface temp —162°C at 4 000 steps

G K. =01 keal/nit’C
A8=6- (—16)°C

0. 001

Fig. 21 Isotherm contours for LNG in case of free
surface temp —162°C at 6 000 steps
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b, Y7 2B TOBFEHINT VAL Tk, L5
ABBBEOREL k> T30 > 2 FONE iR
TE PHRLICIERELS EH LT FEEFEIREMNFE Z &
B, —fl & L TLNG T x=0.1 kcal/m*h°C T 2,000

WG K, =01 keal/oth’C

&

Fig. 22 Stream function contours for LNG in case of
free surface temp —162°C at 6 000 steps

G K. =01 keal/nin’C

Fig. 23 Velocity profiles for LNG in case of free
surface temp —162°C at 6 000 steps
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