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Abstract

A high-resolution methodology using a compact differencing scheme is introduced in the aim of simulating
cryogenic turbulent mixing flows under supercritical pressure environments. The present method takes a strategy
to add non-linear localized artificial diffusivity to capture different types of discontinuities such as shock waves or
material interfaces, while using a compact difference scheme. One-dimensional advection and modified Shu-Osher
problems in supercritical flows are proposed in this study to assess the performance of the present method, in
addition to an existing shock tube problem. Results for the advection problem show that the present method
can be applied successfully to supercritical flows, including a trans-critical state, without any significant spurious
oscillations, if initial startup errors are properly avoided. A localized artificial diffusivity, especially artificial
thermal conductivity for temperature gradients, can effectively work on reducing numerical wiggles produced
due to high density /temperature gradients. The modified Shu-Osher problem demonstrates the superiority of
the present method in resolving high-frequency waves behind the shock wave even in a supercritical pressure
condition, relative to a conventional low-order upwind-biased scheme. Results for a two-dimensional cryogenic
plane jet in a supercritical pressure condition also demonstrate the capability of the present method for simulating
the unsteady jet flow structures and the superiority for resolving the fluctuations with reasonable grid resolutions.

1. Introduction

Witkary by YT, ECHENEREER S S
728, BRBEE ) 250 2D D, BBLAI Rk
DIFFEIME % B Z 2 JEBREE T IcB VT, ik
APBERRDA U 5 1], WL, BALAIDME
TR S5 — 7 CTHEEDE C, — MR IS
HOERIEETOG) DLA I VABERD, 2D
728, WEGRAHICE ) 2 RE OBUIAAE L E Z 1
ETWT 2ERIRABRZ A ) DD 5,

INETOM |2, 3] Z#EIT % &, RANS Tl
SPIHEIZHIE T — % L BT 2 b 00, EROIEE
WEIIRIET 2 700, WNIGOFEMAEN I 1X LES
WHHREDFE oL Twa, L L&a2Ys, LES I
BT, EEFESERART TR S 1 8K
A ¥ — DIIHORMED R <, EIEEDREZ 13 U o
PR TR R D S 5 b, Bod: % iR
ETHIZ, DONBEREDD I WERRETIENS
BIEALHENDTHAH ). AF—LDEMEIE L
LCHLESN—R, Bz a v 7 b ESEDEA
DB ZHND5DY, HHRIK Z 72 B i A B
B OB AN A E F 10 2 G USRI 4 5
T, RO BMEIRE) 2 & FHRLEN: BT 2 [
LT 2R D D, SHOBHICH 72> T
FIROTHIGDSAEARTRTH 5. F1z, BIIFIIRE
P E 72 2 S O BEE I R O BRI
35 5 [4].

DRI, AREFZETIE, SRR R

IR L, 6 KKEEE 2 v 87 b 2531 [5) IC/RFTA
THEMER [6, 7, 8, 9] Z O BRRIER X — L %
AL, 1, 2XCMiEZ@EL T, ZO§Hli% T 7.
RIFFENE, 2o ARSI LT L 72 8% D
JATWIZE [10) BDR—R Lo TED, e TSIH
W E v, i, KRNEBOE X 2 55,
[11] ZZ W72 E 0,

2. Numerical method

e E LT, — Ml R O EREE Eu-
ler & L < I Navier-Stokes /i w72, Ik
ge T, SRR P MR R D B
LY BT 2 72 ®, 3 R Soave-Redlich-
Kwong (SRK) /i [12] Z#M L 7. RhtEfREUC
I Zeberg-Mikkelsen & @ model[13], EMmELREIC
|3 Vasserman and Nedostup model[14] Z V> 7z,

B, KiEIE, £ 7 metrics 13 6 KK 2~
X7 PG [5) TR L 72, REREIRE ST 13 3 RIGEE
TVD Runge-Kutta i [15] TfTo 7. KRR D
BAT—2TlE, REFERICHL T2y 7 P 7401
5 [5,16] Z@MH L T 5, ABIZETIE, 6 KKE7 «
nE M, 74V REUE ap =0.495 & LT

RS TR R O R & LT, MifEEN R L
DAEF ST L 22\ »v—HT, REBEE/IREL
FLOSHUARSUIICAHES 2 C L3 IF o5, 207
&, MLAETETH L a7 N ETEZZDE F
BT 5 2 &, RICE T 2 EBROBAEIREIE

This document is provided by JAXA.

55



56

FE M2 TE AR AR A B JAXA-SP-10-012

BARREWIC O3 % MR 5

D XS REE BT B 720, BalE, #1H Cook
WKk D REIN 17, 208, —REFERICIE,
HREIA B D 7 &SR DM TH 7 Localized Artificial
Diffusivity (LAD) method[7, 9] Z M L, #BEEH
TRARIRIT I 2 3l 2 47 - 72

LAD Tl&, Fk Rl <, DToXIHic
TS B N TIEE R N Z %

> oS

po= Cup|d, e MG AR, (1)
=1 >l
3 o'V - u
=1 l

y pc3 S orT .
K = mﬁ agr Afl Al . (3)
=1 >l

ZIT, pXEE, c3EHE, TIHRE, ul3dE
R P, SEEAEET VI VTHDL, BT
I(=1,2,3) IF&ETHIZRDO L TW5S, A IF—
AR R, A X T AL N EEERICE T 211
ETH 2, AMETE, BMaXBEr=4LL, B
K75 4 RKGHERLAZIIC & D oy TEZ G L 7. &
7o, BAPEAN—EZ7 408 —EfERERL TED,
L Gaussian filter 2 7z, 3 (1)~(3) DX
JuRREUE, €, =0.0,C5 =0.0,C,, = 0.01 EFEL
7o, AWZETE, WR%E 1, 2X00BEL T»a 7%k
&, KitEED sub-grid scale term & LT < 30 (1)
FEAL TV, —F5C, MEARIC XD FHhS
N5 (3) 1%, AWFFERRITE TR E < 1
L%, MBSO NIz 2L X —2 2 (7]
7E, BODVDOETIVERDTRETH 523, FUHIIC
B 2EARICRIRC@ 2 &2, AR
TIHREZ IR L 72, KX (2) B LT, ks
FAET 2 1 ZotatHf) (EEAETRE & Shu-Osher
FIE) TEBELERD, Cp=1.75 EREL TV
(ZNDHATIECs =00 THD I LITHEBROLE
E72v») . LAD B9 2k, 3, @6 x
Elx[6,7,9 18 ICR NS,

3. Results and Discussions

AFLEOW A% FHi§ % 720, HEFFHAAH I
1, 2Rtz BOE L, T ziT>7. RamX T3,
1 ROCHEE A TIEZ bR E, Wik e L CERZ2E
L7, BROEREEZ p.,. = 313.3kg/m>, iR
FEJ1E per = 3.4MPa, WEFUREE X T, = 126.2K
TH 5 [19).

3-1 One-dimensional problems
WTNORMETYH CFL 304 & L7,
Advection problem

A DERTH & LT, SRR A E L 7
Bt iRz 8E U 7o, WS [20, 21) 22
ZICLC, W10, FUEE 10m/s, HAEZ
#Z % 4MPa & 8MPa @ 2 DD EJJIRER BE L
7z. SRK ®RELBAZ w2 a, 4AMPa D4
DYIHIREE L : pr, = 450.0kg/m3, Ty, = 124.6K for
0 <z <0.3m, pg = 45.0kg/m?, Ty = 298.5K for
0.3 <z < 1.0m. 4MPa /7 —R1&, HEIHFHICE
W CHESIREE 72 & 7o CRBERFUES 1SS T 2 5k &
%%, FHERTIE 101 M E Lie, DU RS
t=004s ICEBIFHHDTH S,

Z 2TIE, A DSEDITE [10) TITo7 X 912, ¥
HASE (sharp or smooth initial interfaces) DXIH:
Zhf IR T %, Smooth interface (%, primi-
tive variables q /g = (p,u,p,Y )/ IZXF L TITL,
error function Z W TRKD X HITHEIE R g =
ar (1 = fom)+arfom, fsm = (1 +erf[AR/e]) /2.
ZIT, WATD L/R ZIEADIRERZ EKRT 5,
AR I3RS S Dk, ¢ = C.Az THD,
Cc =10~ 502737 A= —LLTZDHR
BN, Ax IIETIRTH 5.

Figure 112 C. DENRZ GO 1B S Mz R T,
Sharp interface & C. = 1.0 DA IZFH NN T
NS 75 wiggles 234U TE D, initial startup error
DL TS, —HT, C.=3.0,5.0& L%
Bld, AL—ABYBESABHEFI SN TED, %
DEFEE X =L T2,

plp,,

0
0.5 0.6 0.7 0.8 0.9

Figure 1: Density profiles at t = 0.04s with the

effect of smooth initial interfaces in case of 4MPa.
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Figure 2: Maximum wiggles amplitudes.
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Figure 3: Temperature profiles with C,, = 0.001.
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Figure 5: Time histories of interface thickness

with comparison between the present and SHUS.

8MPa D47 — A TlE, AMPa OFEH & KE2E W
RN o7,

Shock tube problem

hivsC, EER 2 & OISR IO AR
FIEDRHE 217 9 720, MEPETE [24) DFMHERZ
f1o7. ZWEP Arina OFGH [24] E DR —K
LTEY, ATk, BER2 & o
LTCHHMTH S Z LavnIndz, aifllix 1) 25
o772 &0,

This document is provided by JAXA.

57



58

FE M2 TE AR AR A B JAXA-SP-10-012

A modified Shu-Osher problem
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Figure 6: Density profiles.
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Figure 8: Profiles of density fluctuation at /D =
5.0 with the effect of grid resolution.
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