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ABSTRACT

A fast algorithm is developed to solve radiative heat transfer problems in non-gray gas
system surrounded by gray walls. In the problem, the distributions of the gas temperature and
the wall heat flux in non-gray-gas system are estimated. In the present study, the time
consuming Monte Carlo procedure used for radiative transfer calculation is successfully
pushed out of iterational loop of the temperature convergence. For the purpose, the
calculational procedure of READ values, the ratio of the radiative energy absorbed by an
element to the energy emitted from a source element, are separated into two parts, the
absorption-coefficient-dependent part and independent part. And by using the present
procedure, the former absorption-coefficient-dependent part of the calculation of READ values,
which should be in the temperature convergence loop, can easily be calculated using the
absorption-coefficient independent part, which require the Monte Carlo procedure to be
calculated but the Monte Carlo procedure to can be situated outside the loop. The calculated
values of READ are used to calculated direct exchange areas for the zone method to obtain
total exchange areas in systems surrounded by gray walls. The new method, the fast READ
method combined with the zone method, reduces the computation time by one-sixth compared

to the conventional non-gray radiation heat transfer calculation using the READ method.

Comparison between the results of the present method and exact solution shows the validity of

the present method.
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Fig.2-1 Escape factor ¢ for emission from a cube of edge B filled with gas of
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using fast READ algorithm together with ZONE method




44 FHBA4EDFE LD

BABETIE Y —VEORBAFIFATAZ LT, 2ThE CEABE~OBERIZIBEIN
TUWoE#E READ (EZ IRBEEDFENTICHDIERATE A L Y IHBET A FEEE TR L,
—VEDEERBEEIL. ZFOBRERLERLFELZ L EDEZEERE DS HT X
NEXBETHHI LG EHEREAD 73 XAD READ B4 Z#H<+ 5 - L CH
LILEMT DI LN TE D, £, EERBHEBEEHEZAVTRDOEINIKEER
TOZRNVFTFRZEVLSETHES ZEICLVFELZ RO ZENTE, ZHEVER
BEEPEIND, SOHIIEKBEE TEDLINZ TRV FREENT, TADERE
DABIRTLE TRV R LRIRES A A EES SN OH TV ADBEES A%
R, BORRESFALROOND Z L 2EH LT,




HIE TR LB

THNETIZHRARESFEEFT T LI U RAIHOWTCEEETF 2Rt L0, BE
AR E HFEAZR D ANL-HEEDO READ (£ & OINHEEH OHE:, INFEEORE, BX
PavEa—F A ODERAEBIZOWVWTESELZIT,

5.1 FRNTR & AT R

RETH D BITEGFEZER S-1 1T, #BTREZH S-1(a)~ ()l

R GERE T R) fERkE. NEAHEOERES D WIFIKEETHERIN TS
Lo ETB, Eim, BHEERICIE. KER. ZB(LIRE. FLTHESIHEDEERN
B—BETH-INTEY, EEEETI—ETHLILDELETD (EFEOBELSHA., B
JOBEMBESAMNAETHIN, 2 TIHFEDOE-OHIZ—FL LTWS), £, K
FEAT CITEEEIE DO NE| (TAER) 2HEFELELTWER, BHIEERRKICILET
HIEMTEDL, BT TIIEKETN ATORRMEE S LEDRENEZ LN, X
BRILDEELEEEZE LOBBENROOND,




Table.5-1 Analytical condiion

Condition(1)
Fig.5-1(a)
CE St T | 32 %2
7 AR | =
i X - PINEEE 800 [K] seeds e .2
25 | (BERAM)
=1.0 [m} | BE 500[K],  (BEE L0[])

77 A B

FEIK B 7T 2 D#FL &
KR 0.1 [am], ZFEALIRFE 0.1 [arm], %EFE 0.8 [atm]
£ JE 1.0 [atm]

Condition(2)

Fig.5-1(b)

wHEFE ST | 3
8 X & MR 800 [K]

FIHEE 500 (K]

=1.0X 1.0 [m] | F#hf 10° [W/m?]
s | (BEASM)
=1. 0 [m] | WA 500 [K], FE 1.0 [-]

FEIK (6 H A DOFUL & 73 E
KRR 0.1 [atm], _BE(LIRFE 0.1 [atm], %3 0.8 [atm]
2 JE 1.0 [atm]




Condition(3)

Fig.5-1(c)

P~ ik AT H i F
A B | - R
(365 ) i X & FIHREE 800 (K] e R
ERR E& | (BERGAF)
(24%3K) =0.5 [m] | B 500(K], HHE L0[]
FEIK A A DR & 7
7T AP KK 0.1 [atm), ZFEE(LIRFE 0.1 [am], %EFE 0.8 [atm)]

4 [E 1.0 [atm]

Condition(4)
AT % Fig.5-1(d)
%~k IS i

pofr &k

e X &

(818 3F) : FIHELEE 800 [K] < R,
W8 03s ¢ 2 , I 500
(] w TR 1O0° [Wm?] e K]
B L 0 e (BER &A1)
(36%3%) =0. 333 (m} | B 500[K], AN 0[]
FEIK €8 H 2 DR & 45
77 AR KA 0.1 [atm],  _@E(LIRFE 0.1 [atm], %F 0.8 [atm)]

2 JE 1.0 [atm]




Condition(5)
FRAT % Fig.5-1(e)
FFETE FEENELIR filL 2 37
H A A o o )
(144%237) i X 15 PR 800 (K] MR 500 (K
“0.25%0.25 [} | R 10°[Wim) SRR #LE 1
BT £ X | (LR 4ef)
(48 3) =0.25 [m] | mEE 500 [K], KSR 1.0 [-]
FEIK (6, A DB & 7 E
A GEAK KIER 0.1 [am), ZFELIKZFE 0.1 [atm], EFR 0.8 [atm]
2 [ 1.0 [atm]

|
|
\
|
|
|
|
[

MR

1. Om

« >

1 2 3 4 i

0000 7 7 Heat-generating gas

) 7 : 47% region i
=] 16 Z 1 % : Non-heat-generating 1
) é //é , gas region
d B % : 7 .

; 7 all region

o | 7 o 3

14 :///// 9 0 | 1 12 % 7 ‘

% | % ¥

1377 13 14 15 16 78
77777000 %

12 1 10 9 :

2

(a) 16 gas elements :

Fig.5-1 Analytical system(a)




i S e R s I S S SR R S e S A R B SR
S Hk e e A it BT RSN B S ST e N SR SN S e

\
% an nnuu W.
S e 3 \ 5 =
= = S ° 5
g5 28 & F2 b = Vs < g=
L 5 O &n b an P
s¢ PPz | \ 9 %
i 8 = s Z
< ..m / ..(0\
£ N e N
3 )
| # \ o
. i &
B I\ 3N - - - N - =
N
\ \
S AR R T R R,
- i o ! = t

:5_ I ‘




e T e e e T L e e e e N A T S

~ o5} > o = Do

A ...

N

7

o~ [o'o] ~3 (&) <O
— — (aV] 2 (30}

13

6
70000000
6

5

5
1
17
23
29
35
14

3)
wn 5 S—
&h on N o =
en 5 & N = >
)= S _ S s e & N " & N g ¥4
s 5 = O o> ‘ 5 <
58 58 o o s
s 9P = S TR S SR - £
L o= b N\ ! >
g B i \ < E
O i ™ 22 ~ & £ =2 N
T = N . <
Z. // Q

-y “ Tl
R &
B A\ ~N 8 < S S & v o
/ [

N

—\ \

, A /L,/// Al R < /lﬁ NN R x /M//

A T

<t o
o~ o~
] —

g ()

o
o~

19

o~ Y
o o~




o = o~ ™ ~t w ({o) ~ (e o]

N\ I \
> > @ ¢ 8 2 ' 2 g =l
\ N
N~ |~|&|s28!l3|23|s|=|gNe
, N———— —————N
. S ~ gl w4 e D e R <)
S = N E
86 25 & % & v | B @ ~ N S 5 48
i TR — wn
g 3 & o NS e Y e St oS
g < N &h i
£ - N & 3
& . o0 =
- N = S I g I® s ile M & s <
h N /mﬁ .ﬁ//« 2
TR R T imliE e F i Bl g e A 9 o
N ‘ N i
zm SO SHA& gl s E e e &
ik N " < & & = - 3 3 = M &
i R LR R RN RARRRRAR <X % \ < X {RAR AR N
A A AR EHEH Y
LS B 1 E e e & s S
-

WeEs o




- T Ve e e
: - R (S e b s § SR T
A a 2 TR . 9.@?4&,&«?«4&;?«“ A w,.ﬁu«« Gead s
NS BN e L e =

Sele = e B I e e AT L O eI e s T
2 ¥ ® e = ® o g 5 9 9 %
%/////////4///4/%/%%////4////27////%%//4///%//////%///27////@
2yl iz |88 83 @
‘ & s SN
= | g - SE ALy R R W <
R PR etk SRl AT O TN
. S s [5l2laleN < ©
2 &L E 2|85 |8|3N = 3
88 25 3 —t L LT N % 2
£g HY = 13 |12|8 8N = B 2
i i RN 5 E
;2 =lglelsleN = : S
= et =15 = SRR - af hu
o 2 e s mw "Ly .
\\\\\\ T e e ey S s IR i BN —
¥ iy - - .
_ - NN 25 /z/8/5N® 3
2|8 |olz 8N B
/ S =2 vz & 28 / ™ e
N L I I Y i 8o
. — ™ w / -
3% S SUl e e el Rt M 3 €3
zw ~ T g |g|glalrlgls|lela|s ﬁ o
3] - N - | = Sl legle lete s 2 tahad w
S 4 AN 4 ; Il S ]/ i e TSR
2l B 9 3 9 Y 5 8 @ e




5.2 REmBIFHE T EDORE O

F2ETHEAIL DT, KD READ IETIIHSA SN R AFEF 1 EH7-0 0
THRNFEd (KQ2-74) 2FDEZT, TNEEBINEEAT o 7 T L ITHkE S &
DIEML, BEUVTANBHE TN IR FEIITAEZDORE (b= ¥
) MEESND L ZHOFIEITHFI L TELT D, dg DEEZKEXL TR LT AESE
MHOBFEN DS FHZRAVTRFENRED L, HERRNEHR SN, dg DEE
BEIIRELS THEEITROFEDLEDORE RS FTRAFEZEHFORFRROZT S
CELERVBEOERTNAELDLZ LN, BER A EZZRSLERH S,

ARIETIEEK 5-1 DBITEREO)EFIZERY . FHEERT v 7BICHR EN 21X
FABZEHEIZ L O RWRERMNAE Q23E28) 2EBAL- L2 IS5
XNV FRFEOWNHAEEDOE. . BL W dy LINEREMOBRIZ OV TR %
1T9,

BHEHENDSSHZXAFHTF 1 EH-0 O XX E L IERRE 0BG

X 5-2 1%, & 5-1 DFEFTFEHIZOWT dg DEZ LS 872 & O ERBORE
ZEELIZOLDOTHD, dg DEZREWBIZERERRIZTEL 2, Z0EIEI1T dg
DRE ZTIFITEF L T 5,

W E B FT R O R =

X 5-3 12, K51 DFETEHF(N)DOHIRBRZORBRES T A—F L L X, d
DEZZL S TREDRZ (&ERE) 2FHF 77 %f@@oﬁX§$ﬁ%®%ﬁ
MEWGES (BEERRE) Tk, TAEZOBELERLHL L TEXF-EBEELD
EZDRKELDEIGRREL LTEET D, 7o, VRAEFRICEHINH D54 Tit,
dg=1[WI= /)L TRIFID & EDNFEIZH T LEDE A2 RELE LTEERT S, FE
(ZIE, TADBERSMONEREEL, RITEIEPERE THLIZ ENBAELAELVT
ANOIEREORENETEND, BEOBREIISOWTIRITEE (28— /L FH
FE) D-12 FIZHEI L THENRRETHZ LD, dg DED/NEL 2 HIF LSS
NORFENEN L T RREIT/NE L 25,

e A T A 3 R RS T R e T
L R T S e R P R S i e A e LIRS
R R LG N .



10 - = e e e o i T e S Do o e e e
i L T I T
L) ‘ ‘ ‘ } i } " } |
g 1O e = i3
s e
i 5 ettt ; [ e e LR o
= AT e i e T s s ol
,:_‘) i | O R A R
2 0 / ;Eiff} :_:‘E;:,Z'.,:;T':_‘, :f,:'_‘:;_"_ : : ! ‘ AT -
£ g e e =
a4 e @
Wallinnrst: & sl | I P
s
0.01 —
1.0 5.0 10 50 100
Quantity of Radiative energy in energy particlesdq
[ W/particle]

Fi1g.5-2 Ratio of computation time for conventional READ method

/{}0: B I T IIITI] I ;S lllll] I 1 1 llllTr Tﬁj:
5 O No heat generation from gas element i
2 # 0J Heat generation from gas elements 1,000[ # element] Y
Sl - | A Heat generation from gas elements 10,000 W/element] ]
= 10 g = :
= - A :
5 & A O <
ﬁ b 8 B —
= 8 @) 4 !
2 /
0 :
bt o @) 3
& X O ]
=0 O
o e 3
001 T N i B R Lo o gy gl o gttt pe ] I s |
0.1 / 10 100
Quantity of Radiative energy in energy particles ( =dg)
[ W/particle]

Fig.5-3  Error of conventional READ method




5.3 &3 READ 1021

AIETIL, &IE READ IEIZ L HARATERR], INEREE,. BIUOWELTE I Ea—
AT VEDRREE, BMEMLEZ GNDUEED READ EIZ L ARIBELFESR L 4 Hoik
952 & TREMZIT 9,

5.3.1 UUGREFHE & 4T HE BE O 7

[X] 5-4 (L. K 5-1 DFEHTFH() TH REFZDORBNE BT F(=500KUZ DV THE
KD READ i£ (dg DR /X7 A—8 L4 5) (BT DHENERL . EFE READ & (&
CHEZFRNVFRFEENRT A—F LT3) TR HBTRERIZONT, HRIBESH
DY HREDRZE & UHEFRLIZOWTEE L72b D ThHh D, HEED READ ETIE dy
DIEZBIMSE D LITTE Z I B L CYRURBRRIZER S5 ., dg>5.0[W/=F/Lx
AL CRBUIH ZBE A OREBDORENEM L. dg=20[W/= 3 )L FHF]THEH
AIREDFADOWFEDREFTB L Z s%IcET 5, st L TE®E READ Tl
WSS 2 = R FRF D (=Nray)% 10,000[{E/FEZE]H5 100,000/ BRI S
DERBEIZIBOIRFHOBZNNEL DN, HRAEBESHORFEDREIIR LT
(TEPZHELNE bR, L7M> T, E#E READ IEQINFEE 2B LS E 51
(I BEDHOEERY IR LHEDRNIIITROND T T AL HEHSOREESY L
FTHILETITERTET, TNLUBROHEFIE2UET HILENRDOOND, EED
READ {£®D dg=1.0[W/= 3 /)L THIFZR L CEEREAD IEIZ L 2B SR ITH L% 20
BETHDLMN. HARESAOREEDORENELEH/NE 72 dg=5.0[W/= %L FHhF]IT
MLTRBLE 5ETHS: '

X 5-5 1%, & 5-1 OFEFTEE()THRAEZOREREAED 100,000[W/EE]|D L = DMK
D READ {ED dg DEZ/RT7 A—2 L LTENZRER L, EFE READ IED 5L S
FNFRFRELLSETELNIZRERIZIONT, FVRBESHAOREEORER L
VR OBRBRICERE L2 O THDH, P, TRBESHFONREBEORES L
OMREFFIELIE, 13D READ {ED dg=1[W/= RV FR F|DEREEHEL LT 5,
IR READ 112 & 2 Fdf— /L FH 7 10,000[{E/ZE 2] & 100,000[B/EE|DOFRERE T
(X, DOREFREAMENE D S OO T RABESFOWNKENREIZFER L TH 5,
ER D READ {£D dg=1.0[W/= /)L TR F 13 L TEE READ 112 & A N 113
LT IR0 IZEMRTE, TRABESHOREEDREL 24%F VLD LR D, ERD
READ (£ T, dg ZHEMIE T LA L TREEBMOEHA RN 508, HRiE
EOMORNFEEOREEIRE < EML TV,

A I T e SRS A
e -;_re_fg_"l Y e



10 T 2 PR SO S G Ol T T T AR PN
s — 340
u Number of radiative energy N
particles (Fast READ algorithm) v
= Yo 1,000 [particles/gas element] o 53p ?
o & =
F 20 s
2 5 O ] 3,
0 /0,000‘ %
4 & g T -7 | S
100,000 10 £
O Quantity of Radiative energy in |
i 75 energy particles
y o (Conventional READ method) !
i 1.0 [W/particles] " | 249
- 5(~)0 2.0 < :
O
0 1 1 J L | [ 1 1 1 l 1 b 20 il (P 500
0.05 0.1 0.5 1.0
Ratio of computation time
Fig.5-4 Comparison between conventional READ method and fast READ method
1 T T I | fi (BT G 1 I T if | I | N SR ]
+70.0 = Number of radiative energy particles "
o ' (Fast READ algorithm)
g 10,000 [particles/gas element]
39 2
=2 °
= kil ¥ 10 5 . ” .
S O \ " & @ Quantity of Radiative energy in
“ & \ energy particles
= 1()(),()()()CD (Conventional READ method)
= 1.0 [W/particle]
(g 0 &
1 £ A l ! el el (0 1] I k 1 1 l | T e 1
0.01 0.05 0.1 0.5 1.0
Ratio of computation time
Fig.5-5 Ratio of computation time and error between conventional READ method

and fast READ algorithm




53.2 EERAROEE

X 5-6 X, & 5-1 OFFTEFHQ)TEROBRKFNEL XT A —F L L, EEBEHT AN
100,000[W/EZ | TS L T 5 & X DHUERD READ (dg=1) & & 3E READ 5D H 2 D
BEDTOGRTHDH, BERL A2EHUEED READ i£& 8T 5 &, &3 READ
=D %i%?mwmﬁ PR, EOEIFT25%LANTH-7-, K571, ZD
BRONERFEILLIZ OWTE L DR RTH D, BMFIEE LERMAHBN/NEL 25T
CREMTRFE IR 2D *@E@@ M%i?w¥P&WI$w¥®N§VX%§#
%ﬁxwmﬁ\ﬁﬁﬂﬁf IV IRLEBEFHELXIT O, 20 L & (ZREm MRS
$mmé<ﬁ@&cﬁ%izw%@@(K@wU@EL)mwé<@g:&#6\%
Wz XOME @ - 1)YDEH) EORT U REIZEENRERShAZ LR,
CDOFER, TADBESHERDDWHEABEDOR VIR LEENREZ2 L L2 LD
T D




€ | Conventional Rd Fast READ
2200 | 0] o e
0.5 | O l
- 0.2 A A
o e
— £ / A A \
v 1800 :
o —m \ / m—H
g i A ’B 5 Af/‘ ng‘ A NS /‘fﬁA R
= & o O—‘B YN LA //8 N\ A K 4 A A A A
5 i AP N e Sy j ST e
Cy, ] "l 00 i / Y & / / La A A A
s \ A\ iy _» A ¥o3
A Y Nl i Y i
a2 a8 ®
/ \ ; 2 m— -
1000 O 5/8 8. ; / 8 . N
: A8
6 0 0 1 £ 1 ¥ I 1 i 1 1 Il 1 1 1 1 1 !
' b 5 v 9 11 13 15

Gas element

Fig.5-6 Effect of wall emissivity on the results of gas temperature profile

10
Conventional READ method
1.0 &

Fast READ algorithm T
0.1 Qb

zone method to conventional READ (&=1.0)

The time ratio of Fast READ algorithm together with

0.01
0.2 0.5 1.0

Wall emissivity [~]

Fig.5-7 Result of convergence time for wall emissivity




533 ZEFRBOER

& 5-2 (33 5-1 BT &HQ)~ONITTHEITEHICT O T, KER., B LKE,
BIOREZNOLHDOBEN AOEBEBRIIN AL % 0.001~2000m™" £ TE(LEHT
100,000/ EZ | O X VX F LR IELE LT IV FREZITV,
Fle,, XU 70) & (k,, - x(0,/0) & OBIE HHAREE i (=1) 2B ZhaRh-%

LE - T3 RMBITLZIT-o TRDI-EFRIELTH B,

@wamsm\ﬁ&w%ﬁ%#m~wmﬁ?%%ﬁ%#mﬁd% AT FRIIZ[E]
— RO ZTHABEZN ORI —&, RI—2ATHEEDBHLGEDH ADIBE T
c%mﬁﬁﬁ\ﬁ@m%x% . BEDH ORI \Wfﬂ%m@M%DLmi7ﬁ
DHMEL 2 BB D, T ABEREIIXTTHEEREAD &6k D READ £ & @
REZX 5-16 IZ7RT, @@E&LT BZOYV A XD/ 78D EMETTIEIT TR
CENLVURRIZERT AT ABZNTORRERKEL RAZ LG, BETERIZOW
TOHAFEZROWTERIZHE L THLRENENT I ENRETOLND,

X 5-17 1%, & 5-2 OFEURZ RO THET 21T o7& READ & & £k D READ
EE DKM E T ABEZBHIZOWTE LD DOTHD, ZDOFEETIE, HX
BRI 9 OHEITERE READ {£ TIIHERD READ EIZHEANTEB L £ 4 F20EFEL
MERIAILTWNWDLDD, HABZENBEINT D66 > THEATEE OENEN B3
Lfarbed, TOERE LT, FTRERHROEMELHITHLELE R Ea—H
ffjg@ﬁm TIRETOND, BEREOEMIZIN L TYLERaI VY Ea—F ATV E
L. TERD READ (£ THEE READ (E CTHIE X 573, &1 READ IE T3 DE M
BRELZEMDOEEITPIIEEIIATY T 78R TH2LERD, ZOBRICE-T
FEATEENE T4 5, b, ﬁxﬁiﬁﬁwO@?W£T@%EMMD%t;é%
WOFBEERTHDHEEZDN, TNEBZIDH DI DOV TIERERD READ {£IZ
AT O FDEF| & 725

B READ IEEEED READ IETO I B a—# AF Y220 T IRIE TEEMHIC
BREtEIT 9,




Table.5-2 Fnction F

F(kv‘, -x(z',j,i)) a, +a( - x(1, ], 1)>+a ( - x(1, J, z) +a ( 31 5 1))

(1)Gas elements 3 X3 (Table.5-1 Condition (2). 5-1(b))

log, ( X1, 7, 1)) —2.5 dy =ay=a, =a; =0
a. =0486 .« =-0.711
—25<log -x(i, 7,i))< 0.0 y ' i |
éno( (. J, ) a, = -0.343 ,a, = -0.0565
a, = 0498  a =-0.744
0.0 <log \k, . -x(i,],i)
::10( ( -/ ) &, = 0384 ,a, = —0.0664
=)
]OglO(kvi "r(ia _/-: 1))> 25 ao ’
! al :az = a3 :O

(2) Gas elements 6 X6 (Table.5-1 Condition (3), 5-1(c))

loglo( -x(1, J, 1))< -2.5 s R B A
= 0.488 e 710
-2 3<10510( X1 1))<OO “o h
a, =—0.342 ,a, = -0.0562
= 0.497 = —0.7354
0.0 < logm( -x(i, J, 1)) “o 4 ;
a, =0.376 ,a, =-0.0649
=1
loglo(k” - x(i /’,1’))> 2.5 T
' g, =d; =a,=0




(3) Gas elements 9 X9 (Table.5-1 Condition (4). 5-1(d))

]Oglo (kl"i .'r(l.’j’ 1))< _——25 a() = a[ = az = a3 = O
AR T e Yy ey = 0.7100
| a, = -0.342 ,a, = -0.0563
0.0 <log,, [k, , - x(1, /1)) < 2.5 a, = 0.498 ,a = —0.7440
a, =0.384 ,a, =-0.0667
IOgIO(kv,i '.X(l.’ j; 1))> 25 ao - 1’
a] = a2 s 613 = O

(4) Gas elements 12X 12 (Table.5-1 Condition (5). 5-1(e))

logm(kw -x(z’,j,z'))< =D

a,=a,=a,=a; =0

a, =0.487 g, =-0.7112
a, = -0.343 ,a, = —0.05643

2.5 <logy,lk, , - x(i, /1)) < 0.0

0.0 < loglO(kv.i '«’C<l',j',1'))< 25 a, =0.487 ,a =-0.711
a, =0343 ,a, =-0.0564
v 7 e ]
lOglO(/\’v,i ‘,Y(j’j.’ 1))> 25 ao ¢
al = aZ == a3 = O

—— — e A T R T8 e U8 0 A T S BT T3 L o B0 0 - S sty RS
B B R e R e s R T R o T o by g ol S Rl B S TR B, w3 b e
R A T A T 20 A e kR (U S




(@ 1-g3L1(uonipuo) [-ga1qe )
a[1joid aanjeradwio) sed jo 3nsoy §-¢8iy

aquinu juauiaja sen

Aoy

N \\
O

wyosie VI 1se,]

009

008

0001

001

00f [

[y ]ernjeradwa |




((Q)1-¢314°(T)uonipuo) 1-g'a1qe )
d(yoId arnjerodwoy sed jo nsay 6-¢ T

IaquInu JudW|A [[CAA

it 6 § L 9

e
-+
o
™

I | _ Sl | | |
e g 80
g e

poylow QY [RUONUdAUOY) |/

.

wyirose Qv Ise

0

0l

0C

0¢

Oor

0<

[/ My ] Xn[J 1y




(@) 1-¢8L1(g)uonipuo) |-ga1qe )
o[yoad arnjeradwio) sed jo 3nsay 1-< 51y

JqUINU JUSW[D St

CE FRE Ty B nd¥ 857 ST B0 Ll vEL B e ¢ Ciee, 3
Tt Tl L T I I RIS Bl A B P I P i 1
§ 9 !

¥20% g
g /m O\”w O poyrow (v [RUONUDAUO))
OOg / ®- O n Ql
kY O Q' e eO OX \
 Tole! BB Y ® -
/
/..\ O Q _, \ / /
\
J ‘ ,, \ O Q i
'0Q’ SARE k. SN
"\ ._ -. __ “ "
wyiodie Qv isey b o
_, _‘ ” \ ¥
| | | |
| | | |
| | | | e
| | | |
| | | |
| | O g
R
Ll b b b 1O Ll

009

008

0001

00C [

00F [

[y]omieradwa |




((9)1-¢B14(¢)uonipuo) [-ga[qe])
a[joid xnyj 1eay [[em Jo 3nsay |-G 31

Ioquinu Judwdd [[BA\

£C b ol "2t Y £ & S - T SR S R |
LI L N L A O A B
e BTS¢ i o :
Q . Q Q
fO/O\@\ C/O\Q/ ik

poylow (TVAY [BUONUdAUOY) .
O o #

'/ |
&

wod[e Q] i1se,

01

0c

Or

0¢

[40M%] Xujj 18aH

76




((P)1-¢ 314 (p)uonipuo) [-¢3[qe L)
dryoid ainjeradwia) sed Jo ynsay 7[-S 31

>
&

JqUINU JUIWI[A SBN)

LL Bl OF X9 FF L& EGOF-SHIF LE 88 0C &€ I& LF EL 6. K o |

HERRSEREEI "R EEEERRNTE SN EREN TS E S EEE

o

wynose qvay sy @
IPEEE R SRR TSHEI AN ET RTINS E RN

-0 |

! |

|

®O
Yo

009

008

0001

00C1

00t [

[y ]einierodwa |

I~

| G




((P)1-6 811 (#)uonipuo)) 1-g9[qe])
arijoad xnpy yeay jem Jo 3nsay ¢1-5°81

Ioquinu JUdWIA[R [[BM

SEVEENIE 00 AlHET R 4E Bl LIDRL Iy L A% §E

T T T R T L r P T T T i
| OQY OQQU O o

" ,, —oz  F
| jaV)

\ | “

\ | —

\ | fi W

poylewr (Qva2 [BUOnuaAu0)) ﬂ \ m

O “ ~ 0§ >

& y

S0 .

- wyodie qvay Ised | m

EERIOEEEEIFAEAESSTETFENTRE RS AGS RN R EST




((4)1-¢811(g)uonipuo) [-gajqe],)
opijoid arnmyesadwio) sed jo 3nsay -8

Jaquinu Juauwiaja sen

Orr 0gr oct 0lr 000 06 08 0L 09 0 0F 0 0Z 0 0

I | I | — | | I I

009

008

0001

001

00F [

0091

[M]oinjeradwa |




((®)1-¢3L1°(S)uonipuo) [-¢9jqe],)
dyyoid xnjy jeay [jem jo 3nsay §1-¢ T

I9QUINU JUIWAD [[BA

St fr Of 9¢ 43 §C FC 0c 91 Cl § t 0

— 0/

g O

® 0z F

B

\ _ =

- \ \ ™1 m

| / —

\ N =

- poylow (T} [BUOIUIAUO)) O O — ¢ =

5 ‘8‘ - ci
s wynode Qv sed  —{ or

"




1 | | | [ |
| L N
| ;,
/ = » Maximum . o
1 5 2
| iF x4 :
S A
) I #5 -
&= /./ -
0 | | | | |
/ 5 10 30 100 300

Number of gas element [-]

Fig.5-16  Ratio of error between conventional READ method and fast READ algorithm




S
____——— I ﬂ_______ 1 T_ﬁ_m_« | w
|
- | —
|
|
|
b~ _ -
|
|
|
- “ .
|
|
|
I
|
I
|
|
| S
— | —t D
— “ = ~~
|
e & , =
- | -
|
= “ .
|
|
— | — WJ
|
|
- | —
|
|
I
- |
| —
i
|
|
|
|
- | —
|
|
|
|
|
|
|
|
— ! — e
~ \ <) ~
|
|
M~ | L
B | o
P—_—_ 1 ——_h__h_ 1 ____-—_~ 1 (72N
i~ S -
o~ - e 3
=T, S

[-] (wpodie vy Ise.q/poyow (v
[euonudAuo))dwn uonendinoy) jo oney

Number of gas elements

-17 Ratio of convergence time for number of gas element

Fig.5




534 HICET LI aPPa—% AF Y BEOMH

5-18 1k, M AR AZ(L ST & ZIZUWEFKD READ £ & &3 READ 1£ THLE
BREITICES D22 Pa— S ATV BOREAEE L-LOTH D, &F READ (1%(_
VB2 AT Y T, G HDOEAFTEENEHRE (=x(, /,h) Z22TETETS

igﬁﬁmgﬁhiwm/ﬁﬁﬂfa#34@&ﬁ?¢ﬁt?”*.ﬁA§$WbH?"
cnfﬁﬁ%mﬁal4wéﬁ%b&ﬁ+m EPRTHEIGRLZRWEZOTE S 2R
&, S HIZ 3 KRTESIDEL Y A 2 IRTTERF %<@At:% "I — & DR

J/&t/%%@ﬁﬁm AL AN TN D, TNHIC L DEHERROEHEHRIL. 2
~3ERETH D, X518 DFERNG, EHERL 200[Mbyte]<7))< EUeEELTHD
LA E2—4F TiE200~300 DEFEHEH D Z ENTE D, H/AEN999 £ 1 A)DIA
AarEa—20 € THBHEEITEREEZE 200[H/1Mbye] TH Y . 5% S HIZET
DEMICHLZ LG, WAz Ea—# 2B -E#E READ EO#MT T+ ERTA
BCT@Z)C E'/LZDO

iy



wiyiode (v 1sey 10y Arowow somdwio)) §1-¢51,

SIUQWIAYA ST Jo JoquinN

00§ 001 0§ 0/ ¢
B I I | — S I _ 1 | I _ It (o I a
3 301
3 \ m\ 7
- poylow (V3 [eUOnudAu0)) i Gl \ < ®)
7 e . O
5 i) ] 7 3
4 &= , =
= =
¢
- 4 =
o
! ] 3
: wyos[e (VY ey = <
: “ S
u y N
wl & = D0 Jis
" 1 1 1 _ ) (N O | | _ 1 1 Il _ Lo 1 + QQW




53,5 EEXT o7&V IR LHEOME

BEEOBHREZ 05 L LT, 39HDOEERT v 7# VR LHEDMELE T &
SO, REEFIIHT 2 EEE VR LEOEEZK 5-19 1271, 20T, &3 -22)
FD 4 DEE LT 1~2000 #HNWTHZADIBESF DOV RE LAEESFELZITU. Cl
~CADET—ANEDREATHRELEPZRLTNS, ZHICEIRGE - 2)0EHK 4
Z 1~500 ETRELKTHIETWHETIETORERBIVRVE D k2T v 7
BB TDHZENnDND, LinL, EH A4 DKEE%E 2000 £ THERST L, BHEX
7Ty 7 OHIBENARENZ ENS T ADBESHNNET S E TIIE IR LI EE R
(LOOPYISINZ > THINT 5 Z LI b, AT v 7V R LHBEDOME LT/
e, NG 22)FDADEE LT 1~2000 F ANTEBELOIRET I TIZE L
TR O R E A2 K 5-3 1271,

Table 5-3  Effect of wave number acceleration for computation time

A Relative computation time [-]
No acceleration 1.0
1.0 0.8783
350 0.8421
300 0.6707
2000 0.8116
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