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Coupled Simulation of Flow and Heat Conduction by UPACS
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National Aerospace Laboratory of Japan

ABSTRACT

UPACS, Unified Platform for Aerospace Computational Simulation, is a project to develop a
common CFD platform since 1998 at National Aerospace Laboratory of Japan. The project aims not
only to overcome the increasing difficulty in recent CFD code programming on parallel computers
for aerospace applications, but also to accelerate the development of CFD technology by sharing a
common base code among research scientists and engineers. The first version of the UPACS has been
released in 2000 with the capability to solve compressible flows using the multi-block structured grid
method and it has become to be able to treat overset grids and solve rotating cascade flows. The
UPACS is being extended toward multidisciplinary problems such as the coupling of flow simula-
tion with heat conduction and the simultaneous calculations of flow around turbine blade and heat
conduction inside blade material has become possible.
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Flow Only

Coupled with Heat Conduction

program main
call MPL _init
call doAliBlocks(initialize1)
call doAliBlocks(transfer,"grid")
call doAliBiocks(initialize2)
do i=1,iteration_max
call doAliBlocks(step)
call mpl_reduce(residual,"sum")
call doAllBlocks(transfer,"q")
end do
call doAllBlocks({finalize)
call MPL_end
end program

program main
call MPL_init
call doAllBlocks(initialize1)
call doAlIBlocks(transfer,"grid")
call doAllGroups(initialize_flow, initialize_heat)
do i=1,iteration_max
call doAllGroups(step_flow, step_heat)
call doOneGroup(flag, flow_only_procedure)
call mpl_reduce(residual,"sum")
call doAllBlocks(transfer,"q")
end do
call doAliBlocks(finalize)
call MPL_end
end program

K 3: 7’ud T ADHRAOkRR

0., FEEENEFACARIL T v 77 ARERTREIZR S, £h
LI, BREOTRERTES TR, BT 2BH TERED
SEH L IIANCEE LMy LS E LTHBICF-s 2L L
L=,

Kz, 7uy 7B IA—TIH3T T RNV~ k->T
BB 7F LEE, FOBICL > TETT ST 71—
FUBYVBZAZENTEDLOREELE, Bk —F
hiI30, BN —7 b1 dEy PLTWS, B3k
TEDD L B=E L DERDBEED UPACS VA —D 1
IS5 AOWNOEET, FV P50 UPACS (RoE) Tk
A BE—T 2 — AP T N—F 2 “doAllBlocks” W7oy L8
BCPUDE DS TE2ABELTE T 2 vy 7 IZFETTH T —
FUEFEETIE CHFIFHEEER LTV, +T07
vy 7 CRLYIN—F B FTT 5, £ CEREELER
THEEDIEIN—T 75 7 E>TETTA I IN—F v %24]
DEZBTODAL 2 F—T xR “doAllGroups” & . BFED
TN—F 75 7o uy s DR THIN—F U 2ETIE
B4 B —T z—A “doOneGroup” BE-7T- (AR, Zhb
PHAESDYE T, AR L BVEERENT 7 o v 7 EICFERE
FNCETT DL ERRE o, £/, oy & CPUD
HYUTE, FA—T 7S5 TOEELIIMILTREIRL 5,

2.3 HATOvY ERMEET OV OEBRIER

EHRFENT Tho ELEBERTSRERERCH D,

W 0oy LEMRE T 1y 7 OGS BRI E L
DONRE 4 T, FREERAF—AZEA LTS UPACS T
BEASEELORLTHBEENES SN TRV EMITBITX
FELARV, TZTRECEFER CIHRABEALLERL TH
BH, AFEOERBER TR OEAELE LTESEETH
HEGEET 0y 7 OEABREERT S, ZOREBEEMC, B
mH (FPDXDA) TOESHEICELL 25 L5 CBE,
WE, FADOEEMELTHS, IROOWEENLIREHE
A - CIREED HEEICHRE 30, HERIFCEEN3E
HCEBEOCREICE, METOBREREFEMETL 2R
BEMCRELETRRL., B8 oy 7 ORGERTO
ERICESK A ELRTNIIBEROBRENIE L HETE

RV, ZOEDIHRO LS CRET vy 7 OFEEIZBIORR L
LTCEREEBNTALERE L, —F, ¥ 7oy 7 D
Bz HERFEEMCE, jIGTARAEME LA OEEERB L
UHEHERE D O HE S 2 BGEEREE o v—ThiX L v,
WET w7 LERE T Oy 7 OBEGER TR T IE B
ZEEIILLT O 2 &ETH 5,
1. REEANERE
2. HRAEl & BVRER OB R
IhERAED LD ITENOBRE TV, Ty, EFEREE Ty,
A DBIRERE ki, ke EAFLHCERERE CORE
Li,la THRT &,
Q - Tl - Tw . Tw - T2
A=k = ke

I QRAFKK, AREAMERTOEHETHS, ok
b T, 2HETHE,

Q  kik(T1 —T2)

AT ke + kaly

LB, ZOLEHICLT, EREFRTHLEREE T, 2Bk
bRWIERTETHD, LROBRSEMtIT. ERTIEES
ny 7 LBEET Oy I OEERERIEG TR WEES L.
BURE L S LOTRTOENVOEGREIZBWNTLHTUTES
B, ERERCBVWTREREL~DT — X BREBOERD 4
EITAELWIEITRD, T LTk b EHEEMOEE
NOSIERBOBRBEOSH 2 ENOREAEETEHZ Z & TIRE
DOHELENRD LA D,

2.4 ERRERAOHETFIR

RO L 3 ICERERATRBEO T oy 7EFRERELFAL
LA F— A EERITo TR T — FEBETHOILER D BT
B, BHicioT v 7 EEtEE T 7 A /U connect.txt 7 DIERE
Ry E Y Hy BT 7 v 77 A createGroupBC %1~
7= (B 5 DAHEMN), Tk VAERSHS groupBC.txt DIF
BIzESE, Filk - VEEROT - FERNITDND,

LLEDTFIET UPACS 12 & B ¥ - SR EE s ARAT A8 T AR
ot

Thic dociiment i nrovided hv JAXA



MZETHEEY I b= a VEl S VR Y 7 50k

2t

ik le]e
ole ik

S EvS PvX T
ieie: e |- ; <
"raanne .ﬁlﬁt)b :' ““ :: Tl‘ A l"‘
eEl|e]|e|: : T | L
---T*l*li.-- - ll-*-hq[-l:
men e[e]r 1

Elllll ﬁu‘i’st) ‘_. K '.I‘ TZ. h :,

:8:0: ® e ko) 7

- .- * - ‘.‘ ','
ole B8 \. o
B-E |e ] e ﬁ*ﬂﬁj\?f’i 3]
X 4: WET ey 7 LEMRET 0y 7 OEFER
| Progran} | Binary Datal| I Text File
PDB Editor
'. ?.c..'f'.pf.‘f..: GridData | _.uu.,
i / . L4 y\
¢
i S com —’i createConnect3d R Cf[?_u_eflflg jpf?_r_fpgtlorf‘

s RANS rd 1 }
viscous_moded: u::;ysr comanent: '} ‘ :
S e :"tIJIC.t.)Z’E e g connect txts createGroupBC :

\_/ ! ‘
R S VY A A S A P
groupBC txt &

fnpulid I

Parameter Database upacsSolver.exe

(PDB) 1
Result Data

By

-
LR R S

X 5: ERKARAT O EFIE

3 ZRTAE—FEOERBHN

i - BB OBMERER D=, ZRTES — U U ITHER 7
MG HZ AN L R COERBIT 2B 2 - 7-, BREK
3ODOHEGHE 2R OBREERE TS0, Menkaiz
BERAVORNBIZ147T 0y, EW%@%F@%%&217
uy 7 EBERLE, Ihb07ry s 85 LoEsEgR0®R
EEHEMICIT ) 2 L B TEB0H UPACS Ok & 2454 T,
DOROFEBEEHEO T 1 7S5 AOMEILER N,

K7 EHEEROH T, 3O0ABAHE Y — AR
BED 0.6 (EOMEIZERE L, HEORELERS OER & &
SOER, £ L TEAMTER-EEREICL -7, B0
RESTHBRE > TWVBHEFNELS 2B,

4 #E

AHFGET UPACS % ifk - SMREERATTIC XIS S B 720
DYREITV, RBGHER O ZKRTS —EVRE LN IR0
MR THRBER BTN TH D Z L BAEID IR,

SEOHETINERHE COREZEETS &) ik
REREREMEE 570 BEC IR RE b AR
EOFHE L OBERCHELNE bDOTHSB, €I TREIE
MEETT AR EATEE, S HITINBARERIZ L A

FAZHAIZES AR T D SR TEREN 2 R0 5 FETH
Do T, AHEELEE ENARVES. FEERNER I

RTDDHEOMEFEORBRNREEL 723, =77 UBEREE
RCOENBIZHEN 22 VHREEH A X — A TIHHERERTO
IEBNIC L AEEEIORVETFRLTWE,

Thic dociiment i nrovided hv JAXA



128 L2 F B BT T SR T R B B RS T 5

21 Heat Blocks

‘ 35 Total Blocks

X 6: “kmF — U UEBETOHERT

Mach Number

7 ERRATRER

Thic dociiment i nrovided hv JAXA



MEFEHRES I2b—-Ca vEly v R LHTLE 129

A TUPACS:2 0 0 2 FEEDEHE
FEFRLUMC OGS EERIUTOEBIZOWTHEELEDT
b\éﬂ
o X —REBEBRETH~ORS
o FEIEIERR F~DXIIS
o ERTFHY—1LOHE
o BTALERIEIT L BIREFE
T - EEER OB

B V—R7O5SLDOAR

UPACS I3 BRIITIR Y, UPACS = —F&~DALEE
HIEETY —A 707 28 ABLCW5, BIE, filist
o2 —FRBITH 30 HITE LI, M,
http://www.nal.go.jp/cfd /jpn/upacs/index.html
EEROZ L,

S 3Rk

1] wA—E, i, TEFIHETF v b 74—5 UPACS iZ2
WT, MZEEERES I 2 —a vElf R AL
9 9 9HE. MEFHBEHFIEFEIIEE SP-44

[2] Wik #. fh. TCFD =— F#&E{L 72T =2 » UPACS
OB, MEFHEES S a2 L—va VEF VRIS YA
2 0 0 OFEIRE. MEFHBENHICETIEEIEE SP-46

Thic dociiment i€ nrovided hv JAXA





