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=P FE S AL FA(CHT) 77 V4 (2/4)

el A TR /e Bl
BB E SR M ENRRE
EWFEEEREEAERE. S

mE. RENIFERE ETF=FEn
| BRETLERETE |
franster.out | FAFFEARRG
EEIOE | Htc mapa [ [Htc_triangles.map
WEEXH | Thic_surface.dat > ~
Htc_vertices.map
mtc_inputs.in )
MRS A EF 15 AT
L e
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=ML A S A% B (CHT) 74 (3/4)

« 2. ZHEHEM AT (B3DCHT)
B M) CONVERGE 2.17F45H /s a] LL/ECONVERGE N S2 8 = 4k B 2 L HiAL it
W L[RRS4 s, 8 i interface SEEL B A A HGT A

L @@q{%l)ﬁﬁﬁﬂﬁﬂ (super-cycling) 7 ARAR &7 Hi A 245 [ 4 A% TR AR AT B s TR ROBEAS R in) @, ROR 4% v 5
HJ |H

W R, CRPAEH, R =
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3DCHT M 75

« 3DCHTH] H T LA ML G FEAF 75 -
- MAARAE V& ER ) A% 4
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3DCHT A% &

* 3DCHT/ i B i B AL HE DL T IR
- B IR A AR R A
- WE IR AME A region
- Xfregiony P A B[] A stream
- WE I EAS S S
- WE KA 2% (transient, steady-state, B super-cycle)
- AT AT E
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Fluid Setup (1/2)

<) Liquid simul x‘
o T AN3DCHTHLR, 1] LA E J9 L0 F 5
- [EME+S 4K 1ECase Setup > Materials > Gas S e
simulation 77 & X T 1% 1 — e E[ES
" ATLARIR & 2 Lagrangian liquid or film L e e R
parcelsi} & D -
- [EAR+E A 7E Case Setup > Materials > Liquid S

simulation #5€ SR J& T
- [E4A&+VOF: £ $:Case Setup > Physical Models > | =
Volume of Fluid (VOF) modeling
« 9KJ5 1E Case Setup > Materials > Species % & et 2
AR B S AR H S -

S .

Copyright © IDAJ Co, LTD. All Rights Reserved. Core Competence Enhanced by MBD NN




| ICSC 2018 L
Fluid Setup (2/2)

* CONVERGE H BUANSCRFFE Rl — AR Y rp [R] I L5 S . VBT[] 44 =i
MR}

o BT IR KAWL R H, w7 I AR SEH

- SEHEAT BRI 5, BT R SR T - 5

- JetAT B R R R 5, AR T AR AR R B




Solid Setup

* fECase Setup > Materials > Solid

simulation € X IR FZ AWK B TE(C,,

p, k)
« CONVERGE H ‘s [&] 14 £ %

* 77Case Setup > Materials > Species #7 &

X —Fr 2 Z TR 2
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Species

Gas i Liquid j Parcel ] NonNewtonian | Scalar | Passive I Non-transport Passive |

| {J-A Query available list... ‘ [L“t}" \ x ‘

Solid species

Solid simulation

Solid Name METAL

Metting palnt, (K: [1700.0 s 171 rows must be specified below |T| |T|
Temperature, Density, Specific heat, Conductivity, E

[K] [kg/m~3] [Ji(kg*K)] [W/(m*K)]

1 0.00000e+00 7.85000e+03 5.61000e+02 4.27000e+01

2 1.00000e+01 7.85000e+03 5.61000e+02 4.27000e+01

e 2.00000e+01 7.85000e+03 5.61000e+02 4.27000e+01

4 3.00000e+01 7.85000e+03 5.61000e+02 4.27000e+01

5 4.00000e+01 7.85000e+03 5.61000e+02 4.27000e+01

6 5.00000e+01 7.85000e+03 5.61000e+02 4.27000e+01

7 6.00000e+01 7.85000e+03 5.61000e+02 4.27000e+01

8 7.00000e+01 7.85000e+03 5.61000e+02 4.27000e+01

9 8.00000e+01 7.85000e+03 5.61000e+02 4.27000e+01
\ -x I | b 4 | 10 9.00000e+01 7.85000e+03 5.61000e+02 4.27000e+01 [~
N Pmdeﬁne.d o " Total number of entry: 171 |W| | {Lk Interpolate | v ‘ ¥ Clear all |
=)@ C)(e] I oo || @l |
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Fluid and Solid Regions

* /£Case Setup > Initial Conditions > | e ———=3¢.
o o, o . . » » |ID | Region Name Pressure: 101325.0 | Pa
Regions and Initialization 7 i & Ji 1A B -

urbulence initialization
1 Intake system ® Value Viscosity ratio/Length scale
v o 2 Exhaust system ur ic Energy:
region f1/2] tAregion .

- @iﬁwjg‘%/l\reg|on*jiiayg&kiﬂj S:::;Name +AI
- WRA )L, WEAA AT

100.0 m?/s®

Pull from boundary

Mass Fraction a@r
Sum = 0.0000

X

Pull from boundary

Passive Name Value | aF

X

Copy =0 Add X Delete

Assign all boundaries into

Region count: 4

Copyright © IDAJ Co., LTD. All Rights Reserved.
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Streams (1/3)

o Streamsefa LA MHFEIIIAMH (AR, [EAEZE) B2 PregionEEE
o X region#R 75 £ 5 € Fr & stream

o —fIEL T CONVERGENS AN At stream P HE4T1HEL . W EFEG A R & —
Wrs, A R R ARG R SR

STREAMS Stream O Stream 1

- | I I I

Region 1 Region 2 Region 3
REGIONS ,
Fluid 1 Solid 1 Solid 2
- |
o | ! | | |
BOUNDARIES Boundary 1 Boundary 2 Boundary 3 Boundary 4 Boundary 5
- T
COUPLED INTERFACE

CONVERGE H stream, region, and boundary=Z>< 5

E———— Core Competence Enhanced by M0 /NN —
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Streams (2/3)

Solid valve
e CONVERGEX] % stream FEL A belongs to
tjﬁﬁm*% StreamID 1
- [Hlinterface P a] DA FH AN [8) 1) Port region
embedding I 2 24 belongs to

StreamID O

S————— Core Competence Enhanced by M0 /NN —
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Streams (3/3)

o 1# 1t Case Setup > Initial Conditions and Events > Regions W\njT?Zf“?ﬂf;’iillm —
and initializationTi Hx # {') Stream ID K45 € AN [E H ) ey .

S A 1T : om Cy\indseglm

stream. FATHELZL N H X e
- Stream ID = 0 for fluids

- Stream ID = 1 for static solids .

- Stream ID > 1 for moving solids

o KRB BRI B — - B stream e
- WUER P FEA SR E M R s s e, PR eEnIvoNE | -
—_— I St re a m RegionA::j:::a: boundaries into
- AHE, WRXHA AL E—Ainterface, MFEWKE |00 o e e
I NAN R T stream

Copyright © IDAJ Co, LTD. AllRights Reserved. Core Competence Enhanced by MBD NN
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Solid Piston CHT & {E 7~

o AREFENGN N ERAE

- 8 SCERA L R T 14

- 1% & [El{&region

- N region/rfitstream id
o KRZEFHILLET] “Tumble_GDI_SAGE” JU A% B W57
MLAZEA, HHSONTIRIAKS, FiT s ZE AL #4
o FRAMTESMIBR R pistonZR I, R EFA—[E4AE 2
ﬁﬁ,ﬁﬁMﬂWﬂﬁ%SE@E%%%@%ﬁ%%

Piston top is an
INTERFACE

I Solid piston

o [HAEZERMUEARLS: SEERmhim, &%
7N AT T VIR ST T AN 2SR ST
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Solid Piston CHT: Part 1

c WENAW T, WEITTER
o W B AR C5OR TR AL v
o BHiE
o HEfliner
o %€ X [E A FA R
e & X [EH4{&regionfllstream

Ll
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lL

TS 3G

* INTERFACE: 2510 4614 FH k4
B PR T AN [R] TA ) Bl A [=] ) AH
- CHTEAI R EG S 2/b—

INTERFACE i1 5
« WALL: iZiA B & HAR I 5
L N SR I AN B 1) 35 49

INTERFACE
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-

INTERFACE 11 5% (1/2)

o H P FHEENERE Ninterfacell L E X IE|n
( forward) #1/< [5]( reverse) 7 5%
- RIAVEL T MR 1E R ( forward) 57
- RIMELM = A AR 7 (reverse) 7
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FRFACE 1255 (2/2

Bounda @ o & L
Has rotational axis IBuundaryType: INTERFACE | I
p 00 | [ro |[0.0 |

L
Boundary Motion

l Change all boundaries to WALL l Velocity Boundary Cendition

“

o | Eln i Reglon Name Wall motion type: [Translatmg

Surface movement: [MOV\NG

a

Liner Cylinder User specify @ Piston motion
Head Cylinder

Output piston motion file 'piston_profile# out'.

7#Case Setup > Boundary Conditions > z

BoundaryHEFINTERFACEIL R, JF [ = = o o
1E A (Forward )i 5+ F0 )z [7] (Reverse)il | | ‘
B R ) RS 3 o :

Exhaust valve top Exhaust system Contact resistance: | 0

Exhaust valve angle Exhaust systermn

Forward boundary

L |Exhaust valve bottomn Cylinder

14 WAL | Intake valve top Intake system .
Temperature Boundary Condition
15 WAL | Intake valve angle Intake system
[Law of wall > ]
16 WAL | Intake valve bottom Cylinder

Law of wall roughness parameters

Abselute roughness: |0 [m
. - 20 Piston,_skirt Solid piston Roughness censtant |0 | |5
» Finterface [, @ BN EL A | = e [ .[ A]

41— . r
B A1 AN,

Temperature Boundary Condition

Specified Value (DI) - ]

Law of wall roughness parameters
[0 ] m

Roughness constant: [ 0 ] [+

lute

Lo [ D)

l Copy l l .~ Edit Regions ]

Sort boundaries by region for export

BREG B e
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ERFACE: Coupling (1/3)

Boundary Type: |INTERFACE *

Velocity Boundary Condition

- [a) 320 5 A0 A7 ) 10 LR A Sk s o e (arinr 5

CONVERGE} 1F
T

- CONVERGE 5% ¥t~ & 2l [&] - [ B AT/ & i 55 nC
o 7 n] i FH$E i FARH ( Contact resistance) >k | [ =]

T2l fh B SR A

. LTD. All Rights Reserv: ed.

Surface movement 0 [ MMMMMM 3]
User-specified @ Piston motion

Output piston motion file 'piston_profile#.out'.

Symmetry boundary Flow through Disconnec

Forward boundary

Region: [Cylinder :]

Velocity Boundary Condition

wall treatment: | Law of wall :]
Temperature Boun dary Condition

Law of wall ¢] +| coupled

Core Competence Enhanced by MBD NN
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INTERFACE: Coupling (2/3)
————————— 1 Distance L

3 T1

Solid 1 T,
TP 2 S ol LA

- Contact resistance = 0: fEinterface | ifi J5 PR 7 1% 42

- Contact resistance > 0:ffinterface_b J5. & AN & &) Temperature
- FlUid'SOIid: Jj:%‘(“ I}H;’% g ﬂllzl‘%%?//ﬂ%)% Contact resistance =0
= Solid-solid: #AFH K B 42 fil =% 1 B AH ks B Distance
T
Solid 1 1[Tb]1
Solid 2 [T512
T,
Temperature

Contact resistance > 0

Copyright © IDAJ Co., LTD. All Rights Reserv ed. Core cOmpetence Enhanced by MBD
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INTERFACE: Coupling (3/3)

 Solid-solid interface

- L Eforward 1B 5% reverse 4R, Temperature i1 5175 B¢ N Dirichlet
* Fluid-solid interface

- AR Temperature 115+ 7] LAV A Law of wall BY, Dirichlet

- [E &N Temperature 11 5251 N Dirichlet
« CHTHEHY AT DL & sealing, 1HA LT BRI

- SealfNBEcut interfaceiZl 5t

- [EAR I A 058 42 3 A

e — Core Competence Enhanced by M0 /NN —
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e CONVERGE Studio2.4:#11% H z/) 73 Fidstream . E. (Automatically assign streams) ,

A T CHTR B TR L A 5 Bljstream, regionfllinterface H 3% &

- T.HAIE: Case Setup > Initial Conditions & Events > Regions and initialization
o 1Z LHER ¥ Hintersectionilopen edges, Ff H .48 5 i A 43 3# (T

75X Etype, region)
« CONVERGE Studio H #j#Rllinterfaceil 7L 3t H 3 1% &

H 1 F 258 (interface),

B zh il iregion, JFUE G streamid, FFNFTHT U5 E T Eregion.

Region Cylinder
Stream ID: O L[] 5e1id
[ (%] Automatically assign streams Velocity: 0.0 0.0 0.0 i/
&=
D Region Name Temperature: E] 8T2.0 K
0 Cylinder
¥ Pressure: =] 300000.0 Pa
1 Intak i
niake system Turbulence initializat
2 Exhaust system ] ]
@ Value () Viscosity ratiofLength scale

e p— Core Competence Enhanced by M /AN —




Solid Piston CHT: Part 2 (1/9)

IcSC 2019 £

e Part27iE 7N W1{A] % B interface

Solid piston

Piston top is an
INTERFACE

Copyright © IDAJ Co., LTD. All Rights Reserved. Core Competence Enhanced by MBD
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Solid Piston CHT: Part 2 (2/9)

) \ Find/Clean Fence  Flag
) Step 1: {ﬁ%’mﬁ Assign triangles to a specified boundary
a) 7ZGeometry > Boundary > Flag /E1#k = % %
b) t#¥boundary 1: Piston_top roup color by regions

iD Color Name Sum !ﬂ
—+ > /\ YD = - | +]
C) )—‘I_i L » :J:ﬁéﬂﬂﬂ‘” Ig/ﬂ:\‘ _[’Zjilﬁ 12 Intake port 5960
\p =] /N3 Y 4 Eﬁ‘/—‘\ 13 INF Intake (Inflow bound... |100
[ Boundary 18: Piston_top_int 15 Wial Intake valve angle 224
] ' 16 Intake valve bottom 1380 o
= Boundary 19: Piston_oil 17 Intake valve-port inte... |96
= Boundary 20: Piston_skirt Pevar—
— 19 [ Piston_oil 8358
= Boundary 21: Piston_ring 20 Piston_skirt 1104 -
21 [ Piston_ring 2180 ~
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Solid Piston CHT: Part 2 (3/9)

Boundary 18: Piston_top_int

Copyright © IDAJ Co,, LTD. All Rights Reserved. Core Competence En
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4

Solid Piston CHT: Part 2 (4/9

(1] Boundary x

Has rotational axis Boundary Type: | NO_DEF H

Axis: [y 0.0 1.0 0.0

Velocity Boundary Condition
Change all boundaries to WALL Wall motion type: Stationary =

— Surface movement: FIXED -
|ID | Color | Name Region Name |

* Step 2: %E X interface

1 Piston_top Cylinder 00 0.0 0.0 mis Use file
2 Liner Cylinder
P e y C
. . » 3 Head Cylinder
1 N P t t t 4 Spark plug cylinder UDF  Law of wall - CHTID &
d T boundary . FIston_top_In X s : .
h— h— 6 Exhaust port Exhaust system
o, o 7 Outflow Exhaust system Law of wall roughness parameters
Boundary Conditions > Boundary e o :
9 Exhaust valve angle Exhaust system ot esseestan ] 0.5
10 Exhaust valve bottom Cylinder
1 Lt Exhaust valve-port interface Exhaust system Turbulent Kinetic Energy (tke) Boundary Condition
12 Intake port Intake system s
Zero normal gradient (NE) ~
13 INF Intake (Inflow boundary) Intake system
14 Intake valve top Intake system Turbulent Dissipation (eps) Boundary Condition
A YR IV Y N » i: » = » 15 Intake valve angle Intake system Wall model -
[ ] y‘:l El] N | Y) h “{ % I El I A 16 Intake valve bottom Cylinder
/( I VARA) [ 17 Intake valve-port interface | Intake system

.
I n t e rfa C e 19 Piston_oil Region Undefined
20 Piston_skirt Region Undefined
21 Piston_ring Region Undefined
Copy .’ Edit Regions

Sort boundaries by region for export

Copyright © IDAJ Co,, LTD. All Rights Reserved. Core Competence Enhanced by MBD
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Solid Piston CHT: Part 2 (5/9

D Boundary X

Has rotational axis Boundary Type: | INTERFACE |~

Axis: [y 0.0 1.0 0.0

Change all boundaries to WALL

Boundary Motion

J;) \ ° | {[+] | Color | Name Region Name
* Step 2: interface = i
. ) piton tp linder and resistance
2 Liner Cylinder
3 waL Head Cylinder Contact resistance: | 0.0
‘}—[_ —a: A} 4 WAL Spark plug Cylinder
‘LX — O u n a rv y p e N 5 WAL Spark electrode Cylinder Forward boundary
e \ 6 WAL Exhaust port Exhaust system Region: Region Undefined -
7 Qutflow Exhaust system . N
;;I:‘—p 'EHE“ k‘ /\ . A) A / _— 8 WAL Exhaust valve top Exhaust system peloeiiBoundap/cond tion ﬂ
C ﬁ ﬁ‘ X‘ I I nte rfa Ce I 1 I 9 Exhaust valve angle Exhaust system wall treatment: _Law of wall_~
l 10 Exhaust valve bottom Cylinder

H
H
-
EEEE
3 EE

Intake system

Exhaust valve-port interface Exhaust system F d B d y
— ML 7 orward boundar
_LR [ 4 13 INF Intake (Inflow boundary) _ _ N .
—_—- °

14 Intake valve top Intake system Absolute roughness: 0.0 m I
15 WAL Intake valve angle Intake system Roughness constant: 0.5
B ' M . d . 16 Intake valve bottom Cylinder
a O un ary O t’ O n a n re S I Sta n C e 17 Intake valve-port interface | Intake system Turbulent Kinetic Energy (tke) Boundary Condition @
19 [ ] Piston_oil Region Undefined Py ey
b F d b d 20 Piston_skirt Region Undefined
O rWar O u n ary 21 | ] Piston_ring Region Undefined Region: Region Undefined e

c) Reverse boundary Reverse Boundary

Law of wall roughness parameters
Absolute roughness: 0.0 m

Roughness constant: 0.5

Turbulent Kinetic Energy (tke) Boundary Condition E

Copy .’ Edit Regions

Sort boundaries by region for export
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Solid Piston CHT: Part 2 (6/9)

e Step 3: £ X INTERFACE boundary
motion and resistance

Boundary Tvpe: INTERFACE -
» CONVERGE 2 1z 5l A #A BH N H 2] B —
interface 1] Il i I

User specify ® Piston motion

»

a) /% Wa II mOtion tvpe _&73 Trans,ating Output piston motion file 'piston_profile# . out'.

b) ¥4 Surface movement N MOVING Jf | @
@iﬁ, PiStOn mOtiOn Symmetry boundary Flow through Disconnect

c) T\ Contact resistance Y0 o
= Interface AL REANFAETR E KB BX

A p— Core Competence Enhanced by M0 /NN —
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Solid Piston CHT: Part 2 (7/9)

e Step 4: 1% B forward Hl reverse i1 7

a) i © EREoRRITEL, FLLLHE forward Fll reverse 11 5+
= VEZETIH & BLFE 7] cylinder region, [Xlitforward boundary regionN; A Cylinder

E B IEEEEEEEEEEEE

ER:EEE:-E:QQFEQ@:=EE=Q0:

=
2
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Solid Piston CHT: Part 2 (8/9)

Forward boundary
Region: Cylinder -
N N Velocity Boundary Condition —
(] Step 5: &Emﬁ%{# Wall treatment: Law of wall -
Temperature Boundary Condition
a) XJ/Forward boundary (gas phase) T g & coupled
" _&E Egm 7\] Cy/inder Absolute roughne'sl:wot,f R —— m
= & Velocity Wall treatment ¥ Law of wall rosemess consent 22 g
= & Temperature Boundary Condition 79 Law of wall | revrsevouder
Region: Solid Piston =
b) *J Reverse boundary (solid phase) Velocity Boundary Conition
v . N . . Wall treatment: Slip -
u '&E Reg|on j\j SOl[d P[Ston Temperature Boundary Condition
L . N . Specified Value (DI} -~ % coupled
= % B Velocity Wall treatment 4 Slip
N L. N D Law of wall roughness parameters
= % B Temperature Boundary Condition N Specified sl
Value (DI) Roughness constant: 0.5 E

c) ZM5ERinterfaceiX B
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Solid Piston CHT: Part 2 (9/9

Diagnosis (=1=1+]
- Display
‘/\ W |Pr0b|em Tr|ang!es |
° o / L4 Intersections(0) Show w/nbr
e p . -L& &4 Nonmanifold Problems(0)
./ Open Edges(0) Show

&4 Normal orientation(0)

a) )83l Diagnosis JETH% B Q:::.EL
b) riil Find

o ANFH Elnon-manifold|a] &l

Find options

Aspect ratio 0.01
* Intersections

e All intersections
Exclude independent surface sections

Small area le-8
Small angle (deg) 0.005
% Open edges
* Nonmanifold

® Nonmanifold edges
Nonmanifold vertices

Overlapping triangles (deqg) 5
% Normal Orientation

Check that all normals are pointing to the interior

x |solated triangles (group size) 1

Find Clear
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WALL Boundary

Temperature Boundary Condition

UDF | Specified Value (DI) 4| (| coupled [ | CHT1D
« X T solid WALL, 7] LI A LA DU A Temperature ¢ usene

bo u n d a ry CO n d iti O n S’fi J——:%: — %EI] 4 Temperature Boundary Condition

| Heat flux ¢ | O coupled | i ‘

DiriChIEt: ET%*E%E%?E% Flux: [-1000.0 ]w,fm2 [ Use file
Heat fIUX: j:Ef % E‘/ﬁiﬁﬂ:\l EI/\:] ﬁ&?ﬁi Temperature Boundary Condition
ﬁ\l ’fﬁ%ﬂ_‘?%‘bﬁj‘ﬁ)\ ’fZlKiﬂZ | Convection ¢| O coupled ‘E‘
. E{E%%ﬁ%%?}ﬁ ﬁ ﬁiiﬂz Far field temperature:  [298.0 |k O usefile

. s .. Heat transfer coefficient: [1.5 ] W/mZK
Convection: 15 5 heat transfer coefficient (HTC) F1
far-field temperature

Temperature Boundary Condition

UDF |Radiation Convection ix ] CHT1D i)
- Radiation Convection: 5 '€ HTC, far-field ¢ [Juseme
Heat transfer coefficient: | 0.1 WK

temperature, 1 radiation source temperature,
u& emissivity Radiation Source Temperature: | 300.0 K

Ernissivity: | 1.0
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Solid Piston CHT: Part 3 (1/6)

* Part3yiE 7~ WA i B[] A0 B [ 320 7 2 A1 A

interface embeddingJl &%

Piston top is an
INTERFACE

Solid piston

Copyight  IDA Co, LT, Al ighs Reserved. Core Competence Enhanced by MBD NN
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Solid Piston CHT: Part 3 (2/6)

Find/Clean Fence Flag
* Step 1: ‘&E P[Ston_O[/ SO||d Assign triangles to a specified boundary
wall boundary I K 2K
, Group color by regions
a) HAGeometry > Boundary > Flag i — — B
. . L - . 90
b) TEboundary 19: Piston oil X{i7§T 12 intake port 5960
~ i 13 INF Intake (Inflow bound... |100
J1-Boundary Conditions > Boundary = ke valve ton —
ﬁ*}i 15 WAL Intake valve angle 224
16 Intake valve bottom 1380 o
) Plston OII boundary y\jjﬁ%_‘%*}l‘]m 17 Intake valve-port inte... |96
o — 18 INT Piston_top_int
Bk i) 2R T —
20 Piston_skirt 1104 |3
21 e Piston_ring 2180 i

e p—— Core Competence Enhanced by M0 /NN —
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Solid Piston CHT: Part 3 (3/6)

Has rotational axis Boundary Type: WALL

Velocity Boundary Condition
‘)—[— hd 4 . Change all boundaries to WALL Wall motion type: [ TTTTT lating
[ ) Ste 1 . ‘[R ’ )Iston OI/ SOI I d : Surface movement: MOVING
1D Color lame egion Name
* — UDF  Specified Value (DI) ~ User specify e Piston motion
I | b d iston_toj .

z
3
=
Q
z
3

park plug ylind, &
‘}—[_ N Spark electrode Cylinder Far field temperature: ~ 343.0 K Use file
haust port Exhaust system
C ‘L Q O u n a rv y p e N tflow Exhaust system t transfer coefficient: 1000.0 W/m2/K
haust valve top xhaust system
x)—[_ N haust valve angle h ystem mef
. . .
= % & Velocity Wall motion type 4 Translatin e
h Ive-port interface Exh ystem ughnes:
12 Intake port Intake system
[ ‘}—L > 13 Intake (Inflow boundary) Intake system Turbulence model is turned off in "Physical models"
—LQ S u r a Ce l I l Ove l I I e nt D MO VING 14 Intake valve top Intake system or solid_flag is turned on in its region. To enable TKE/EPS/OMEGA
5 Intake valve angle Intake system settings, use turbulence model on non-solid wall.
Intake valve bottom Cylinder

Intake valve-port interface  Intake system Physical models

« EF% Specified Value (DI) 3#/2)1% Piston motion

» % B Temperature Boundary Condition N
Convection

« & 'H Far Field Temperature A 343 K
(WL ZERE)
« & Heat transfer coefficient & 1000W/m?/K 5
d) ¥ & Region Name N Solid Piston s o o —

Piston_top_int

Piston_skirt Region Undefined
Piston_ring Region Undefined

NiEAEA-0-DEEEEREEE=2EN
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Solid Piston CHT: Part 3 (4/6)

» Step 2: i B H B A AR BETH

« X A IH & T solid piston regionftJi1 A, H
Wall motion b 2R 7 — 3
a) M HEMANEEH AT S5Piston_oilAH [F] 1% &,
b 1R A A
= Boundary 20: Piston_skirt
« B Far Field Temperature N 463 K ( linerZ %4 J%)
« & Heat transfer coefficient & 1000 W/m?2/K
= Boundary 21: Piston_ring

fer coefficient: 1000.0 W/m?/K

« W E Far-Field Temperature N 493 K (75 ZEINE )
« X B Heat transfer coefficient & 500 W/m2/K 2/ 2 Ble B

b) Aiilf OK
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Solid Piston CHT: Part 3 (5/6)

-4 Base grid

e Step 3: fEinterface— | 1% & poabe mesy e nement —

IIIIIIIIIIIIIII

Fixed embedding

embedding
a) T Case Setup > Grid Control -
> Fix + embedding /B $%
b) sidi I IRH Y
embedding ol

Mode:

c) & E Entity type SN Boundary

d) % E Boundary ID A4 piston K Comexosees rove e
top interface (Piston_top int)
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Solid Piston CHT: Part 3 (6/6)

e Step 3:7Einterface—{l| 1% & - (N
embedding 5 =
a) HUH Ak cylinder , {#FF Solid
piston &) 1%

b) & E Mode N Permanent
c) WHE Scale N3
d) & E Embed Layers N 3

% Render volume
o -
E) ){—IT\ 7 OK

Scale:

e —— Core Competence Enhanced by M0 /NN —
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ICSC 2019 L

e CONVERGE N3DCHTH RYF-AL | =T} [a) 425 5l 77 ¥4

- Transient: X EEANTHE IR FAH [R] R [R] 20K, — S SR g v A4 Jak A1 [ 44
ta (I anEHl heated box [T 1) E SR %)

- Steady-state: K RS T VER I B, R RERCIRSE R

(1 G AsidtL B

5

ZE KENIESHIPO R

- Super-cycling: A8 & X A T EIHE AT B S I s AL e H BTN [ 44 s it
ITRESFEHGIE

Copyright © IDAJ Co., LTD. All Rights Reserved.
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[ []$23 /] : Steady-State 1 Transient

o % B steady-state BY transient B [A] # = e
, BE Case Setup > Simulation o resart [ ——

Param eters > Run param eters > SO/Ver ¥ Generate surface file from current geometry | surface.dat
A ) == Solver | Misc
ﬁ*}i ’ ﬂ:lﬁj:% ‘ﬁ g E/\J M Salver: Transient i
S Steady solver .
Simulation mode:; [Full hydrodynamic = ]

Gas flow solver: [Compressible = ]

Liquid flow solver:

mperature [K]
[ —

3000 3500 4000 4500 500.0 ERE0 02 EESees
588 1] X L B A% AR 4

e — Core Competence Enhanced by M0 /NN —
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i) [B] 42 1il]: Super-Cycling [T&141] (1/2)

o X RN,

] A A A AR IR IS ) 38 5z e R T A A% BV AL I TR

- WE AN EE LT ANMEH AR E A R] Eil B FR e
- Super-cyclingF AR 51 A A] LA R INEE 3DCHT Jia] i H ] 44 i B2 8 21 A

ERIRTE], 85 3-5MER R EhLE
- Super-cyclingHi RAZ & {5 H 4 &
- Jo R B SR AR 28 BEAR K & 3K e v A4 1
- B AR AR K e gy, BT A

T R AT A BIFE A2

A AR e AN ] A4 RS 285 SR A
(NEFES
Ak B EEAS e IRZS

o o

ul

- RSR[5 07 R 1
- R Ei

Ll

o EL 2 [ AR A B e
Core Competence Enhanced by MBD NN
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5] [B] 42 1ill: Super-Cycling [Ta1411(2/2)

Freeze fluid solver

N

PR SR 45 — & TH LI A4 [ 14k R RS T BB AR E
Temp. Solid [K]
Temp. Gas [K] Max
Max H
H Min

—>» Crank Angle

o/

Unfreeze fluid solver

e p— Core Competence Enhanced by M0 /NN —
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5] 8] 423 51 : Super-Cycling [iiAE] (1/2)

* Super-Cyclingiiife:
1. K FH WS SR A a8 B AR T SR AR 3] R 43

1. Fluid + solid solver

- SRR R interface I (BRI HTCRI L BE L A4 6L R /7 N\
\ : P ~
2 IREE IR % T ersteunti | 2me
RN . N \ . . Spatia
C SFHTCRIE BEFARIE B SR P4y, IR N R AR | varyingsolid | user-specified averaged s
Fllinterface_I* . temperature | convergence | temperatures

\ /

rd

3. KA [ AR B 2 AR E \
4. SR ABETHIIRE , MR TR KR 2%
5. BE VL Pl iE B 2 BKR E A iR e

3. Solid solver

S————— Core Competence Enhanced by M0 /NN —
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5] 8] 423 51 : Super-Cycling [iiAE] (2/2)

o P RIE RS, M 75 T2 05 A T K T

(e.g., 720 CAD for 4-stroke and 360 CAD for 2-stroke e Li”; — Q: e

= ngl n eS) Time length for each cycle stage: 60.0 deg.
o BB L — R AR B (stage), MDA 8 [

}%J /E:H E(j % */[{ HTC;FH /—:CH% YEIIE Conduction CFL number : 100.0

Sensible internal energy(SIE] tolerance: | 1e-08

/l\ StagE@)é’[\—‘E& HTJ‘ I‘E—I,I El/\J i&i& ’ HTJ‘ l\E—IJ ‘E&‘[—«é}gﬁﬁ TI me SIE relaxation factor for supercycle: 1.0
Iength fOr eaCh CVCIe StaEEEI:EfX'_E' supercycle_surface_map_flag

N Total number of stages = 1, ] X A &l i) — 1 stage ] | ouput pointsio B3
IR R B B AR R Output paints (xy 2

U1 % Total number of stages > 1, | FH £ {~stage )2 £ #f
Kt S E AR R

bE 5 i [a) HERE, B I BRI W stage2idE, I PR [ICpese from cipboard)
IEI E‘Jstagei&ﬁ D I@OK H @ validate l

f———— Core Competence Enhanced by M0 /NN —
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Super-Cycling: &4 (1/3)

« WTARINARIRG], HATANTZBIEAHARTH

L
* Super-cycle X EUT T :
- BEgIn Storlng Su perCVCIe data = A b """"""" ———————— Staged | Stage5 | Stage6 | Stage7 | Stage8 | Stage9 | Stage 10| Stage Stage Stage Stage Stage
O g } : ‘ 11 | 12 13 14 15
§ o I T ,,,,,,,,,,, Stage3 | Staged | Stage5 | Stage6 | Stage7 | Stage8 | Stage9 | Stage 10| Stage | Stage | Stage | Stage | .| 4 sulper-
: cycle
- Total number of stages = 12 P T e o O
>
H L-) ............ ) 215§ 3|8 41§ 5|8 6| S 78 8 [ S 9 | S 10| § S St )3 ol N S
_ TI me |ength for eaCh CVCle ‘g- 2 tage tage tage tage tage tage tage tage tage 1tlage 1tzage 13age C;l'l:lier
=3 ‘ ‘ :
—_ 7]
Stage - 60 CAD 1 | Stagel | Stage2 | Stage3 | Staged | Stage5 | Stage6 | Stage7 | Stage8 | Stage9 | Stage 10| Stage | Stage |--| 2™super- | ... ssrssacneed
11 12 cycle
'S 2S00 S S SN U SN NN S S S NS S N 2 2
0 60 120 180 240 300 360 420 480 540 600 660 720 780 840 900 960
I Start storing super-cycle data I CAD 1% super-
cycle

| Solid piston |

Piston top is an
INTERFACE




Super-Cycling: Z&4 (3/3)

Fluxes through different parts of the solid piston

2000 ! ;

1500 oo T TR .

1000 [ T IR IEP IR E
S 500 e .
¢ : :
S : :

_500 | L .............................. -
1000 b .......................................................... .
-1500 ! :

720 1440 2160

Crank Angle (deg)

Oil contact —e—
Liner contact —e—

Ring contact —e— .
Piston top Piston top

Total

Ring contact

o
v x

IcSC 2019 £ 7

Liner
contact

The fluxes reach steady-state

after 3 engine cycles

Copyright © IDAJ Co., LTD. All Rights Reserved.
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[T

JaALEE (1/3)

« P nlaE i 75 B monitor points (] 1245 € 4% &) I super-cycle monitor
points (W5 4 [A &R ) RIE BA T FL 8 45 2 A ) =404k
« M)A H 1 super-cycling, /£ &> super-cycle 58 i, SKEAR =% 4 AN
supercycle_stream*_balance.out (where * indicates the stream number) ) 3C 14,
B IX B seE 2R
- & solid stream Xt B — A
- AR REYE, a8 KA
- H (] R s H T AR Y

Copyight DA Co, LT, Al ighs Reserved. Core Competence Enhanced by MBD NN
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[T

2/3

e Sample supercycle stream* _balance.out

IcSC 2019 £ 7

# CONVERGE Release Build 2.4.5/

# column 1

#
#
#

b W ww NN P o

Time
(seconds)
(none)

.9980246e-02
.5001718e-01
.0002465e-01
.4997013e-01
.0003072e-01
.4997974e-01
.9999510e-01
.5000800e-01
.0001924e-01

2

flux

(J/s)
bound id 1

.7113879%e+01
.7113879%e+01
.7113879%e+01
.7113879%e+01
.7113879e+01
.7113879e+01
.7113879e+01
.7113879e+01
.7113879e+01

Feb 17,

o eolNeoNoNoNoNoNoNe)

2017
3
flux
(J/s)
bound id 7

.0000000e+00
.0000000e+00
.0000000e+00
.0000000e+00
.0000000e+00
.0000000e+00
.0000000e+00
.0000000e+00
.0000000e+00

Run Date:Fri Feb 24 15:45:58 2017

O O O OO oo oo

4

flux

(J/s)
bound id 8

.0000000e+00
.0000000e+00
.0000000e+00
.0000000e+00
.0000000e+00
.0000000e+00
.0000000e+00
.0000000e+00
.0000000e+00

O O O OO oo oo

5

flux

(J/s)
bound id 11

.0000000e+00
.0000000e+00
.0000000e+00
.0000000e+00
.0000000e+00
.0000000e+00
.0000000e+00
.0000000e+00
.0000000e+00

O O O OO oo oo

6

flux

(J/s)
bound id 12

.0000000e+00
.0000000e+00
.0000000e+00
.0000000e+00
.0000000e+00
.0000000e+00
.0000000e+00
.0000000e+00
.0000000e+00

B D D S D D D

7

flux

(J/s)
bound id 17

.7101224e+01
.7089331e+01
.7086120e+01
.7084820e+01
.7084434e+01
.7084262e+01
.708439%e+01
.7085493e+01
.7085987e+01

8

surf temp inner

oY O OY Oy OY OY Oy O U1

(K)
bound id 17

.7393919%e+02
.4612091e+02
.7322528e+02
.8149717e+02
.8411177e+02
.8493809e+02
.8519960e+02
.8529226e+02
.8532088e+02

9

surf temp outer

oY O OY Oy OY O O O Ul

(K)
bound id 17

.7393918e+02
.4612091e+02
.7322528e+02
.8149717e+02
.8411177e+02
.8493809e+02
.8519960e+02
.8529226e+02
.8532088e+02

-1.
-2.
-2.
-2.
-2.
-2.
-2.
-2.
-2.

10

total

(J/s)

(None)
2655049e-02
4548094e-02
7759467e-02
9059656e-02
9445803e-02
9617637e-02
9480026e-02
8386409e-02
7891996e-02

Copyright © IDAJ Co., LTD. All Rights Reserved.
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Ja AbE

I
o

~~—
)

Surface htc [W/m2]

14000.0 0.0

11200.0
-12500.0

8400.0

-25000.0
5600.0
-37500.0
2800.0
Temperature [degC]
0.0 -50000.0

30.0 85.0 140.0 195.0 2500 7]( g: i%ﬁ HTC *n flux
Gasoline engine head: R H & E *

* Note: X [ /£ % X Fboundary temperature® ., T 3Efluid temperature
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— Birkhold J& ZX TR - H SZE6;

L b

2= B AL

650

Injected Liquid: % Experiment

AdBlue (32.5%w urea) 600 | —eie 2006) | |
Minj =0.83 g \ —CONVERGE
Tinj - 298 K 550 \\

-
——————————————————————————————————————————————————————————————————————————————————————————————— = %
w
30 m/s 5 500
_-" %
a 450 x
u, T, E \\
%X

4 Stainless steel plate, 2 mm

5 i 400
! i x
< 350 X x x

70mm | Initial solid temperature: 613 K

300 T T T T T T

Birkhold experimental setup 0 20 40 5|M3(|).AT|0NT|?\:|)E() 100 120 140
S

Results comparing experiment to simulation
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480 Ekpempem ‘ . bound_temp

0 | SR Time = 0.0670008 1.716e+03

an k 1.4746+03 E

2 1.233e+03

_ 420-]5' 9.914e+02
é 100 : 7.500e+02
g AIAA-2015-3740 Temperature profile on a combustor

0 wall with combustion

340

320 : : : ; :

-0.1 0 0.1 02 0.3 0.4 0.5

x/d

Figure 11. C128-Maximum wall temperature at a stream-wise station vs. stream-wise distance (x) for
experimental and URANS-CHT results.
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WA EFHEE = B

MR R HL B AR =
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A5 VI ALEL 55 (1/2)

R H R EECFM

100" a
b ]éxperimeﬁt
: ; — — RANS - CHT
Oil Basin :e 80 eiraessssaisasasstsfusesrestaeseassassane e sbasssanessaestoseesnssaseessasesssnasQforst e sasssssmgles hessasess tsanssvataciasssssrenreeseereoer sesreresssrenree s T e
=
. 5
Valve Guide 2 60
£
Exhaust port Intake port —
—— Cooling System k=
Sodium rod >
9 20
Valve Seat —

%0 40 20 0 20 40 60 80 100 120
, , Crank Angle [°]
Ravet & LeGuille, Renault Nissan, 2017 CONVERGE UC
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LB VR LEL 55 (2/2)

RANS+CHT Tl i) il & 152 5 5L 0 45
Ry& RiF

480

B Thermocouples

460

440 -~

420 f--

400 --

380 |-~

360 |-~

340 -~

Temperature [K]

320 -~

300

TEE TII TIEFW TIEVT
Ravet & LeGuille, Renault Nissan, 2017 CONVERGE UC
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245 v6 KBhHL (1/3)

« LW oA H b T4 s i Head —~—,
A AT RS
« BHI RSB (IKE) Exhaust Intake
* Engine block
. éﬁIV‘]Wﬁ@E/—:& Engine \:‘ Cooling
block 4 system

<
/\
x N
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245 V6 KENHL(2/3)

* X =AT RGUIE A Option 1
HATH G115 (option 1 B{ 2)

o XIKERA B ST G e W
A (nucleate boiling model )5E
P AAURS T 92

« 7 J3 super-cyclingii/b it H &

Water jacket

)

Water jacket

\ \ Combustion gases /

Se———— Core Competence Enhanced by M0 /NN —
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Z: ve K BIHL(3/3)

o PP ST A 5 e iR Y S5 R AR ST E M & R 4

Intake Side Temperatures Exhaust Side Temperatures
13 + EXPT  mOptionl 4 Option2 13 + EXPT  mOptionl 4 Option2
T 14 T 14
3 3 o " g
S13 M S 13 * .
212 e 212 - =
B E e o 3 o &
=11 = n n ERE I g
E + E (Al
2 1 * 2 1
0.9 0.9
1 2 3 4 5 6 1 2 3 4 5 6 7 g g 10
Probe locations Probe locations




IcSC 2019 £

e

T—————— Core Competence Enhanced by M0 /NN —



ICSC 2019 L7

Heat Transfer Coefficient 7€ X

—

e N T JGATHEETL CONVERGES£: T heat

Near-wall cell center: Fluid

fluxfllocal temperature gradienti H-HTC Temperature, 30 < y+ < 100
o+ PRIHXANHTC AR 5 T B ¥ 73  flocal |
HTC JFlux
- 5ETH PR E S5 HTC (Gl H Sk e f: 7
s AN Wall: 7, zoce
- W‘i%r mgf@%tlﬁ?& heat flux
- Local HTCA i -1 B o s 2 F R
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INTERFACE: Contact Region (1/5)

 FH-T"CONVERGEH [l A& ANBEAE B8/, 500 n)

ﬁdEZu\jﬂJ JNintersection, Xt AH B3 firk F) (3] 425 ] G |
BLRFF— /AT TE] B it e ';'l*‘,"'fﬁ T
- P, AT EARRE AN I EE (minimum lift ) R

« CONVERGE R0 H B 1 (8] B 58 N —>contack

region.

Define each contact region (red region in
the above image) as a separate region
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INTERFACE: Contact Region (2/5)

e contact region 7 B UG AL N fluidiE
- RIS, AR AR B contact region #1462 14 M. 5 portig (R 15— 2K .

o« XJEEA

5]

B

lﬁmlj,

- XA, HEERK A valve angle 5FD vaIve seat angle 7<EXcontact region

Copyright © IDAJ Co., LTD. All Rights Reserved.

Tﬁﬁﬁ*ﬁh = HLE L — AN FE U contact region (%1 1E I
ﬁ)@‘ﬁ/l\contact reg|on)
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INTERFACE: Contact Region (3/5)

i Valve seat angle i

« S ["][A] f Contact region & X 7% =
- Valve seat angle: [f&] J&E {042 fih i |
» |nterface seat (ﬁ%@region)/ contact region (?I@ region) ‘ NIy

- Valve angle: [&]{4 ] i i
= Interface valve (2§ i region)/contact region (ZL.f% region)
« VEE: H P E X contact region 5 port region (¥4
tfiregion) interface 2 contract region 5cylinder
region (H thregion) B 3 fiinterface

- % B IF CONTACT RESISTANCE events A, CONVERGE
2= H 3618 A i interface

L1

L

I Valve angle I

o p—— Core Competence Enhanced by M0 /NN —
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INTERFACE: Contact Region (4/5)

. 5E/KregionsE L&, W H CONTACT —
RESISTANCE events (Case Setup > Initialization & S o S

1136 Region 1 REgioRURDERned) CONTACT RESISTANCE OPEN

Even tS > Even tS) 2|374.8 Region 1 Region Undefined’ CONTACT RESISTANCE CLOSE

- CONTACT RESISTANCE OPEN event iz 1T ViLf& L £t contact region (ZSfLLOPEN event)
- CONTACT RESISTANCE CLOSE event [R#|RATRE (R iG-Sk A)

« JE&: CONTACT RESISTANCE eventifs Z it G udffdi H (Case Setup > Advanced
Parameters > UDF Selection > Boundary)

[ "4 UDF selection _ 1@&
= N
[ Spray ] [ Combustion ] [ Turbulence ] I Boundary Sources |

[ Contral I/0 l [ Solwer l [ Moni tor points ] [ User wariables ] [ Mi=sc. ]

User-Defined Functions for Boundary
Contact resistance for small gaps
[7] Customized motion of moving boundaries
[7] Customized piston position
7] FSI madel
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INTERFACE: Contact Region (4/4)

Boundary Type: INTERFACE -~

Boundary Motion

* ZCONTACT RESISTANCE CLOSE event i A=

e
- JX P interface ([ (A UHS A A5 N
FHX WA R 2 [0 R nirsifox 4 o o
= CONVERGEZ& (A ZKf#E) contact regionff] pimmey bouien Oisconnect 2
AR T 1 el ke

D > 5 4 g * . [¥2 [Boundary Conditions |
P N R, =

”| nitial Conditi & Events |
[ Control I/O H Solver H Monitor points ]I User variables ]I Misc ] &2 Regions and initialization
i:l: l:I:l % I L4 Events
2 3 j: ﬁ& IKE I I | | Q L j\_ u d f—[/ Q i E 9 2 4 User Defined Functions for Boundary v | hysical Models |
e ¥ Contact resistance for sma!l gaps Spray modelin

Customized motion of moving boundaries = g? Combustion mod ling
%JISWWSZ‘EI‘ piston position ] SAGE regions definition
/—j—§ XE' _[R Hea::n?ra{ra]sfer data &7 Turbulence modeling
fi b

L4 Super-cycle modeling

User defined boundary condition for velocity %
Wall values o o/ |Grid Control |
l YV ) ./ Base grid

L/ Adaptive mesh refinement

&4 Fixed embedding
= (4 |User Defined Functions |
UDF selection
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Heat Transfer Mapping with Super-Cycling (1/6)

=+

7B AR Z FLCHTIR AL TS B AR B

o ZHLCHTA A AL LR Th e AT LA F 22 L A6 AR
P Bl A S R T

Symmetry

o P X FH1E— L (main cylinder) 34T AT 5
- CONVERGE#¥main cylinderf{IHTCAI S, JIs I /& Bt 55
PNEEHL, M ITSEILEEAS A B ] A0 B RS T
T

Core Competence Enhanced by MBD NN
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Heat Transfer Mapping with Super-Cycling (2/6)

o ZHLCHTRBUAR ZAR 5T D) 8 75 22 S super-cycling T g — L
o ZINRE T LUB AL IS B L B Y- [H interface B & /4 BE TH]

« /£~ super-cycled', CONVERGEXfmain cylinder ) ¥it-[tlinterface
PIHTCAN SRR BE M35, 8% T RS 281 25 IR0 N30 5

- P E 5 X main cylinderiZl 5 Mlduplicate cylinderiZi 52 [B] 1) ) L] %
KA
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Heat Transfer Mapping with Super-Cycling (3/6)

Super-Cycle Process

l~

N-

1. Fluid +
solid solver \
2. Time-

4. Spatially averaged
varying solid HTCs and
temperature surface

temperatures/

\ 3. Solid /

solver

Copyright @ IDAJ Co., LTD. All Rights Reserved.
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Mapping of
HTC,,, and

Duplicate
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Heat Transfer Mapping with Super-Cycling (4/6)

Physical Models
* 7FCase Setup > Physical Models+ i SR
supercycle surface map S
N \ | Turbulence modeling
» TESuper-cycle surface map modeling T Hx H & X T
main/duplicate cylinders, mapped boundaries, =R gl PR S
| Super-cycle modeling
IL1T?‘F§¢%/{EI oy ¥ supercycle_surface_map

o PRI CLBRS DR 2RI At s
- Fluid-solid INTERFACE — X — e
- Solid WALL (duplicate boundary iR B AT EEW N v e o 1
JINeumann) e ————
o MfIFIRBE T — supercycle_surface_map.in XA | e
{ERE BIECT .

A p— Core Competence Enhanced by M0 /NN —
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Heat Transfer Mapping with Super-Cycling (5/6)

e Test case #1: Fluid-solid interface L5 #|solid surface
- R ] AR s ) XS Y v A A
- =AY JUATAE Rl — AN CVGHE A A

_I Tsurface =600 K

Duplicate
boundary

Main boundary

Solid1-Solid2
no super-cycle map

Solid1

|'|

Air Solid1-Solid2 Solid1-Solid2
with super-cycle map no super-cycle map
Solid1-Solid2 Solid1-Solid2-AIR
with super-cycle map
— T 300 K Temperature [K]
= | X ! e
gas ’
Adiabatic everywhere else 3000 3700 4500 5250 6000
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Heat Transfer Mapping with Super-Cycling (6/6)

e Test case #2: Fluid-solid interface W4} 2lfluid-solid interface
- PAELAE Y
- Ftmain cylinder ] BT F fluid-solid interfaces HLHT Fduplicate cylinder 5 ik

ZAERLK F SAGERR KR
BREBAT T =AMEFF
R+
1560 CA
Main Duplicate . 1560 CA ]
o Main Duplicate
urface temperature [K]
E. o e Surface temperature [K]
3500 4000 4500 500.0 5500 A
300.0 4125 525.0 637.5 750.0
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1D CHT (1/3)

o ZAERYT] DLSK AR BE VA2 T M R A Ak, FER] RIS PEF
AL ] SR L
o ZAEAYIE H TG E IR BE B B I AL A Cln vy A PH B [ 42O
N o R i 15 BE T T4
e CONVERGE¥fsolid wallZb B Rk [E 4438 =, FRRFHRIAZ A DT ramss N
JZ(sub-layer), Jo7& X3RRI
- B sub-layerfR — = B4R T G H M #&n

« ORI T SO
. . N )= 2 o 2 e
- B RO AR 2% 1 (HCONVERGEH B 135) 1% subioyed] [ o

- FH 7 #58 %€ fIbulk temperature (T, ! ® Thu ® Thui
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1D CHT (2/3)

« WE % {FCase Setup > Boundary
Conditions > Boundary™', ULFET %

WHE —4ESFAL T, Fak
Temperature Boundary Condition |~/

CHT1D
« JAHCHTID)G, HE8EHLaw of wall

s HE 2 HEAEE = B
FEEFHEHE S ENS
g
T
e
(=]

gDl temperature boundary
conditions

[

l Copy I l .7 Edit Regions

Sort boundaries by region for export
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1D CHT (3/3) s ==
ID| Name | CHT1D parameters for Head_top
|65 Head_fop ]'['I'C.Eczale factor: 1 — -
+ CHT-1D TR A1 25 B F 24 -
‘ Species Thickness, m | Sub-layers Cﬂni*dmie:;:: —
%
Field/Parameter | Descripion
HTC scale Factor R 1 £ 44 R MO . BROA 0 (LB I VG SO R AL, FIE T )

Number of solid layers  Jit#435k S bulk solid 2 [B] B[] 44 8 = £

Solid layer species [] 425 VL )= A R A ol

Thickness [l A Ve = R, A2 m (B N - 2 mm)

Number of sub-layers ¥ EAEEX] 217 EH8, ENitHEME, (#3095 20)
Contact resistance 25 E R R eH. BOAMEN 0

Solid bulk temperature T,

Copyright© DA o, LTD. Al ightsReserved. | | Core Competence Enhanced by MBD NN
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1D CHT:I6& 1uF 2451 (1/3)

o MR AY : [GAF 8 25 s P PR (] A B T ot 5 g o S i v 2 A 7Y
- BEFC12H26 3.46 mg , H7%4E1.54 ms (AN [E R ETE A%)

Chamber: T=877.6 K

Top: T,,,=461K P =6 MPa

Case Description <~
Number 3 M

Case 1 Baseline  Bottom wall at a fixed " ™ A
temperature of 800 K ,_g | ;

Case 2 CHT 1 mm thick aluminum % VVV T [
solid with 3D CHT @
calculation Bottom: T,_, =800 K (Baseline)

Case 3 1DCHT  Baseline with 1D CHT at Conduction (CHT)
the bottom wall Tpuic = 800 K (1DCHT)
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1D CHT: IS UE =441 (2/3)

805

—— 1D CHT - 80_layers
—— 1D CHT - 40_layers
—— 1D CHT - 20_layers

o [ Fp 28 o B el

[ b/ MR, 3R
E M3 25 Sy v E1AE
H

o Z5R KB 20 sub-
layerfsf 5 & A — 2

Minimum wall temperature [K]

785

T el U T o] =

780 -

T T T T 1
0 0.001 0.002 0.003 0.004 0.005
Time (secon ds)

Effect of number of sub-layers on convergence

Copyright © IDAJ Co., LTD. All Rights Reserved. Core Competence Enhanced by MBD
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1D CHT: B&4uE =451 (3/3)

« 3DCHTAI1DCHT B3 2 5 A5
7N

K

* Baseline 5 1DCHT fEAHHE KT [~ L
[FJAA 2, T 3DCHTAR Y 442 I |
A AT 2

Minimum wall tempera
~ ~

o

795.0 ] ==
790.0 ] S~ SCIENCE
785.0 ]
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{2 AR HERE B (1/3)

* Solver.in: Re=E /7 2 ISR ARAG S N1 N —Fy
- — B KS BE AT e 2 m i AR T
- s E R E fv_upwind-factor_global = 0.5
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& AL A E 150 B (2/3)

* Turbulence.in: heat transfer model 7% /¥ | O’Rourke and Amsden & Angelberger
(heatmodel = 0 or 2)
 Han and Reitz model (heatmodel = 1) 7] Gt &= b {& # &
o WAL, PR LUK heatmodel %N 10, 11, or 12 (1F J7 —/7 23 %5 [l heatmodel % & 3= fif
hn10), g&E| K #2348 B constant wall distance
« heatmodel = 10, 11, or 12IF}, >RAZSZETT Hwall distance ] A NITEE X #% ]~ ZET-full cellff&
%6055 M. R A% ST
o XFERIFH IElocal cutElicell pairing 5|2 fwall distanceZE{t., 1E E £E[30%,130%)][H]
o O I E REI TR RS, A S y+ FEHERE I [30,200150 ] ( AR USSR, BRI
fiiy+ )& 1-[100,300], & #E WA B4R )

* |tis know that the flux is over-predicted if the resolution is too fine by the wall y+ < 30

s — Core Competence Enhanced by M0 /NN —
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Heat Transfer Modeling Recommendations (3/3)

e Turbulence.in: Near-wall treatment

Near Wall
Requirements y* Range Description

e Available for all RANS models

* Set the WALL velocity boundary * Uses the law-of-the-wall assumption for velocity in
Law-of-wall condition to Law-of-wall 30<y*<100 the log-law region (assumes the cell adjacent to the
* For k-w, set the near wall function to wall falls in the log-law region)

standard wall function (log-law) for w

Automatic wall * Blends the solution for w in the viscous sub-layer and
treatment * Available only for k-w models 3<y*<300 the log-law region to calculate the specific dissipation
function rate at the cell adjacent to the wall

* Available only for k-w models
* Must set WALL velocity boundary f<q * Resolves the viscous sublayer

condition to No Slip y= - Automatic wall treatment: set w at cell center
* Set the WALL TKE boundary condition to - Menter: set w at the boundary wall

Dirichlet

Low Reynolds
number
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Sample supercycle surface map.in

1 tot num masters

1 tot num slaves

3 tot num master boundaries

#HfHH A AR A H S Master Index O ######4#444444444HH4HHHHE

3 num_boundaries Number of boundaries to map for master index

26 bound id
27 bound id
28 bound id

Total number of main cylinders, duplicate
cylinders, and main boundaries in the simulation

Number of boundaries to use for mapping
main cylinder 0 and the boundary IDs of the
INTERFACE boundaries used for mapping

- Surface duplication for Master Index 0 ----———--
1 num_slaves Number of surface transformation ]' | Number of duplicate cylinders for main cylinder 0 |
#Transformation index 0 }
0 -1.0 0 -0.06 mirror plane
0 trans x Transformation information that
0 trans y = transforms duplicate boundaries
0 trans z . . .
30 rot angle counter—clockwise onto the main cylinder 0 boundaries.
0.1 0.2 0.3 orig xyz origin of the axis
1.4 0.5 0.6 vector xyz direction vector
| _

#
4  num forced pairs If CONVERGE cannot find the duplicate boundary,
31 279 0 0 forced pairs master bound id/dup bound id/master index/slave index the pairing can be forced. Provide the boundary ID
34 274 0 0 forced_pa}rs master_bound_}d/dup_bound_}d/master_}ndex/slave_}ndex of the INTERFACE if the duplicate cylinder has solid-
44 290 0 0 forced pairs master bound id/dup bound id/master index/slave index . A
40 287 0 0 forced_pairs master_bound_id/dup_bound_id/master_index/slave_index fluid interfaces. Provide the boundary ID of the

- - - - - - - solid wall if the duplicate cylinder has solid walls.




