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— O KAERI

(1) G A SoijM 3= v o

“ MARS Development (1997~)
= RELAP52} COBRA-TF2| implicit coupling
= 22| £ ddizt & 24 SdX =9
= M g4 HEHE J|E (Multid, CANDU, Tank...)
= MARS ZE TF
e MARS-KS (PWR)
- KINS X ZEE 28
— RELAPS 7 i1ALS B ARE A 2 1A BHY (NUSTEP)
e MARS-LMR (SFR)
- dX=% 28K HOlE (&, LBE)
— LAl OF2d 7t} EE-ll H2 L Y =t EE—II
iﬁ/%ﬂ%?l(%?lﬂ**”ﬂ | & o *HIE) g 2
e MARS-GCR (VHTR)
— Gas =8 X| HO|= (He, H2, N2, O
— Pebble bed / PCHE OFE%ér A GEE 2, HAYH O F
X~ F

S e Tx2 7t



<% SPACE 2 C 7l|% o|=
L X S8 7|2 2 Y (KHNP, KAERI, KEPCO-ENC, KEPCO-NF)
= C++Q02 2
= 2-Phase 3-Field equations X -& (U], 7| x|, HA)

% Regulatory Review
R Regulatory Review Q/A
i '\
SPACEV&V (1D SPACE V&V (3D)
Code Development - Separate E(I:fecz: Test - Experiment/Plant Data

- Qf/A & Code Improvement
- Setup Code Maintenance
( Define Code Requirement ) ;:ompo?el;: Tes_:f P
Module Development - Integral Effect Test

- Solver, Model&Correlation, - Plant Data Comparison

Independent Review
- Component Module, Etc.
Module Intagration SPACE User Interface

. - GUI/RTG Function
SPACE Demo Version
\_Experiment for V&V Data )\ Experimientior Wiy Dats

'06.10 '10.3
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(1) @43 AEsM A #E

KAERI

<+ MARS / SPACE Z & H

|

MARS SPACE

(1D/Multid) Two-fluid 7 equations
(3D vessel) Two-fluid 9 equations
- Equal temperature Liquid, drop

(1D/Multid)

Boron transport

Non-condensable species transport
Extension of 1D flow for Multid

Three-field 10 equations
-Mass/Energy/Momentum: Liquid, drop, Vapor/gas
-Non-condensable gas transport

-Not equal temperature/velocity between liquid
and drop

Boron transport
Non-condensable species transport
Formulated for 1-D and 3-D
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(2-1) FXISHH 2 74 =

< OlHX| EE 22| oL X] a4k 2F 714
= Internal energy equation of SPACE
0 P&, +a(ak/0kekUk)

ot Oz
o o(a,U ola.q
=—p atk @ ( 8kz k) +q, + 1 hy, — ( al; k) +(Fw/@+akpkLkUk)Uk
~z
SNenmonll 0 Momentum Cell, j
— M apU, — = Scalar or Energy Cell e . -’/
0z 0z "‘*x,__f“’ TK.'. pK.UK_ P TL¢ LU
I | '

= QOriginal Form of SPACE

e Cell pressure, explicit Cell &= AFZ, form loss A4S 2A|
= Modified Form for staggered grid

o Cell pressure - pressure gradient

o AAtBE ALY implicit Face & HE

e Form loss 24t2t 11
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KAERI

(2

< 4% : Adiabatic Expansion of Hydrogen

Cell 1 Cell 2
Pressure [MPa] 0.2 0.1
Temperature [K] 300 300
Hydrogen Mass [kg] 161.644 80.8218
Parameters Cell No. Analytic solution Original Form Modified Form
Hydrogen mass [kg] Cell 1 131.619 130.263 (+1.03%) 131.563 (+0.04%)
Cell 2 110.847 112.149 (-1.17%) 110.850 (+0.00%)
Hydrogen temperature [K] Cell 1 276.328 275.326 (+0.36%) 276.423 (-0.03%)
Cell 2 328.108 319.702 (+2.56%) 327.934 (+0.05%)
Hydrogen pressure [MPa] Cell 1 0.15000 0.14792 (+1.39%) 0.14999 (+0.01%)
Cell 2 0.15000 0.14792 (+1.39%) 0.14999 (+0.01%)

< @35: Large Pressure Drop in SG

650 |

\
==

450 '\

\ A
$5p \FA

total heat transfer rate from wall

delta(m*h)_before modification

delta(m*h)_after modification

Power [MW]

Helical tube AQ~15 MW

Form Loss: 70

50 0 50 100 150 200
365 MW Time [sec]




(2-1) x| 2E 7Y q

KAERI
(=] J-1 J Jj+1
o O 95 B 74 M
. 25 BE WYA ¢ | & |
% (apu) + V- (apuu) = F [ Confinuity cell ] ;i Momentum cell :

» HEZEY 22 S84 (HE 2= 22 AL8)
ap%u +apu-Vu+ul =F (= %(ap) + V- (apu))
ap%u+ap\7-(uu)—apuV-u+uF=F

HEY 252 W™A (Jeong et al.,, 1997) =

d
apau + V- (apuu) —uV - (apu) + ul' = F

= d

L—

—_

2 1200
E] o SPACE v3.0 ° .
—1000r o Modified SPACE 0.
5 00
= 800 e o
© o o
= 600 o .- o
O o o
8 o
400 o
R :
2 200 )
bS] -
s
=W 0 0

200 400 600 800 1000 1200
Measured ECC delivery (kg/s)

<UPTF Test7> <DYNAS AE04> 10




O AR5 7E Mol 2% Al 3
= J|E0E HAY /45 B850 2HEd 8

e Huge interfacial heat transfer coefficients for very small phase

e Unphysical mass transfer due to huge IHT coefficients

< SVD(Singular Value Decomposition) 7| = ¢!

A-x=b A=U-x.VT

U, V : Orthogonal matrix (U-UT =V.-VT =1) . 0|

¥ : Diagonal matrix of a; o
x=A1.A.x=Vv-21.uT.b L A BRI

Element Index

= Small o; that cause ill-conditioning can be truncated

(] >O'2 >O'3 e > O¢ >O'7

A=U0zVT =z Uz, V] = A,

11
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» Z35: Oscillating Manometer Problem

Face 2
50 15h Xz::;?/nt\)/ennonal
' | : vel-SVD-wio IHT| |
1 40 E 05 |
g 0 Large
2 39 = o5 | interfacial heat
Air —> 5 N g transfer
sl between
4 37 > . , , , vapor and
0 20 40 60 80 100 I|qU|d
Time [sec]
F1’i(')°§ F;gg First 100 seconds of simulation Excessive
25 vaporization
o | | I vel-conventional a n d
Liquid =—» Zzz ;z:gggmm _ condensation
E oorf ‘ ‘ ‘H““““H U Considerable
% ol 'l'l‘l AL AN 'lhl n ll'l ’.’ ‘.'a ll variation in
<<= N H NI | pressure
002 1 Continuous
N 0031 1 | oscillation of
o 0.04 R liquid sl
Valve 900 920 940 960 980 1000 qu ug
150 Time [sec]

Last 100 seconds of simulation

Negligible
interfacial heat
transfer between
vapor and liquid

Negligible
vaporization and
condensation

Negligible
variation in
pressure

Completely
dissipated
momentum flows

12



(2-2) B4 LW M

< [ v Interfacial Area 0l|= 7§ M
= CHH Hi 20| A= Interfacial instability2 Q13 Slug flow7} &H &

7| 0{2{2 (Shen & Hibiki, 2015)

10° -
= [ o Shenetal (2012), D=0.2m, z/D=41.5, 82.8, 113
-"t\s_ » Schlegel et al. (2014), D=0.152m, z/D=28
v Schlegel et al. (2014), D=0.203m, z/D=21
53' L ¥ Schlegel etal. (2014), D=0.304m, z/D=14 g}
= Predictions of Eq. (4) D‘ O
—g ,D/E‘:w ~
=] // -
g5 10'F A e 9
g F s\
o
] \
£ =5 ~
E A
2 A
<o -
> 2

105 e L

107 10" 10°

Void Fraction of All Bubbles, <a> [-]

Fig. 1. Change of group 1 bubble void fraction with all bubble void fraction.

Collapsed Liquid Level [m]

3
O Experiment Data
O RELAP5/MOD3.2
251
E - SF'ACEs‘zconventional
2 D[‘% ——SPACE3.2___ eq
‘\\_*Ll
!
15¢ 0 @@QEE‘DDJDDJE\:\ 00D

4000 6000 8000

Time [sec]

Pressurizer level of LSTF

0 2000

(o) () <0.15
(ot1) = < 0.417(x) +0.0875 0.15 < () £ 0.51
03 (o) > 0.51
0.0836 .0.0279
o1)Re ol )é€
(an) = 3.37 x {on)Rey ™ 29 5 (on)e ™
L00-889 1/0-0836
f
-05
0314
) = 1659(0)°7% (1 — (a1,))? L™= [, o 1124
(aiz) = (2) —{o2) 10394 [T uf
f g g\ Pr—Pg
1.4 : : : : 1.4 . : : :
@ Exp-C364 —#— Exp-C369 —&— Exp-C469 —¥— Exp-C4E4‘ —@— Exp-C364 —W—Exp-C369 —&— Exp-C469 —W— Exp-C464
1 2 L —O—Cal-C384 —8— Cal-C389 —~&—Cal-C469 —5%— Cal-C464 | 1 2 7‘97Cal-6364 —8—Cal-C369 —4A—Cal-C469 —<— Cal-C464 |
— 1. = =
= JNE 22 £ Shen 2 &
(] T 8 7 =
S—B—n . o = a = = o
/\ 4
g 0.8 At P g ) .’g 08
Sosf | | W' 1 5o
B 4 B
a 04+ \ i 304 F
o] o
go2 8 0.2
0r H ot -
150 200 250 300 350 400 150 200 250 300 350 400
Time [sec] Time [sec]

Loop seal clearing (ATLAS)



- (“_g | (Lopez, 1997)
 Deposition model: s,, = k, “Cet (Mckoy&Hanratty, 1977)

F BAH MY 9 B Y

0.5
e Entrain model:se:k%[mg(i”) (Relf—80)‘

. i pgpzué my — mys S k Md
L} [od =
e Entrain/Deposition model: s, — &, ¥ e =0y g a
o P 1Y g ug Pa

0.030 . . 1 0.030 1
— rrExp./ Cal. / Flow conditions ® Present study — T./Cal. /F}gw condutuaqi
& | ——1 j=0.022 mis j,=24 m/s A REGARD [2.5.1-3] ® ;:/ J,fo.gﬁ ms j;=24 mis
Do02s @ /——/ jr0015 mis /=28 mis ® Wiliams [2.5.1-11] 0025 .015m
—_ V /=1 jF0.022 mis ;=28 mis # Mantilla [2.5.1-12] ~ B /——/ j=0.030m
9 " — {,:0.030 mis =28 mis T\/f 0.1 v Magri Q . /—/j’=0:015m @ 0.1
T 0.020 || ® I~/ ir00ts ms =32 mis S T 0020 & e =

@ /1 j70.022 mis ] =32 mis < MR D Ity <

2 W /——/ j70.030 mis /=32 mis - = J70.030 mis j,=32 m/s -
) ] 8 2 g
&= 0.015 5 0.01 &= 0.015 [ 5 0.01
2 3 ) g
© S © o
£ 0,010 5 £ 0.010 $ é O
3 5 € 0.001 i g ' ’ b3 £ 0.001F
a p v ] % = v |
gooos . g 0.005 g ° X A
(=) o 4

0.000 L L : = L : 1E-4 L2 L L 1 0.000 1E-4 . . .

1 2 3 4 5 1E-4 0.001 001 0.1 1 290 1 2 3 2 5 1E-4 0.001 0.01 0.1 1
Axial location (m) md, measured (kg/s) Axial location (m) rnd, measured (kg/s)

PNU Entrain/Deposition model 7| & Entrain/Deposition model




(2-2) B3 2E 7)1 S

< EVVD* 7| H} &2 *E o E g'c':b'll- [=R= *EVVD = Equal Volume Void Drift

Gi

mm"'

G,
© Wy B Lo (@p) g — @P)g ] = Kyp 25 : as phase

= 0 (two-phase multiplier) : determined by row regime
B (mixing coefficient), K, (void drift coefficient) : User’s input

+ NVG 2 I ofL{X| 2Hj 2
= PSBT &™(B5, B6, B7) H7IS Sl PNU M2 HlS 22 A=

o S A

= GE, ISPRA : 3(0.005), Ky(1.0) / PSBT : 3(0.04), Ky (1.0)
= Kyp=f(P)=0.112 + 16.4e79329? (J.Jeong)

Experiment GE(3x3) PELCO-S(4x4) EUROP_BWR(4x4) EUROP_PWR(4x4) PSBT(5x5)

RMS error Corner Side Inner | Corner Side Inner | Corner Side Inner | Corner Side Inner B5 B6 B7

Original SPACE 0.0890 | 0.0123 | 0.0218 | 0.1020 | 0.0243 | 0.0086 | 0.0630 | 0.0241 | 0.0092 | 0.0228 | 0.0104 | 0.0323 | 0.1280 | 0.0905 | 0.1016

Modified SPACE 0.0394 | 0.0139 | 0.0188 | 0.0544 | 0.0199 | 0.0164 | 0.0366 | 0.0229 | 0.0143 | 0.0203 | 0.0137 | 0.0339 | 0.0351 | 0.0424 | 0.0254

Jeong’s model 0.0305 | 0.0141 | 0.0166 | 0.0425 | 0.0198 | 0.0214 | 0.0290 | 0.0224 | 0.0174 | 0.0160 | 0.0157 | 0.0286 | 0.0356 | 0.0418 | 0




(2-3) g @ 7| M ;://’

AERI

\/
0’0

A= miEe}, xjHiX|, &4F 22 (FFRD) 7%
= ECCSH{E87|= /HLE LOCA S| M0 SHAH = Itz XHi K|, 2
Ab D3 -

', wet? fuel particles 3 o

-5—I|IEE El-rﬂﬁl- 5'&' g't-u'lg-gl: OI% EE'EI (Fragmentation & Relocation)
= Quantum technology (QT) 2 & X &

- A=Y YuX 2ES F7HHE > MN £ BE

« IHE X 37[0f HE Ol 5 Aot M8 (M HAE THiX|] AA|)

B EHL BBY 7%

g AI-EH |:|:|§|.o1| [Ef |. 017(155 Oi_aalz EI"

B UX Hr= /& BHE I (Dispersal)
20 I SAF OIX} HEE2E WZERY QIR 22

ﬁl_ o= Oy

A
i
5

A
il

- 2 - g

16



25¢

Axal position [ m |

KAERI
3.5 I _
- Il = af o xk
© A K| 7S 2R AS . e 3
|
T 71 =~ 1 * = 251
= Oj=3 0|5 8E =1 el ! L
o —80
- E_C_)_l 7E:|J__I|' 2 ] —00s
g |
L -t w 1
o QT BT SYUSH SHHZ AYHIX| Zt o
I = X L 0.5-
e QT 22O E=H HIEE X SHZ !
0-(()).004 ' O.(;OS ' 0.(;06 ' 0.(;07 ' 0.(;08
Radius (m)
=0|2 = xjn T
FRAPTRAN(Black), SPACE(Red) =0|H sz X azgk 5l ==
" ’( t=ans] *° - “n_-/", o Fuel mass fraction (-)
360.0 05 1.0 15 20 25 30 35 40
; ppass, . tEEs ARRRERRARE RRRRE RARRERERRE RARS sioda x==a HS
’ n -0+~ Fuel mass fraction AAe SE= H2t
3.0 O ,,,,, 3 : : : : "
5
(! . )
—
! Ihternal ‘heat sburce , , , , ;
—0— |n|t|a| 7 0 20 40 e (:Zc) 80 100
—A—QT
e —v— SPACE _
| | L 25 30 35 40

0 1 2 2 c 1 2 Power (W) 1 7

Fuel mass fraction [ - ) Fuel mass fraction | - | Fue! mass fraction [ - )



(2-3) HAHAZ mE J|M

=

AE

< IFA 650.4 A|& 22| 1} (92 MWd/kg)

Axial Location [mm]

Clad Wall Temperature [K]

350 4 2,635
| 2.260
300
. 1.885
m
| 1.510
2001 1135
150 0.7600
1004 0.3850
1 0.0100
50
T T T T T T T
-100 0 100 200 300 400 500 Normalized
Time [sec] Fuel Mass
1200
/
1000 ﬂﬂdﬂﬁh
I Ot
800
600
O EXP: TCC1&2 (100 mm) | |
—— SPACE: wo FFRD
400 —— SPACE: FFRD .
i . i
0 100 200 300 400 500
Time [sec]

Axial Location [mm]

Gas Plenum Pressure [MPa]

T T
500 ® EXP _
L ® oo —O— SPACE: wo FFRD
r \\ —@— SPACE: FFRD
400 oo
1\
L 0o
[
300 [oE =T
I (1] @
'E‘/ [ 1)
200 i7 °
oo ® [ X J
r //
fe]
100 //
I Eﬂ °
o @ s
10 15 20
Clad Diameter [mm]
8 . . , ,
’ /r-_‘ G“\--ln q%‘
i \Pr L
5 &E\
4
3
2
L O EXP
1 —— SPACE: wo FFRD
| —— SPACE: FFRD
0 ] ] ] oo 0O ]
0 100 200 300 400 500

Time [sec]

18



e HEE I[N 48 (FGR) 22
* Long term 2 (42T )= &7 7|7<1|“—.'?'_— O'Eﬁ"EE SE
= WET[7F 5CF FGRO| oot SR B 7= Aot gy
= SPACE & X FGR & &
e Fractional release rate model (ZLCHAFLD A 2 &)
e Burnup-dependent model (DG-1327 2 &)

C KHIE DG-1327 FGR 23
Fractional release rate & | T&5

w
o

BU > 50 GWd/MTU: Transient FGR (%) = [(0.26 * AH) - 5]

= —K,(T)M, NS oL,
dt l l 0 250 500 750 2000 2250 2500 2750 3000
Temperature (K)

N
o

n
o

Translent Fission Gas Release (%)

M, ;
Ki 10

BU < 50 GWd/MTU: Transient FGR (%) = [(0.26 * AH) - 13]
Ki(T) = A;exp(B;T) 5
Ki (T) = 1€Oi em_ QdﬁRg'l'DtOI'y of fission ¥ 25 50 75 100 125 150 175 200

Kl (T) == R.X'l kOl exp (_ Ql /RT) Peak Radial Average Fuel Enthalpy Rise (Acal/g) 1 9

o~ .



(2-4) CI5 2 A Y HA Sl A

unai

s Coupling with component or CFD
scale codes
= Explicit coupling: time step size limitation
= Qverlap coupling: violate conservation laws
% Coupling Strategy: similar to
MARS-CUPID Coupling method
51@,:;+NZC77,.,_,-5PC].

= Numerically implicit coupling

- MASTER (SPACE) & DLL (CUPID)
an:rl =a,,+p,,(0F, ¢ _ﬁ,ni,j 0F;)

A, -5P = b, +§(s, Vi ts, -Vg’fjl)
i=1

anzH =0 + IBk,i (5PC1' _5PSi)

NC
Ay SP=by+>.d-6P, <
i=1

Aspace

A.-6P=b, +§(c, Vi te, -Vg’fjl)
i=1

7| 8 9b|1011
4| 5| 6 12
| SPACE
1] 24 3
13
1'Si
16 | 15| 14

CUPID matrix becomes:

1 .2

3 4 5 & ¥ & -89

20



(2-4) C3 272 A4

<

~ .
AN

% Verification of Coupling

10

CUPID

SPACE inlet

SPACE outlet

1.030E+06 |

1.025E+06

1.020E+06

1.015E+06

1.010E+06

Pressure [Pa]

1.005E+06

1.000E+06

9.950E+05 L

1.012E+06 [

1.010E+06 |

1.008E+06

1.006E+06

1.004E+06

Pressure [Pa]

1.002E+06

1.000E+06

9.980E+05 [

= SPACE-only

O S-C: SPACE-Part

© S-C: CUPID-Part

O S-C: SPACE-Part P-Correction
O S-C: CUPID-Part P-Correction

%833&3

0 02 04 06 08

1

12 14 16 1.8 2 22 24 26 28
Length [m]

<Single phase liquid>

—e SPACE-only
O S-C: SPACE-Part
O S-C: CUPID-Part

0 02 04 06 038

1

1.2 14 16 1.8 2 22 24 26 28
Length [m]

<Single phase Vapor>

21



(2-4) Cr=c| HA| ol A ;/”

++* SPACE-FRAPTRAN
- OS5 2R ZAHS SoF A oA
o = WA, X HE (SPACE) «——> &=, EH2T (FRAPTRAN)
e MASTER (SPACE) + DLL (FRAPTRAN)

. o - - FRAPCON Burnup data
e Multi rods OHA—_!% ‘(ID'|O|_|- D'”EE' cé“él- ‘ Output

FRAPTRAN
@ Data transfer from SPACE to FRAPTRAN Input

(2) FRAPTRAN calculation

\ 4

FRAPTRAN DLL
Fuel analysis

oo Bher
(3) Data transfer from FRAPTRAN to SPACE AEHF(”S: T;: + Oo. f/r;tr?an;?l: }jglgt i
+ L bulk
(4) SPACE calculation
SPACE SPACE
Input (System analysis)
1200 T T T T T T T T T
1400 T T T T T T T T T | Coupled |
] ] TCCH
i i 1000 e TCC2
1200
] IFA 650.2 1 _ —rocz,
< < ] =41 T o~ = TCH2
1000 1 s AlS] |- [§) | i
5 ] Halden = O 07 < 80 TCH3
S i | —
8. 800 ?39
IS © 600
2 6004 g
o Standalone &
g 400 ¥€g; 400
8 Coupled ] IFA 650.5
200 - Tcet . A
] - Tcc2 ] 2004 (_TI_E_LE)
0 T T T T T T T T T T T T T T T T T T T
0 200 400 600 800 1000 0 200 400 600 800 1000 2 2

Time (s) Time (s)



(2-4) Ch=2| HA| of A ;/’

< SPACE-CHASER R ES S| A HA 702 (kHNP-CRI)
= 3KtRl = AMSHAM 7B non-LOCA A E38ljA] B2 JE (KNF)
e mANlEH L0 [E 7|E WRHEO| X|LIX E4d 24t HEe
= CHASER ZE &5 NA 2 A SsliAa #let SPACE &HA|
o ASTRA (-#!) + THALES (&) + FROST (= &)
e THALES =4 €43 HE > SPACE (4 A HE HM3J)

Inputs

Inp * Working directory information
- * {SPACE, CHASER} input pairs

——— Mapping &
\\data exchange

Linux (CentOS 7.6)

—> | H&EE (from PAPIRUS)

— | QDY HE L A

===» | LINUX= DAEMONS &¢&l ASTRA A/ H

— | 23T 4T

23



[

(2-4) CHE2| A 3o T

< SPACE 3. E 7| s M HA (7IF 2t=r)

Reactor Severe
Physics Accident
o

Containment %
CAP <
® 9]
o ®
. J/
Reactor . %
Coolant S <
system u 05
<
= = in-house code ll ., g %
FRAPTRAN L& <
Core —— Q. & S
Behavior [__RASTK i‘( <===-—J{FRAPCON (SS)| I S
Tools Visualization Uncertainty Analysis e—e coupling
. «<-- use for input preparation
app|ICEilb|ed0n | Workbench | PAPIRUS
several coaes @ KAERI codes development

(] Joint development w/industry
(] External codes 24



(2-5) &MY AH & o

AERI

< Helical SG tube 2 &!

= AX|™ ]| E helical tube S E A+ 22 (MARS) M &

< SMART I 59 SIT/CMT 2 &

= 7| 28 EME: abd Ao oot Dot S5

| I— | M—
5] Ol -
= Lumped tank 2& =& Elevatibn
M= C}Ol —
® &S |_|- = i_ B0l o= Steam |Tg Ee
i =) T'L
®) | o 1< | | i 2 | H o H3StH '
o FN H EHZN: 7[E2E 7HF FGE 2L EEE] ‘&
Y
<L M
° 7:I|E'_E = o - 2[(Eil+Esl)Tl_EslTsl]
T, = -T
il E sl
il
=0 _ Experiment SIT Injection Rate —— QM-IL1-101-I (kg/s)
~ seace 1 exp time=8,661 — QWHIL2-101-l (kg/s)
T 4 space trip=7,709 — Q:“L:(’);%If é |1()g/s) Ei
Q 54 - - _ —— mflow (C. =]
g ' Orlglnal Calc. . —— mflow (c373-f01)
2 ‘ g ] —o— mflow (c473-f01)
é 1.0 i i’
g e | S
% j ' ;I T
E 0.5 1 M"mm g -_-
Modified Calc. / |
! : L
o0 0 4000 | 8000 12000 16000 20000 . . . : . Temperature
Time (s) 10000 15000 20000 25000 3000C

Time (sec) 2 5



(2-5) €N A™ mH &”

0 op
— (o ppu; )+ a_x(akpkukuk) =—Qy Ee +1, +1 + 208+ Hiciiions

fﬁctitious:/_afpkﬁ B akﬁﬂ X0~ Zakpkiz Xy, —oy P QX (X1 )
hN

Translation effects  Euler effect Coriolis effect  Centripetal effect

- B|FsHE JHAM

Lo = —
o BAL TS 2o| 80|: &Hel 3XE 28 22| Vts
R=R_(@)R, (PR, (7) Q-QI0I0K z
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