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Review of Current Topics
on Power Cooling Mismatch Experiments

Tsutao HOSHI, Toshiaki TOBICKA, Takamichi IWAMURA
Toshiyuki KUROYANAGI, Tsuneo TAKEDA, Kenmei HIRANO

Division of Reactor Safety, Tokai, JAERI

(Received January 21, 1977)

A review is made of the current studies of fuel behavior
under Power-Cooling-Mismatch (PCM) conditions as part of the light
water reactor safety research program.

Requirments of research in the field, both in-pile and
out-of-pile, are discussed on the basis of the review including
the present capability of fuel behavior analysis during a PCM accident,
power reactor safety criteria, and experimental results available. '

Experimental plans in Japan and other countries of PCM ngsearch

are also described.
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41Ttk ST, PCMARICE » T, FREBRI MRS RG EOREE LS008
TARARNEZTHO, KEOPBF, 4% FHESSOR , 77> xm PHEBUS , H&AN
NSRR & 2 stFZ R BT EhENBBENH S, PCMFAKBREEEH > T 5. PCMFA
LB, —WRCERERHDEL, Lo BHh TalistnsiisnT, MECHETS A58
iz, BEBAICLDBEEOEHEE T, DRALUHTLEDLEETHS Do

B, Ko PBF & B NSRR & ol Ensis shTs ), PBF-PCMXED
Fo AR ARKCBOTAFARTHD, HAKEBT A PCMMHREN—EEAI bOLHFINT
Wh, I 4 &Y 7o ESSORSE, 75~ 20 PHEBUS #HE & NHREBAGEFINTI 5,

#&ic PBF 2tHid, PCM&& FTomeaREscl+ s ER7 -2 ¢35 LR EMLL
FEYORMAENEST, 1975FBL0ERFBLTSED, HERA A7 - aBRESNT
A, ChoIDNTIE, DTTHRRIFEOEEICSOTH~, b 1B TERMGRO—BL N
2, 21, REEEHRESRE L NSRRESR G s, PCMBRILE-TEBEILEA
F— a2 BHTNENT, b 2MTHBHERENNNT L,

4.2 1. PBF x5 PCMEEBRMYE

PBF (3 . KEOT 4 £ AE TEMET (INEL ) icEEsh, EFREI40MW, 22
BAHA240GW( 1.3 msec ) OEF -V RAMAFT, B TLEHGEEEERH FBLT
HHAETCE T 2BAFERER AN SEICET ATRFT - s BB ONA X HICRA SN T b,
PBF o obte, TRE@MSEE4 — 4iorU, molse 4 — LioRd'?l mohrgic
In—Pile Tube (IPT;HFRE) HEE s, coOPCRRAMEHAMARE, Iz 7724~
Kk cxBashb, oo IPT}, —RkeHkoka, BE, FE A o8 Hs AT RE 13 K v — 77T,
FEICK LTI, BEEORE, BEORS, BEANHEREER (FCI L sHRENRE,
WIREE. FPHM, &B—AGSEORELFEIN TV, [PT NRAEREESOHER
B4 LCRSAT B, Eh, IPTRABIL—T v 27 s2®4 — 22 i, IPTOBT M
g% 4 — 3% iR,

USNRC 2 £ v #—& 150, PBF % E AL BkF %R S M0 HE 35 528k il Thermal
Fuels Behavior Program { TFBP) &gfiat, USNRC &oB#iC kD ANCHIC LDEEE
HTWAh, PREE 1 P OIC L BZEBHE, BXU0Z0ETOERKREEL - SIWRTHED TH S,
1, BA—GiT, 1976~19T9EFCERMTFEINTL S PBF —PCMERITEOFER
5 4 — &t kg, FndEEtkokL PBF —1E 328 (irradiation effect 1OVHE/ Y7
A—B%FEL-TERT.

LIEOPBF —PCMEt@E A EHME LTI, BEOMITEFLrO®IE, PCMEROBITTER
OHE, FHICEHLWRTEFLOERSS T SN TE D, PCMEAH T TOEAFMRERES
ShoofEiia — F& LT FRAP T (Fuel Rod Analysis Program — Transient Yo} — ZHIHHEE
TNT B, '

FRAP—T 11t 19T 44 iCsemk L, MEHESEICHT 5, BHENIER, BAHE, BESAL,
A ZE (L BB AEIESNTE Y, 7R, RE, BETOSENEREESZ 473~
FMATPRO L4 X T4, 25121975 FicsmLc FRAP-T2 Tit, #EEOEN
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Fz4—4

Parameter or Variable

.Max Core Steady Power
Max Core Power in Shaped Burst
Max Core Power in Natural Burst

Max Duration for Steady Power Operation

Max Power for Imitiation of Shaped Burst
Max Power for Initliation of Natural Burst

Max Duration at Power for Shaped Burst
Operation

Max Core Fuel Temp for Steady Power
Operation

Max Core Fuel Temp. for Burst Operation

Max Core Fuel Enthalpy for Steady Power
QOperation

Max Core Fuel Enthalpy for Burst Operation

Max Reactivity Insertion for Natural Burst

Max Reactivity Insertion for Shaped Burst
Operation

Max Transient Rod Speed for Natural Burst
Operation

Max Transient Rod Speed for Shaped Burst
or Steady Power Operation

Min Asymptotic Period for Natural Burst
Operation

Max Energy Release for Natural Burst
Operation

Max Reactivity Coupling from Test Fuel
Failure and/or Test Space Voidind

Min Core Shutdown Margin .

Min Water Head above C§re for Transient
or High Power Operation

Max Experiment Fission deer
Max Experiment Pu Inventory

Max Test Cluster Size In Re-entrant IPT

Max Test Cluster Size (without flow)

Max Fission product Inventory in Test
Fuels

Max Loop Operating Temp.
Max l.oop Operating Pressure

Max Transient Source Pressure within IPT

N

PEBF A4 & S B d Y

Limit

40 MW

1000 MW

240 GW mominal for design burst*

1 hr initially; 48 hrs upon resclution of FBF
earthquake response

100 kW
30 MW nominal

Variable depending on power level; eg, 1.43 sec
at 1000 MW: 3.0 sec at 500 MW; 15.7 sec at 100
MW; 36.0 sec at 60 MW

2100°C nominal at 40 MW

2350°C without coupling; 2460°C with coupling
1780 cal/cc nominal at 40 MW

2040 cal/cc without coupling; 2465 cal/cc with
coupling

2,398 initially, nominal for 2.5 msec period;
3.67$ nominal for design burst upon verification
of couservative coupling

4.5% nominal for 2040 cal/cc peak core enthalpy
375 in./sec
20 in./sec

2.5 msec initially; 1.3 msec for design burst
upon verification of conservative coupling
values

1450 MW-sec nominal for design burst; 1750 MW-
sec nominal for design burst with coupling

Reactivity coupling plus reactivity inserted
with control and transient rods shall not cause
core fuel enthalpy to exceed 2465 cal/cc

»88 for initial loading; at least 3% and greater
than worth of a single control rod for future
loadings

1 ft below vessel liquid-full level

2 MW
147 grams

45 typical PWR rods nominal; 21 typical BWR
rods nominal

76 typical PWR rods nominal; 44 typical BWR

That resulting at end of following operating
history: 2 MW for 558 days, 42 days decay
time; 2 MW for 48 hrs, 7 davs decay time,

2 MW for 48 hrs

650°F
2200 psig
7500 nsi

* Design burst is defined as the natural burst initiated from zere power that results in 2040

cal/cc at the core hotspot.

Kominallyv, this requires a 1.3 msec period burst initiated bv
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e~ Transient rod air shroud

. ~Control rod air shroud
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#4—5 PBFERHFFE (197648 ARE)
Test Number Specific " Remarks
Category | Tests Tests

8-1 RS Completed
PCM 11 CHF Scoping "
8-1 RF "
PCM-1 Postponed
PCM-2A Completed
PCM-~2 "
PCM~3 "
PCM-4 4 Rod
PCM-5
PCM-6 L 9 Rod
PCM-7
Test-1 Completed
Irradiation Test-2 "
Effects 6 TE-1 L "
IE-2 > 4 Rod
1E-3 J Saxton
IE-5 Fuel
1-3 Completed
Gap Gap 2-1
Conductance 6 Gap 2-2
Gap 2-3 4 Rod
Gap 2-4
Gap 2-5
LOC-1 16 Rod Heatup
LOCA 10 "-2 "
" o_3
(1] -5
" -6 ] 4 Rod
"7 >Blowdown
" _8 { .
3|
" o-12
" =14 16 Rod Blowdown
RIA 1-1
RIA 7 RIA 1-2 4 Rod BWR
*o1-3
" 1_4
RIA 1-7 4 Rod BWR
RIA 1-8 } Irradiated
RIA 1-14
BLK~1A-1C 1 80-95-100%
Flow ‘ i Blockage
Blockage 5 : ~ 25 Rod BWR
B2 1007 Blockage
& Backflow
CLu-1 3x3 Fresh
Small 3 |CLU-2 4x4 Fresh
Cluster CLU-3 3x3 Saxton
' Load Follow and
Burnup Simulated
Rods

e LioO¥BRsY—XD55, BWR &F FTOERERIA ¥ —XE L UFlow Blockage
L =~ KT, T~ TPWR ZATTORRTH 2o
CWiBPCMKﬁ%%ELt%&HHT®49U~X?55n

0 PCM ¥ 1 — % 3 th71. b5 & 72 (3 Bl AT & D PCM Aefi il ,

o Irradiation Effects (1E) & 1 — % i RGHS#E % A LiGab o & ) PCM & FE 0k

o Flow Blockage I — % i HilkPHE T & 0 PCM SRk

oSmall cluster & ! — % ; PCM BIEuT 433 2 7 2 # SRR

%
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wemEgEE LT, BEIROLEREREE- T a2, o, #EETREIE, 600C
LVTTh-7c, CHF 2HA-0BE 1 540282, 900MWA/ MT U o BREEFICEZL:
H, BEERBRED o T, BREMCHF 282, AL BEEFTORTESENLL
1ToHER, BERVEEOELOEE LRSS oTHID TREGIROREE 152, I » TLLEMS
ETNEEST, HSHENTFRHOEFTLTEIBHOBTORED L v P REEFLIHBORE
THREBETHELIFBEETHEA I,

FRHRARELEFMETVNETEITHE-Th, $2FOTHEFATRES - BE*HEL L
EWHE, P2 E, 5 4 1w 4HEE 0 HEE B2, ARBEOBREECHK
ETiHEOCLENTH S, XeTMer v TR, ML LTELTB I b EH NI & THWER
TELH, LAFOTFREFVCHRG 2BEIREENNIE LTEZ 248 0H 5, LG
CoNTIR, BMEnBanold, KENAETEST70~80%, EOLwSIT3 0 $BETHE
L 2uETHZH D, '

LS LIBEOREIY, EBHLUEMAT L EETI0RYRTHE, EREBTLTLS
FOFRELT, REBBREERLRREE DD, FLONB AN HERESE- T {4
BxHAD,

BEskFHPC MEEE D SORR T, PC Mick ARHRO RS BB OBas [FR LT 2 OEEO LD
FFI Lo THELTOBEOE LD BEOB LA BEOREL S RIS TNTOLMEDIER L T2 80
B oildd 25, STLE B, NI LOBOFEROE (IRREEEE=2 LT, LNPREE
AEZ 3 EFEEHHNICE LSS, BHEBETERTLE-TNEZLLELA D,

REOHABECPHARREABERNTHBLALEBbO A2 0, NEBESLA-LB0N D
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BlEEDI, Zhid, ZOBEOERBSFBMERIEENEREEOBMIC>HTERINL
bOBRELETHLZLCEBRLTNE LA XD HERHC, #EMORILIZEA EET
LT b e, BARERPOERBRO LN ERUEERGORE <Ly P -FEEOF
vy TOBELTNA L ENENCOBCHERLTVEEEL LN A,
PlEnEERS, PCMEROLLZ TOFACY - T, BAEEZL o 2B BHHEO AL,
(1) $EHORENEL K- THLEHRMELRL 3,
(2) =Ly F OBMEESEELKR S,
(3) HEHMOGALBELEL 5,
DIBTHIAEER I TRNTE A D, MR TRENMHISIICE L ST CRILOSIET L, B
BEMELL BT B EICE IR DICAW TEZ L1113, ZCDHE2NTHT-T RETHEEZL NS,
(DORIEE LTI, Yih 04 GHREOBAMEE 511087 3ETRTIERHANE U bOOHT, T
ANZWBESEEOTRELZE, ¥1300CTHL. TDIHEE, FEH AR HIR ORI
SHrEn - ERGRE 1200 CLOPREOA, Yrhof DEA1852TIDREN.
PBF OPCMEBOTE T, HIKHFHLKDFEOEFL TS, HEOXEAREICE - T
PCMEZ % 4 >0 hid TEE L5 & LT a'l, 2 Ltg » ofgic g 2BiRo =
- FERELTV R, 2N%eF5—-10EmT, #BEOERICHT AE Hid, BEEOCHRETSH
Ze BiEmENANIT, EOL THE TOBMEMENTE /A B800psia il kT, L PCMIT XL »T
WEEBEESL1400°F 282 1:65L LT 5, PBFOAEOEEPEALEE L S, (1(3JHEMBL
DEBILINAZSLELS B,

(2)OREE LTi2, SPERT 2 TREAT OERERE,L KT A&, ¢ DA TE, & &
R~ EEEBXETHL D FHERCNSRRORIA BB LD 7 4= Fy 7 93
iz B

UO, <t v F SERE 2 B8 MEHICHENT S L, (RITIER LY U0, B EORBM L E

T—REHKDICKB N, BLOBEBRNUEHELTRETACENEL ONS, TOHR
ORIEELTRL Y F EAOEMEE - TO AL 5 A0, o0 TiE, MICHFRRALE
AEBRERAERALELS b,
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#5—1 1976E8BF CICEMaN-PBF Lk Y —X&, KR, BIBOEE

EE ) X % B H B CHF #4 7 ¥
PCM A1 KWt S XSHT, BRWITGE2 4 3KW :
4 RPN
B—1RS it 2T ER, BHAOv-~ T 09RRR
PCM WhH%E 1 TKW/ft 952 LKW/ ft 2THEM (1
CHF - KW/ ft/min) o 35iC1KW/ft OERT 7 BHEE L
Scoping CHF #liF ¥ THm& I LTl 1 0 5EHRR:
PCM —SEHT(15.5~1BBKW/ft) T FER ’
6 B L
8 ~1 RF &
PCM— 2A I, 9 BEE L
WhH—E (e—=27 A1 6.0KW/ft) T ik ,
PCM —2 _ 8 BRI L
ATy FRE LS AR
- Ak
PCM —3 5 WA L
EHKFHEIRPCM — 2 X OEL
Saxton FPRAMBEHREHCE A TER, &
IE—ST H—E (2 0.4 KWt ) THiB%E 7 ¥ FRiCHD 1 $F4 |- R R
(#10.7 3 gpm/ min )
Saxton ¥F16 00 0MWD 7t HEEIFSEHER, . A EEREE TE—
IE ~ 1 A (1 9.5KW/ft) THEET BHRT | 1 ST—1 LYt
w7, 51 Tem /s DB EEATICET DESEIFEAR
GC HHIREREIC £ D gap conductance OIEMNT ¥
Test 1 —1 BT L AER
GC —-PCM —2 #het, PCM~ 2B EUIE— 1 OfFHCo
GC—IE—1 T, EHDET gap conductance HSE
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%5-—-2 PBF PCM—8 IRS Tk % post CHF 57— (¥

Maximum Cladding
Fiel Maximum " Fuel Maximum Length
CHF Rod Power Number of Cladding Centerline Fuel Change
Power At Flux Indicated Surface Temperature at Rod Internal After CHF
Cycle Paak Temperature Temperature 29 inch Pressure Oceurred
No. (kW/ft) Fluctuations (°F)lal (°F) (psig) (mils)
5 1 15.9 1 657%:% 2,450 11,340 2
} 17.1 1 ) 740[b] 2,560 1,380 4
; 18.0 1 Blo[b] 2,750 1,410 5
% 19.0 2 940 3,100 1,500 17
|
| 2 19.9 6 850{2} 2,870 1,500 7
i 20.7 3 860[b] 3,375 1,540 13
21.8 5 980 3,525 1,580 20
; 3 20.1 i esa{:} 2,916 1,510 7
i . 21.0 0 GSZIC} 2,590 1,520 2
; 22.1 f,,0 . 13 79S[b] 4,040 1,600 20
: 23.1 . 1 1,240 4,133 1,685 50
& 17.9 11 670{2} 2,080 1,500 0
18.9 3 670[c] 2,150 1,520 0.
‘20.1 12 695[c1 2,380 1,530 0
21.¢ 5 TDOICI 2,480 1,560 0
22.1 5 ‘700[ 1 2,590 1,600 1
23,1 0. 15 695[§} 3,630 1,670 15
B L 79 . 1 ¢ 1,530 4,120 1,770 30

{a] Heasufemeﬁt'aécu:acy is questionable.

dted at 25 inches.

;{ﬁl Thérmocouple 169

fe] Thermacouple at 29 inches.

PBF PCM- 2A EE 2is)

(mﬁ%@f&@ﬁﬁKiéﬁﬁ%ﬁﬁ%#“@%gji

Method of Fuel Rod Coolant Mass Inlet Coolant

?owgr increase 56.8 732 328

.. Reaching Peak Power Fiux at DNB Temperature
.. .DNB at DNB {kg/s-m<} (c)
“Eu. (kH/m)
Powér increasa 871 ng 327
Flow reduction 57.1 719 327

#5-4 PBF PCM— 2 PCM—3%gr— 409
( BEREBVEOEDBENRSESE~DOEE )

PCM Method of Fuel Rod Ccolant Mass Intet Coolant
Test Reducing Peak Power Flux at DjB Tenperature
Designation Flow at DNB . (kg/s-m-} (c)
{%/min) (kW/m)
PCM-2 5 57 880 e
PCM-2 5 57 . 891 328
pPCM-2 ' 188 57 861 329
PCM-2 138 57 862 327
PCH-3 5 51 9G4 327
PCH-3 5 50 904 327
FCM-3 1588 50 882 326
. PCM-3 188 ‘50 900 327
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I I E— 1 T T T T I i | I
-
Rod Internol Pressure .
- 1500psig
- e e g O -
. 20mil
= Test Rod Axial Growth 7mil 13mil —

| Cladding Surface Temperature { 29 inch ) l h o _

- | o 3375°F .

Fual Centertine Temperaturs

_________./n———_—_—.f
Cladding Surface Temperaturs { 25 inch )
— 652°F —
- v 21,8 |
. ) o 20,7
19,9 j(‘
| _ 1 18,9 W — -
‘ 17,9 v 1 . Test Rod Power ( kW/ft}
17,1
} ] L 1 1 1 i 1 1 L | I 1
Time i—w-—-l ANC - B - 6156
> min

5—1 PBF PCM 8—1RS, CHF Power Cycle No 2%
(A, REEE, REEE, #BHFHOT, BE)

- 42~
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| | i I { f | | i |
— . Rod Internal -
—— 1770psig Pressure
| 90mil 2080psig —
Test Rod Axial Growth n
g— |

4120°F

p—

790°F

<

l Fuel Centerline Temperature

*

MClodding Surface Temperature (29 inches )™

1540°F

24.3

N

‘Cladding Surface Temperature (25 inches)

—

d

Hst Rod Power { kW / ft)

| ] ] |

| i i

L
1 min

Bis —2

Time ———m

ANC-B- 6158

PBF PCM 8— 1RS, CHF Power Cycle No 4'*!

(W, RERE, S E, Amaol, RE)
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Contrel rcd drive

Water level
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Experiment
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Conax sezl \\

Top cover .

..
‘\-

Purge valve ~.

Closure flange -

Level senscor

Cladding % fuel i | I
displacement 1A
sensor N “H jﬁ

Test fuel I

sl T *W““T @
] - !

. T 3 ..I q} —
i {id | = :r:;
J

Qe l~9L

Capsule body —em——ii || E o

[

Fuel pressurs
sensor

Capsule
pressure S&nscr

Grip flange

M5—6 NSRRoOREHF =L (AKER)
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#5—6 NSRR O

{1) Reactor Type; Modified TRIGA-ACPR {Annular Core Pulse
Reactor)

(2) Reactor Vessel; 3.6m(wide)X4.Sm(long)x9m(deep) open pool
(3) Fuel; :

Fuel type 12 wt¥% U=-ZrH fuel

Fuel enrichment 20 wt# U-235

Clad material Stainless steel

Fuel diameter 3.56 cm

Clad diameter 3.76 cm 0.D.

Length of fuel section 38 cm

Number of fuel rods 157 (including 8 fuel-followered

control rods)
Equivalent core diameter 62 cm

(4) Control Rods;

Number 8 (including 2 safety rods)
Type Fuel followered type
Poison material Natural B,C

Rod drive Rack and pinion drive

{5) Transient Rods;

Number 2 fast transient rods and
1 adjustable transient rod

Type Air followered type

Poison material 92% enriched B.LC

Rod drive Fast : Pneumatic

Adjustable: Rack and pinion
& pneumatic

(6} Core Performance;

a) Steady state operation

Steady state power 300 kW
b) Pulse operation
Max. peak power 21,100 MW
Max. burst energy 117 MW-sec
Max. reactivity 3.4% ok ($4.67)
insertion
Min. period 1.17 msec
Pulse width 4.4 msec (1/2 peak power)
Neutron life time 30 usec

(7) Experiment Tube;

Inside diameter 22 cm
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# 5—7 Summary Data of the NSRR Experiments (October, 1975 ~ March, 1976)

néstructive Force Visible Features
Maximumb] Maximum d)
Energy Cladéing Nuclear -to- o ‘c) Less of
a) Deposition Surface Maximum Mechanical | Ne Vigible | Oxidation Fuel Struct?ral
Test No. [in Test Fuel Temperature Capsule Fnergy Only_on Integrity
{cal/g- UO;) ch) ?;e?sugi gu:¥ersi;? Change Céadglng Failure g{eizsi
gfcm atio A urface
111-1# 40 90 0 ] @]
111-2% 102 140 0 [} O
111-3 159 1000 0 0 O
Scoping Tests 111-4 214 1590 g 0 [+
111-5 | 237 1720 0 3 o
111-6 292 I =1720 0 0 )
111-7 334§ »1720 ~10 6x10~" 8
200-1-1 35 ! 147 ) 0 = - ]
200-1-2 205 T 1690 0 0 o '
200-2-1 101 ! 179 0 0 — .
200-2-2 238 >17120 0 0 O AN
Detailed Tests 200-3 156 1190 0 0 A
200-4 204 1680 0. 0 o
200-5 . 232 21780 0 0 o
200-6 238 ~1786 0 0 o
200-7 257 L +1750 o | o o A
232-1 159 ! 136 0 o O
232-2 207 |- 1680 0 0 o
Wide-gapped 232-3 229 1745 0 0 o)
Fuel Tests 232-4 240 1770 o o o)
.| o232-5 286 »1720 o v s}
232-6 258 . >1720 0 o [e) ”
. 401-1% 48 180 5 0 o
iotap | 401-2% 97 270 A10 0 o
Waterlogged 401-3% 141 170 55 0.015 Q
Fuel Tests L6 402-1% 43 240 -8 0 e} T
iotar | 402-2% 95 540 w15 0 A
£02-3% 141 560 - 0 A

Notes: a)
b}

(]

d}

e)
£)

#* ghows that the test fuel is JPDR-II fuel.

Maximum energy deposition‘in the test fuel rod was estimated as the average energy in the axial center pellet s

based on the neutron transpert calculation and calibration measurements.

Oxidatien; 2\ Partial oxidatien OUnifcr‘m oxidation over the fuel stack region
Partial breakaway

Loss of structural integriry; O Broken while disassembling the capsule O Broken into several large pieces

Broken into fine particles

41l of the gap and plenum in the test fuel element was filled with water.

All of the gap exceprt plenum In the rest fuel element was filled with water.

_— 50 —
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CLADDING SURFACE TEMPERATURE. (°Cc)

1800
1600
1400
1200
1000
800
600
400

200

JAERI-M 6927

HEAT
?EngiT | TEST X0,
(cal/g-U0,)
A 102 111-2
B 156 200-3
c 214 111-4
D 237 111-5
E 292 111-6

T/C FAILURE

c 1+ 2 3 4 5 & 7 8 9 10

TIME (sec)
H5 —8 RO RMEEEE (RMHREME—EER)



Clodding Surface Temperature

Cladding Surface Temperature

{°c)
2000

1500

f000

(°cy
2000

:
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JAERI-M 6927

s T

-

i L L

o} 1 2 3 4 5 6 7 8 9 10
Time (sec)

K5—9 (a) SEEMEENEy FTEMEOREESHOLE (159 cal/ guo,)

200-4 o R

INHE SR o)

232-2

J J I L i I i L. 1 1 |

5) i 2 3 4 5 6 o 8 9 10
Time (sec)
W5 —9 (b EERILME SR o) 7L RE Al oD H 8 ( 207 cal /gu0,)
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