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Estimation of Fuel Temperature Increase during Coolant

Boiloff Accident

Kiyoharu ABE
Division of Reactor Safety Evaluation,

Tokai Research Establishment, JAERI

{Received September 10, 1981)

Fuel rod temperature increase during coolant boiloff accident due to
unavailable ECCS was analyzed using a simple time dependent model. A
standard case was first selected and its results clarified how is the
fuel temperature behavior during the boiloff accident. Then the sensi-
tivity studies for various parameters were performed to know what
parameters have important roles., As a result of analyses, it was shown
that the coolant mixture level in the core has a dominant effect on the
core heatup and that fuel rod claddings will probably slump or melt

before its full oxidation.

Keywords: LOCA, Coolant Boiloff, Core Heatup, Severe Core Damage,

Computer Program, Sensitivity Study
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TABLE 2.1

STANDARD RUN

DIMENSIONS OF PV, CORE AND FUEL ROD
THERMAL PFROPERTIES OF FUEL ROD
DENSITY OF CLADDING
DENSITY OF PELLET
SPECIFIC HEAT CAPACITY OF CLADDING
SPECIFIC HEAT CAPACITY QOF PELLET
SYSTEM PRESSURE
THERMAL PROPEZRTIES OF STEAM AND WATER
FISSION PRODUCT DECAY HEAT
ZIRCONIUM-WATER REACTION RATE
VOID FRACTION IN CCORE REGION
HTC UNDER MIXTURE LEVEL
HTC OVER MIXTURE LEVEL
AXIAL HEAT GENERATION DISTRIBUTION
AXIZAL NODALIZATION '
TIME STEP SIZE
ECCS INJECTION RATE

PARAMETRIC RUNS

NC. ITEMC(S) CHANGED FROM STD.
Al ECCS INJECTION RATE
AZ ECCS INJECTION RATE
A3 ECCS INJECTION RATE
Al ECCS INJECTION RATE
& FP DECAY HEAT
81 AXIAL POWER DISTRIBUTION
B2 FP DECAY HEAT
B3 FP DECAY HEAT
B4 vOID FRACTICN IN CORE
B> SYSTEM PRESSURE
Ba& HTC UNDER MIXTURE LEVEL
& HTC OVER MIXTURE LEVEL
BY ZIRCONIUM-WATER REACTION RATE

DESCRIPTION OF SAMPLE RUNS

3 LOOP MODEL PWR (REF.B)
SCORCH-B2 SAMPLE RUN (REF.9)
6.55 GM/CHM3

10.4 GM/CM3
0.09 CAL/GM.DEGC
¢.086 CAL/GM.DEGC

2.0 AT

'STEAM' (REF.6)
1% OF 1650 MW (REF.8)
BAKER-JUST (REF.10)
50%

200 BTU/HR.FT2.DEGF

10 BTU/HR.FT2.DEGF
BOIL-1 SAMPLE RUN (REF.2Z)
24 NODES
0.1 SEC
NO INJECTICN

VALUE(S> CHANGED FROM 3TD.

2.247 KGM/SEC
3.745 KGM/SEC
4,213 KGM/SEC
2%4.213 KGM/SEC

2%57TD. (2% OF STEADY STATED
UNIFORM

2%STDh. (2% OF STEADY STATE)
Zx¥STD. (3% OF STEADY STATE)D
0%

10 AT

1000 BTU/HR.FT2.DEGF
5 BTU/HR.FT2.BEGF
25% OF STD.
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Fig. 2.2 FP DECAY HEAT IN STANDARD RUN
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Fig. 2.6 FUEL TEMPERATURE IN STANDARD RUN
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SHEOFABRKE) ERETHENI00CRETSL, COTLEDL, Q,/Q,OEHFDL
H(0SEEIUTTHAL, BREEEL1000°CE TLEALANT LD HL, B HARER
SAH—RER D, Q. /Q =08 LEREDOME 5 HHKMTICHL L LILERT S, AW
TOEEAFHERELTD, COBEHE T LAV, BEHAZILA, T DM DIIKAL
Gy, MOV_AKLELRWT EToh, KENINRLVE(RLL, BARERVHSD
— ok, FORRRTHALATNE AL AWE S HHALOT, FLERBORERRECE
(b, FLT, HEA1000°CEBLALIT AL E, o= a— KRG L S5 B
pmby, BEEERELERALT BEBOEE BBELALBOTD L,

e CBUMBERICR - THE 5, Figs. 211,212, ERKUSFLEDEOH,
BEECALLYAECCSEAR LABRORTHE, T OREH, FLOR ORI DER
B ERILBLC L MM B, Figs. 213, 2141, REKMMAFPLARHNROS 0 HC2L L
ARZECCSEA* LABEORTHDH, ZOBRA, LG s i piRE - BRLED
tHAHH, di, Figs. 215,216k, LEKUIHEFLEHRONS 5 % #hbhLORETE
PlThhb, COBBE FRLALIC, FLOLOESFTS1000°C L TEHT, -
T, BEEHBERLTS, FLOERABCEELRATSS D, 2F, 50 ZKAE5 5%
AEOBEOESRBLAICTAHRDIC, Figs. 21 7~2208, WMs— AOI 2 =0 4L—K
RIGBILE L RIG®E RS, 55 BKMLOBE T, RIGB 1B wEE FRCL > TERETD
5 BABAE AALONTRAICEL THY, dHCRANBRESREASELRRAIE (R
T EETRLTND,

S LOERE L b T BB, © o DRI 2 EA S, EEAE Figs.
915,216 CRLAEEMLS 5HLEDLLOIRFEFHCONWTIRTRL Y, (ZOBHBAEHE, EC
CSBABH2BCASD, ) Figs. 221 RUfF222 X OB RL LTOXKEEFRERET
55, ki, #OETOHEIBRAZLIOD, BEAMLEAZE LI Z>TWb, T4, BEE
B, BT ra=va—KEELLIVBAR A TnEEIHLH LY, £IID 1000

-1 7



JAERI-M 9710

CHTFTREE - TWATEDH B, i, Fig. 216 & Fig. 222 THERARBEESZALRE
ZAHDE, BREIBEO¢OERFig, 222TH 2L A >TnHELDTH H, Fig. 223 &
Fig. 2240, Bir— 20T HRARBESTLARIO TS 54, 220047 — 2O EHE
BERe{ALBEELDVWTWA,

Pl koK, FLESBROKOBEAFLKECEO THERINDS, T4h, KAHE5
B EdNE, HHv~ri@ialABHEA2, BERESESMEI1000°CH T LR L,
KL, TO55 BE NI BRI, POk LB LEELABOBR T D, FLRICEERR
RBAFEEL, BRER Tz 270 -%E2 5L, BHOARBEOXKELU TOHSF TEE
LARSAAMU ETHEEDBCHET 22 - 3FLoN50 T, ERICEINEL VZIEN
KETAENEBREBEESHEY 1000°CU TEBILDLZLEETEARNTES I, Bdy F
DKM EEHEBEROKO A » 2t ) EFLERA VEOBR TS 570, #1 FEORERIC

DNTH 24 TR TAH,



JAERI-M 9710

0 ZHIX
o SAHPLE 2
i !
=2
~
q
= o \
] \
~ Ei
o !
Yos =X .
wo N \S\I
o 1
=
[
= o !
£ - [ N N S N N
=]
o
D. " i
o 3
0.0 0.8 1.6 z.4 3.2 4.0 4.8 5.6 6.4 7.2X10
TIME SEC |
Fig.2.11 MIXTURE LEVEL WHEN ECCS FLOW RATE IS
22247kgm, sec (Al)
M TEWPN NDDE-24 ( TOP )
® TEMPN NODE-18
A TEMPN NODE-12
"o + TEHPN NCDE-] { BOTTOMI
o
o SAHPLE 2
<t
= .
5 N
Q J\B\“‘ﬁ—ﬁ
w " e
. S{/’@\‘r&\
o ¥ -
=
5o s\e\s -
o
w
22 ¥
“e re Y F Y ry r FA—
= Sl T
] h‘/‘_’___*/ |
o Bl A
Dg_g 0.8 1.5 2.4 3.2 4.0 4.8 5.8 6.4 ').2!’503
TIME SEC
Fig. 2.1 2 FUEL TEMPERATURE WHEN ECCS FLOW RATE IS

2.24Tkgm,sec (Al )



-8

4

M
3.2

.4

MIXTURE LEVEL

0.0

Fig.

s.8x10°

4.0

DEGC mda+
3.2

-4

FUEL TEMP.

0.

AN
N

O ZIHIX

SAMPLE

2

JAERI-M 9710

.

i

1

iz

®
g

5

ol

+B0GE

SAHPLE

0.8 1.6

MIXTURE LEVEL WHEN ECCS FLOW RATE

2

-4

3.2

TIME

3.745kgm. sec (A2)
[ TOP

TEHMPN NODE-24
TEHPN NOQDE-18
TEMPN NODE-12
TEMPN NODE-1

2

)

[ BOTTOM)

4.0 4
SEC

-8

5.6

-4

7.2x10°

IS8

e
o

o

&

Y

&
-

o n
il i} s

R

Fig.2.14

G.8 1.8

2

4

3.2

TIHE
FUEL TEMPERATURE WHEN ECCS FLOW RATE

3.745kgm. sec (A2)

4.0 4
SEC

-]

6

-4

7.2%10°

IS



JAERI-M 8710

0o Znix

-B

SRHPLE 2

P

1N

M
z

MIXTURE LEVEL
2

=
© 3
0.0 0.8 1.6 2.4 3.2 4.0 4.8 5.6 6.4 7.2%190

TIME SEC

Fig.2.15 MIXTURE LEVEL WHEN ECCS FLOW RATE IS
4.213kgm . sec (A3)

{0 TEWPN NQDE-24 t T0P )
@ TEHMPN NODE-18
A TEHPN NODE-12
+ TEHPN NODE-I [ BOTTOHI

SAHPLE 2

1.z x10°

-0

A
A
1
|

FUEL TEMP
¢}

0.0

0.0 0.8 1.6 2.4 3.2 4.0 4.8 5.5 6.4 7.2%10°
TIHE SEC

Fig.2.16 FUEL TEMPERATURE WHEN ECCS FLOW RATE IS
4.21 3 kgm, sec (A3 )



JAERI-M 98710

M THOXN NODE-24 [ TOP 1]
© THOXN NODE-18

- A THOXN NODE-12

o + THOXN NODE-1 [ BOTTOM]

bos

o SAHPLE 2
-+ [=]
é =
X

©
w [w)
[ép)
L L
=z
S5 B e
"I" o
=

!
Lt
o <
= o
Q
(L

o ),

° R HI—EWM—/-EH:WH

Q

0.0 0.8 1.6 2.4 3.2 4.0 4.8 5.6 6.4 7.2v¥10°
TIME SEC

Fig. 217 ZIRCONIUM OXIDATION THICKNESS WHEN ECCS

FLOW RATE IS8 3.745kgm. sec (A2 )

@ QMWRN NODE-24 { TOP )
@O OQHMKRN NODE-18
" A QHMWRN NODE-12
o 4+  QHWRN NODE-1] [ BDTTOH)
=
o SAHFLE 2 - -
+
3 <
[
w 3 l
<
a4 %
T o
8]
X
= w
¢ .
wl (=)
=
(48]
as
it -+
® o
Xz
.
=
~
Q
< é:s 1o YR
© 3
0.0 0.8 1.6 2.4 3.2 4.0 4.8 5.6 6.4 T.2¥10

TIME SEC

Fig.2.18 ZIRCONIUM-—WATER REACTION HEAT
FLOW RATE IS 3.745kgm/ sec(A2)

WHEN ECCS



JAERI-M 9710

M THOXN NODE-24 [ TOP }
O THOXN NODE-I8
w A  THRXN NODE-§2
o + THOXN NODE-1 [ BOTTOM)
>
@ SRHPFE 2
<t

.0

OXIDE THICKNESS H COOa+
a 3.2
N

«
o
I .
e H——{b—-@H&H—M—E&—MW% <t AV
o
0.0 0.8 1.6 7.4 3.2 4.0 4.8 5.6 6.4 7.2%10°

TIME SEC ‘
Fig.219 ZIRCONIUM OXIDATION THICKNESS WHEN ECCS
FLOW RATE IS 4.213kgm,/ sec(A3)
M QGMHRN NODE-24 { TOP ]
™ QHMKRN NODE-18
a
+

QHWRN NODE-12
QHWRN NODE-1] ( BOTTOH)

2.4x10"

SAMPLE <

-0

KCAL/SEC [DOa+
6 2

T
W = o,
T
o
T
[} o
® o
=4
E T
- i
o
< = A e e S |
© 3
0.0 0.8 1.6 2.4 3.2 4.0 4.8 5.6 6.4 7.2X10
TiME SEC

Fig. 220 ZIRCONIUM—WATER REACTION HEAT WHEN ECCS
FLOW RATE IS 4.213kgm// sec{A3)



.8

M
z
.

MIXTURE LEVEL

.0

1]

JAERI-M 9710

0O ZHIx

SAHPLE 2

ol
\E\"% &t i — B —
.0 0.8 1.6 2.4 3.2 4.0 4.8 5.6 ° 6.4 7.2x10°

TIME SEC

Fig.2.21 MIXTURE LEVEL WHEN FP DECAY HEAT IS 2%

(.2 x10°

-0

t

DEGC 0Ooa+
.8

.6

FUEL TEMP.

Fig. 2.2 2

AND ECCS FLOW RATE IS 2X4.213kgm,sec (Ad)

0O TEMPN NODE-24 t TOP ]

@ TEHMPN NODE-18

A TEMPN NODE-12

+ TEMPN NODE-1 { BOTTOM)
SRHE‘LE 2

1]
it}
1<

=
i ]
53
]

jd
o P

>

.0 0.8 1.6 2.4 3.2 4.0 4.8 5.6 6.4 7.2¥10°

TIHE SEC
FUEL TEMPERATURE WHEN FP DECAY HEAT IS 2%
AND ECCS FLOW RATE IS 2X4213kgm/ sec{Ad)



JAERI-M 9710

0 TEMPB NODE-24 [ YQP }
@ TEMPB NODE-18

™ & TEHPB NODE~12

o + TEHPB NODE-1! { BOTTOM)

ot

& SAHFLE 2
+ 9
4 —
8 { B—i—8
e ® s
w e /
o
L /
E o
- N S—H— &
O I
5w A pd

=] D/J

A (MM — A
o .
° 3
0.0 0.8 1.6 2.4 3.2 4.0 4.8 5.5 6.4 7.2¥10

TIME SEC :
Fig.2.23 FLUID TEMPERATURE WHEN FP DECAY HEAT IS 1%
AND ECCS FLOW RATE IS 4213 kgm/ sec(A3)
M TEHPB NODc-24 [ TOP ¥

© TEHPB NODE-18
- A TENPB NODE-12
o + TEHPB NODE-I { BOTTOMI
=
& SAHPLE 2
+ 2
q -
8 I i
a8 @
wf [
[am]

0.6

FLUID TEMP
4

0.0 0.8 1.5 2.4 3.2 4.0 4.8 5.6 5.4 7.2x10°
TIME SEC
Fig, 2.2 4 FLUID TEMPERATURE WHEN FP DECAY HEAT 18 2%
AND ECCS FLOW RATE 18 2X4.213kgm,/sec(A4)



JAERI-M 9710

2.4 ZEOHONRITIA-SOEE

KETH, ECCSEARBMAD <5 2 — &%, BHH KA1+ 7EORIEEERICE
DLDEEBEELLNCONT, REBFERE L& CRN T4, EHICEHT D RERN
B, MRIHEL IEEETOA 4 — AQOEARLHELERT N, EEFHLOELRD
CEIED, A5 A FOREFMALENOIFEEE S TD, <7 4 — 4 OREM, EHE
DEL O RBDETBALDT THAE, EETEREND CEEBBTERBICRAL SO
bbb, T, FLOBE BT 2E, BEETZLE3TUINTAHTY, Fur7
B OB REBFR CA L Do bD b2 5, MF, FREAD S5 24— 2T LICHKHT .

BEARRAH _

Fig. 2250, M AARBRA AT —RICLABEORR TS H, TN L Fig. 22 6 OREE
BEOESE (Fig. 262 s— 13 ELTHB ) RHE~LE, BIFRY -+ v 7REDKENT
B, FLHBBHERE R - Tnbd,

ERE#L NN
Figs. 226~228/d, ThEARBRIAEELNO1%, 2%, 3%0OLEOBRKEEREE

FELOTH b, BER L <, PEES DL EREHBLE CORBRMOBKTS D
B o, CHOOREBEREAICONTOREFBFEBELTIAN, BCRLN AL, BE
Bos2fE, 3ECELL, PLRBKELETORMAREY,, Lrk-Tnb,

PR FE

Fig. 229, BEHE(FLEHMFA FE05 LRE ) Kt 68 LKA ( Fig. 2308%)
&b, Fig. 230 BUFig. 23 1L, FPOEKA VEE 0 &L LAROF.LKRE R FRHEE
Th b, FilE4 VEDROSTHALARETH, LKA PRI THHERICE~NT, FLN
DKBESDHA VL AE-TWED, FLBET =27 2BOBREOD D BEVWOLD, T
c AT RABOKEY Y KE-Tnb, BB, HENKAREBTTEROFHEED 1 1€
R TnbDEFALTH o Ty #4 FEHO5OBEE, 1 FEOOBECEN,
OBREIMbNER LA T KENELLC SICRBH, Figs. 229 ,230%k~5L, KD
M LEaE TRDLADOCET HEEMA, Fig. 2290K 4 Fig. 230051 9E %k -Th
LOBELNDTHAH D,

REED .
Fig. 2320, FHEE10at & LAROHBEERTSL ., RRENOAEEL, BEHO

BFEECEEEORBNE LTEABORE LRCEEY 5B 5, COM L, Fig. 2.6
(EREEE, ZHE2 at ) EH~AHKRE, EHOBNAHFRLE(FLABCAZ - TN
#, EHEFNREREAEBRE-THANW, kAL, TOKRE, ENOXA VREER
LEBLPERBL TWANWEDOIOTH D, #4 FROEMREZFLANTIELR BERELL

__2 6-_



JAERI-M 971¢

TdA 5,

EHBIEEE
Fmeaﬁ,KﬁT&U*ﬁL@ﬁﬂﬁﬁ%ﬁ%%,%ﬂ%hlmm,amnmmr¢ﬁ

-@gF&Lﬁ%®%ﬁ%fééoCQHtFm.MH%E%E,zooﬁﬁlmmtwmr
ft-deg F)Eh~DE, BBCHBLAEENRE N, TR, KETOBILCONTH,
G PEEORRE T, BE LR ORMICE LAY REES TR ALDTSY, Tk,
KA DT DT, BROBEEI NI, BLRITEEMEN LT THRHEEIC
| (T LEW, HREELTAEEELERLANWDOTH A,

ShaAZIL—KRGER

Fig. 234, v s =vs—KRISEE R REHEO V| T LARORR T, COH
LFig. 26 (EEIE)F~DHE, sra=va—KEIGHEDN V) KDL, RIERD N
PHEOYEBNLDOTRELAGBNL Y, TORBAIRERE (BN EHHL, Thi,
gna=v a—KESEEN Y KA ->TiBIER L4 KLakbhnT s, 2k, 1200
CLOIBNL S ARERBTE, FL5HL0LIARGEECHL TS RRBELED T

SHEc ERELTLEODHLTH 5,



JAERTI-M 9710

. [ TEMPN NODE-24 [ TOP 1
® TEHPN NOPE-18
. & TEMPN NGDE-12
E + TEHPN NOQODE-) [ BOTTOM!}
:; SAMPLE 2
[ =]
é -
) =]
& e
o
r
o © ‘ o
5 ° p@g’ﬁ
g k/k/k/A
. e
. |
° 'éfﬂg */)
[t 1
C) e Y bt r/*/f
o
0.0 0.8 1.6 2.4 3.2 4.0 4.8 5.6 6.4 7.2x10°
TINE SEC
Fig.,2.25 FUEL TEMPERATURE WHEN FP DECAY HEAT 18 1%
WITH AXIALLY UNIFORM DISTRIBUTION(B1)
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Fig. 2.26 FUEL TEMPERATURE WHEN FP DECAY HEAT IS 1%
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Fig.2.28 FUEL TEMPERATURE WHEN FP DECAY HEAT IS 3%
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Fig.2.30 MIXTURE LEVEL WHEN VOQOID FRACTION IS 0.0(B4)
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Fig.2.32 FUEL TEMPERATURE WHEN SYSTEM PRESSURE

IS 10at(B5)
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Fig, 2.3 4 FUEL TEMPERATURE WHEN ZIRCONIUM—WATER

REACTION RATE IS 14 OF STANDARD(B7)
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ABOEFOBENE, BHEASFEFLEANWT, GEB A L+ 7RBRORBEE ERT,
EDLO R~ A—AREOL I NRUEBRATHIALLLCTAHLLETHo, BT LT
BOhAEBEARERAROEE Y TH 5B, |

G) BHEMFA v 4 7ICEAHABRERE LACH, FLBOKEAXENERERED, £-T,
BB EXS P b, ENERANGEH A = 1 2ZBLALLFET ST
EDBARARTH S

(2) B EHAKE L, REEOES  BRECLLBAHF~OFETCHIRNORRETF A%
WER D, BUHHEBNR(, FTORRKRECLICHTCETLT, HLHEEKMCHL T
B, COXFXMEECCSOEALATHIEFLTHMTH Y, ECCSOEAND K
FOEABLFPHERLV AN FLBFA VRLL>TEELSHIL AR D,

(B FLEKELASLEI (FOROEHE - XEFBRASMHE—ROBE, FLEHE
OH5 5% )M ERBE, HOvarb@bArBERA (, REBERESHEEIFZE 1000
CHTFTICE TS,

(4) BREE, SEM ECEHRLALIHLCEELA LGOS, BELREOEER, ECCS
EAR, FPORERUV~L, FLEA4AVRECL-ThRbEEIhL, BREEH,
1000°CRBETHOE, vr+T=va—KRIEBL LY, BOTREWEREZTLHLOHT
iR

(5) BRFES, BEBEWRGEE, Yro= va—KRIGEEOMED, HHHE X1 v+
THOBRBELIACS 258833,

6) HWETH100 2B LARCHIBRES TN TTORFOREE RUBKOBRE LA
KWL hi &AL, TALILOBRELRBE 2FHREECA DL, v 3 =0 oa—KRIG
AL A DD ZBRER1000°CL BN L, BICRIGSE T OBRMEER, &
%(Zr&ﬁZﬂ%)ﬁ&U&vvb@ﬁ@%%iﬁvﬁn‘mOWC%EK&oTbibo
DT i, FREREARBEREA V= R4 (BIHBRAEE BHCLSBOKREZES
ELBB)PAVED, BRAETHLERLTAMANCREBEEOBRIFEELTHH O T L
FRBLTWVWA,

(1) BHEBFA v+ 7EOREETAREAREEIL»Z VB EZIO0OTHL, BT, BAREE
H1000°CkBL Ty r2=2vs—KREHEFRECBRR LRI S HE, TOFTHD
1000°CUTOEALORMICBH TAAZRENESLTER L,

ASEOBATTHCREESE L TR 20, [HBEEBEEHN1000°CEBLL L, TNHLD
BEHNCANOMEETELTLEY ] EWIARTHDH, EFTNEREERALOTM 1 FLH
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NRC 1,750~2340 °C
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oA =— 2130~2500 °C

o T v 2410 °C
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H, BREELTOMA1850°CKETALY, 2OLWHTRIby 7 »LOF*EEMELZ LT LY,
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REH EHE (, SHEE FATHLCELARD -,
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(1) Lauben, G.N., “TOODEE—2 A Two Dimensional Time Depend ent Fuel
Element Thermal Analysis Program” {May 1975)

(2) Wooton, R.O., “BO1L:A Computer Program to Calculate Core
Heatup and Meltdown in a Coolant Boiloff Accident” (Mar.1675)

(3) mME®ZR=, #E

(4) Hagen,S., “Experimental Investigation of the Meltdown Behavior
of LWR Fuel Elements”, Kf K—Nach.,7(3}) (1975 )pp.45—49
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7H) JAERI-M 9592
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A= 2,130~2500 °C
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LE(OBEABRY WEWE, A, EREFOTr » 2B AL INT, AR = v 7 4
¥# 5475 ) SPLPACKEHWTHfT oA, TOFMALE-TH, BRETHLHNRE
DEB TN Nk, MRCELALOBEEERL LN,

&2 % X W

(1) Lauben, G.N., “TOODEE—2 A Two Dimensional Time Depend ent Fuel
Element Thermal Analysis Program” {(May 1975)

(2) Wooton, R.O., “"BOIL:A Computer Program to Calculate Core
Heatup and Meltdown in a Coolant Boiloff Accident” (Mar.1975)
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£, EERhHT L BEROHS (-
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t - AERRE (T
Q,=fy 49z ¢ Vo
£, KERIELAY v =7 208HE C—1J
q, . BAUEEX Yo vrz=yva—kEREBE (Q/M)
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D OEANRE (DHREE )
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2
VP—N-JrrP-a
2

2
Vo= N-zm(rgo—rg)-a

L3N —TFTODEFAPWRIEDANATOEE>
V,o=(121x14X14)X(FX929°X107°x366)
=23716X248xX10 =588 (m’) (EBEOBREHERIT 21,6594 )

Ve=(121X14X14)X(EX(1072°-048%)X107°X3.66)

4

=23716X072X10 *=171(m")

_ 2
Vw1 =7X1L72°X3.66—V,—V,
, Y259 FR 981m’°
=3402-588—171=2643(m" ) {+ a5 F 1 6.6 2m?
+ T =292 b em
Vowe=7X172°%x085+%£ zx1.72°
=790+1066=1856(m")
P=20at £RETH,
T,=11961 °C
h,=11992 keal /kgm
h =646.18 keal “kgm hgwh0=873kcal/kgm

g sat

=9 931 keal “kgm
Py =94 34 kgm/m’
BEH OYRBELIRDO LD
Cp=10.09 kcal kgm °C
pp=104x10"°kgm/m’
C,=0086 kcal 'kgm °C
Pe=655%x10" kgm/m’
v s =9 a—KRIGHRE
q, =154X1 0°keal/ kgm
BFRHLIE
Q,=1650MW=0394X10"keal/ sec
thLOEERATS L,
Q,=f,-0.394x10° ¢t ( keal)
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( keal )

Qo=F, (Tg—120)X0.086X655X10°X171=f,(Ty—120)-096X10°
(kcal)

3
Qg =fg, (T, —=120)X0.11X8X10"Xf,X2643=f f, (T;—~120)
+23.3X10° ( keal)
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_ 3 _
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