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Evaluation of Temperature Dependence of Doppler Coefficient
in a new in-pile experimental reactor for FBR safety research

Nariaki Uto~

Abstract

A design study of a new in-pile experimental reactor, SERAPH (Safety Engineering Reactor for
Accident PHenomenology), for FBR safety research has progressed at INC (Japan Nuclear Cycle
Development Institute).

SERAPH ié intended for various in-pile experiments to inject sufficient energy up to test fuel melting
and even vaporization in the test section, and this requires of the driver core to have a capabilify of
inserting a variety of reactivities appropriate for individual experimental needs. Negative reactivity
feedback, Doppler reactivity, is essential to maintain the driver core integrity under various transient
operation modes with reactivity insertion where the core is exposed to severe thermal transients.

The Doppler coefficients, available for calculating the Doppler reactivity effect, are well-known to be
proportional to T" for fast reactors and to T"” for light water reactors, respectively, where T denotes the
absolute temperature. On the other hand, the Doppler coefficient in SERAPH is considered to have a
particular temperature dependence different from conventional familiar characteristics, since the core
consists of the unique driver fuel diluted by BeO and with no uranium isotopes.

This report evaluates the temperature dependence of the Doppler coefficient in the SERAPH core for
the fuel temperature range from room temperature to 2000K, based on core calculations by a two-
dimensional neutronic traﬁsport code TWOTRAN-II. The Doppler coefficient in SERAPH is found to
‘be expressed by a linear combination of three temperature-dependent terms that are proportional to T,
T" and T, respectively. Also shown is that the coefficient can be approximated only by the T
proportional term for the fuel temperature range except for the vicinity of room temperature and above
around 2000K. These features agree with the theoretical prediction based on the temperature
dependence of the Jfunction, and this representes the essential characteristics of the Doppler coefficient
as a function of temperature.

The results of this work are expected to be effective in confirming the accuracy of predicting the

Doppler coefficient, and the experimental capability and safety margin of the driver core.

* Information System Section, Technology Management Division, INC
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B 3-6 (c) ORIEABE IFAR (FLHEBREB,CRLVy M) | BlEkER

(LR He 8D & BITHRR)Y 7 QUTEAEMEREEN SRR (2) 1TRT
BHEETNVEBEHA L.

B EOHERGEEIRELCFBITOHE T —A 2R 3-1ITEEDT.

LT, fEsRBERFRUFEFEICIONTRNS,
(1) HIEEREREY
(1) 7V AENN A CHe)iilEAE

B 3-5 (2) ITRT XDITTLOBRN S &L DYEOEEEE ZRD,
ZOEEERAWTEREE VEREICT 218 EOEY </ uiEH &
RY %, 2K RZIFLEITE T, TTTRDSN=HDE 22 BITHEK
LTHWS,

AREIFET. K3-1ITRTXIICAD Y MERO ETHFRIZ3EDD
EREINS(3EDFF.LNE OEFMEREIIZEL <&V, ). ZT T,
INSE 6 EBOEAERERD, TORRERET B LD ITFFLMS PL
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() HhREE, 228 (FSXFE)

3-6 (2) IZRT XD ITTLOTFRD 5 & 4 OYE OEBEEIEEKD,
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218 WD 7 DMERZ &L ERT 5. 2B, INHD 218 HEHT
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N3,

HAERED, K3-1ICRTES I, BN 1 REMEAHES T OlN
73EE—HELT (3EOLY kOFtLH5OESABEIHIZEL <
. ) L A0y MERICHL EFHHE R LS I8 18 £AEES

B, ZZTIR E36 (0 KRTEIRAEBRELFD6EDY
DUBESBBEARE LA ERD, CheRET5L51C, B
NS P3 IR 3 OB O LR E TOBEATIERE LR
T HANABOTLERDE SR S TEFNERELE,

ZEBIZDNTI, K31 IRTEIIIC3EEZHHMELTRADOY MA
SicH L ETRBERSD LS 8 12 £AEEEND, CITH H
MEEOBE LFEIC NS 12 EORARERD, TORKERET
BESIC, FHLNE P2 IGRT 3 ROMEELILOHMIEETORE
FHEREE R EE T BMAAAEOTL LB LS BRY Y TEF N ER
yi Y e

(2) FEFIR

HEFIRER 3.7 IR T ARICRT & 512 218 BEs< & IUFERIER.
RO BEERIEHEIITIL SCALEA T — R AF 4 19 %, 2 Rk5E RZ FLFHEICIE

TWOTRAN-II 1— RZ2HH L. UTFTOFIEICH-> Tiro7%,

(a) 218 BWEFT Y DWFEROMER (K37 () ITHE)
SHEIC AT BT R TOMEERD 218 BEH Y 7 OWEROERIC
I%, SCALE4 31— RI AT AM CSASIL, CSASIX BEZ 2 — NI TH-> /2.
2B, BEEEE Y MCIE ENDF/B-X— A @ 218 # CSRL BrEF 2 v

RO EERALE,

CSASI EV a2 —JLidHEEIVETE E{TV., 218 HOEZIT 7 OWiEE
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EFRT S, ZORETIEE 38 (1) KRTXITRIAN—fFdZ
RSIRTOMEEHREL .

CSASIX EZ a—)Vd 1 Ko VEEZTHY, BIAOHEFRTE
BT L VORI DRiEEEERT 5. CORETRE
3-8 () ITRTAABRESEENVGER (34 (2) ) 2HITE3-11T
RETRNTDT—AD R T4 N—FLEMEITT o 7,

(b) /RO 218 FEZ< 7 UMEROHES (K 3-7 () IZHE)

BB B 2 BEWERT D Lo, SREY—AZELICERT
BERD 218 BEH T/ OBREM T 7 1 V& 1 DD T 7 VICKATS
T EMBEICRD, CORBICE. B38 () IKRTES I WAX ED
2—LERNS,

O BUMEO RREHT Y ONEROER (37 © ICH)

2I8FHN D 2 FAOHMHEEIRR 3-7 (© IRTXDIT, SCALE4
I—RIZAFLADEY2a—-)VTHD 1 Kk SyHWEFEI—R
XSDRNPM % FVy T ANISN N0 22 B~ 7 UBIEREERT 2,
Z Z°C. 218 # CSRL Witz v b o 218 B )L F—FiE, Kok 22
BECREICALE 2 Bl e R 32 1ITRT.

RETEESGEENE, BREE RUMT S0y MRBEREZ,
X 3-9 () IZRT 1LRCHERREBVWTITD. COBE. &EtEI—X
RIS L 72 R 51 73— 4R 0M(Gas,LWR-Pu #REL REHBEE) & R 51 N—f&
BiZExXB,

BTS20y MEREL BIREEICON TR, ZhTnEK 39 (2) . 3)
RS X5, BEHEE% 600K & 3RMERZET 1 AT EER
ZHWTHRNEREZTI. AROBEPFELHEEICOWTHH 3-10
RS LRITTHBEARZRNTT 3,
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(d) TWOTRAN-TI O— FRBMEME Y 71 IVOER (K 3-7 (D ITHE)
(¢) THEEREN] ANISN BXOWEB 7 rI IV E2TOE X
TWOTRAN-TI O— RIZEAT 2 Z LIXTERWN, TIT, 77T IVEHR
Tl hERWTESFESS — AR Lz TWOTRAN- 11— RA Wt
HET 71 IVEERT S,
(&) 2 RITRZIFLFEHE (F3-7 (@ ITHm)
(d) TERESNZWEE T 7T VEBWTUTIIRTFESHIZT,
TWOTRAN- I 11— Rz & % 2 K7E RZ LR 247 7z,
- HIHBORBOFBLFO2BIIOVWTIF- &, (K 32, 33 IZR
. ) |
- FEEFRODORHEESE : LOX10°LT
- Sy RE(: 8-
s PLREC: 1 (P~P,BR5D)
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4. FEERRUER

RIARRER 4-1~4-3 IR T. &R 4-1, 42, 43 FThThflEze s Tk
% (K32 . HEES - °He 10 am QKR (K3-3) . SIS « *He 30 atm
OEZR (K3-3) ICHTBFESRT. WThoED Gas-Pu fF LK LWR-Pu {7
DOMEDHERZERLE,

4.1 Ry 75—RICEICHITSEERBORESS
CR4L 42, ABITBTB Ry T -RIGEDE (300 K 2EHEREITRE)
EREZFEMICE>T Oy FLEBDOEZZNETNK 4-1, 4-2. 43 ITRTS
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EERFEEZRETICETS T 2H, hTH. T HO3IEHICKBBHEET
BILZE2BER (Ry 75— REORERFEIE T LAE, T HREAE,
TR IR K HHBHES) . MHO&7 0y k&% TVHE, nTHE T2HED
SRS TR « v 51 > 7 LIl bR L.
4-1~4-3 1255 X SIZ, Gas-Pu fFls, LWR-Pu FLONTHIZBNTH,
HHBECEECEEICEKST. 70y FRIZTRTT 4 v T VMR EICE
S TVNB T ERDNG, O ENS, 2.2 B TR~ SERAPH FL0 Ry
T—RISEMNT "I, WTHE T VHOIBIIZBREHEETEINDI LOF
BIHHTH B EMREREI N, BNEANE, Ry 79 —REIX T3 1
H, THGIE, TYRFAEICISBEEEGTREIND,

42 Ry 7S5—-REEICHTIEEEREBEOSS
4.1 Eﬁfﬂf\?‘: T'1H, nTH, TYPHOELZBEEDO Ry 77— RGEICE
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fEL, 5 ORAS-100 L7z XD ICHBIEL b O &N 4-4~4-6 ITHET 5
TTCRT. H4-4. 4-5, 46 3FNENHEEE S ERWER, FlHEES - He
10 atm D%, F#EES - °He 30 atm OERIIHTEHDOT, WTHOR S
Gas-Pu 7.0, LWR-Pu D OWFITOWTRLU,

Pu RS RIHBOFEOREICKS T, AOEZRT hT HALEDO Ry 7
T-RIGERH ULBROFGERLTNS,

T, TPEHIZDOWTI, ®EPSECE, BEFSEOELLT, EWIF
Y oRVUEBSEKRO Ry 75— RGEIZHFSTHEBERLTNS, T
BB Ry 77— RERPERNENGS. Fi Gas-Pu L TR T VHOFS
MTPHOFGERKES LES>THD., ZN56 2HOMIEKIEOT S L5
T3, Ry 75—BESNELIZBITDON,. Gas-PufFfily, LWR-Pu fFFDLOWE
EEH, HHWIZ T"HOFSEAEWA L, TVHOFSBERTEREZRL
TWB, Gas-Pu Fc B BHEARTORMESS L, TYHE, TRHEOHE
BHELF ¥ VU TEROFEZFFY D ER> TNEW, ARk
LWR-Pu DN THB &, TRPHOFGOFSHEMNICRE<RD, Zh
5D2EICKBEROFSIIA LTS TN S, |

4.1 HIRORETRAE Ry 7 I—RREOREEFEICOVTELDD &,

ROEDITRS,

(1) Gas-PufFily, LWRPuFLEDS Ry 7o —KIGERXTYE (IE) . iTH
(B) . TVE () O3HORBRETREN, EORERABNTS
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(2) Gas-PufFlyTiE. HEEUEL Ry 79 —BEATIE T ER T "EHELY
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K< OBERCRAELZERAL,. ChsFRoFSIFErnEs
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B0, 2O Ry T S—RKIGEZEMNT £ T HOLTEENS,
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EEEHR L. Ch5 2 BOEROESILZIET0 ERBED, 26K Ry
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BERATIE. Ky 75— RSER T AT 285 (Ry 75 &
L T QBT AT B E—IE) TETZ EATETH D, |
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HERICERT 5,
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HROL S ICAEDHFEFARY FIVEEOBRNICE S,
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®21 RAHEERTIBEOEFEEE
[X10*{8 /cm’]
ik 4 Gas-PufFy LWR-PulfFis
T b= 5239 9.06216e-04 6.88835e-04
T k= 5240 3.02072e-04 3.00385¢-04
T b= A-241 — 1.06160e-04
Rk T b= k242 —_ 8.68584¢-05
7 A= h241 — 2.41273e-05
RY YA 6.34502e-02 6.34502e-02
| BRSR 6.58667-02 6.58628¢-02 |
N TR = h 1.53563¢-02 1.53563¢-02 |
5 2.30345¢-02 | 2.30345e-02
Ina=yh 4.24659-02 4.24659¢-02
— 2R 4.98536e-04 4.98536e-04
8% 1.41270e-04 1.41270e-04
A= 7.58664e-05 7.58664¢-05 |
EVS 5.58436e-02 5.58486e-02
K 5.64128e-04 5.64128¢-04
. B 2.82081e-02 2.82081e-02
+ Pha= s 6.16605¢-03 6.16605¢-03
* RX 7.23874e-05 7.23874e-05
% 2.05124¢-05 2.05124¢-05
VAP 1.10158e-05 1.10158e-05
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£3.1 HESF—X
(1) FHERIEERRERL
Gas-Pu fF.0> LWR-Pu {F.[»

HE—24 REHEE (K) &F| #HEI—R4 REHRE (K) &
PDGSA2 300.0 PDL5AS 300.0
PDG3A1 600.0 PDL5A4 600.0
PDG3A3 900.0 PDL5A6 900.0
PDG5A4 1200.0 PDLSA7 1200.0
PDGSAS5 1500.0 PDL5AS8 1500.0
PDG35A6 1800.0 PDL5A9 1800.0
PDG5A7 2000.0 PDL5AO 2000.0

(2) SERIHBEREF
(2-1) *He HRFE 10 atm 444
Gas-Pu jF 0> LWR-Pu fF:{»

FHEr— AL BREHEE (K) & HE I —R4 RELEE (K) &Mt
PDG5A21 300.0 PDL5AS1 300.0
PDG5AI11 600.0 PDL5A41 600.0
PDGS5A31 900.0 PDL5A61 900.0
PDG5A41 1200.0 PDL5A7] 1200.0
PDG5AS1 1500.0 PDL5AR1 1500.0
PDG5A61 1800.0 PDL5AO1 1800.0
PDG5A71 2000.0 PDL5SAOL 2000.0

(2-2) *He # AE 30 atm &
Gas-Pu JF.L> LWR-Pu 7>

FE—R4E BREHEE (K) &#| #EI—24 BREHRE (K) &iF
PDG5A23 300.0 PDL5AS3 300.0
PDG5A13 600.0 PDL5A43 6000
PDG5SA33 900.0 PDL5AG3 900.0
PDG5A43 1200.0 PDL5AT3 1200.0
PDG5AS3 1500.0 PDL5A83 1500.0
PDG5A63 1800.0 PDL5A93 1800.0
PDG5SA73 2000.0 PDL5A03 2000.0
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JNC TN1400 99—004

£3.2 218BEUV22HO I RILP—HEE

o LR B % ERz R B O EReZA-¥ B M ERz A
(eV} (eV) (V) (eV)
1 1 2.0000e+07 56 3.0000e+03 111 2.5000e+01 166 1.2000e+00
2 6.4340e+06 11 57 2.5800e+03 112 2.2500e+01 167 1.1750e+00
2 3 4.3000e+06 58 2,2900e+03 113 2.1000e+01 168 1.1500e+00
4 4.3040e+06 59 2.2000e+03 114 2.0000e+01 169 1.1400e+00
5 3.0000e-+06 60 1,8000e403 115 1.9000e+01 170 1.13002+00
6 247902+06 61 1.5500e+03 116 1.8500e+01 171 1.1200e+00
7 2.3540e+06 62 1.5000e+03 117 1.7000e-+01 172 1.1100e+00
3 8 1.8500e+06 12 63 1.1500e-+03 15 118 1.6000e+01 18 173 1.1000e400
9 1.5000e+06 64 9.5000e+02 119 1.5100e+01 174 1.0900e+00
10 1.4000e+06 65 6.8300e+02 120 1.4400e-+01 175 1.0800e+00
11 1.3560e+06 66 6.7000e+02 121 1.3750e+01 176 1.0700e+00
12 1.3170e+06 67 3.5000e+02 122 1.2900e+01 177 1.0600e-+00
13 1.2500e+06 68 3.0500e+02 123 1.1900e+01 178 1.0500e+00
14 1.2000e+06 69 2.8500e+02 124 1.1500e+01 179 1.0400e400
15 1.1000e+06 70 2.4000e+02 1D T0G00e+0T 180 1.0300e400
4 i6 1.0100e+06 71 2.1000e+02 126 9.1000e+00 181 1.0200e+00
17 9.2000e+05 72 2.0750e+02 127 8.1000e+00 182 1.0100e+00
13 9.0000e+05 73 1.9250e+02 128 7.1500e+00 133 1.0000e+00
19 8.7500e+05 74 1.8600e+02 & 129 7.0000e+00 184 9.7500e-01
20 8.6110e+05 13 75 1.2200e+02 16 130 6.7500e+00 185 9.5000e-01
21 8.2000e+05 76 1.1900e+02 131 6.5000e+00 186 9.2500e-01
22 7.5000e+05 77 1.1500e+02 132 6.2500e+00 187 9.0000e-01
23 6.7900e+05 78 1.0800e+02 133 6.0000e+00 138 8.5000e-01
5 24 6.7000e+05 79 1.0000e+02 134 5.4000e+00 189 £.0000e-01
25 6.0000e+05 80 9.0000e+01 135 5.0000e+00 150 7.5000e-01
26 5.7300e+05 81 8.2000e4+-01 136 4.7500e+00 191 7.0000e-01
27 5.5000e+05 82 8.0000e+01 137 4.0000e+00 192 6.5000e-01
28 4.9952e+035 83 7.6000e+01 133 3.7300e+00 193 6.0000e-01
29 4.7000e+05 84 7.2000e+01 139 3.5000e+00 194 3.5000e-01
6 30 4.4000e+035 85 6.7500e+01 140 3.1500e+00 195 5.0000e-01
31 4.2000e+05 86 6.5000e+01 141 3.0500e+00 196 4,5000e-01
32 400002405 87 6.1000e+01 142 3.0000e-+00 197 4.0000e-01
) 3.3000e-+05 88 5.9000e-+01 143 2.9700e+00 198 3.7500e-01
34 2.7000e+05 89 5,3400e+01 144 2.8700e+00 189 3.5000e-01
7 35 2.0000e+05 90 5.2000e+01 145 2.7700e+00 200 3.2500e-01
36 1.5000e+05 91 5.0600e+01 146 2.6700e+00 201 3.0000e-01
37 1.2830e+05 92 4.9200e+01 147 2.5700e+00 202 2.7500e-01
38 1.0000e+05 93 4.8300e+01 148 2.4700e+00 203 2.5000e-01
39 8.5000e+04 94 4,77000e+01 149 2.3800e+00 19 204 2.2500e-01
40 8.2000e+04 95 4.5200e+01 150 2.3000e+00 205 2.0000e-01
41 7.5000e+04 ; 96 4.4000e+01 151 2.2100e+00 206 1.7500e-01
8 42 7.3000e+04 14 97 4,2400e+01 17 152 2,1200e+00 207 1.5000e-01
43 6.0000e+04 98 4.1000e+01 153 2.0000e+00 208 1,2500e-01
44 5.2000e+04 99 3.9600e+01 154 1.9400e+00 209 1.0000e-01
45 5.0000e+04 100 3.9100e+01 155 1.8600e+00 210 9.0000e-02
46 4,5000e+04 101 3.8000e+01 156 1.7700e+00 211 8.0000e-02
9 47 3.0000e+04 102 3.7000e+01 157 1,6800e+00 20 212 7.0000e-02
48 2.5000e+04 103 3.55002+01 158 1.5900e+00 213 6.0000e-02
49 1.7000e+04 104 3.4600e+01 159 1.5000e+00 214 5.0000e-02
S0 1.3000e+04 105 3.3750e+01 160 1.4500e+00 215 4.0000e-02
51 9.5000e+03 106 3.3250e+01 161 1.4000e+00 21 216 3.0000e-02
10 52 8.0300e+03 107 3.1750e+01 162 1.3500e+00 217 2.5300e-02
53 6.0000e+03 108 3.1250e+01 163 1.3000e+00 218 1.0000e-02
54 3.,9000e+03 109 3.0000e+01 18 164 1.2500e+00 22 219 1.0000e-05
11| 55 3.7400e+03 | 15 | 110 2.7500e+01 165 1.2250e+00
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INC TN1400 99—004

F4.1 FEHER (HEEZSEHLER)
1) BETIZBIT5EIEBRTHDEHBER
g—A4 BE (K GasfFEB Y H LPufPls | BKFED B LPulF L
PD{G,L}5A{2,5} 300.0 1.087865 1.080335
PD{G,L}5A{1,4} 600.0 1.083431 1.073222
PD{G,L}5A{3,6} 900.0 1.080208 1.068672
PD{G,L}5A{4,7} 1200.0 1.077710 1.065268
PD{G,L}5A{5,8} - 1500.0 || 1.075649 1.062525
PD{G.,L}5A{6,9} 1800.0 1.073842 1.060222
PDIGLISA(7,0} | 20000 |  1.072748 1.058861
2) BETIBI3REELT) oBEHER
g— AL BE K || GastFEY H LUPulFEl | EKEERY H LPuRL
PD{G,L}5A{2,5} 300.0 0.080768 0.074361
PD{G,L}5A{1,4} 600.0 0.077006 0.068226
PD{G,L}5A(3,6} 900.0 0.074252 0.064259
PD{G,L}5A{4,7} 1200.0 0.072107 0.061269
PD{G,L}5A{5,8} 1500.0 0.070329 0.058846
PD{G,L}5A{6,9} 1800.0 0.068764 0.056801
PD{G,L}5A{7,0} 2000.0 0.067815 0.055589
1
p=10= Ko (T)
3) Fo7o9—RitEP(MOAHER
r— 245 EBEE (K) || GasfFEY H LPufPly | B/KFE Y B LPuiF L
PD{G,L}5A{2,5} 300.0 0.00000 0.00000
PD{G,L}5A{1,4} 600.0 -0.00376 -0.00613
PD{G,L}5A(3,6} 900.0 -0.00652 -0.01010
PD{G,L}5A{4,7} 1200.0 -0.00866 -0.01309
PD{G,L}5A{5,8} 1500.0 -0.01044 -0.01552
PD{G,L}5A(6,9} 1800.0 -0.01200 -0.01756
PD{G,L}5A{7,0} 2000.0 -0.01295 -0.01877
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INC TN1400 99—004

#x4.2 FHEER (RlEEEZEE *He 10 atm FOVER)
1) BETICRIT2EEERTOREHER
r— A% BE (K) || GastFEY H LPulEL | BAFERY B LPufFil
PD{G,L}5A{2,5}1 300.0 1.058434 1.052560
PD{G,L}5A{1,4}1 600.0 1.054418 1.045902
PD{G,L}5A{3,6}1 900.0 1.051496 1.041646
PD{G,L}5A{4,7}1 1200.0 1.049245 1.038477
PD{G,L}5A{5,8}1 1500.0 1.047375 1.035910
PD{G,L}5A{6,9}1 1800.0 1.045730 1.033754
PD{G,L}5A{7.0}1| 2000.0 1.044729 1.032483
2) BETRBIAFEEPT 0HHiER
g— R4 BE K | GasiFEY H LPuiFD | EBAFERY H UPuFEL
PD{G,L}5A{2,5}1 300.0 " 0.055208 0.049935
PD{G,L}5A{1.4}1 600.0 0.051609 0.043887
PD{G,L}5A{3,6}1 900.0 0.048974 0.039981
PD{G,L}5A{4,7}1 1200.0 0.046934 0.037051
PD{G,L}5A{5,8}1 1500.0 0.045232 0.034665
PD{G,L}5A{6,9}1 1800.0 0.043730 0.032652
PD{G,L}5A{7.0}1| 2000.0 0.042814 0.031461
- 1
| p(T)=1.0- Gy
3) Fu?7—RiGEP(MoERER
r— R4 BE & GasfFE Y H LPufF:Ls | BRKFERD H LPufFi»
PD{G,L}5A{2,5}1 300.0 0.00000 0.00000
PD{G,L}5A{1,4}1 600.0 -0.00360 -0.00605
PD{G,L}5A{3,6}1 900.0 -0.00623 -0.00995
PD{G,L}5A{4,7}1 1200.0 -0.00827 -0.01288
PD{G,L}5A{5,8}1 1500.0 -0.00998 -0.01527
PD{G,L}5A{6,9}1 1800.0 -0.01148 -0.01728
PD{G,L}5A{7,0}1 2000.0 -0.01239 -0.01847

pp(T)=p(T)—p(T,) T, =300.0K
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INC TN1400 99—004

x4.3

TEER (FHELZ 2T *He 30 atm FOVER)

1) BETICRT 3RGBER (TMOEHER

r— A4 BE  (K) || GasiFER D HLUPuFEL | BAFERY B LPuFEL
PD{G,L}5A{2,5)3 300.0 1.045301 1.040131
PD{G,L}5A{1,4}3 600.0 1.041461 1.033668
PD{G,L}5A{3,6}3 900.0 1.038665 1.029551
PD{G,L}5A{4,7}3 1200.0 1.036524 1.026491
PD{G,L}5A{5,8)3 1500.0 1.034735 1.024013
PD{G,L}5A{6,9}3 1800.0 1.033163 1.021925
PD{G,L}5A{7,0}3 2000.0 1.032210 1.020699

2) BETIRTARGEPMNOEHESR

br— A4 BE  (K) || GasfFEY H LPuED | BKFEER D B LPuFEL
PD{G,L}5A{2,5}3 300.0 0.043338 0.038583
PD{G,L}5A{14}3 600.0 0.039810 0.032571
PD{G,L}5A({3,6}3 900.0 0.037226 0.028703
PD{G,L}5A{4,7}3 1200.0 0.035237 0.025807
PD{G,L}5A(5,3}3 1500.0 0.033569 0.023450
PD{G,L}5A[6,9}3 1800.0 0.032098 0.021455
PD{G,L}5A{7,0}3 2000.0 0.031205 0.020279

1
p(T)=1.0- G
3) N7 o—FEP(ToREHEE

b A% BE (K} | GasfFEY H LPFL | BKFERY B LPWFEL
PD{G,L}5A{2,5}3 300.0 (.00000 0.00000
PD{G,L}5A(1,4}3 600.0 -0.00353 -0.00601
PD{G,L}5A{3,6}3 900.0 -0.00611 -0.00988
PD{G,L}5A{4,7}3 1200.0 -0.00810 -0.01278
PD{G,L}5A{5,3}3 1500.0 -0.00977 -0.01513
PD{G,L}5A{6,9}3 1800.0 -0.01124 -0.01713
PD{G,L}5A{7,0}3 2000.0 -0.01213 -0.01830

po(T)=p(T)—p(T,) T, =300.0K
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