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Preliminary Study of Nuclear Power Cogeneration System

Using Gas Turbine Process
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The Nuclear power generation plant (NPGP) releases smaller amouﬁt of carbon
dioxide than the fossil power plant for the generation of the unit electrical
power. Thus, the NPGP is expected to contribute resolving the ecological problems.
It is important to investigate the nuclear power cogeneration system using gas
turbine process from the view point that it is better to produce electricity in
high thermal efficiency from the high temperature energy. We carried out, in the
current preliminary study, the survey and selection of the candidate cycles, then
conducted the evaluation of cycle effciency, the selection of R&D items to be
solved for the decision of the optimum cycle. Following this, we evaluated nuclear
heat application for intermediate and low temperature level released from gas
turbine process and overall efficiency of cogeneration system. As a result, it
was clarified that overall efficiency of the direct regenerative cycle was the
highest in low temperature region below 200, and that of the direct regenerative

inter cooling cycle was the highest in middle and high temperature region.

Keywords : Cogeneration, Gas Turbine, Carbon Dioxide, Cycle Effciency, Nuclear Heat
Application, Regenerative Cycle, Reheating Cycle, Intercooling Cycle
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TiE, FOTOHBIIEBHOICAEEETH Y, BEY A 7V RUBLE - FERGHH
BT A I ied, 2T, choOYA 7 )VICH LUERCREBREZ 2RTFE
LDy —ErahE@a Y 7L v EQENELOELERTBMBREEYDFR ST
CEFELHOEEENNSTA—F & LERE2IToR. JOBS, SBAREEDORE
(kEX, BE) Z2TVWFOZ UM EIMT 2 0ESH 205, EEETIIUTO
H#Er -2 (R—RT—R) BEREL, N—RT—RICH UREFEMBOERICA
TAREEIEMUzE, T, N TARBRRUTHRALOSERESIZ DR, KA
5.19kJ/kgK, HEBEEL.66TEF iz,

=2 — Z{LH
CREL TR T, : 850.0 (°C)
caVvZLyt ADBE T,: 35.0 (°C)
- ¥ —E Y AOEH Py . 60.0 (ata)
- F— BB 7,0 92.0 (%)
-V T Uy HEEE o, 0 88.0 (%)

- AhZhOZR 7,0 2.5(%)

- WHIRR 775 - 1.0 (%)

- BAMTBBREEYNE 7z 95.0 (%)

- REHHE 7, 98.0 (%) |

 EAiES% AP/Py - 6.0 (%) =(0.85+1.48+0.64x2)/60

SHE o 0.85 (kg/cm?)
- BAERAHE(EEA) © 1.48 (kg/cn®)
- AR (ERM) ¢ 0.64 (kg/cn?)
- FLs—3 : 0.64 (ke/cn?)
L, R—ZAF—ZEFEORER, CAZOREF —& 72 5 ICEORS
F—hEBELLTRELE,
B 7V UREESERLESZ D2REBII DV TR LEFERZLUTICRT
(1) BESCHERENE
BAEBMSBBOBENRENNTA-Y L LEHEOT A VIR EZEI.2ITR
T, 2T, EAKRILVTLyYOERMEEZTR Y. £/, BENEROERIT
DBEDTH B,
=(THIN—THOUT)=(TCOUT-TC]N) (3'11)
(Tay ~Tenw ) (T —Tew )
ST, Toy: BEEIADERE, Teoyr: BRAEOERE, Tyy: SERAMADER
&, Tyour : ErmfilH OREE

R
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K3 210 T LA ICREDROBDIHY, BREFRERIENDILFIRELR
hy 4 7 VEBIET T2, S50, REDBFEVIZEBEDEEMNCLDE
FFROSEE< 2D, BEHESY (N—IT7—X) ICBITBRRITH4INT
Hb, BESHELZI0GE & LIESOMERTIINI. 0N, BHEMERIN L

BRI LR UIERIF4AT. 4025,

ez BT A 7V OMEERRTPEEY A N ERETEH (EAENS.
5) PEEOBRETLTV S, BEYRINGE IIERBAOBESRTAECHRE
BErET22LE2EFKL, —BYUCAZHEBROEBENREIERXTHIIEETD
NEEEESHERIADPLETH D, T2, BERARBREBREENEIGVIZLE
FHELENE L 2B, BRI TE~N—XTr—2cx LEHEROELLIZRVWE D
YLTWd, 32bb, R—ZAT—RICH LEEMEINIWES, EHEED
W U ABRSTERIIGLER L, HICEESEIREWEEHRITE DT
bo

(2) a7V v EaALE

LTV wHEBMEENSA—F L LEBEOY A I NVEEEKI.IIITT,
LT U B ROAREICL D, HEIWIEMT 2, £k, TXT LY
HHBGEOR/D & LICHEFE ARSI ZEALINE 5, BEANEINGLE
Lie, R—X 77— 2 LRRIZROF LR L45.8% &7 %,

(3) ¥ —EE#shx

¥ —C VBB ENRT A= L LEBEOTA I NVEEKS AT, 2
V7L wHERE, ¥— Y UBESEDOREBIZL D HREMHIENL, ST
BB ORD L HICHEEARELDEAIINE 2% WEAZEI0hE L
e, N—RT - UEIRIZHE R L44.T% &0 %,

(4) EAE%
FEABEENSA—F L LEBEOY A ZVEEEKISICTRT. 22T, E

HIBLEOES L LTREEHN FOHOER) ST 2R KAIEHIBEROEE
BT A—H L Uiz, FHBREHEIURE LR EMFIFNET T2, £,
EAHEEFRIIFEVWIERREZESEIZFEALEE 22, EARESRVWELE
B/, N—2 =2 LEIEIINTR LR L4ThE R B,

¥, RRFEAOELRREEHBEOB G L LTHRIIEET 5, TRDB,
REEHDBBNIEEHBENEL T2 -DENBREEH NI <AL, BEF
B, LPLEYS, RMoBE/ LB ERioR#gEx, 22X+ 82
A8, Chos2ERBLUELTREMENEZRET ILEDLD Do

(5) FLHOEE
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FELHEOBEENSA—FELEBEOT A IVMELZRIICT T Fol
EE S0P CE < b ERIFF2F ER L, HMREIBCTRER—I T —RIZ
S UMRIZHY LR UR44% e 2%, =, POHEOBEOERLIZHEVWIERER
KEEZBENLEEL 250

Iz kK AHEOHZAY —E 2 ADRE(1300°0) & LS o= E &b TR
+. ZOBEEIE52.35L DD, FLADBEIXM30°CL iz b #BRET & 3E
IIFLERE D RS L 1R B,

(6) HREAAN

BhEHA 7 VIChERHEESELILICLY, 2> 7L vy HEADOERICL
hahsEE FAFEREE 22, LL, IV 7Ly OREESERETHZ L HICHHE
BEIZBEHECHEELEL L, 510, PRABRMSBOERICLZEABLDHE
MELH-5371-8, PESHEIBFETI2EIEETH D,

B4 - HESHIY A4 2 NVOBEERITICRT, 22T, EEOI 7L vY
TIHIEFE L W EBERICR DR, 2V 7L vHIEIMET T 505245 EFTHI -
ST AEEIORNED, FREBMARKEEEE LEBEO2 LT L v HOR
E&U%Eﬁﬁ%MT®ﬁTK@¢@$H®%%E¥ﬁbto

FEIRHIREI ORI

7 (3.12)
NS HEDERE2IV 7Ly AORELFE L LEBEOI TV v
Ly

AQ=(n+1y1c;n{hn1*”“-1”/nc (3.13)

S EEE /S5 A—F & LEBEOT A 7V AIERZKI.TICRY . FEW
H%E 2EFSBE, FEH2.26THERIZBRE 2D BERAR LOBSICH LE
HFI.5YEF L44.2% L 2B, £/, PRERAHEEIHEMNT B IZHEVWHRERE
57 3FENHEEC 22500, EROBMMIAENFERAREROEMIC L 5%
HE PR RD, Y7L wH TOEEKRHMER (HERXOFEIHIER)
BRE LIRS, $®IZ46.2% (EAHH2.32) THDH, HFEBF2HEDBHITL
RTHEE FIE2EBETH D, CITRIIMERNBOENEBERESATEDLST,
IhEESHFIFGEHERHOMNRRI DR LR D,

3. 3 MEYAIIL

RRiEY 4 2 )L B2 HELREE. FOHOBE LZ800°CIcEEL. hOFEME
23285 o UER— A — AT EAICEETH 5,
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(1) F#
AR 4 7 )V DIgS, HREEZHREE (JHX) 247278 2 REKEDRE N

ETFLEEYA 7NV THA VIVHERPMET T 5%, £k, 1IN DLOMHE
EREHELELYTAEDESIIHRIIET TS, BEYA I VIZBNT 2 RE]
FEEBAYST AL L, HXTO 1 REE 2 RA~V o LEBEEEE0°CE LEES
DY A 7 LEL, FOLEOEENB0CRO T, RIJIITT L DICHIL.8h e
b, EEYSINTOYA ZIVEHE (=40.7%) ICHEBLTETT 5.
F2C, BEEYA ZVTIRTFTEETHIERICONT, TROREDEICKRE
2iTolz,

(1) IHX®BO®|E - 800 (°C)

(2) BHEEE : 800 (°C) 77 LIHXDRFZUM OB DLE

(3) BapEEAL . Tihick?d

H(n+l} (314)

=7,
ZIT, T BSBENL, T, ¥ - 2BREN, 1 BEREK

MEEERMI.8IZRT, BRI BOBE, 2RI LR L40.THERD (E
Hr1.86) o T2 C. MI.8OFEEE | OFEA LK. TOTERHELOBSDY
4O NEEEHET L. Fh2N39%. 40.5% LB, ZOREERZSY—EX
AOBENZRZNE00°C, 850°CEMPSTH D, E-HERHER, HREKD
HMINT2IC#VHRERES LI BEFNHEREL 2200, BHEOEMIIENE
A OB L 2T EXD R R B, F—ELTOSENAREE (BREX
OBEHNE) 2{FELFESWEEL.0% (EHH2.34) THb, HRIEREL
R CEEE LIZ2AEETH 5.

T, TREBK2E, BEH Il BOBARESDISHMOMETEREXI.3ICHE
TETe COBESENLL.03THRIIB/ARDONLEEE 125,

DlEoBRsHEERE L D BIEY A ZNICBWTI, BA - BR%HE (28) Y17
U, FEFHXERSSBEL R OOFEREE RIS (FH LB, HRWE
2B YA ZIMERELTEASNT D,

(2) 2 EFE
BEY A ZIVOHZY —E L OEBREIIFDRIMOAN) D LEREBODD,

RIS 1 7 VT, IXENT A LD SERBREDRFZTILEND D, £
2T, ANUTL (He) £¥t/r (Xe) DRABHEIIDONWTERE 2T 22

i) He+Xe¥HEfE
He+XeD Y4 {8 % PPDS (Physical Property Data Service : EELZEHE) (24X

DR, MIMEEHEELE AR T, He+XelRERGEZEERKERZ UL
&, BEEEZREYHEOEAKEEILRUTDEB D L2 5.
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- BE (kg/m’)

=(”H£MHE+”X£MXE)'P (3.15)
R(T+27315)

ZZT, M 5 FE (g/mol)
n o EBILSE (-)
P :EH (atn)
R : [EEH
= 22414727315 =82057 x107 (dm’ atm | Kmo¢{ )
T 8% (°C)
(RE)Y HE : ~VU oL, XE: ¥+

p

- Ho#k (k/kgK)
teEsid EARCBREBREES DR E-FREDEAIDUTOATKD S

N,
Cp ={x;Cppr +XCp )

ZZT, Cp o (kd/keK)

Cope + U o Lt =5.19 (kJ/kgK)

Coye » ¥/ HE =0.1583 (kJ/keK)

x BEEAE (-)
F7-, HeRUXeD AL (1) I, BRFHFTH 2 0B -MEKDOLE
Hixl1.6672 % b, WIHOEVGRIZIBWHWTE1.66TE72%,

- EMERE (cp) | BEEE (WmK)
KEME S EEEEZT ARFEES DR, BTEASKRIN LEEICHT
ZTEO5PEMRNTHETRETH D,
wh=a+bT+cT? +dT° +eT’ + T’ (3.17)
IIC, T BE (°0)
abcdef : FRE (F3.5CTT)
1) EMERRET
Het+Xe#® 2 WEAIKME Y LRSS, ANV Y LE-DBELE—THD,
AR D R UFEHBEOES YA VNVHRIIEERZ 522D LEZI LN
Be O, NI LAB—RETITo-H\BR BT 2 0B EH D, EX
872 3 2 17 > 7=,

(3.16)
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EOERIFEI. ST T LW, Hed DS ERMEBOTEBRERDT
e L, L L, SFEIL (HeBNAE0.TIT) UTFTHhIZHALIREE
OEREEITIZFIR—EEE I N TS,

- Hh#k

HEEES10ICR T L 51T, Xex10WREA T 57210 75,197k /kgKd» 5 1. 242kJ
/kgkK& b, HXOHATREZ2F—L LEBE, BEEREINMGE R 2.
CorE, A RORKHREEER LSS, EABREIEMOLN3.2EL
25,

MARHEE (BE) COFAERR, BREICTRATRENE,

2 z
ap-gf P _ 4L G (3.18)
d, 28 d, 2gp

ZIT, fREEER T TR S VY IORTRDEAB LD LT B,
f =0079/ Re®” (3.19)

FEREOREILE, LBAOFHE LTUTOATRE NS,
(3.20)

GHE+XE / GHE = CPHE / CPHE+XE

(3.18)%~(3.20)R & » He+XeDEBHEDENBEREANY 7 LB—HIE
DEFABEDLIUTONTREIN S,

2
AP, v o (fHE+)¢E )(GHE+XE ) ( P re )
AP fux Gy Pre.xe

0.25

2
o (CP(HE+xE)#HE+;cE CPH,E Pre
C

\ Cp e B P(HE+XE) Preoxz
APy e [ (1242)(004484) ”’”(5197)2 40026
AP, |(5197)(003417)| \1242) |(40026)(0.9)+(1313)(01)

< (0767 W(17.51)(0239) = 32
(3.21)

A RPOTU Y

VYRR TLwHIIonTid, EREFA—FGDEBRTEUTIERT
I3 ICEEREMNITIFEL L, He+XeDREREOEELKENT LD HERET
LELRZ2EDEEZIOND,
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Gy me-1z) (x( Crue )( P HE )
Gur  \Crarsxe)/\Pue.xe (3.22)
oc(5197) 4.0026 10
1242/1(4.0026 )(09)+(1313)(0.1) -

FEmEHER LD, HetXe® 2 MAKL LEBAEI—E L, 20TV T OR
SR BEEAEE, ETEOEANEZ ShA Y Y LE-FEEHER LD
S RT NERE, MEOLTHATHZI LEER L,

3. 4 REYAIL

MIHE COMSORSR. BRTAINVELTUTOEY A INEBE Lz, &Y A
INORERER, BHSEEELHTERI. 6IITY,

(1) BEE-BEYA 2V

KA D IVTEBEYA IV THEIEPEY ATy, BERZHE, FEWD
BENERINALTFF L ADETTHTHZD. ZREEIEHECHENRHERTSH
LI oEETA )L LTEE LR,

(2) BE-—HE - hERHTA 7V

EH A4 TG BEE-EEY A VNV ERCEEYA IV THEI PSRy
v EASSRE FTENRHE, FRERHBIERINASTFIVADRATTHTS
2. FTEAHE SNBSS DY, 2V T Ly AR L
EL YA I VHESFRENDE VAT LATHEI L LBEEY A 7V E UTEE
U7o
(3) ME—FL - RERSHIY A 2V

%%ﬁ#bwuszd\IHX@%EE;D&—&leﬁﬁmﬁT\E%wﬁ

k%%%%$@ﬁ??%ﬁ\1&%&@%%%énfmﬁm:a#69~8y64?
IWOMEDA L FF U ADNBRTH LI LOOBRETA I NVE LTEE L.

(4) ROE—FE4E - & - hEEHT A 7

KA 2 VZEE—FE - HEBEY A 7V ERLL. I HXORERTRHREL
DML 2 D REMOETCTRTH A0, HEVSILTHEILPOALT TR
DETERTHEHI L, ¥—EVHABEAL, BE - FEBRHT A 7V I DY A
INHRIIE LS RBI LB PHINIDOTRET A 2NV ELTRE L,
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#3.1 FLA P42 0OT—SEX

2 A

m E -

o EHHE

DEHY A 700
(STHPLE CYCLE)

@QpfaH - B
AL IN

(IHTEHCUOLED AND
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QFLEYA 7V

ooe

WF RS - B -
BEYL 7

=> 1A
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voole

BFESEATH 2
il e o 1"
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£3.2 T4 b4 a0 hRUHE

¥OE 4
EEB H 5 A T IVEIER
HA | o=
‘ . ) P
(EK) K“"‘] TH TH' PL PH 0482
A TN 1.035
- X1
HEYA 7)1 | 1_[_LJT 1_[&{'}‘(&]
P, P, T, 0.614
x=1 x_—l:
ﬁ?ﬂ"ﬂ"f y)l/ x TL PH T PH e K"] TH PH
(F1]) — {5 I-| = | Epn] £
k—I\T, P, P k \T} £
x=1 0.371
T, x —
WA R X e
P, L \A x \7 ) |1.651
BHEE Y4 P =
H
5 V(%) 1‘[?}
K L
S v 0.717
5%
FLNT,
x=] K-1
EPFE??%%H K P T PH x X 1 T PL
F4 N |-l =)o —| = |tn, =
K- Py Py x \Ty Py
7 0.438
L
P I-=
+(——"‘—j£n[—"} Ty
e Py 1.227
PR A /- gn(P_H
A7) I+ Kj P, _
K— T_H_T_H[EL_]T 0,727
TL L H
TV IV, [TL}, [PHJ N — |0.800
. | T
A4 7NV (ER) Ty P, B
T-S# R LI
T P
z——33.645
T,
K= 1667




JAERI-Tech 95-055

£e5 PGy l6€y [pey JLov  [8gE % % FIEA L Vo
1027|9002 [1L6°1 (986 T [206°1 {L08° -~ 4/ M H

0°00ET (00007 10056 [0°006 [0 058 Jo 008 | 9. ] FEO
EAOETITE G

0796 [y88 [0V [oev Joer oLy % 5 e 4 ) e

180 19961 [206°1 [8€8°T |vLL T 101L° - [ 1d/% W H

00T 108 |69 Jov [0z 00 5 | dv /A SR H I

FAOYHI T T

968 JL0v [L1¥_ |82y I8y [L¥P % % SEIEAC £ b

€68 T (2061 {1161 [616°1 [Lo6 1 |G66 1 -~ | 4/ HiLH

0706 f0z6_ Jo¥6 096 086 [0-001 ! i A — &
@@%ﬁ\:ﬁl% £

L68  f1L0v [9°1v Jsgy  [ver lavy [1Gr [8°Gy % 5 WellEAC 4 )4
088 T [206°T [LT6°T |66 [Lp6°1 2861 |LL6T 10661 - sE WiLH
098 088 J006 026 1076 (096 |0'86 0001 % FEL LA
@%%Mﬁ#>;hxn.m

826 [L¥e [11e L0 (v ¥ % AL e

562 [0L6°% {0917 2061 [10G -~ 4/ WA

0708058 1006 |0°G6__J0 001 A ¥ ﬁx ﬂé&%&%ﬂﬂ

Th ]

MOk EEe LN kv e b4 £C%




JAERI-Tech 95-055

%34 HeRUHet+XeR&HEOHIFME (172)

He=100% Xe=100%
wmBEl Cp K u A o Cp K L A D
“C [kI/kgk] - cp ¥/mK | kg/m' |kJ/kgk] - cp ¥/nK | kg/n’
35] 5. 197] 1.667f 0.02034] 0. 1586] 3. 164] 0. 158] 1. 667} ©. 02408] 0. 0057[ 103. 854
85[ 5. 197] 1.667] 0.02254] 0. 1757 2.722] 0. 158] 1.667] 0.02785] 0. 0065] 8%. 355
1350 5. 197} 1.667] 0.024651 0. 1921 2. 389] 0. 158} 1.667] 0.03110] 0. 0074 78. 409
185] 5.197] 1.667] 0.02667] 0. 2078 2. 128] 0. 158] 1.667] 0.03445] 0. 0082] 69. 852
235] 5. 197] 1.667) 0.02863] 0.2232{ 1.918] 0. 158 1.667] 0.03770] 0. 0089] §2. 978
2850 5. 187] 1. 667 0.03053] 0. 23801 1.747] 0. 158] 1. 667] 0.04085] 0. 0097] 57.337
335§ 5. 197| L. 6567[ 0.03237{ 0.2523F 1.603f 0. 158] ! 667( 0.04392] 0. 0104] 52. 623
385[ 5. 197 1.667] 0.03417[0.26563] 1.481] 0. 158] 1.667] 0.04692] 0. 0112] 48.625
435] 5. 197] 1.667| 0.03593] 0.2800] 1.377] 0. 158] 1.667( 0.04984] 0. 0115] 45.192
4851 51971 1.667] 0.03764] 0. 2934] 1. 286f 0. 158] 1. 667] 0. 05270] 0. 0125} 42. 211
535] 5. 1971 1. 667] 0.03832; §.3065] 1.206} 0. 158} 1.667] 0.05550] 0. 0132] 39. 600
585] 5. 187] 1.667] 0.04097] 0.3194] 1.136] 0. 158] 1. 667] 0.05824] 0. 0138] 37. 292
6351 5. 197] 1. 667} 0.04258] 0.3320¢ 1. 0744 0. [58] 1.667} 0. 06004} 0. 0145 35.230
685] 5. 197! 1.667] 0.04418[ 0.3444 1. 018} 0.158] L. 667] 0.08358] 0. 0151] 33.400
735) 5. 197] 1. 667 0.04575] 0. 3566] 0.567] 0. 1581 1. 667 0.06619) 0. 0157] 31. 744
785 5. 197 1. 667 0.04729] 0. 3686] 0. 821] 0. 158} 1.667] 0. 06875] 0. §163] 30. 244
8351 5.157] 1.667] 0.04881] 0.3805] 0.880] 0. 158] 1.667{ 0.07127] 0. 0169 28.878
885f 5.197[ 1.667[ 0.05031] 0.39211 0. 842) . {58] I.667] 0.07376 0. 0174] 27.632
9350 5. 1971 1.667[ 0.05178f 0.4036f 0.807f 0. 158 1. 667 0.07622( 0. 0180] 26. 485
985] 5. 197] 1.667| C.05324] 0. 41500 0.775] 0. I58] 1.667| 0.07864| 0. 0185] 25.435
u He:Xe=0. 90:0. 10 de:Xe=0. 85:0. 15
mEl Co K L A 2 Cp K L A o
“C kI /keKl - cp Y/mK | kg/m® fkJ/kgkl - cp ¥/mk | kg/m’
35 1.242] 1.667f 0.02603[ 0. 11601 13.233{ 0. 500{ i.567{ 0.02633! 0. 1004] 18. 267
851 1. 242] 1. 667 0.029] 0.1282] 11.385) C.5800{ 1i.667( 0.030L]0.1110] i5. 717
135) 1.242] 1.667] 0.03185] 0. 1400] 9.881% ¢. 800 1. 667] 0.03315[ 0. 121}1] 13.792
185] 1.242] 1.6671 0.03459[ 0. 1513 8. 900§ 0. 800] i.667] 0.03608] 0. 1308] 12. 287
935] 1.242] 1. 6671 0.03726[ 0. 16211 8.025] 0. 800] i.667] 0.03894[0.140)1] 11.078
285 1.242] 1.667! 0.03985[0.1727f 7.306] 0.800] 1.667{ 0. 04171]0.1492] 10. 085
335} 1.242] 1. 667] 0. 04237 0. 1829] 6. 705} 0. 300] 1. 667] 0. 04442] 0. 1580] 9. 256
385] 1.242] 1.867] 0.04484]0.1929] 6.196f 0.800] 1.667| 0.04706/ 0. 1666] 8.553
4351 1. 242 1. 667] 0.04726] 0.2026f 5.758} 0. 00[ 1.667] 0.04964] 0. 17491 7. 949
485] 1. 242] 1.667] 0.04962] 0.21221 5.378} 0.200] 1.667] 0.05218] 0. 18311 7.425
5351 1.242{ 1.667{ 0.05195] 0.22i5[ 5.046f 0.900] I.667] 0.05467[ 0.1811( 6.865
585} 1.242] 1.667] 0.05423[ 0.23061 4.752] 0.900] 1.667] 0.05711] 0. 1989] 6. 560
635 1. 242| i.667] 0.05647] 0. 2386} 4.490{ 0. 900 1. 667] 0.05951] 0. 2066] 6. 158
6851 1.242] 1.667] 0. 05868 0. 2484} 4.256] 0.800({ 1.667] 0.06188{0.2142] 5.875
735 1.242] 1. 667| 0.06086] 0. 25701 4.045] 0.800] 1.667] 0.06421]0.2216] 5.584
785] 1.242] 1. 667 0.063[ 0.2655 3. 854| 0. 500] i.667[ O.0665(0.2283] §5.320
835| 1.242] 1.667] 0.065121 0. 27391 3. 680} C. 900] 1.647] 0.06877[0.2361] 5. 08C
8851 1. 2421 1.667| 0©.0672{0.2822] 3.52110.900[ 1.667] 0.071[0.2432] 4. 860
9351 1. 242] 1. 667| 0.06%26] 0.2504] 3.375f 0.900] 1.667] 0.07321] 0. 2502 4. 659
9851 1. 242 1. B67| 0.071310.2885 3.2411 C.900] 1.667| 0.07539] 0. 2571 4.474

BESEKE LCBEOMER
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#3.4 HeRUHetXelRAHBOWILE (2/72)

He:Xe=0. §0:0. 20 He:Xe=0.75:0. 2
wE| Cp K % A 0 Cp K L A 0
C fkJ/kgkl - cp W/mk | kg/m* |kJ/kgkl - cp ¥/nK | kg/m’
351 0.706] 1.667] 0.02732| 0. 08741 23.302] 0.58] 1.667] 0.02742] 0.0765] 28.336
851 0.706] 1.667] 0.03063] 0.0966] 20.043}1 0.58] 1.657] 0.03082] 0. 0845 24. 380
1351 0.706] 1.6687[ 0.03381[0.1054] 17.593] 0.58| 1.6671 0.0341}0.0921] 21.384
1851 0. 706] 1. 667 0.03688] 0. 1138] 15.673] 0.58] 1.667( 0.03726] 0.0985{ 19. 058
7350 0. 706 1.667[ 0.03986] 0.1218] 14.131] 0.58] 1.667] 0.04033] 0. 1065 17.184
2851°0. 706] 1.667] 0.04276]0.1297] 12.865] 0.58] 1.667[ 0.04331] 0. {134] 15. 644
335t 0. 70681 1.667| 0.04558( 0. 1374] 11.807] 0.58] 1.687| 0.04623] 0. 1200 14. 358
3851 0. 7061 1.667] 0.04835] 0. 1448] 10.910] 0.58] 1.667[ 0.04807[ 0. 1265 13.267
435 0. 7061 1.667[ 0.05105[ 0.15201 10.148] 0.58| 1.667] 0.05185] 0. 1328] 12.330
485] 0.7061 1.667] 0.0537[0.15911 9.4711 0.58] [.667| 0.05458] 0. 1389 [1.517
5351 0. 7061 1.667| 0.05629] 0. 1660{ 8. 885] 0.58{ L. 667 0.05725] 0. 1448 10. 805
5851 0. 706 1. 667 0.05885| 0. 1728! 8. 367] 0.58| -1. 667 0.05988| 0. 1508] (0. 175
6351 0. 706] 1.667| 0.06136] 0. 1794 7.8071 0.58| 1.667| 0.06246] 0. 1566 9.815
8851 0. 706] 1.667| 0.06383] 0. 1850 7.404] 0.58 1.667 0. 065 0. 1623f 9.1i3
7351 0. 706 L.6671 0.06626! 0. 1924 7.122} 0.58| 1.667] 0.0675]0.1679] 8. 661
7951 0. 706 1.667] 0.06866] C. 1987] 6.736] ©.58] 1.667] 0.08997[0.1734] 8. 252
8351 0. 706] 1.667] 0.07102} C.2049] 6.480f 0.58] i.567{ 0.0724| 0. 1788] 17.880
885t 0. 706 1.667] 0.07336[ 0. 2111] 6.200] 0.58] L. 6671 0.0748] 0. 1842 7.53%
935{ 0. 706 1.6671 0.07566] 0.2171] 5.943] 0.58] L.667] 0.07717{0. 1835 17.227
9851 0. 706 L. 6671 0.07794] 0.2231] 5.707[ 0.53] L.667f 0.07952] 0. 1947 6. 940
He:Xe=0. 70:0. 30
SEl Cp K 1 A 0
“C tkl/kgkl - cp ¥/mK | kg/m
35| 0. 453 1.667| 0.0273¢] 0. 0671 33. 371
85] 0.4083] 1.687] 0.03082| 0. 0741[ 28.712
135] 0. 493} 1.667] 0. 03416/ 0. 0808] 25. 185
1850 0. 4931 1.667] 0.03730] 0. 0872 22.445
2351 0.493] 1.667] 0.04052{ 0. 0934; 20. 237
985[ 0.493] 1.667] 0.04357[ 0. 0994t 18.424
335] 0.493[ 1.867] 0.04654( 0. 10521 16. 809
3851 0.493] 1.667) 0.04944[0.1108[ 15. 624
435§ 0.493] 1. 6671 0.05228] 0. 1164] 14.52]
4851 0.493] 1.667] 0.05506f 0. 1218] 13. 564
535} 0.493] 1.667] 0.05778] 0.1270] 12.724
985% 0.4931 1.667] 0.060464 0. 1322 11. 983
635] 0.453] 1. 667] 0.06309] 0. 1372] 11.323
£85] 0.493] [.667] 0.06568{ 0. 1422] 10.732
735] 0. 493 1.667] 0.06823] 8. 1471[ 10. 200
785] ©.493 1.667[ 0.07075[ 0. 1519] 8.718
8351 0. 493] 1.667] 0.07323] 0. 1567 §. 280
8851 0. 493[ 1.667| 0.07567| 0. 1613 8. 879
9351 0. 493 1.667[ C.07809[0.1658] &.512
9851 0. 493[ 1.667| C.08047{0.1705] &. 173

BRZEE LB EOHREE
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£3.5 HeRK U'He+XelRGWAO KM RE, MREEHT AR

L% [EX 34

He | Xe | a | b c d e f
SRR (ep)

108{ 0f 1.8744E-02] 4. 5420E-05]-2. 2449E-08] 1. 9382E-11i-1. 1316E-14] 2.8921£-18
900 10| 2. 3881E-02| 6.2464E-051-2. 9170E-08] 2. 8075E-11{-1. 8890E-14{ 5.5475E-18
851 15| 2.4633E-02| 6.5695E-05}-3. 0442E-08] 2.8493E-11¢-1. 8788E-141 5.4507E-18
807 20| 2.4928E-02| 6. 94H8E-05}-3. 07T41E-08] 2. 77T45E-11[-1. T546E-14] 5. ITG68E-18
75| 25] 2.4959E-027 7. 1399E-05]-3. 0956E-08] 2. 7T146E-11]-1.7399E-14| 5. 0717E-18
701 301 2. 4862E-02] 7. 2381E-05[-2. 8706E-08] 2. 0451E-111-9. 9424E-15] 2. 1243E-18

iz E (V/nK)

106] 01 I1.4613E-01] 3.6204E-04|-1. 7878E-07| 1. 640ZE-10[-1.0431E-13] 2. 5283E-17
90! 10f 1. 0704E-01{ 2. 6810E-04{-1. 3645E-07| 1. 3769E-10;-5. 9392E-14| 3. 1965E-17
850 15 6. 2709E-02| 2. 2415E-04{-1. 1T17E-07] 1. 1098E-10{-7. 2117E-141 2. 0618E-17
80[ 20] 8.0751E-02| 1.9472E-04;1-1. 0334E-07{ 9. 8171E-11{-6.5592E-14! 1. 9175E-17
75 25] 7. 0700E-02| 1.6840E-04|-8. 0796E-08] 5. 076TE-11{-2. 8736E-14{ 5. 8400E-18
T0] 301 6. 2036E-02| 1.4764E-04-7. 1781E-08] 5.6728E-11|-2. 9972E-14] 7. 1880E-18
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4. YA Y LEROTHE

EBEBTE, FIBCBWIEELETRO4ADDEBY A I VIOV TH A L)
EEBR L, SEBEMROT A ZNVRICKNTIRELZFHEL ~,

QEE-BEYA IV
QEE—-FHE - PREBREYA 7
OilFE—FE - PR EY A 7V
QRE-BE - B - HEBRETY A ZI

4. 1 NIA=—FH-—~RA

BB ROEEE S A—F P —~_1 T HHE, FHICIIERBORT 2TV
HROFMEETS HEHH 2 HOD, BRETOMBRHIEERT &2 5B
MBI LU TFOREDS L1285 A—F P —<A{ BFo 12,

Qar 7L vy, ¥—ELpE C EAMK &S TIRBEE—E

@WHEIBR, AHZHILDR, BEMNE . BRET—E

@PRIBZRE ([HX) O 1XEHe: 2 XEHeDBEZ : 50 °C

@F L, 7L r—T, BESSHRE, hERSHE, THSAZRBOENESE

FEHRERFOR S L RSRBEOS R TR 2HE, FA, BE, K
HE, BRERBICLDUTOREC L ZBEET o2,

FLE I RERZRBOFELRELETORGETR—LTHIE, EHRR
AP L BRBETOEHBRKRAPIL, B2 THOATREND.

2 W/ A)
ap, —ag, Lo povl g Lo (Bl Ae) (4.1)
de zg . dc ngo

2 A 2
Aﬂ“4f1£I‘pIVI =4f1_L_1(WG/ R) (4.2)
de zg de 2gp]

TZT, Ay REEWERE, 4, RESMUE, f: BERERK, g EANEE,
L:REE, v: HE, w: KR, o:FE, (BF)o: BEE(R-)L
BB, 1: BRHCBITD

Pz EBALRBOWEAIRR (RBER) PE—-LThid, EHER
Lottix, (4.1), (4.2)REDUTDMA.I)ATREN S,
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AR _ (L_)(ﬁ)z(_&)(_&) (4.3)
AF, [o I\ W, e \L
Fr-AY Y AEBESEKEAR ULESS, SREBTHP, BET,CHITLIEE

0, L BEBIZBIT BEHP,, BRETICHTIEE 0,DHIEUTICRT(4.4)R
5z 5h, COXRM@IRCKRATEE, UFKETA.5)RPELN D,

p; BT, +27315 (4.4)
p, B T,+27315 )

- T “
ap, \f,\W,) \B\T, +273I5\ L, '
Xolr, AEHRBORBESLIY, SHHABO, BUEX YD OEREMA,,

WM TEHEEEATRUOABREKIC LD, UTierT4.6)Rcmidh, (4.
BRIcEATB e, LTerTUW.NHADBELSNB,

;-9 - (4.6)
K- A AT

ﬂ_ﬁ(ﬁzi 1227313 9 ) ) (4.1)

AP, f, wz) (1’1)(1}+27315 Q K,)(An '

—RRIC, BEERE, BEREREAL, LA IVAERe, 77 PNVEPrERAL
PUFIZRT(4.8), (4.9)ATREZNh S,

h=A R Pri? < A'W™ (4.8)
I I
f=A,Re"? « AW (4.9)

ST, DRERRIIN LAY YLOREERIPRERDITLALEZSLED D

(Koch) @¥H%E, THBRHBRTFLONBEHBEEZRZA—LRELD
WD E QB L ATRBE RV HXONBEHREZI AR, ERACLDER
D, BBHICAT,=AT,TH5, LERTEA.T~LNAL L RALEDIN
%o

AR (W
AP, \W,

0

2-nl+n2

52
P\T +27315)\Q,

AR CIRF OB 45S0MWrEEE L, AZMBER L U TETROMA
ERAL, EHBAOBERTo72 (22T, FOIZABAEBRE L TEF
fii} o

EHshAsHsg . L — b7 1 BAZHLE (hocRe™=00%0
TLZ—5 i AYANIDA B ERES (hocRe™ =4, focRe™=0%)

R enZ =-0.200)
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R enz =+.283 )

FRRGHIE T 4 AHREERMRE  (hooReM 0,
RRIBASHRES | AU ANV 1 VRS
1&%\ (%9{\) ': (hocRenI=0.466, fbcReanO‘Zﬁ)
2% (BW) : (hoCR=08Y | focRe™=020)
EEBTCR—ZT—AE LTAW-SRBDERTCEHEBRRERL LT T FH,
R—Z =2 UTHAWEEEBOMET 4 BRK, GAT—F R 5 TIHEROR
HTF—FICLDBELELDTH 5o

4. 2 RBUATILDE

BREYA I NDOR—IAT—RIZBF YA 7VEE, EHEEERL2ZIETT,
ARICRT LI, EE—HE - PEBHVYA I VSR RHRL D, HEYA
ZIVTIRIHXTD 2 IRAY 7 AOBEETRSTIIAY O LBEEME I L D
PETT 2, BE - FRESGHYVA ZVTCHETE &, MEYA 7 NVIEERTA 7V
TR LIS TYRNEDSE T T 5, £, HEYA I VBV TBRART o E=HE0H
RIZEE-FHE - HEREHT L 7NV EIFEFEELVHEERZ OO, BB
LD CIHXOEER U RRBRNEE L RV EBYEOETTRTH %,

4. 3 BEREEYAINLICHIFIIEBDIROER

BB A 27BN T, HRIINTIRBANROXEEMEGT LIEERE RS
~F4 ERUEA I~F4.24i7F, I2T, FAKRD 7V vy OEMBLETL
T3, E4.1~FE4.2010 17T & S CEALEBMENRE, FIETCEALICLPDS
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H4 7 LR % ¥ 46.3]  45.4| 44.8] 43.7] 42.7] 41.8 40.7 39.6
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EHH Pu/PL_| - 2.32] 2.33] 2.35] 2.38] 2.38] 2.40
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f46~&47»ﬁ$tﬁf5ﬂ$ﬁ$®ﬁﬁ(ﬁﬁ/ﬁi B hESHY 4 20)
T EEEDEOE]
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2. a7 L HEOESR
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EAHRERS AP/PH| % 6.151 6.20] 6.25] 6.30] 6.35| 6.40f 6.46] 6.5
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EHH Pu/PL | - 4. 24 3. 78 3.49 3. 30 3. 16 3.05
HA 7 LR . % 42.7 44. 4 45. 5 46. 2 46. 7 47. 9
ENR%EE AP/PH| % 8.93] 6.46] 4.92] 3.88f 3. 14f 2.60
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