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General Characteristies and Technical Subjects on
Helium Closed Cycle Gas Turbine

Hiroaki SHIMOMURA

Department of HTTR Project
Oarai Research Establishment
Japan Atomic Energy Research Institute

Carai-machi, Higashi-ibaraki-gun, Ibaraki-ken

{Received May 27, 1996)

Making the subjects c¢larified on nuclear-heated gas turbine that will apply
the inherent features of HTGR, the present paper discusses the difference of
the helium closed cycle gas turbine, which is a candidate of nuclear gas
turbine, with the open cycle gas turbine and indicates inherent problems of
closed cycle gas turbine, its effects onto thermal efficiency and turbine
output and difficulties due to the pressure ratio and specific speed from use
of helium. The paper also discusses effects of the external pressure losses
onto the efficiencies of compressor and turbine that are major components of
the gas turbine.

According to the discussions above, the paper concludes indicating the key
idea on heat exchangers for the closed cycle gas turbine and design basis to
solve the problems and finally offers new gas turbine conception using nitrogen

or air that is changeable into open cycle gas turbine.

Keywords: Gas-turbine, Closed-cycle, Open-cycle, Helium, Nuclear Heat, HTGR,
HTTR, Pressure Loss, Specific Speed, Thermal Efficiency, Adiabatic

Efficiency, Compressor
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Table 3.1 EVONYDLY—ELTT o bOFXEE L

R H it B 1+ £k
1. 2%
1.1 B4 2 VAER FRIAH, BEFAI—-E A7
1.2 1FEhE ~U L
1.3 Hn#s KR AT A PRBE IR i
1.4 DA 146 MW
1.5 FtEESHN 50 MW
1.6 BEREBELN 53.5 MW
17F 5 2.747
188 E K 3.433
1.9 R 3428 %
1.10 TRl EN B 1 B
111 FEEE 0 &
2. H-HEhs . EEE R B R
2.1 B i AU iR A
22 BE 10 B 15 B
2.3 [ElE% 5500 rpm 5500 rpm
2.4 HRhA 2 HE 86.53 kg/s 85.5 kgls
25 R bo—FEhE 87.0 % 855 %
26 Bma= 997 % 997 %
27 1 1 K 1.478 1.873
28 ALDHATD 10.47 bar 15.36 bar
29 HOHFZEH 15.48 bar 28.76 bar
21018 E & 1.196 1.335
2.11 AN ZEE 250 °'C 250 °C
212 HO 4 2R 833 °C 1249 °C
3. 9—Fv BEY—Y BEYy -
3.1 B Ehi A A A
32 B 7 B 11 B
3.3 [Ef=# 5500 rpm 3,000 rpm
3.4 BN AHE 84.42 kagfs 86.02 kgls
35 KY bo—7Frpg 883 % 80.0 %
3.6 HkshE 99.7 % 99.7 %
ITH H K 1.634 1.525
38 AOQHAEN 27.00 bar 16.47 bar
39 BOFRES 16.52 bar 10.80 bar
310 AL A A{EE 7500 °C 5797 °C
311 s 2B 5797 °C 4601 'C
4. n#h3s
41 K KRN ZBRBEY A R4 5 —H
4.2 MEH D 146 MW
4.3 BghH 922 %
44 ADHZRE 4171 °C
45 W H AR 7537 °C
46 ALIHZEN 28.16 bar
47 HEOHFZAEND 27.09 bar
48 /NA N 3.80 %

(KE#E<)
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(Table 3.1 DI X)

5, AR _

51 #R& S —Fa2—TFRK

5.2 BATHLE 130 MW

5.3 {HERHHR 88.07 %

54 giEMACN G 4601 "C

55 Higfldo A ZAEE 169.0 °C

56 EEAA N ZREE 1249 C

57 R O ZRE 4200 °C

58 EREMAONTZHEND 10.78 bar

5.9 EiRfIE O A ZES 10.66 bar

510 ERAA DK ZED 28.70 bar

511 EIEEIE O A 2L 28.33 bar

512 NA{ /S 1106 % (SRAD . 1.267 % (ERAED
B. SaAElz: EiaA D L ElEE =R Ry A ST
6.1 AR T —Fa—TR e —F 2T
6.2 BHE 54 MW 12 MW
63 ADOHZIRE 169.0 °C 50 °C
6.4 HOFAEE 50 °C 25 °C
6.5 ADHAFEN 10.64 bar - bar
6.6 HOHFAHEN - bar 10.49 bar
6.7 ALIEHEIKIRE 40 °C 20 °C
6.8 HINHHIKRE 120 °C 40 °C
6.9 /NA /32 1.365 % - %
7. PlEVE %R

7.1 TR Yo —Fa—T R

7.2 BATHAE 26 Mw

7.3 AOH ARE 833 ‘C

7.4 Wy AEE 250 °C

7.5 AOFZERN 15 46 bar

768 HOHAHR 15.38 bar

7.7 AOGBHKEE 20 °C

7.8 HOBHKERE 40 °C

7.9 N2k 0.51 %

8. R

8.1 2 ¥ AT HIF LB ERE

8.2 BRI 75 MVA

8.3 ERE 0.7

8.4 B 50 Hz

8.5 MITRE 3,000 rpm

8.6
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Table 4.1 ﬁz&~6y®ﬁﬁﬁxﬁﬁ@w.

g—¥ g — YT H RBEE(T)
7= R ~1) 7L i £
ATTH Z
IR (Ta) P bR R EER
AT S wET D
B, —11.18 B, =2.406
1573°K 1107°K 1107°K | EREANVT LD, K
(1300° C) (834" C) (834" C) X9 A(E
1473°K 1037° K 1037°K "
(1200°C) (764° C) (764° C)
1273°K 896" K 896" K ,,
(1000° C) (623°C) (623°C)
1073°K 755°K 755" K #
(800° C) (482° C) (482° C)

() §—EVRUEFE#EOHE, n,n0 XEVOHEEETS,
(2) m=(x-1/x =0.1453 (£¥%) . =03998 (~UT L)

Table 6.1 MFiELEERBBRERU Y — B EHFHOH R
Api/p; =0 [ 0<Ap;/p. <1 [Ap/p, = -1lpo | Ap,/p; =

BAEBAOET py P P: P P1
ADOHER Pey' P Pi-AP: Pi/dco 0
HWomh P P2 P2 P2 P2
NRERE PP Ps-Pi PP P2-P: Pa-P:
KEE P2Pci” | P2-Pi P2P1*AP:; | Pilbco-1/c0) | Po
Q%Ej}}-t ¢c(} ¢CO ‘ch ¢c0 ¢c(}
%Bijjtt ¢ca ¢c0 Pz’(PL'L‘-Pc i) ¢c02 o0
ABHERELE Leo L.o Loo Leo Leo
EIEMEF L., Leo Leap beo®” o
HER Neex 1.00 Leollean Hid. o +1) 0
MBZBZALORET ps P2 P2 P2 P2
AOF7 P3 P2 P3'=P2-AP: ;i | P4 0
HOED P4 P4 P4 P4 Py
NS P2P4 Pz2-P4 P2-Py P2-Ps PaPs
KEHE Pz2-Ps P2-P4 Pz-AP¢ i -Py4 ¢ P4
NIt bio $o bo b $o
KD by a $o (P2-Ap: i )Vps |1.00 0
ﬁa\gﬁﬁ?gﬁﬁl$ LtO Lto LtO LtO L‘CO
EKigktFE Lia Lig Liao 0 <0
A&y HR Nt e x 1.00 Liofltas 0 <0
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Table 8.1 EVO77 v rolihhoRkoiERE BHRED
HEE R B R
H 3 ™ | suh*D | HPEEHHE*R (%) &
(MW) (%) (%) R | y—EY
(H12448)

65 0 43.0 % A

50 6.046 35.2 81.2 81.2 |FrEniiJIHE

35 10.725 26.2 75.1 751 | EEREFHY

xa) EVO T35 v b Q&M T THRRE,

by [ EFEIBE AT 5 B
sc) THEME, & —CVtRLER LEEGHETHY, Br OfAGDOEFFIRE D,

gl s e Ui A OERL

Table 8.2 EVO77 v FOFtEFEMET — 5 LitBAMRNE

I H EEEGE | SErmg | gsEy—-Yv | BFEs—EY
1 | EWES 10.80 bar 15.48 bar 28.76 bar 16.52 bar
2 [AD (L) FiHE 0.33 bar 0.12 bar 1.76 bar 0.05 bar
3 AL (R HiRKE 3.06 % 0.78 % 6.12 % 0.30 %
ek EHERE D)

4 ([EHEIC X AR 915 % 98.6 % 89.7 % 99.4 %

5 NENTEeE 87.0 % 85.5 % 88.3 % 90.0 %

6 |FE@EE 79.6 % 84.3 % 79.2 % 89.5 %

7 O AOERD 10.47 bar 15.36 bar 27.00 bar 16.47 bar
8 |HES 15.48 bar 28.76 bar 16.52 bar 10.80 bar
g |HADOEZEZEL 5.01 bar 13.40 bar 10.48 bar 5.67 bar
10 | 2FRHEA ORZEHE 4 68 bar 13.28 bar 12.24 bar 5.72 bar
11 1R DK 1.479 1.872 1.634 1,525

12 (RPN 1.433 1.858 1741 1.530

13 |BAAKEIHLY 2.663 2.663

14 AR K 96.0 % 932 %

15 |HMPEmRR Y 86.0 % 88.9 %

16 |HEMERGR *> B2.6 % 82.9 %

17 [HMEDAELE*S 3.30 % 771 %
B oxa) RBROEFEEE RS~ AREDEODR, xb) 6.2 HIS M.

xc) MR I AT T S HERE
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Table 9.1 U LAY A 7N EBKHEBY 1 7 VOERZHIE
; {EEh A X B E K- 33 35
% B HE I bt 2.0 2.9
j 15 g B | aE® | EEH ]| FIED
EIEHES [RETF ) avgE) (MPa)| p=2.00 | p=40 | p=138 { p,=4.0
Cp=5.191 |HAEE  (100°C) (kgim?)| y=280 | =515 | y=179 | y,=5.15
AL | Kikg K |[EEEZERE Ap {MPa) 2.00 262
K=1.666 ¥rE~ v N Had "2 (m) 6.27 x10* 1.04 x 10°
m=0,3998 |HEHEE W M (kgis) 86.61
RRE Q"9 (m¥min) 1999 2903
Mot g Ns " 340 27.9
AT NHE Qo 27 49
RERF D GiEE®E)  (MPa)| p,=0.10 | p,=027 | p=0.10 | p,=0.48
ERHE%S | FEE  (100°C) (kg/m3Y v,=20816 | v,52.47 | ¥,=0.916 | v,=4.49
72 & |Cp=1.007 |EEFEL Ap (MPa) 0.39 0.17
KJkg-K  |BiE A~ v F  Had™ {m) 1.27x10* 2.21x10%
K=1.364 BEHE W B (kgls) 446.5 kgls (5.155(%)
m=0.2669 |#AEHKE Q “ (m¥min) 29185 29320
Mo Ns " 428.4 283.4

Fora) BN » (M) Haq = (M) (pdg v {(p/p)™ - 11 m=(k-1)/ x . (He:0.3998, Air:0.2669)
by F—RESAN, B-HIHAYO N 2BEERE. EVOSZ o~ 7 LR

GEFE B D

*c) F_LE BB MOEESE (CAEAOH AREE

xd) [E18523% N=3,000 rpm. B~ » FH, HBREQD L &, Ns=N-Q'2/H>*

) py, Peo:
Yo, woo

EEZEUEEROSERT (MPa)
ETREUEFEROSSEE  (kg/m?)

Table 9.2 H#E & BB ORF

LU= HE Ns
BTV 300~1000
g Wyl = Ay 150~ 400
B FERE 150~ 400
iR 7 1000~2500
ik A AW ) 1000~2500
I R 800~1500
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Fig. 4.1 HBEA 2y —ELHA47L0Dp - vEK
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100
| Cp=5.191kJ/kg.K
80 L K =1.686
Ni.c=1
= 19,
§‘; 6o | Nrh=0 40%
® T rhx=0.878
@l 7 =3.443
% $ =2.663
20 L Tgi=298 K
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