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Abstract: It’s a potential developing direction for power generation of high temperature
gas-cooled reactor combined with helium turbine closed cycle. The high speed mechani-
cal performance test plays a key role in design and development of helium turbine
system. It would verify the mechanical performance of turbine-compressor which was
supported by active magnetic bearings. The results would provide basis for normal
operation while helium turbine system is successfully connected with reactor in the
future. A high speed mechanical performance test of helium turbomachinery was
designed and analyzed. The rotor was supposed to be arranged in an enclosed vessel and

low density environment inside the vessel can be acquired. By analyzing the preliminary
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thermo-hydraulic characteristics of test system, turbomachinery performance under low

density was achieved and temperature distribution was estimated. The results indicate

that the maximum temperature of motor’s stator is the temperature limit of test system.

The thermo-hydraulic analysis shows there exists a certain pressure adjusting range to

achieve the safe operation of test and it ensures the feasibility of this low density plan.

Key words: high speed mechanical performance test; helium turbine; low density; char-

acteristic curve
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Fig.1 Model of high speed mechanical

performance test system

2 BN 4EREIHIEE

T HHIL A 48 25 3 B BR ) o E 1 T A
Oy 112 °CL Bl fem o 130 C . dnlEl 2
718 TR EUBLIN A PR AR S R A O B AT Y R
P I8 A S S A ] AL %o Wt AL A 57— R A% 1) 2

FHRLA
1 d dTy g _
r dr(r dr) T A 0 D

0 1 2 3

|
i
i =
A e
i Pt
i
B2 HL ALY IR — TR R A
Fig.2 One-dimensional temperature

profile model for inner motor
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Fig. 3 Relationship between flow rate and heat

under different system pressures
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Fig.4 Temperature and velocity distributions
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Fig. 5 Temperature distribution of inner motor

5.2 HERWSH

TE W AU R RE X P & B3 R R 5
Fe T3 AR R U R R UE R G s AT iR
. Zia Lk S RA RSB E 6 TR
RN AR eI N I T I PO i 11 s

3001

2001 B

ok |

i 1 i L 1
0.00 0.02 0.04 0.06 0.08
YL S1/MPa

6 ke A G TR

Fig. 6 Pressure adjusting range of test system

BRI REN AT EN R R RGNS
P TE 0. 004 ~0. 064 MPa 2 [a] , B 6] {5 3F %
B R G AE R A I HURBE T R T & BRE g L it R
RAEMFREIBIT .

MAIEL 6 R, B Ty S5 1) R 38 B 8 T A Ak
SeIE RGN RPN SRR G R T
9 0.04 MPa 2247, B UL, K v 3 AL A B 3
5 AR GE 0 R 3 HIAE 0. 04 MPa B iz J2 42 il 458
LARWMALE . —J7H. HR5EJH 0.04 MPa
IF AT 3 5 e IR R 22 (A R I A
Ty —J7 T 40 R S0 PR B R AR T
WO, T 3 I AR 2R 4 Y TR g ol T R Y &

6 HRiE

AL BT T AE % A 7S ) AR B R AT A
B T IR AL 5 BB RE AR 56 1 7 22 %
WIS R IEAT T R TR 0 4, 92 45
g/ I

1) 7E%5 M 23 [8) N AIK %5 B2 A7 78 A e
i TR IAE T Y X JE) AT PR UERE A RGN A
BT T B RSB IE LA 5 o AL g
55 AT .

2) FHFEPE i LA A5 2058 IR
W R BT RSP RE .

3) AT A BT AL A B TR ke B E N &
ok 24 % 2 VB V) Ji v L S S RN IR R
40 1 R A5 1

4 W T AR RGO R R
WEESRGERENXR G T RGEE A
Y O G 2 TR AL T A R .

cEPd e

(1] REHE GBHEEERSEMERTLMEIMI L
I IE AR AL . 2004 :16-22.

[2] McDONALD C F. Helium turbomachinery oper-
ating experience from gas turbine power plants
and test facilities[ J]. Applied Thermal Engineer-
ing, 2012, 44. 108-142.

(3] JWfH. Mot hEE A FREMRIBI 2
s i g BF 5x LT, R ML AR, 2008, 50
(1):29-31.

ZHOU Hongru, CHEN Guang. Introduction of

initial F class gas turbine full speed no load test



326

JRTFRERIERR  R49E

[4]

(5]

[6]

7]

[J]. Turbine Technology., 2008, 50(1): 29-31
(in Chinese).

JANSEN M, SCHULENBERG T, WALDINGER
D. Shop test results for the V64. 3A gas turbine
[J1. Journal of Engineering for Gas Turbines and
Power, 1992, 114(4) . 676-681.

AR, BROG, 8. MR FE =8 IKR
BARWEFELT]. KA B4, 2007(5) :332-335.

HE Huaqing, CHEN Guang, WANG Feng. Full
speed no load testing of gas turbines[J]. Power
Equipment, 2007(5): 332-335(in Chinese).
WA R A, ER. % TRRS I 7
MERRGGGRRB &0 9 ) TR¥%k,
2012,32(10) :786-791.

XU Zili, ZHAO Shiquan, WANG Jianlu, et al.
Comprehensive test-rig for rotor-bearing system
of heavy-duty gas turbine[ J]. Journal of Power
Engineering, 2012, 32 (10): 786-791 (in Chi-
nese).

XERERE, Al &7 02 . 46, i & Sh il am K 2 v
BT IR BRSPS E R BT ). R 3
Hahd:.2012,31(7):162-170.

DENG Wangqun, WANG Zhen, SHU Sirong, et
al. Dynamic characteristics and high speed dy-

namic balance technique for a power turbine rotor

[8]

[9]

[10]

[11]

[12]

[13]

[14]

of a turbo-shaft engine[ J]. Journal of Vibration
and Shock, 2012, 31(7): 162-170(in Chinese).
PVBIER. AL et B A o i 08 B T e
W B LD, JE st i A R %, 2005,
WANG ], GU Y. Parametric studies on different
gas turbine cycles for a high temperature gas-
cooled reactor[ J]. Nuclear Engineering and De-
sign, 2005, 235(16): 1 761-1 772.

Ti#. HTR-10GT &R &F AT AR REM T
FRERTSE 53t D], dbat iR, 2013,
KASARDA M E F, ALLAIRE P E, MASLEN
E H, et al. High-speed rotor losses in a radial
eight-pole magnetic bearing, Part 2: Analytical/
empirical models and calculations[J]. Journal of
Engineering for Gas Turbines and Power, 1998,
120(1) . 110-114.

SCHWEITZER G. 3= 3l i il 7% 2 fif; . V5 B S b2
FIMI. b st f AR s hitid , 1997 :46-78.
BERTOTTI G. General properties of power los-
ses in soft ferromagnetic materials [J]. IEEE
Transactions on Magnetics, 1988, 24 (1): 621-
631.

THEE. RERAPLM Z RS R HIM]. Jeat. #
F I RRAL 19921824,





