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Abstract: Under the frequent peaking operation of water-
hydrogen-hydrogen cooled turbo-generator, the temperature of
the rotor winding changes repeatedly for a long time and is
subjected to thermal stress, which leads to deformation of
winding and inter-turn insulation, and directly affects the
performance and stability of the generator, so it is very
important to study the temperature distribution law and the
thermal deformation law of the rotor winding under the
variable operating conditions. A 600 MW water-hydrogen-
hydrogen cooled turbo-generator is taken as the object of
study, according to the rotor structure, the calculation area
under the rotating state is determined, and a three-
dimensional electric-heat-fluid coupling calculation model is
established. Under the corresponding basic assumptions and
boundary conditions, the temperature field and fluid field
distribution of the rotor are calculated, and the accuracy of
the simulation calculations is verified by comparing the
measured results. The results of the rotor temperature field
are taken as thermal loads, and the corresponding boundary
conditions are added to calculate the thermal deformation of
the rotor winding under variable operating conditions, and the

thermal deformation law is further summarized.
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Tab.1 Basic parameters of turbo-generator

e EN ZHE

B A/ MW 600
BERE/V 22 000
HL/A 19 245

DI R 0.9

Wi/ Ha 50
BUEREHE/ (romin™") 3 000

T &R 2
A K/ mm 6 909

1.3 EAXRIE

TV & AL A A 52 4, 6 o7 Ik [ 153
Sl 0 SRS Y I 5 2 X6 5 K 3R A 7 (T A () B R
et e S ) SN AP i = R A iR NN N
AR LA R AR , S AR R Y

(1) WAITHER, BT EIEAR R, ] L
25 B AL S R SO T 0 RH B T X I A T B 1Y
S

(2) TErtsE e b Sk A A4 it 2l F2 Fn i
ROTRFN A SR A, SR AR 388 PN 3 AR R I 1 PN [ AR 1)
A& ST R A, A R A A S R e
Jr AT Bt AR 2

(3) WARAERALN T SIET, D% Ma<1, )
FETEAAAE SR AN T RS 1 3 A Ak 2

(4) Frumif & A H A 2R A xE, 2
W - S 24 P T T B R

(5) gL o R b, Bk shsh 1
KT He 1 H B .

1.4 BFREHG

SRAFVRES K AL I T X, 75 B4 2
SKAGBHFE G %A, R SE AR A
FUS 0 SR A BE T 3 57

(1) SRAFS PN B4 T A4 0 [T 4R 1) 2 4T AL TR
43 000 rpm,

(2) S0 R 0 R T Ay Jo S0 P B T, A I SR
LT 50 DR T e 3o S R0 - e S i Bl R
RN A

(3) HHT5% 1 b 58 40 ) I [|) 28 2% 3503, 7
SR o A 3 I (1) 4 5 65 g PRIHE , L 2 220 g I ] 4
5 ox P B LBRIE AT . PRI I ] 4 2% 55 4%

© Editorial Office of Electric Machines & Control Application. This is an open access article under the CC BY-NC-ND 4. 0 license.



LSRN, 25 51 %, %57 M

Electric Machines & Control Application, Vol. 51, No.7, 2024

13

VT 280 LAy 45 44, (H 2 25 i A% B4
Rtk o

(4) AL [ 2 At B o Ry RS BE T, kT
—A£|S=a(T—Tf) (5)
on

LS MG ;o XTI IR 0 A
9325 [ o) 2

(5) BTty roCs g8 T AN & A X g 4 A A
WAZ AT Sy s PRRE THT T A2
oT
—=

(6) EIFEA A FARA T, A 3B
A28 130.5 m/s, FARA FHRE N 50 C,

2 KEHETFERIBRIERER
i

2.1 EZEHBEFHIMAE

KGR ES K ML P PR =22 bR il i Se 4
HHEAE P, FNRE TS 21 S A A 5% T Gt
FUA 5 | ) FE TR AEA B, b B3 il R
P, W (7) BE .

Pe, =PR[1+y(T, - T,)] (7)

K. I NGB T, WA E; T, AR ER
FE SR, T, B9 LS 4L H BN 5y S 2841 b BHL A 1

o T L ) FE TR AT 1 20 (8) 753

AS, \PD (w\

0=e(B) (m) p“l(so) X 10 (8)
Ko (B) NIFETT R RELAS, HE T fr;
Ks HRBRREG D, FETH0 N s p RO ER
FETFRKIE ;0 AR
2.2 REHEFHERSH

SR AHRE RIS 3 3 AL 5 O R
LT N Ly = Vo W o GOl S VI e B a2 %
EIanE 2 s, HARGIRERAR | DL LR 7 ik
1L RS 4k O RIS B s A f S 7 2t
P45 A B A TE 3R 1 RN N SR AT A% 3 I SR 4.
T B 3 72 ) RIS AR 8
AT e 3 0 R T Rl RE SR R 1 il
T R 2H 3% T RT3 4% 3R T R 4% 3% T AR 42 46 v LA
SRR T AR A B = B e P 5 1) g =Rk

0 (6)

risct.,

2 RENEFAIBRTEE

Fig.2 Diagram of heat transfer of generator rotor
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Fig.3 Velocity distribution inside generator rotor
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Fig. 10 Temperature variation curves of the hottest
point of the winding at different hydrogen
inlet temperatures
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Fig. 11 Calculation model of the thermal deformation
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As
generation, the maximum capacity of the steam
turbo-generator can reach 1 300 MW to 1 500 MW,

therefor, the safe operation of the turbo-generator is

a key equipment in thermal power

crucial for both the power system and users. With
the development of new energy and other related
industries, China’ s power system is constantly
optimizing and improving. While meeting the daily
electricity demand, it continues to develop towards
an environmentally friendly system with no pollution,
low noise, high energy efficiency and low loss. The
installed capacity structure of China’s power system
and the annual proportion of electricity generated by
various power generation methods from 2012 to 2021
is shown in Fig.1. Under the frequent peak operation
of water-hydrogen-hydrogen cooled turbo-generator,
the of the

repeatedly for a long time and is subjected to thermal

temperature rotor winding changes

stress, which leads to deformation of winding and
affects  the

performance and stability of the generator, so it is

inter-turn  insulation, and directly
very important to study the temperature distribution
law and the thermal deformation law of the rotor
winding under the variable operating conditions.

A 600 MW water-hydrogen-hydrogen cooled
turbo-generator is taken as the object of study,
according to the rotor structure, the calculation area
under the rotating state is determined, and a three-
dimensional electric-heat-fluid coupling calculation
model is established. Under the corresponding basic
and conditions,  the

assumptions boundary

S2

Fig.1 Changes in installed capacity structure of power
system from 2012 to 2021

temperature field and fluid field distributions of the
rotor are calculated, and the accuracy of the
simulation calculations is verified by comparing the
measured results. The results of the rotor temperature

field the

corresponding boundary conditions are added to

are taken as thermal loads, and

calculate the thermal deformation of the rotor winding
under variable operating conditions, and the thermal

deformation law is further summarized.
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