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Abstract: A pre-swirl turbine disk structure is proposed to solve the problems of excessive temperature and large
temperature gradient of the turbine disk surface of space nuclear power spacecraft. The surface heat transfer
characteristics of turbine disks with or without the pre-swirl cooling structure are analyzed by numerical simulation, and
the influence of the rotational Reynolds number on the heat transfer effect is studied. The results show that the pre-swirl
structure can effectively improve the convective heat transfer coefficient of the helium-xenon cooling air flow and the
turbine disk, and reduce the maximum surface temperature and temperature gradient. The maximum temperature with
the pre-swirl structure is 63.1 K lower than that without the pre-swirl structure. With the increase in the rotational
Reynolds number, the maximum temperature of the turbine disk surface decreases, while the average heat transfer
coefficient of the turbine disk surface increases. The average heat transfer coefficient with the pre-swirl structure is
13.4% higher than that without the pre-swirl structure.
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Fig.1 Pre-swirl turbine disk structure
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Pre-swirl turbine disk structure
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Fig.3 Experimental structure and comparison between

the computed results and the experimental data
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Fig.4 Surface temperature distributions of the turbine disk with and without the pre-swirl structure
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Fig.5 Radial distributions of the surface temperature of

the turbine disk with and without the pre-swirl

structure along the radial direction

PR EL

(h-W'm" K"
18 000
16 000
14000
12 000
10 000
8 000
6 000
4000
2000
0

(a) Tt

A JCBIURE v 10 A Gt A6 B 1EE FP A I S AL
I3 AE BL AN 8 B o 2 B v 10U B% 45 4 1 v H0 R
UL 49 308 5 S o O TIURE S L AR S 28 e Wi L
A i BB i 5 e A AT X A PO A B E A A
Ui RN R e AL B e
e B 5 35 T, A8 8 e 2800 9 5 W) T 7 i A e A
AR AL AT L — A 0 . TUREZE R R JE R
f1% e s BH S B I B 45 A 1 DR EL AL A £ e A
R THI T 73 #2 M, o A 4 200 00 5 0 8 288 A X a4
B E oy, Ve ERCR A o 4 A B SO TR 2 A
P AT A, 2 Bl 6 b T S AR PN B RO A IR T IR R AR
B AR BB W T R, B T e B R A Ve A
AU Tl T8 B e g T B A5 AL R v AR A B
P B L T TG TR 45 F B A T g, k2 DR O 2 T
T B2 B 7, ¥ AU S T e A A PO B 3

(b) Fihesst

6 ALMEAHNREERABRRARESH

Fig.6 Heat transfer coefficient distributions of the turbine disk surface with and without the pre-swirl structure
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Fig.7 Velocity distributions of the cover cavity section with and without the pre-swirl structure
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Fig.8 Total temperature distributions and streamlines of the middle section with and without the pre-swirl structure

T/K
1 000

950

(a) Re,=1.66x10°

900 ‘ : N
850
800
750
700
650
600
550
500

(b) Re,=3.32x10°

(¢) Re,~4.98x10°

9 FREFREEHNREEREEESH

Fig.9 Surface temperature distributions of the turbine disk with different rotating Reynolds numbers
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Fig.10 Streamlines and rotation ratio distributions of the nozzle section with different rotating Reynolds numbers
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Fig.11 Variations of the maximum temperature of the

turbine disk at different rotating Reynolds
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