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Numerical Study on Effects of Inlet Flow Ratio on Heat
Transfer in Turbine Rotor-Stator Disk-Cavity
with High-Positioned Pre-Swirl Inflow

LIU Fei—fan, MA Ai—chun, HU Ri-xing

(School of Energy Science and Engineering, Central South University, Changsha 410083, China)

Abstract: Numerical simulation was carried out for a rotor—stator cavity coupling turbine disk system with
high—positioned pre—swirl inflow of 30° to improve the heat exchange effect of cool air and the turbine disk. The
influence of inlet flow ratio and rotational speeds on the heat exchange effect of system was investigated , and the
Nu of the turbine wall, maximum disk temperature and disk temperature uniformity were analyzed. The results
show that when the rotational speed is 1X10%/min, with the inlet flow ratio P of the rotor—stator cavity 1 to 2 in-
creasing from 1 to 6, the Nu on the left wall slightly increases. The Nu on the right wall increases to the maximum
when P is 3 and then drops. The maximum disk temperature decreases dramatically when P is lower than 3, and
then decreases slightly. The disk temperature uniformity is less affected by P. When P is greater than 2, the radi-
al temperature uniformity on the left and right wall is almost the same. The axial temperature uniformity is always

better than the radial temperature uniformity. The axial temperature uniformity at the disk rim is the worst, which
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turns better, near the axis. When the rotational speed is 6X10°~1x10*/min, the heat transfer between the cool air

and the turbine disk is enhanced with increasing the rotational speed. When the rotational speed is less than 1X

10*t/min, the heat transfer effect of the system improves continuously with the increase of P. The heat change ef-

fect is optimal when P is around 3 for the rotational speed is more than 1x10*r/min.

Key words: Turbine rotor—stator disk—cavity; Numerical simulation; Inlet flow ratio; Nusselt number;

Temperature uniformity
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Fig.1 Geometric model of turbine disk-cavity system (1/60

model)
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Top view of disk rim

Fig.2 Geometrical profile of computational model at y-z

section

Table 1 Main structural parameters of model (mm)

Parameter Value
Height of disk hub h 31
Inner radius of disk @ 53.5
Outer radius of disk b 281
Center radius of nozzle inlet r, 236
Center radius of receiver hole r, 251
Width of outlet seam S, 1
Disk spacing S, 54.8
Width of disk rim w 40
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Table 2 T, with different grid numbers

Grid number 2.24x10° 2.47x10° 2.82x10° 3.02x10° 3.56x10°

T, /K 1059.7  1060.1  1061.0  1060.5  1059.8
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Fig.3 Compute domain meshing

(¢) Fluid domain 2
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Fig. 5 Comparison of radial windward face temperature of

turbine disk
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Table 3 Setting of P

Case Q,/(g/s) 0,/(gls) P
1 12.5 12.5 1
2 16.7 8.3 2
3 18.8 6.2 3
4 20.0 5.0 4
5 20.8 4.2 5
6 21.4 3.6 6
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Fig. 10 Radial temperature distribution of fluid domain 1
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